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SUMMARY 

The preparation of |,3,4-trisubstituted pyridines and their conversion 

into bicyclic systems are reviewed. 

The work described in this thesis onCer ial the preparation of 1,3,4- 

trisubstituted pyridines, by both existing and novel routes, and the 

conversion of these precursors into bicyclic systems. 

Nucleophilic displacement of the nitro group in 4-nitronicotinic acid 

l-oxide by amines and alcohols gives a series of 3,4-disubstituted pyridine 

l-oxides; with methyl hydrazine as the nucleophile, ring closure occurs 

to give 3-hydroxy-2-inethy Ipyrazolo[4, 3-c] pyridine 5-oxide. 

Several new |,3,4-trisubstituted-|,2,5,6-tetrahydropyridines are 

prepared by reduction of the appropriate pyridinium iodides with sodium 

Sanohyaeiuen The reduction of 3,4-dimethoxycarbonyl-I-methy! pyridinium 

iodide by sodium borohydride gives the expected tetrahydro derivative and 

3,4-dimethoxycarbony!-I-methylpyrid-6-one; the pyridone was also prepared 

by oxidation of the quaternary salt using potassium ferricyanide. The 

reaction of 3,4-diethoxycarbony!-I-methy! pyridinium todide and |-ethy!-3,4- 

dimethoxycarbony! pyridinium iodide with sodium borohydride gave the 

corresponding pyrid-6-ones. An investigation into the unexpected course 

of this reaction is described, and a possible mechanism ts proposed. 

Two main routes are employed for the synthesis of pyrido[4, 3-d] 

pyrimidine 6-oxides. Condensation of 4-aminonicotinic acid l-oxide with 

formamide and urea gives the corresponding pyridopyrimidinones. Treatment 

of 4-aminonicotinic acid l-oxide with aroy! halides gives the appropriate 

-2-ary|pyrido[4, 3-4] [I, 3]oxazin-4-one 6-oxides; the reaction of the pyrido- 

oxazine 6-oxides with ammonia generally gives the diamtdes,whereas reaction 

with hydrazine under similar conditions gives the 3-amt nopyrido [4, 3-d]



pyrimidin-4(3H)-one 6-oxides. The mechanisms of these reactions are 

discussed. 

The reaction of substituted pyridine o-dtesters with hydrazine gives 

the corresponding pyrido[3,4-d] pyridazinones, and the ring closure of 

4-N-(3-toly|)aminonicotinic acid |-oxide and 4-N-(3-methoxypheny!)nicotinic 

acid |-oxide using sulphuric acid gives the appropriate benzonaphthyridtnes. 

The infrared spectra of the substituted pyridines and of the bicyclic 

systems, naa some of the n.m.r. spectra, are recorded, 

The mass spectra of the substituted pyridines and of the bicyclic 

Systems are recorded, ard possible fragmentaticn pathways for several of 

these compounds are suggested.
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Because of their close structural relationship to ‘the important 

naturally occurring pteridines and purines, many bicyclic heterocyclic 

compounds of general formula (1) and (2), where x=I or 2, containing a 

pyridine ring fused across the 3,4-bond, have been synthesised from 

nr 

Cl) ax cans [eno ree C2) cex =a On eZ 

3,4-disubstituted pyridines for biological studies. The preparation of 

suitable 3,4-disubstituted pyridine precursors, however, often involves 

several stages and overall yields are low.1*2 

The susceptibility of the 4-position of pyridine l-oxides to both 

electrophilic and nucleophilic attack has been ul iised to prepare |,3,4- 

trisubstituted pyridines.? Few examples of the use of such derivatives 

as precursors in the preparation of systems such as (I) or (2), having 

either a substituted or unsubstituted pyridine nitrogen have, however, 

been reported. 1,3,4-Trisubstituted piperidines have been used to prepare 

some biologically active tetrahydro-[4, 3-d]-pyrimidines, 4710 but an 

alternative route from |,3,4-trisubstituted pyridines has not been 

investigated. 

The aim of the work to be described later in this thesis was the 

synthesis of bicyclic N-heteroaromatic compounds of general formula (1) 

or (2) from appropriate |,3,4-trisubstituted pyridines. Previous syntheses 

of 1,3,4-trisubstituted pyridines and the reported conversion of such 

compounds into bicyclic ring systems are discussed within this section.



|,3,4-Trisubstituted Pyridines 

The preparation of the parent 1,3,4-trisubstituted pyridines requires 

the utilisation of ie ene pair of the pyridine nitrogen atom, yielding 

a positively charged species, and is thus governed by the availability of 

the lone pair of electrons. Electron donating substituents, suitably 

orientated on the pyridine ring, will thus enhance donation, and electron 

withdrawing groups will give decreased availability of the lone pair. The 

presence of substituents in the 2 and 6 positions of the pyridine ring will 

sterically hinder any reaction at the | position, and quaternisation with 

methy! iodide has been shown to be more sensitive to steric interference 

than N-oxidation, 1?! 

a) 3,4-Disubstituted Pyridine |!-oxides. 

i) . N-oxidation of 3,4-disubstituted pyridines 

Kinetic studies!2 on the oxidation of pyridine in aqueous dioxan by 

perbenzoic acid have shown the reaction to be second order and pH dependént, 

involving the pyridine as free base and the per-acid as free acid. At low 

pH, the rate falls due to pyridinium cation formation, and at high pH the 

rate decreases due to the production of the per-acid anion. 

Work on a wide variety of alkyl and monochloro-substituted pyridines 

has shown a satisfactory linear relationship between rate constants and 

pKa values,!3 with the exception of 2,6-disubst {tuted pyridines, where 

steric hindrance interferes.



  

R 
ite & 

a . 

a 
SS 

Rc Baer 
3 1 

SUBST | TUENTS pKa RATE(Kx103sec.! mole !/1). 

(3) R)=R,=Ra-H ray 4.80 

(4) Rp=R,=H, R,=CH, 6.02 7.25 

(5) R)=R,=CH,, R3=H 6.71 10.2 

(6) R,=R,=R,=CH, 7.50 10.2 

The above findings indicate the most likely mechanism for N-oxidation 

to be: 

me a 1 : ‘ OS | i 

re ——> { 

< ; = ee eae 
le~, i“ 

The an of Sar substituted pyridines (7) with peracetic 

acid proceeds smoothly and in good yield, 14915 

R 
ZW?) ; 1 

| — . 
2.3 - 2 

7) R,=Rp=al ky! (13) R)=Rozalky! 

(8) Rysalkyl, Ro=halogen (14) Ryralkyl, Ro =halogen 

(9) Rysalkyl, Ro=formami do Cb59 R)=alkyl, R5=formami do 

(10) R, =acetamido, Ro=al ky! (16) R,=acetami do, Ro=alky! 

= Ve j ss) s To j se) (11) Ri (4'-pyridyl), Ro CH, (17) Ry (4'=pyridyl), Ro CH, 

(12) R, =ethoxy, Ro=(4-ethoxy~3- (18) R, =ethoxy, R= (4-ethoxy-3- 
pyridylethy!) Ppyridylethyl). 

4-Alky|-3-halogenopyridine |l-oxides (14) were prepared by oxidation 

of the appropriate 3,4-disubstituted pyridines (8) with perbenzoic acid, 16



whereas peracetic acid was used to prepare 4-alky|l-3-formamidopyridine I- 

oxides!7 (15) and 4-acetamido-3-alky!lpyridine |l-oxides (16) from the 

corresponding 4-alky!~3-formamido- (9), and 4-acetamido-3-alky! pyridines 

(10). #8 

The oxidation of 3-methy!-4-(4'-pyridyl)-pyriditne (11) with perbenzoic 

acid in chloroform gave only the mono-oxide 2 Ei although the peracetic 

acid oxidation of 4-ethoxy-3-(2-[4-ethoxy-3-pyridy|]ethy | pyridine (I2)yielded 

the di-oxide (18).29 | 

Although electron withdrawing groups decrease the availability of the 

nitrogen lone pair for N-oxide formation, the oxidation of 3-alky!-3-cyano- 

pyridines (19)2! and 4-alkyInicotinic acids (20)22 with peracetic acid was 

successful. 

A Ro ZO Ro 

i 2 ~~ | R 

oe se 1 
(19) R»=alkyl, R,=CN (22) Ry=alkyl, R,=CN 

(20) R,=COOH, Rj=alkyl (23) R)=COOH, Ro=alky! 

(21) R)=R,=COOH (24) R)=R,=COOH 

The peracetic acid oxidation of picolinic acid,?#? 2,5- and 2,6-pyridine 

dicarboxylic acids were all unsuccessful,** but pyridine 3,4-dicarboxylic 

acid (21) was oxidised in 47% yield.19 

ii) Preparation of 3,4-disubstituted pyridine N-oxides by electrophilic 

substitution of monosubstituted pyridine N-oxides. 

The fundamental difference between pyridine I-oxides and other |-sub- 

stituted pyridines is the ability of the N-oxide group, = N - o , to behave 

| 
as an electron donor as well as an electron acceptor. Thus, canonical forms 

of types (25) and (27) contribute to the resonance hybrid, whereas in I- 

substituted pyridine salts, such as quaternary salts and co-ordination



~ 

‘ e 
(25) | (26) | 

0 

complexes, any significant resonance is limited to canonical forms of types 

(27) 

(28) and. (30):. 

Molecular orbital calculations on pyridine |l-oxide gave the fol lowing 

melectron densities (31),25 and recent work2® indicates that the N-oxide 

0993 
| “S) 0-9 87 

yZ1003 
eS 

1-88 
(31) 

group increases the aromaticity of the pyridine ring. 

Dipole moment measurements?” confirmed that there was considerable back 

polarisation of electrons from the N-oxide group into the pyridine ring, and 

this observation led to two independent discoveries2?8’29 of the relative ease 

of nitration of pyridine I-oxide. Nitration at the 4-position has subsequently 

been shown to proceed smoothly with alky|, 30 alkoxy, 3! and halogenopyridine 

|-oxides. 34 

Ly HNO3/HS0, Gs 2 

(32) Realky| | (35) R=alkyl 
(33) R=alkoxy : (36) R=alkoxy 

(34) R=halogen (37) R=halogen 

If the 4-position is blocked, nitration usually fails, but tf the 

4-substituent is sufficiently activating, nitration can occur in the 3 

position.33 Thus, as well as halogenation,34 and mercuration, 3° 4-hydroxy-



pyridine l-oxide (38) undergoes nitration in the 3-posit-ion, 33 

| es Oocae | 

O~+ A O~ + a xX 

(39) X=halogen 

28 : . (40) X=HgOAc 

(41) X=NO., 

The bromination of pyridine l-oxide (26) in 65% oleum gave a mixture 

of mono-, di-, and tri-brominated products, the major product being the 

3-bromo derivative (42) with 3,4-dibromopyridine l-oxide (45) present in 

trace amounts. 36 Br 

ae B i ZA Z2~/8r ol ba. ©) rae ee | 

N ‘ ah Br +| 

((26) 0 (44) _O (A329 (42) 9 

+ + 

Br Br 
B eee 

eee 
SN Bro “NZ ‘Br 

: 0 -O - 

(45) (46) 

iii) Nucleophilic substitution as a route to 3,4-disubstituted pyridine 

  

N-oxides. 

There are no examples of the use of nucleophilic substitution in 

the preparation of 3,4-disubstituted pyridine l-oxides from 3-substituted 

pyridine !-oxides; nucleophilic substitution into a pyridine N-oxide ring 

is normally accompanied by deoxygenation. Nucleophilic displacement 

reactions have, however, been used to prepare a wide range of 3,4-di-



substituted pyridine l-oxides. 

3-Amino- and 3-alkoxy substituted 4-nitropyridine l!-oxides can be 

readily prepared from 3-halogeno-4-nitropyridine |-oxides.37 41 

Z~ NO, ve Z~N0, 
| is | 

ay err ey 0 ey 
X=halogen 

Y=NHalky!, NHary!, NHNH ” Oalk, PhS, OH, Nalk),, To 

S 

The chloro- group in 3-alky!l-4-chloropyridine l-oxides (47) and 4- 

chloronicotinic acid !-oxide (48) also undergoes displacement by 

nucleophiles in good yield. 

Z ) Cl y~ A Y 

07S R Or R ? 

(47) Realky| (49) R=alkyl, Y=NHCH..4? 

(48) R=COOH : (50) R=alkyl, Y=O alky12° 

(51) R=alky!, Y-0S0 #3 

(52) R=COOH, YeNH SS 

(53) R=COOH, Y=NHNHR*5 

(54) R=COOH, Y=NHCH.,*8 

(55) R=COOH, Y=SH't& 

(56) R=COOH, Y=OH"6 

4-Nitrosubstituted pyridine |l-oxides also readily undergo nucleophilic 

displacement reactions.



O ) NO. y- 7 af 

Os R 0+ R 

(35) R=alkyl (58) R=alkyl, Y=halogen 

(57) R=COOH (59) Realky!l, Y=OH 

(60) R=alkyl, Y=OCH,Ph*7 

(61) R=COOH, Y=halogen#8 

(62) R=COOH, Y=OCH,Ph 

(63) R=COOH, Y=OCH, 

(64) R=COOH, Y=NHNH,,*# 

(65) R=COOH, Y=NHPh*9 

3,4-Dichloropyridine l-oxide (67) has been prepared from 3-chloro- 

4-hydroxypyridine l-oxide (66).5° 

A) as -POOlg: * ele 
07+ Cl 60 _0~ + Cl 

(66) (67) 

b) 3,4-Disubstituted Pyridinium Quaternary salts. 

  

The preparation of pyridinium quaternary salts is a well established 

method for the classification and identification of pyridine derivatives, 

and many examples of 3,4-disubstituted pyridinium quaternary salts are 

known.5! As in N-oxidation, quaternisation is governed by the availability 

of the nitrogen lone pair, and the ability to donate the lone pair will be 

enhanced by suitably orientated electron donating substituents, and nagbene 

by electron withdrawing substituents. The presence of large substitutents 

in the 2 and 6 positions of the ring sterically hinders quaternary salt



formation. 

In alkaline solutions, quaternary salts are present as the quaternary 

hydroxides (67), and the presence of any oxidising agent causes the 

formation of pyrid-2-ones (68). >? 

| =~ OH. = (o] | a 
- 2 OH 

+N Fi N H N O 

Ley | | 
R R 

’ (66) (67) : (68) 

The preparation of pyrid-4-ones by alternative attack at C, has not 

been reported. 52 

Nucleophilic attack on pyridinium quaternary salts occurs predominantly 

at the 2-position, although it has been suggested°3’54 that those reagents 

which readily form charge-transfer complexes with pyridinium salts attack 

at position 4. Cyanide ion attacks at the 4 position, and the |,3,4-tri- 

substituted pyridine derivatives (71) and (72) were prepared from the 7 

corresponding quaternary salts.° 

  

CO = Seat CNG ee 
A 

~N 

ae wa’ Ry 
(69) R)=CH,, R,=NH, (71) RysCH,, Rp=NH, 

(70) R,=PhCH,, R,=CH 72) Ry =PACH, RoCH, 
| 2 tet D gene 

c) .1,3,4-Trisubstituted-|1,2,5,6-Tetrahydropyridines 

i) From piperidines and aliphatic amines 

The dehydration of |,3-disubstituted-4-piperidinols has been used to 

prepare 4-alky! and 4-aryl substituted 1,2,5,6-tetrahydropyridines>®, 57,58.



ec ALF ts 

R Ro. AH 3 
R Ro HC] : rae oe 

AcOH 

Ry R, 

Ke/5) R,salkyl, R ce Rz=ary! (75) Ry alkyl, Ro=CH., Ra=ary| 

(74) R= =R 37CH., R? =COCH , (76) R)=R=CH., R,=COCH 

3-Ethy|l-1,4-dimethy|l-|,2,5,6-tetrahydropyridine (78) has been prepared 

by dehydration of 3-(I~hydroxymethy!)-1,4-dimethyl piperidine (77)59 and 

by Wolff-Kishner reduction of the corresponding 3-acety] oe (79) ,60 

H. H3 

a SS—-CH_CH Se 
oH. ee Co 

N N 
| | L 
CH, CH. | be 

Cie (78 ) (79) 

The reaction of N-substituted derivatives of bis(2-chlorocroty|!)amine 

with sulphuric a afforded |,3,4-trisubstituted gp Obr Sn ySran us lee: 61 

H 3 
cl oe H>SO, s 

ee a oa 0 
sha RN cx 

| Cl; 
R (79) R=CH 

S 

(80) R=PhCH, 

(81) R=COPh 

(82) R=p-toluenesul phony!



2,3-Dimethylbuta-|,3-diene (84) has proved useful-.in the preparation 

of tetrahydropyridines, ©2763 

oe | PA PACHINHAcl, CHa ee se 
—> 

os NAc ac C Ne 
83 7 84 ee a 

ii) From pyridinium salts 

The reduction of pyridinium salts by complex metal hydrides, notably 

sodium borohydride, has proved a useful preparative route to tetra- 

hydropyridines.©+#»65 The only examples of the preparation of 1,3,4- 

trisubstituted tetrahydropyridines by reduction of the corresponding 

pyridinium salts which have been reported, are the reduction of 3,4- 

dialkyl-l-methylpyridinium iodides®® 7° and methosulphates.71’72 The 

quaternary iodides were reduced with sodium borohydride; the methosulpbhates 

Ro R 2 

| adit 
Zz Ne. N 

Pep N | 
CH3 Z CH3 

(86) RpaRo=CH., X=1 (92) R,=Ro=CH, 

(87) R,=Ro=CH,, X=0S0,0CH x (93) R)=R=CH,CH, 

(88) R)=R5=CHACH., X=1 (94) R,-CH. Ro=CHoCH, 

(89) R,=CH,, Ro=CHACH3, X=1 (95) R, =CHOCH, Ro=CH, 

(90) Rice R5=CH,CH3, X=0S0.CH, 

(91) R, =CH,CH., Ro=CHa, X=1 

were reduced using aluminium hydride, sodium borohydride, and by electrolytic 

methods.



- |2- 

Bicyclic Heterocyclic Systems 

a) From 1,3,4-Trisubstituted Pyridines 

The failure of the Skraup reaction in the preparation of |,6- 

naphthyridines?3*74 from 4-aminopyridines, was attributed by Kato et al./5 

to the reduced nucleophilicity of the amino group. The use of 4-amino-~- 

pyridine |!-oxides in which the amino group is more nucleophilic proved 

successful, however, in the synthesis of the parent 1,6-naphthyridine I- 

oxide and several methy! derivatives. 

  

H3 H3 

2 shone eS 
oX\4Z a SS | A 

(95) (96) 

|,2,3,4-Tetrahydronaphthyrid-2-one (98) was produced by an intra- 

molecular cyclisation when the nitro group of the substituted propionic 

acid (97) was reduced with an iron/acetic acid mixture. 76 

a NO» Fe/AcOH és N20 
H . 

H, E 

(Si) (98) 

The active methy! group in the 4-position of pyridine l-oxides was 
& 

utilised by Herz and Murty in the preparation of 2-methy!lpyrrolo [2,3-b] 

pyridine 6-oxide (100) from 3-acetamido-4-methylpyridine |-oxide (99) .17 

| CH3 ~LINH Z 
Mise Re RS eo [ | \ CH 

0O~ + —c— Pin N 
2 y i CH., ye 4 

(99) | (100)



- |43- 

Cyclisation of the 4-a-substituted hydrazinonicotinic acid |-oxides 

(101), obtained from the reaction of 4-chloronicotinic acid |-oxide (48) 

with a substituted hydrazine, gave the required I-substituted pyrazolo [4, 

3-¢] pyridine 5-oxides. 45777 R R 

= pe NH, : | pi 

oN 00H gS coo Or Saas 

(48) (101) (102) RCH, 

(103) R=Ph 

(104) R=p-ch loropheny | 

(105) R=p-bromopheny | 

| (106) R=p-fluoropheny | 

I-Substituted pyrazolo [4,3-c] pyridin-4-ones were obtained from N- 

78 
substi tued-3-acety |-4-hydroxy-6-methy Ipyrid-2-ones and phenylhydrazine, 

whereas 3-ethoxycarbony|1-4-methoxy-1|,2-dimethy!-5-nitropyrid-6-one (111) and 

Ph 
OH PhNHNH> ee) N 

—_————_——_- > 
CH a R~ C3 Ro KI 

0 Gare s 
(107) R=CH, feuee (109) R=CH., 

(108) R=Ph (110) R=Ph 

Ne gave the 2-phenyIpyrazolo oe sc] ioe, (112)79 

PANS as : 

_ AeCOOEt x a 

ue ; wie R=Ph 

(113) R=H



-~ 14 - 

The reduction of the nitro group in the pyridones (114) and (115) 

using hydrogen and a palladium catalyst, gave the intramolecularly cyclised 

pyrido [3,4-b] pyrazines (116) and (117)79 

CH “ 
re Al ns 

CHS N 

Oe ee , Gis) 
(114) R=COOEt ae Hy H 

(115) R=CH,CI So 
CH 5 

(117) 

Pyrido [3,4-b] pyrazines were also produced from the reaction of 

diethyloxalate with substituted 4,5-diaminopyridines.79 

  

Ri ko 
(118) R)=Ro=H (122) Ri =Ro= =H 

(119) R= =H, Ro= CAH ChZ5) Rie =H, Ro= CAH 

(120) RH, Ro=CHCH.OH (124) Ri=H, R5=CHoCH.0H 

(121) Ry =COOCHCH., Ro=H (125) R =COOCH.CH.,, Ro=H 

b) From 1,3,4-Trisubstituted-1,2,5,6-Tetrahydropyridines 

6-Benzy1-5,6,7,8-tetrahydropyrido [4,3-d] oyrimt din-4(3H)-thione C127) 

has been prepared from 4-amino-|-benzy!-3-cyano-1|,2,5,6-tetrahydropyridine 

(126) 89 

NH HOEts AcoO CE 
PL ce Tite ee Ph. ( Nt 

H d 

(126) 127)



-~ [5 - 

c) From substituted piperidones 

Although there is only one report in the literature®® of the preparation 

of a bicyclic system such as (128) from a tetrahydropyridine, other ring 

systems such as (128) and (129), which comprise a tetrahydropyridine ring 

weet | eRe 

yi e0r koe Pe 2 G29 sa Alone Z 

fused across the 3,4-bond, some possessing biological activity, have been 

prepared from substituted piperidones. 

7-Ethoxycarbony!1-4,5,6-trimethy1-4,5,6, 7-tetrahydropyrazolo bAcare | 

-3- Ore 

1(H)-pyridt+re (134), 5-methy!-2,6-, and 5-methy!l-!,2-dipheny!-4,5,6,7- 
-S-OaA ES 7 

tetrahydropyrazolo [4,3-c]-I(H)-pyridines (135), (136), were prepared from 

the corresponding 3-ethoxycarbony!-4-piperidones and a suitab!e hydrazine 

derivative ,81, 82,83. R, Ry 
Ry | 29 | 

i 
& OEt ee G Ro 

(130) R) =R,=R,=H (133) R)=Ro=R,H, Ry=Ro=Ph 

(131) R)=Rz=CH,, R)=COOCH.CH, (134) Ry=R,=CHz, R,=COOCH,CH., 

(132) R,=R,=H, Rg=Ph R,“Re“H. 

(135) Ry=Ry=R,=H, Rz=Re=Ph 

Other 3-substituted-4-piperidones which have been used to prepare 

4,5,6, 7-tetrahydropyrazolo[4, 3-c]-1(H)-pyridines are 3-cyano-, (136),®* 

3-(4-methy lbenzoy!)-, (138),85 and 3-hydroxymethy!-4-piperidone (139) .86
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- . 3 

PhNHNH s A es 
CH CN pl Ph 

Cl 7) 

(136) 

| NH 
5 C 

0 Soe 

140 

i — x ae 
| -H 

(138) Ry epee may penzey I, Ro=CH 4+ ly 
(139) R,=CH.O , RosH kee 

| feet see 

(l4l) 

A number of 4,5,6,/7-tetrahydropyrazolo [3,4-c]-1(H)-pyridin-7-ones, 

which exhibit anti-inflammatory properties, have been prepared from 

piperid-2, 3-diones , 87? 88 

Zky 2 
~ ) 

Ar 0 rae Ae 

0 Ry 
Ar = phenyl, p-tolyl, p-methoxypheny | 

R can H, p-tolyl, p-tluoropheny!, p-chloropheny | 

R, = CH,, CH,CH CH.CH.CH Ph, NH 
2 ons. a0 Le 

3, 5-Bis-(2-ethoxycarbony bthy | )~l-methy 1-4~pi peri done (142) gives the 

octahydronaphthyridine (143) on treatment with ammonia solution. 89 

H9 yp H 0 
C=C 2-7 

gs OE Ds ; SNH 

aq.NH3 

ee sont CH ep 
H, i 

(142) (143)
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Cyanoacetamide may be caused to condense with |-methy Ipiperid-3-al-4- 

one (144) to give the tetrahydronaphthyridine (146),29 amd 2-hydroxy-6- 

methy |-4-pheny!-5,6,7,8-tetrahydro-|,6-naphthyridine (149), an intermediate 
©x 

in the preparation of the pharmacologically active oat (148) and 2- 
qeyle KY 

aroyl-6-methy |-4-pheny!I-5,6,7,8-tetrahydro-|!,6-naphthyridines (149), was 

prepared from |-methy Ip iperid-4-one (145) and |-benzy1l-!-cyanomethane. 9! 

ere NwOH 
as | 

Ho- R eH” ZR 
3 1 

2 
(144) R=CHO (146) R,=CN, RosH 

(145) R=H (147) Ry=H, Ro=Ph. 

: NxO-C—R 
(147) RCOC| HoON = 

3 
Ph 

(148) R=H 

OCH3 

; H (149) R= pie 
OCH 

Cook and Reed showed that 4-piperidone-3-carboxylates condense with 

amidines to give ee ina (4, 3-d|pyrimidines. 

EY eho a4 
HE COOR, 
(150) R=CH, isis R=Ph 

(130) R=CH,CH, , (152) R=NH., 

(153) R=OH 

This type of condensation has been extended, and several hundred 

tetrahydropyrido [4,3-d] pyrimidines of general formula (154) have been



- |8- 

prepared.° 10 

  

(154) 

The same amidines were also made to condense with a series of 3-cyano- 

suethe and 3-cyano-4-oxo-piperidines to give 4-amino-5,6,7,8-tetra- 

CS [4,3-d] pyrimidines (155). 9? 

2 
Oe Roce R3 

CN Rel oe RN ZN 

NH» 

X=0, NH (155) 

The tetrahydropyrido [4,3-d pyrimidines prepared + the above 

methods were claimed to possess antiphlogéstic, antipyretic, diuretic, 

bacteriostatic, sedative, and coronary dilatory properties. 

Tetrahydropyrido [4,3-d]' ‘pyrimidines have also been prepared by tne 

reaction of piperidine o-aminonitriles with orthoformates and carbon 

area tpi de, Shee e Oe 2? 

RO CN 

(156) J (157)
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d) Other routes 

The N-oxide derivatives of imidazo-[4,5-c]-pyridine (1599, 1,6-, 

1,7-, and 2,7-naphthyridines?7*98 have been prepared, but both pyrido- 

[3,4-b] pyrazine and pyrido [4,3-b] pyrazine failed to give N-oxides. 

a N\ A N CL eee Te 
sg “97S 

H “H 

(158) C159} 
oy 

The antibacterial activity exhibited by the I|,7-naphthyridine-3- 

carboxy-7-oxide structure led to the synthesis of a number of |-alky| 

derivatives (161) from the parent BT onephthye la yiye es oy 

ae | 
A N Ou + N 

ee ACOOH” RC. 

Ri COE a Rp Oe 
OH . 

(160) AlkT Hehe 

(161) -— Alk=CH,, CHCH,,. CH,CHCH,, CH.CH.CH.CH 
ee ea 5 a Deane 

Ri =H, CH. 

The Skraup reaction on 3-aminopyridine |-oxide (163) afforded 1,5- 

naphthyridine (162)191, whereas condensation of diethylethoxymethy lene- 

malonate (E.M.M.E.) with (163) gave the expected |,7-naphthyridine (164)102 

    
On 77 ) NH» 

gkRA _E.MM.E. UP a Swiss 

(lew (164) (16g) OH 

5,6,7,8-Tetrahydro-|,7-naphthyridines have been prepared trom. 2— 

hydroxymethylpyridy!-3-acetic acid lactone (165)193 and from ethy!-2- © 

bromomethyInicotinate (167) .194



mei 

\ oO
 

| SS art 

RNH Na 0 2 : Sy Ng 

(165) (166) 
CH 

(166)- R= (CH) .N(CH,)5,Ph, PhCH, EtSN(CH.) 5, oie N(CH.) 5 

et = COOEt 
| Arciipar _/MGHaNHcHba08! . | eee 

(167) (168) 

The potential antibacterials (169) and (170) were prepared from the 

parent |,6~-naphthyridine by the action of potassium cyanide and an acyl or 

alky| halide?5 CN 

SS 

a a KCN NNN 

62) ; (169) R=acy| 

eo (170) R=PhCH, 

cetrahyArro A 

S-subst ituted| imidazo-[4,5-c]-pyri dines (172) were synthesised by the 

condensation of histamine derivatives (171) with ketones, and by alkylation 

of the parent system, 108 

R Coplay aaa B 0 ¢ | 
7 2-C-R 
"\AN a7 $3 (172) ye 

| 23 
o N 

PAY CHR Ne Cor R Se a 2 2 
H ATCHCl Ape : 

(173) (174)
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The ring closure of (175) with phosphorus oxychloride gave the 

pyrazolopyridine (176), which on hydrogenation in the presence of 

i. eh 
0 N~\V-CH3 . No 

er H POCI; CH3 
CHo-CH2-N-C-Ph ee ee ee 

Cl) | : (176) 

aromatic esters, gave a series of compounds with antipyretic and 

analgesic properties.199
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The synthesis of 1,3,4-trisubstituted pyridines, and known examples of 

their conversion into bicyclic heterocyclic systems have been reviewed in 

the Introduction. The aim of the work to be described in this section was 

+o examine the routes to suitable |,3,4-trisubstituted pyridine precursors, 

and to investigate their utility in the preparation of bicyclic systems. 

The Synthesis of |,3,4-Trisubstituted Pyridines. 

i) 3,4-Disubstituted Pyridine |-oxides. 

The method of Herz & Murty*9 was used in the preparation of 4-nitro- 

nicotinic acid l-oxide (57) by the oxidation of 4-nitro-3-picoline |-oxide 

(32) with chromic acid. 4-Aminonicotinic acid !-oxide (52) has previously 

been prepared by a two stage reaction, with an overall yteld of soget 

“NO Cl O02 CO, 07 KX c00H on OOH on 

(57) (48) 

Because of the instability of 4-chloronicotinic acid |-oxide (48) reported 

by Taylor, and the low overall yield, it was decided to investigate 

afrernetive routes to 4-aminonicotinic acid |-oxide. 

Experimental evidence concerning the catalytic hydrogenation of nitro 

We octdes. lndlodtes that the nitro group is reduced at a rate comparable to 

that of the N-oxide function.? Although nickel catalysts favour initial 

reduction of the N-oxide, palladium catalysts favour reduction of the nitro 

group with the N-oxide function being reduced only on prolonged reaction}!}, 

112 Catalytic reduction of 4-nitropyridine |-oxides to the corresponding 

4-amino compounds, with retention of the N-oxide group, has been reported 

for unsubstituted and alkyl! substituted 4-nitropyridine l-oxides.1137115



  

R 2 Palc : y 
— 

H a 
C R3 YF Ry 

0. 

Clee) Ry =Ro=Rz=H (181) R) =Ro=R,=H 

(178) Ry salkyl, Ro=Rz=H ; (182) R,salkyl, Ro=Rz=H 

(179) R)=Ro=al kyl, Ra=H (183) R)=Roralkyl, Ra=H 

(| 80) Ry Ra=alkyl, Ro=H (184) Ry sRa=al kyl, Ro=H 

Chemical reduction of 4-nitropyridine |!-oxides to the corresponding 

amino |-oxides has been successful for 4-nitropyridine |-oxide (177) and 

for 2-methy!-4-nitropyridine I-oxide (185)}16+117 although a smal! amount 

of 4-aminonicotinic acid l-oxide (52) was isolated as a by-product from 

SN, ynHa/Hos ceo 
oA b)N5H, | Cu oS 

Cli) (181) 

c SN02 NoHy 2 aes NH» 

H3 C'85) H3 (186) 

the attempted reduction of 4-nitronicotinic acid |-oxide (57) using hydrazine 

hydrate and a Raney nickel catalyst, the major product being 4-hydrazino- 

| NO , S\UNHNH NH So NOp No] Ni zs £2 2 

0-*\7~C00H- NA cooH 0S COOH 
(57) (64) (52) 

nicotinic acid |-oxide.!18 

An attempt at a direct nucleophilic displacement of the nitro group - 

in (57) by ammonia was reported to be unsuccessful .!19



an 

The catalytic reduction of the nitro group of 4-nitronicotinic acid 

l-oxide (57) over a palladium catalyst appeared to be a feasible route to 

4-aminonicotinic acid |-oxide (52). The reduction of a solution of the 

nitro-acid, (57) in dilute ammonia solution (pH 10), under a pressure of 

345 eae of hydrogen for 2 hours gave, as the only product, a compound 

with melting point and infrared spectrum identical to those of 4~-aminc- 

nicotinic acid (187).49 Less forcing conditions, using a lower pressure 

of hydrogen (300 k.N.m. +), a smaller quantity of catalyst, and a shorter 

reaction time (0.5 h) gave both the amino-acid (187) in 40% yield, and 

the required 4-aminonicotinic acid l-oxide (52) in 33% yield. 

H NH NO? Hp, Pal dee Si 2 

o-S\A*c00H ~—NHG NA cooy O7oX* “COOH 
(57) (187) (82) 

The melting point of the N-oxide (52) was identical to that quoted 

by Taylor,41° and the infrared spectrum showed the expected absorptions 

at 3310 and 3400cm” | due to the asymmetrical and symmetrical N-H stretching 

vibrations, and at 1660cm | due to the carbonyl stretching vibration. The 

strong absorption at 1280cm | was assigned to the N*-0- stretching vibration, 

118 and the mass spectrum showed the expected initial loss of oxygen to 

give the base peak af me 138. 

The isolation of mixtures (of (187) and (52)) suggested that reduction 

at a lower hydrogen pressure, where the uptake of hydrogen could be 

monitored more accurately would be more suitable. The reduction of a 

basic solution of the nitro-acid N-oxide (57) under atmospheric conditions, 

with the reaction stopped after the ‘itake of 2 moles of hydrogen, gave 

4-aminonicotinic acid |-oxide (52) in 53% yield, and 4-hydroxyami nonicotinic 

acid l-oxide (188).



sce a 

NO, - SAH, NHOH 

er es 
07 *\7 ~COOH ot toon Ot OOH 

C5) G52) (188) 

Chemical reductions of aromatic nitro groups to amines by means of 

hydrazine and pal aan charcoal! }#° sodium borohydride and palladium 

charcoal, 12! and cyclohexene and palladium charcoal}? have been reported. 

The application of these methods to the reduction of the nitro-acid (57) 

gave as the product a solid whose infrared and mass spectra bore similarities 

to the respective spectra of the amino-acid (52), but from which the 

required product could not be isolated. 

The unsatisfactory overal | yield of 4-aminonicotinic acid I-oxide (52) 

by the above methods, sag abe known susceptibility of the nitro group in 

the 4-position of pyridine l-oxides to nucleophilic displacement, prompted 

a re-investigation into the reported failure of the direct nucleophilic 

substitution of the nitro-acid (57) by ammonia.2!9 An attempted direct 

amination of 4-nitropyridine |-oxide (177) using ethanolic ammonia by 

Ochiai and co-workers, resulted in 75% recovery of the starting material, 

and the formation of 4,4'-azopyridine I-,1'-dioxide (189) together with a 

trace amount of 4-aminopyridine |l-oxide (181)123 

Herz and Murty? obtained 4-anilinonicotinic acid l-oxide (65) on 

heating 4-nitronicotinic acid I-oxide (57) with aniline in an attempted 

ae PhNH2 Cm 

07 *\7 to0H ge co0H 

Wore os (65)
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deoxygenation reaction.!24 These authors also reported the failure of 

both 4-nitropyridine |-oxide (177) and 4-nitronicotinic acid to give a 

nucleophilic displacement reaction, with the comparatively weak nucleophi le 

aniline, under similar conditions, indicating that the displacement of the 

nitro group in (57) is due to the combined effect of both the N-oxide and 

the carboxylic acid group. 

NO | 
pet EOIN to) ole 

0" N 

(177) . (181) 

+ 

\ 

(189) 

The evidence from the above two groups of workers'9,123 appeared to 

indicate that the direct substitution of the nitro acid (57) by ammonia 

should be feasible. Accordingly, a solution of the 4-nitro acid (57) in 

methanol was saturated with ammonia, and was heated under pressure at 

150° in a steel bomb for 4 hours. Evaporation of the methanol then gave > 

the required amino-acid |-oxide (52) in 80% yield.



a, 

oN N2_NHg/CHAOH ee 
N : eZ, 
foc 07 *\7~cooH 

(57) (52) 

The nucleophilic displacement of the nitro-group in (57) by amines 

has now been extended to the preparation of other 4-N-substituted amino-~ 

pyridine l-oxides. 4-Nitronicotinic acid l-oxide (57) when heated at 

100° with an excess of the appropriate amine, gave the required 4-amino- 

nicotiniclactd |-exides. H 

{ 

ce NE Zs | RNH sa 

O~ *\~*CO0H on PS COOH 

(57) 
(65) R=Ph 

(190) R=PhCH,, 

(191) R= 
CHy 

(192) R= 

OCH, 
The amino-acid N-oxides were practically insoluble in most organic 

solvents and were recrystallised from aqueous dismay Monmontae. The infra- 

red spectra all showed a peak at 3150cm | due to the bonded N-H stretching 

vibration,and a broad peak centred around 1680cm" | due to the carbony] 

stretching vibration. The n.m.r. spectra of the amino acid N-oxides 

(65) and (190) in trifluoroacetic acid both showed a characteristic splitting 

pattern due to the 2-, 5-, and 6- protons. The 2- proton appears as a 

doublet at 10.91 (J 2.0Hz), the 6- proton as a quartet at 11.73 (J. 6 1 OHZ, 
>
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Jo 6 2.0Hz), and the 5-H appears as a doublet at 12.82 We 6 7.0Hz). The 

methylene protons in 4-benzylaminonicotinic acid I!-oxide (190) appear as a 

broad doublet at 75.14 (-NHCHAPh, Js 5,9HZ) 

Ethy! 4-anilinonicotinate |-oxide (194) and ethyl 4-benzylamino- 

nicotinate |-oxide (195) were prepared by heating the appropriate amino- 

acid N-oxide with ethgnol and a catalytic amount of sulphuric acid under 

reflux for 3 days. The preparation of ethy|] 4-aminonitcotinate l-oxide 

(193) under the same conditions required 10 days. 

os NLR EtoH/H* - | an 
a 

y OOH ja COOEt 

(52) R=H (193) R=H 

(65) R=Ph | (194) R=Ph 

(190) R=PhCH, (195) R=PhCH., 

The infrared spectra of the esters all showed the expected carbony| 
~ 

stretching vibration at 17200 |. 

The 4-amido acid |-oxides (196 - 201) were isolated from the reaction 

of 4-aminonicotinic acid I-oxide (52) with 2 moles of the appropriate acid 

chloride, during the preparation of pyrido[4, 3-d] [I , 3} oxazin-4-one 6s, 

oxides (202). This reaction will be discussed in more detail on p.58, 

Te Peay, R { 

i 2 REC a i | = 
fe er oe ee 

0-9 S COOH gh COOH O7* 
| 0 | 

(52) (196) R=Ph 
(197) R=p-methoxypheny | (202) R=ary| 
(198) R=p-toly! 
(199) R=p-fluoropheny! 
(200) R=3,4-dichloropheny | 
(201) R=p-nitropheny |
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4-Anilinonicotinic acid l-oxide (65) and 4-benzylaminonicotinic acid 

l-oxide (190) both failed to react with acetic anhydride, acety! chloride, 

and benzoy|l chloride under similar conditions to those above, and under 

more forcing conditions. 3 

Pyridine o-amido-esters have been shown to be useful intermediates in 

the synthesis of pyrido [4,3-d] pyrimidines, 125 

The attempted esterification, using ethanol and an acid catalyst, of 

4-acetamidonicotinic acid l-oxide (203) and 4-benzamidonicotinic acid I- 

oxide (196) gave ethy! 4-aminonicotinate |-oxide (204) in both cases. 

    
   

  

H 
Ses fas H 

a | " i R _etou/H* eee 
N N 

o- +S COOH gn COOEt 

(203) R=CH, 
(204) 

(196) R=Ph 

The following mechanisms appear feasible:- 

OT 
pee =C—R 

N cS R HH” , aN eats 

ues J 
ae ak becty. * COOH ° H 0 

| a NZ 

H H Sa COOH ROH 
ems N yes 

Ho 4 He eo COOH 
COOH | NH 

\ ; | Esterification Cae 
te 

H H ae i : COOEt 
R’ ooo ee 

a COOH COOH
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Ethy! 4-(N-phenylacetami do)nicotinate |-oxide (205) was prepared by 

heating the anilino-ester with acetic anhydride at 100° for 36 hours, 

followed by chromatographic separation of the amido ester. The benzamido 

ester (206) was prepared by stirring the anilino-ester with benzoy! chloride 

H Ph 
Z7~-N-Ph —_d) €H3C0)20 ae es 

b) PRCOCI N 0 
ON COOEt oe OF Se COnet 

(194) (205) R=CH 

(206) R=Ph 

for 8 hours at 25°. The infrared spectra of the amido-esters showed a 

carbony| stretching vibration at 1720em "| due to the ester carbonyl, and a 

second carbony! peak at 1660cm” | due to the amide carbonyl. 

Two routes were employed in the attempted preparation of the ethy! 

and methyl esters of 4-nitronicotinic acid |-oxide (57), which were 

considered to be’ useful precursors for bicyclic systems. 

Previous attempted nitrations of ReEIgTne |-oxides containing electron 

withdrawing substituents have proved unsuccessful ; 3-cyano,-3-carboxy~, 94 | 

and 2-carboxy-5-methoxycarbonyI-pyridine !-oxides!?® have al! proved 

resistant to nitration. | 

Ethyl! nicotinate |-oxide (207) has now also haan ebay to be resistant 

+o nitration; the ester (207) was treated with concentrated nitric and 

sulphuric acids under forcing conditions, but the required nitro-ester was 

not isolated, the product being a mixture of the starting material and 

nicotinic acid l-oxide (208). ; 

A «NOs | H9S01 | 
eos > (207) + 

es COCkr a” ) COOH 

(207) oe ~ (208)
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The preparation of the required nitro-esters by a‘hormal esterification 

procedure using alcohol and an acid catalyst has not been reported, but 

Herz & Murty? prepared methyl 4-nitronicotinate |-oxtde (210) from the 

nitro-acid (57) via the intermediate silver salt (209) in an overall yield 

of 20%. 

NNO, Chiat NO» 

COOH 0A COOAg es coe 
or (209) (210) 

ae 

Esterification of the nitro-acid (57) using an alcohol and an acid 

catalyst has now been shown to be unsuccessful. The nitro-acid (57) was 

heated with methanol! and an acid catalyst at 60° for 6 hours. Esterification 

of the carboxy! group oecurreds but was Saecmper iad by nucleophilic dis- 

placement of the nitro group to give methyl 4-methoxynicotinate |-oxide (211). 

0 OCH 
ay 2 _CH30H/ H* ae 

N 
0o7*ScooH 07S COOCH, 

(57) ue beret) 

The n.m.r. spectrum of the methoxy-ester (211) tn deuterochloroform showed 

the methy! group as singlets at 16.01 (-OCH.) and £6 .1(-COOCH.). The infra- 

red spectrum showed the expected absorption at 17200m™ | due to the carbony] 

stretching vibration; the peaks at 1530cm” | and 1350cm | in the starting 

material were not present in the product, indicating that the nitro group 

had been replaced. 

Previous nucleophilic displacements of the nitro-group in the nitro- 

‘acid (57) by alkoxide groups have been performed in basic media, using 

either sodium and the appropriate alcohol, or a solution of sodium hydroxide 

in an alcohol;? Taylor and Crovettil!0 prepared methyl 4-nitronicotinate I-
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NO OR 
o 2 )Na [ROH a 

se rf N OOOH ii)NaOH/ ROH oS coor 

(57) = X212) 

oxide (211) by a nucleophilic displacement reaction on the nitro- 

acid (57) using sodium methoxide, but were unable to re-crystallise the 

material, and classified the compound via the picrate. The material 

obtained from the attempted esterification was recrystallised from an 

ethanol/ether mixture and a correct analysis obtained. The replacement of 

methanol by ethanol gave the corresponding ethy! 4-ethoxycarbony! nicotinate 

l-oxide. 

3 OEt 
Be eau a 1 

NN oat 
a COOH on COOEt 

Chi) C23) 

A plausible mechanism for the nucleophilic displacement of the nitro- 

group in (57) by methanol under acidic conditions ts shown on page 33. 

The first step is protonation of the N-oxide oxygen atom. The next 

stage is the nucleophilic attack of the methanol at the 4-position, 

deprotonation,followed by loss of nitrous acid to give the 4-methoxy acid 

(2140) A normal esterification reaction then gives the methoxy-ester (210). 

The sore of the protonation step was demonstrated by heating a solution of 

the nitro-acid in methanol under reflux for 24 hours. Methyl 4-methoxy 

nicotinate |-oxide was not isolated from the resinous product.
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Z~ NO, : bx NO 
H a 2 

0S Se =e Oe 
; a COOH 44 3 

a CRO NO 
on 2 + OS 2 

( OM ae Po Cg 
sy" N 

es Fer 
Z H 

H eae COOH a COOH 

- HNO. 

V 

OCH 

iu 3 Esterification oe 0CH3 

Ns a ee N 
oe. Og 

Oe Oo eS Choe: 

(214) (ahd) 

Methy pyridine 3,4-dicarboxylate |-oxide (214) was prepared by two 

routes. Pyridine 3,4-dicarboxylic acid |!-oxide (24) was prepared by 

oxidation of pyridine 3,4-dicarboxylic acid (21) according to the method 

of Bain & Saxton,!2 but with more forcing conditions. The di-ester (214) 

was prepared by heating the di-acid (24) under reflux with methanol and
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sulphuric acid for 3 days. The infrared spectrum showed the expected 

COOH ete OOCH, 
CL CH3CO00H __ CHAO GS 

COOH WZ co0n 0S Scoocty 
(21) (34) (214) 

absorption at 1720cm | due to the carbony! stretching vibration. Methy!I- 

pyridine 3, 4-dicarboxy late has been prepared by the oxidation of isoquinoline 

by nitric acid in the presence of mercury and copper salts, and direct 

esterification of the products.!27 This oxidation procedure has now been 

applied to isoquinoline N-oxide to give methy! pyridine 3,4-dicarboxy late 

l-oxide (214) in 40% yield. 

) gta COO 
os iJHNO3,CU*, Hg” CH3 

ii) CH 40H o<"* gee Vols oS woocn, 

The shielding effect of the N-oxide group on the a-hydrogen atoms 

is illustrated by the n.m.r. spectra of methane 3,4-dicarboxy late 

and methylpyridine 3,4-dicarboxylate I-oxide (214) in Fig. |. Both spectra 

were determined in deuterochloroform. The 2-hydrogen atom in the N-oxide 

appears at 11.9 compared with 11.05 for the equivalent proton in methyl- 

pyridine 3,4-dicarboxylate, and the 6-hydrogen appears at 11.95 in the 

N-oxi de compared with tl.22 when the N-oxide is absent. 
\
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ii) Tetrahydropyridines 

Interest in the chemistry of |,2,5,6-tetrahydropyridines (3-piperideines) 

is mainly due to the existence of several alkaloids containing this structure. 

Jahns®> isolated arecoline (216), arecaidine (217), guvacine (218), and 

guvacoline (219), and the alkaloids anatabine (220), N-methylanatabine (221), 

  

x AOR, SS 

N Bo Ro 
Ry Ry 

(216) R,=R,=CH, (220) R=H (222) Ry =R,-H, R,=COOH 

(217) R)=CH,,R*H (221) ReCH, (225) Ry=CHs, Ry=CHCHCHCH 

(218) R)=R-H OH 

(219) Ry =H) ,Ry=CH, elon 

baikiain(222), lobinine and its stereoisomer iso-lobinine (223), contain 

the 3-piperideine system, which ts also found in the ergot alkaloids. 

Synthetic modifications of the arecaidine system have been reported, °5 

including derivatives prepared by the reduction of pyridinium quaternary 

salts by sodium borohydride. The only reported reductions of i, 4 tet- 

substituted pyridinium quaternary salts have been limited to alkyl] 

substituted compounds. 

Although numerous bicyclic compounds containing a 3-piperideine ring 

fused across the 3,4 bond have been prepared, only | example has been 

prepared directly froma tetrahydropyridine.8® An alternative route to 

bicyclic systems from suitably substituted tetrahydropyridines was considered 

feasible, and the synthesis of suitable precursors was attempted. 

In their investigation into the mechanism of the reduction of pyridinium. 

quaternary salts by sodium borohydride, Anderson and Lyle demonstrated that
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initial attack of hydride ion at the 2 or 6 position resulted in the 

formation of tetrahydropyridines, §* and they confirmed the postulation of 

Ferles,128 that initial attack at the 4 position resulted in the formation 

of plperidines. Increasing the stze of the R group resulted in increasing 

preferentia! attack at position 4.
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Reduction of 3-substituted pyridinium quaternary salts demonstrated 

that initial attack at the 2 position resulted in tetrahydropyridine form- 

ation, whereas attack at the 6 position gave |,6-dihydropyridines,&4 

ee aa QR? HEF oe 1 

- -— yg R 

Ry 

  

‘ 

In accordance with the above observations, the following mechanism for 

the formation of tetrahydropyridines was proposed:- 

+ aa 

L 2 | (225) 

1 Ry 
(224) | 

S 2 Pent? 
kee ee ee 

Rey 
N " ve 

R, Ry
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Initial attack of the hydride ion occurs at the 2 position to give the 

|,2-dihydropyridine (225). Protonation at the 5 position gives the immonium 

cation (226) which is further reduced by the attack of hydride ton at the 

6 position giving the tetrahydropyridine (227). After tnitial hydride ton 

attack at the 6 position, the presence of E ipcertient In the 3 position, 

at the centre of the dienamine system, inhibits the protonation step and 

results in the isolation of a 1,6 dihydropyridine. The protonation step 

was suggested to occur by direct attack of the solvent, water. Liberatore 

et. al.129 have since demonstrated that 3-cyano-|-methyI-1,2-dihydropyridine 

(228) is not reduced by sodium borohydride under aqueous conditions, thus 

excluding a direct protonation by water. The reduction of the di~hydropyridine 

(228) with sodium borohydride in the presence of trimethoxyborane or 

CN bog <—NaBHy|H20 ce _NaBHy,, Bo He Si 
| N . NaBH, (CH30)38 N 

CH 3 (228) CH3 (229) 
externally generated diborane, however, gives the tetrahydropyridine (229). 

It was suggested that the protonating species is one of the adducts formed 

in the gradual hydrolysis of borane, and that the protonation proceeds 

a WH ean oi Be Go iN 

ReaeR ceri). Re 

57 H N 
(230) CH3 

through a Sorahosweten= (ond thydropyr tiene transition state (230). 

Pyridine o-aminoacids and o-aminoesters have previously been shown to 

be useful intermediates in the preparation of bicyclic systems; 13° tetra- 

hydropyridine o-aminoesters and di-esters appeared to be useful tntermediates. 

4-Aminonicotinic acid (187) was prepared by the reduction of 4-
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nitronicotinic acid |-oxide (57); esterification using ethanol and sulphuric 

acid gave the amino-ester (231). The methiodide (232) was prepared by 

H 
ae H2,Palc oo 

ok Acoon 7™~COOH 
(187) 

(57) 

C3H.0H [H 

wD CHal Se 
- ( a : — Z CH t>, CODE He Os 

(232) (231) 

heating the ester with methy! iodide in ethanol under reflux for | hour. 

The reduction of an aqueous solution of | mole of the methiodide (232) by 

0.5. moles of sodium borohydride at room temperature for 2 hours gave the 

tetrahydroaminoester (233) in 96% yield. The infrared spectrum showed the 

expected absorption at 3400cm | and 3250cm | due to the asymmetrical 

eae ay Na BH, ) ne 
\ ar H- 

CH,“ *~~ ~CO0C He Me CoH 

(232) (233)



- 4] - 

and symmetrical N-H stretching vibrations and an absorbance at 2600cm” | 

due to the N-CH, stretching vibration. The carbony! stretching vibration 

appeared at 1720cm"! and the absorbance due to the double bond stretching 

c The absence of any absorbance due to an vibration appeared at 1610cm 

olefinic proton in the n.m.r. spectrum, and the close similarity tn the 

ultra-violet spectra obtained for both the ortho-aminoester (233) and 

ethy|-B-aminocrotonate indicated the double bond to be in the 3,4 position. 

The methy! and ethyl esters (235) and (236) were prepared by heating 

~ COOH OOR ~ LOOR 
e —> ore | 

Ho H> CH3 + NH» 

(258)-%3 (235) R=CH. | (237) R=CH. 

(236) R=CjHo (238) R=C5H, 

the amino-acid. (234) with the appropriate alcohol and sulphuric acts under 

reflux for 3 days. The methiodides (237) and (238) were prepared by 

heating the apporpriate amino-ester, methyl iodide, and ethanol under reflux 

for | hour. The reduction of aqueous solutions of the methiodides (237) 

and (238) containing | mole of the quaternary salt with 0.5 mole of sodium 

borohydride, at room temperature for 2 hours,gave the tetrahydroamino- 

OOR COOR 
13 NaBH 

CHy + NH. 3 CHy~ NH 

(237) R=CHz (239) R=CH, 

(238) R=CoH,. (240) R=CoH. 

esters (239) and (240)in good yield. 

The reaction of 3-amino-4-methoxycarbony I-I-methy!-1,2,5,6-tetrahydro- 

pyridine (239) with benzoy! chloride, in pyridine, gave the 3-benzamido-
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ester (241). The infrared spectrum showed the carbony! stretching vibrations 

O0CH, 
Cl? SePbCOClga ae 

cH," NH» CH, a 

at 1720em! (ester) and 1650cm | (amide). ; 

Due to the steric hindrance of the 2- and 6- methyl groups in 3-amino- 

4-ethoxycarbony!-2,6-dimethyl pyridine (242), preparation of the methiodide 

(243) required more forcing conditions. A solution of the amino-ester 

(242) and methyl iodide in ethanol was heated under reflux for 60 hours to 

€ H ~~ £0067H_ ane 00C5H. 

Sars oe eee 

7 ~NH, H He" 
CH whe 3 | 
(242) mrt 243) 

give the methiodide (243) in 43% yield. The addition of sodium borohydride 

to an aqueous solution of the quaternary salt (243) resulted in the 

immediate precipitation of a solid with melting-point and infrared spectrum 

identical to those of the amino-ester (242). Stirring for 3 hours at room | 

temperature resulted in 96% recovery of the de-methylated aminoester (242). 

The de-methylation of quaternary salts by |ithium aluminium hydride has 

ae Sy -C00CH;CH, - Hy cS ema, 
H” eas + 
HCN NH, : ANH 

2 . | 2 
ICH, CH, 

(243) (242) 

been reported!3! to yield a tertiary amine and methane. The de-methylation 

of the quaternary salt (243) by sodium borohydride presumably proceeds by 

a similar mechanism.
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The reduction of an aqueous solution of | mole of 3,4-dimethoxy- 

carbony|-I-methy!pyridinium iodide (244) by 0.5 mole of sodium borohydride 

at room temperature for 4 hours, and extraction of the resultant solution 

with chloroform followed by evaporation of the dried chloroform solution, 

gave an amber oi! which began to crystallise on Srandiea, Trituration of 

the mixture with ether gave a yellow soltd, which was tdentified as - 

dimethoxycarbony!-I-methy!pyrid-6-one (245), and a red oil. Thin-layer 

chromatography of the oi! indicated 3 major components, although no pure 

S-COOCH 3 Or A _L00CH, 

ul Z | ae 
Hao * 7 “COOCH, ) Hi COOCH, 

oe 

(244) . : (245) 

material was isolated by column chromatography. 

The infrared spectrum of the pyridone (245) showed absorptions at 

I715cm | and 1705em ! due to stretching vibrations of the ester carbony| 

; due to the stretching vibrations of the groups, and a peak at 1665cm_ 

amide carbony! group. 

The n.m.r. spectrum,see Fig. 2.,showed the oxo group to be in the 

6 rather than the 2 position. The siielet at t!.81 was attributed to 

the 2 proton, and the ei eiet at 13.45 was attributed to the 5 proton. 

The singlets at 16.09 (3H, 4-COOCH.) and 16.17 (3H, 3-COOCH ) were 
3 : 

attributed to the ester methy! groups, and the singlet at 76.40 (3H, 

“N-CH,) was assigned to the N-methy! group. The overall yield of the 

| 
oxidised product was 30%.
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Repitition of the reaction with heating of the reaction mixture under 

reflux after the addition of the borohydride, gave a small yield of a 

dark red oil, which was shown to be a mixture of seven components none of 

which could be isolated in a pure form. The reaction at room temperature 

was repeated, but with stirring for 24 hours. Extraction of the mixture 

again gave the pyridone (245), in 34% yield. Thin-layer and gas-liquid 

chromatography of the amber oi! remaining after removal of the pyridone, 

indicated only one major component. The ay could not be made to 

crystallise, but the hydrochloride salt was prepared from an ethanolic 

solution using dry HCI gas, and careful addition of ether. Spectroscopic 

and analytical evidence showed the material to be 3,4-dimethoxycarbony | 

  

OWS SOOCH OOCH 

pea a ol ne 3 
cee 

HC COOCH HE COOCH 
3 3 3 

(245) _ (246a) 

-|-methy|-1,2,5,6-tetrahydropyridine hydrochloride (246a) in overall yield 

of 52%. ? 

The infrared spectrum of the tetrahydro compound (246a)showed the 

expected absorption at 1710cm™ | due to the stretching vibration of the 

ester carbonyl groups, an absorption at 1650cm | due to the double bond 

stretching vibration, and a Sonia of peaks in the 2500cm | region due 

to the hydrochloride. The absence of any absorption due to an olefinic 

proton in the n.m.r. spectrum showed the double bond to be tn the 3-4 

position. 

When the reaction was repeated using methanol as solvent, the yield 

of the pyridone was 17%. The pyridone (245) was also isolated from the 

reaction of sodium borohydride with solutions of the methiodide (244) in 

both methanol and water, under an atmosphere of nitrogen.
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Air was drawn through a solution of the quaternary salt (244) in 

water for 6 hours at room temperature; no 3,4-dimethoxycarbony |-|-methy |- 

pyrid-6-one (245) was isolated from the resulting solution, although a 

5% yield of the corresponding di~acid (246) was isolated. 

OOH 

ee ge 
He O0CH, HA COOH 

(244) (246) 

3,4-Dimethoxycarbony |-|I~methy | pyrid-6-one (245) was prepared by an 

alternative route. The oxidation of quaternary salts to pyridones is a 

well established procedure; }3% although alky|l-substituted pyridinium salts 

normally give the pyrid-2-ones, 3-carboxy=~(248) and 3-cyano (247) - 

pyridinium salts have been shown to proceed to the pyrid-6-ones (251) and 

- + 3 Ou 

Alk~*~7 Ry Ak “ZN, 

(247) R,=CN (250) R, =CN 

(248) R, =COOH (251) R =COOH 

(249) R, =CONH., (252) R, =CONH,, 

(250) ,133 whereas nicotinamide methiodide (249) was reported to give both 

the 2- and 6- one depending upon the extraction procedure used, 134 

Frank and Mosher!35 obtained 4-carboxy-I-methylpyrid-2-one (254) 

by the action of alkaline ferricyanide solution on 4-methoxycarbony!-I- 

methy|pyridinium iodide (253).



Ape 

OOCH ic : SS pe, ae < Z : COH 

N 
H3C * Y H.C | 

(253) 0 
(254) 

The conditions used by Frank and Mosher!3° have now been employed 

for the oxidation of 3,4-dimethoxycarbony|l-I-methylpyridinium iodide. 

Careful addition of separate solutions of sodium hydroxide and potassium 

ferricyanide to a warm aqueous solution of the methiodide, followed by 

acidification of the resultant mixture, gave 3,4-dicarboxy~|-methy Ipyrid- 

6-one (246) in 40% yield. 

ce O0CH, o COOH On, COOCH, 

Z Hye isc co0cH. Hy COOH HE 4 COOCH., 

(244) (246) (245) 

The infrared spectrum of the di-acid @46 ) had a broadband in the 

3450-3500cm | region of the spectrum due to the OH stretching vibration, 

two peaks at 1710cm™ | and 1690cm ' due to the carbony! stretching vibrations, 

due to the amide carbony! stretching vibratton. and a peak at 1640cm 

Esterification of the di-acid using methanol and sulphurtc acid gave the 

eebectod di-eoue the material being identical to that obtained from the 

reaction of the quaternary (244) with sodium borohydride. 

To investigate the reaction Sicha sodium borohydride was added to 

a solution of the quaternary salt (244) in water, and an identical reaction 

was performed simultaneously using sodium borodeuteride and a solution of 

the quaternary (244) tn D.0. Both reaction mixtures were extracted with 

chloroform after 15 minutes; the chloroform extracts were dried and 

evaporated, and the pyridone (245), which crystallised in both cases, was
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removed. A mass spectrum of the resultant oi! from the sodium borohydride 

reaction indicated the major component to be a dihydropyridine (255); the 

NN O0CH., 0 NN 00CH., is 00CH., 

| —> + | 

a a COOCH OOCH HJ rc 00CH3 | 3 HE 3 

(244) (245) (255) 

absence of a fragment at "/e 213 indicated that no tetrahydropyridine (246) 

was present, 

The mass spectrum of the resultant oi! from the sodium borodeuteride 

reduction also indicated the major product to be a dihydropyridine (256), 

and the absence of any fragment of fre: 215 indicated no tetrahydropyridine 

Sy C00CH, to On 

COOCH. Cooe H3 He 00CH., 

(244) (245) (256) 

formation, and also eliminated the possibility of the formation of the 

  

O0CH 3 

. LH 

| D 
om 

sn | pee 

c60H, OCH3 

ne S ee 

i 

CH, 

(Oise ear (258)
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pyridone via a transfer hydrogenation reaction involving the intermediate 

dihydropyridine, such. as (257) + (258). 

In view of the known electron deficiency of many boron compounds 

and complexes,!3& it seems possible that, after the initial attack of a 

hydride ion on the quaternary (244) to give the dihydropyridine (255), and 

nucleophilic attack of the solvent on the quaternary (244) to gtve the 

pseudo-base (259), the reaction proceeds by the abstraction of a hydride 

ion from the pseudo base (259) by an electron defictent boron comp lex or 

~“ 

  

00CH ees 

yp 00CH SS COOCH 
oO fo = oe 
Z H 

+borans/borane- 

‘ ‘eee N water complex 

Riles bu, 

(244) | 255?) 

ce POOGh: - 00CH; 
i? — 48) He Ss cae | 

a a a. | ba i 

el ome Le 
oa (259) OH, 

(244) 

V 

00CH4 

bere : \N 

CH,
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borane. The isolation of 3,4-dicarboxy-I-methy|lpyrid-6-one (246) from the 

oxidation of the quaternary (245) with potassium ferricyanide shows that 

pseudo-base formation occurs in the 6 rather than the 2 posttion, and the 

isolation of only the tetrahydropyridine (246) and the pyridone (245) from 

the reduction of the quaternary (244) over 24h. shows, from the known 

mechanism of the reduction of quaternary salts by borohydride, &*that initial 

attack of hydride ion occurs at the 2 and not the 6 position. 

3,4-Diethoxycarbony |-I-methylpyrid-6-one (262) was isolated in 30% 

yield from the treatment of 3,4-diethoxycarbony!-I-methyl pyridinium iodide 

OORZ 

Soe. NaBHg _. mig 
Pe 

oe OOR, OOR 5 

(260) Ri =Ch, » Ro= C,H 5 (262) Ry =CHz, R 2 =CH 5 

(261) R,=CoHs Ro=CH, (263) Ry “CoH. , Ro=CH, 

(260) by sodium borohydride, and I-ethy!--3,4-dimethoxycarbony I pyrid-6- 

one (263) was isolated in 14% yield from the treatment of I-ethy1-3,4- 

dimethoxycarbonylpyridinium iodide (261) by borohydride; the lower yield 

obtained in the case of the N-ethy! quaternary salt (261) is presumably 

due to the increased steric hindrance of the ethyl group. The location 

of the oxo group in the 6 position was indicated by the n.m.r. spectrum,
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Bicyclic Systems derived from |,3,4-Trisubstituted Pyridines. 

a) Pyrido[4, 3-d]Pyrimidines 

i) From ‘|,3,4-trisubstituted Pyridines 

Pyrido pyrimidines have been prepared by condensation of o-ami no- 

pyridine carboxylic acids with formamide, urea, and other suitably sub- 

- stituted amides, ustng an extension of the von Nienentowskit quinazolone 

synthesis, 130 

The reaction of 2-aminonicotinic acid, 3-aminopicolinic acid, and 3- 

aminoisonicotinic acid with formamide all gave the respective pyrido- 

Le 0 

a | x oe | Bs oo - 

A NH SNA WN ae S 
(264) 332 en) (266) 

pyrimidinones (264), (265) and (266). 

Substitution of formamide by urea gave the corresponding diones. 

Fusion of both 4-aminonicotinic acid (187) and methy! 4-aminonicotinate 

(267) with formamide failed to give the expected product (268),13” but the 

condensation of ethyl 4-aminonicotinate (231) with formamide gave the 

required pyrido [4, 3-d] pyrimidine -4(3H)-one (268). 

  

NH 
2 - eit | 

COOR LS Saal 
: 0 

(187) R=H 

(267) R=CH, (268) 

" (231) R=CoHe, 

The reaction between the amino-ester (251) and urea gave a compound 

which was classified as the dione (269), but a pure sample could not be
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1 
isolated. 

0 
NH i 0 

re | 2 NH2CNH2 a | NY 
N 
\-cooet os H 
(231) (269 ) O 

The route has now been extended to the preparation of pyrido [4,3-d] 

pyrimidinone 6-oxides, Fuston of the 4-aminonicotinic acid I-oxide (52) 

with formamide at 170° gave pyrido [4,3-¢] pyrimidine-4 (3H)-one 6-oxide 

(270). Replacement of formamide by urea gave pyrido [4, 3-d] pyrimidin- 

2,4(1H, 3H)-dione 6-oxide (271) under the same conditions. 

2 Ho 

On FS COOH 
(52) 0 

: NH.ACNH 
eat nee 

v \ 

oo | f= 

Nese 
r 0 

  

C275) 

4-Aminonicotinic acid l-oxide (52) and ethy! 4-aminonicotinate |-oxide 

(193) both failed to react with formanilide under similar conditions. 

The carbonyl! stretching vibration in the 1680-1700cm | region of the



ye 

infrared spectrum, together with the presence of N-H vibrations, indicates 

that the compounds exist predominantly in the tautomeric oxo forms (270) 4 

and (271). The predomination of the oxo form has been observed in other 

series of pyridopyrimidines!3° 

   

  

oe - | 

H 0 

(272) 3 (270) 

a OH ees 

ee , a. 
: OH ¥ 

(273) : (271) 

The mass spectra of the pyridopyrimidinone N- oxides showed an initial 

loss of oxygen to give the base peak at M-I6 in both cases, | 

4-Anilinonicotinic acid Il-oxide (65) could not be made . condense 

with formamide or dees on fusion at temperatures up to 250°; the failure 

to react is presumably due to the decreased nucleophilictty of the amine 

nitrogen atom. 

The fusion of 4-benzy laminonicotinic acid |-oxide (190) with formamide 

at 170° for 2 hours, gave a mixture of the starting matertal and a de-
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benzylated product with infrared and mass spectra identical to those of 

pyrido [4, 3-d] pyrimidin-4(3H)-one 6-oxide (270). 

# rr 
G 

nen HCNH Nc _y a 
0° WS cooH oo p Be, 

[20 

No 

ae + PRC HOH 

O 

3-ami no-4-ethoxycarbony!~-I-methy!~-1,2,5,6-tetrahydropyridine (240) 

o-* 

could not be made to condense with formamide; fusion at 150° for 2 hours 

gave unchanged starting material; fusion at 180° for 6 hours gave an 

intractable tar. 

The reaction of 3-ethoxycarbony! -4- (N-pheny!acetamido)-pyridine 

l-oxide (250), with a solution of ammonia in ethanol, under pressure in a 

Ph 

eto A N—Ph 
ao 4 NH3/EtOH | 

O-"*S “COOCHCH, pS CONH, 
(250) (274) 

stee| bon gave a mixture from which 4-anilinonicotinamide |-oxide (274) 

‘was isolated. The same product was obtained by stirring the amido-ester 

(250) in a solution of amino t in ethanol at room temperature for 30 days. 

The reaction of the amido-ester with hydrazine hydrate in ethanol at 

room temperature for 36 hours gave a mixture from which a small amount 

of a solid which was Identified as 4-anilinonicotinic acid hydrazide |- 

oxide (275) was isolated.
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Ph | 
| \ CH N-Ph 

O27 COOCH CH, 0+ CONHNH5 
(250) (275) 

3-Benz ami do-4-ethoxycarbony!-|!-methy|-1,2,5,6-tetrahydropyridine 

(241) when reacted with hydrazine hydrate in etranet for 36 hours gave 

an oi! from which no pure material could be isolated. 

ii) Via pyrido Piso] [1,3] oxaztn-4-ones _ 

Pyrido ho] oxazin -4-ones have proved useful intermediates in the 

preparation of 2- and 3- substituted pyrido pyrimidines.?39 Little and 

Al len139. showed that the condensation of the appropriate aminopyridine 

carboxylic acids (276) with acetic anhydride afforded the corresponding 

2-methyIpyrido [1,3] oxazin -4-ones. (277). 

NH H 
2  _(CH3C0)20 ha 

COOH | < 
0 

276 277 

The method yielded the four 2-methylpyrido [1, 3]oxazin-4-ones:- 

2-methy Ipyrido[4, 3-d] [1 , 3]=oxazin-4-one (278), 2-methy Ipyrido[3, 4-d] 

[1,3] oxazin-4-one (279), 2-methy|pyrido[3,2-d] [I, 3)oxazin-4-one(280), and 

2-methy! pyrido (2, 3-d] [1 5 3]oxazi n-4-one (281). 

N~ | Sy h3 

(279) E 0 

2 ) Na CH 

on Il 
0  
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The scope of the reaction has been extended to include the 2-ary!| 

derivatives of pyrido[3,2-d] [1, 3]oxazin-4-one, and pyrido[3, 4-d] [1,3]- 

oxazin-4-one, 139 The reaction of 4-aminonicotinic acid with benzoy| chloride 

falled to give the expected 2-pheny Ipyrido[4, 3-d] [1,3] oxaztn-4-one 128 

In their investigation into the mechanism of the formation of the 

benzoxazine (284) from anthranilic acid (282) and benzoy| Er ueevie. Bain 

and SMalley isolated N-benzoylanthranilic acid (283) and the benzoxazine 

(284) when only | mole of benzoy! chloride was used, 140 

me _PHCOCl Oe ' 3 SyPh 

“COOH oes COOH 

(282) (283) (284) 0 

When 2 moles of benzoyl chloride were used, the benzoxazine (284) 

was formed in 95% yield. The mechanism for the above reaction and that 

postulated for the formation of 2-pheny Ipyrido[3,4-d] [1, 3]oxazin-4-one 

from 3-aminoisonicotinic acid and benzoy! chloride,!*} seemed most likely 

to be also applicable in the formation of 2-ary| substituted pyrido 

[4, 3-d] [1, 3]oxazin-4-one 6-oxides (287) from 4-aminonicotinic acid I- 

oxide (52) and aroy| halides. The route was therefore investigated.
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H 3 \ i A or ae ae eee i ed 
N O-*\cooH o~*ScooH 

(285) 

(52) 

ArCOCl 

y 
H 

ae l 
Ar NV AT 

Ta ~~ ArCOOH Ger 
ares ss | wo 

0 i Vv i 

(287) (286) 

By analogy with the benzoxazines, it can be assumed that the first 

mole of acid chloride reacts with the amino group to give the amido- 

acid (285). The second mole of acid chloride will then undergo a normal 

acid chloride reaction!*? with a cahbetie acid group to give the 

unsymmetrical anhydride (286), which then undergoes an intramolecular 

nucleophilic displacement reaction to give the oxazinone (287). 

Less forcing conditions than those employed for the preparation of 2- 

ary |benzoxazines and 2-phanw Ipyetds Uae [1 , 3]oxazin-4-ones were used in 

the synthesis of 2-ary|lpyrido[4,3-d] [1 ,3]oxazin-4-ones 6-oxides. Dropwise 

addition of two moles of the appropriate acid chloride to a suspension of 

| mole of 4-aminonicotinic acid l-oxide (52) in pyridine, and extraction 

of the resultant slurry with boiling benzene after stirring for fifteen 

minutes at room temperature, gave the required oxazinones. The material



- 58 - 

which was insoluble in benzene was boiled with ethanol! and acetic acid, 

and the insoluble amido-acids collected. The following pyrido-oxazinones 

were prepared: 

es 
oe | Ep. Pee ao eam 

ao aS COOH COOH 

(57) (287) (285) 

It can be seen from the table (P. 59) that better yields of the 

oxazinones were obtained from compounds where the substituent R in the 

intermediate (286) is electron releasing towards the amide carbonyl, and 

H 
O~ NG 

“9 { it 
(286) 0 0 

the lowest yields were obtained from the compounds where R is electron 

withdrawing. 

The infrared spectra of the 2-ary Ipyrido[4, 3-d] [1, 3]oxazin-4-one 

6-oxides (287) all showed the expected carbony! stretching vibration of an 

unsaturated é-lactone in the 1760-1780cm | region of the spectrum. An 

analytically pure sample of the product from the reaction of 4-nitrobenzoy| 

chloride and 4-aminonicotinic acid l-oxide (52) could not be obtained, 

although the infrared spectrum indicated the presence of the pyrido- 

Bs ashes system. 

The reaction of acetic anhydride with 4-aminontcotinic acid l-oxide 

under the conditions employed above, and under conditions more fofetho 

than those used by Little and Allen,!39 did not give the expected 2- 

methy Ipyrido[4, 3-d] [1,3]oxazin-4-one 6-oxide. 4-Acetamtdontcotinte acid. 

l-oxide (288) was obtained as the only product in 93%yield.
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’ Substituent 

OCH 56 

Z
e
 

we
 

| 
: 

<5 

H3 “5535 

<>? a 

Ses 

o 

s7A GLE 

Vier % 

Oxazthone (287). Amido-actd (285) 

2\ 

23 

43.8
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i 
Ces (CH4CO)20 Bi —C —CH, 

N 
ce OOH OS“ ooou 

(52) (288) 

Replacement of acetic anhydride by acety! chloride resulted ina 

vigorous reaction and the production of an intractable tar. The addition 

of acetyl chloride to a suspension of the amino-acid N-oxide (52) in 

. pyridine which had been cooled to -80°, resulted in the formation of a 

yellow solid. After allowing the mixture to come to room temperature 

however, a tar was formed, from which the required 2-methy |pyrido[4, 3-d] 

[1 3]oxazin-4-one 6-oxide could not be tsolated. An attempt to extract 

the suspected oxazinone from the ies reaction mixture was unsuccessful, 

and an attempt to react any oxazinone 'in situ! with aniline was also 

unsuccessful. 

2-Methy | pyrido-oxazinones have been shown to be less stable and more 

susceptible to hydrolysis than the corresponding 2-ary| pyrido-oxazinones. 

The 2-ary Ipyrido[4, 3-d] [1 , 3]-oxazin-4-one 6-oxides (287) were recovered 

unchanged from water at room temperature after 24 hours, and showed no 

indication of hydrolysis after exposure to the atmosphere for 3 days. An 

infrared spectrum of 2-pheny |pyrido [4, 3-d] [1, 3]oxazin-4-one 6-oxide (289) 

after several weeks exposure to the atmosphere showed the emergence of a 

broad se at l680cm |, due to the amide and carboxylic acid stretching 

vibrations of the hydrolysed product (290). The probable oe ewion 

the hydrolysis of 2-pheny Ipyrido[4, 3-d] [1, 3]oxazin-4-one 6-oxide (289) to 

the amido-acid (290) is as follows: 

141



se 

h + : Ph aN -H 2 ) a 
—— 

oS oS aoe 

(289) I \| 

H Q : 
it wo oY ie h u* Z ) = a 

oS N < 
‘ GOOH i? COOH 

(290) 

The yields of the 4-amido-acid I-oxides (285) isolated from the 

reaction of 4-aminonicotinic acid I-oxidé (52) with the appropriate ary! 

chloride are summarised in table |. The amido-acids were practically 

insoluble in all organic solvents, and were recrystallised with difficulty 

from boiling acetic acid. The infrared spectra of the amido-acids al] 

showed a broad carbony! stretching vibration centred about 1680cm |, due 

to the amide and carboxylic acid carbony! groups, and a peak at 3150cm_ | 

due to a bonded N-H stretching vibration. 

Benz-|,3-oxazin-4-ones (291) react exothermally with ammonia in 

aqueous media to give high yields, of Aiufiiardtenes (298) Per te A 

wide variety of amines have been successfully used, [tncluding aliphatic, 

aromatic, heterocyclic amines and hydrazine.
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Nx WR a 2 Se XNH? . ao 

2 ae 
C29 on (292) 0 

This route has been extended to the synthesis of pyridopyrimidines,!39 

The 2-methy! substituted derivatives of pyrido[2,3-d] [1, 3]oxazin-4-one 

(281) pyrido[3, 2-d] [1,3]oxazin-4-one 280); pyrido[3,4-d] [1, 3]oxazin-4- 

CH N CH 

ra CO yo 

  

C277) (293) 

Noh i Ph 
ov) XNH2 

echo 
a 6 ty (295) 

(294) .. POC, 

V 
Ph 

(296)
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one (279), and pyrido[4,3-d][1,3]oxazin-4-one (278), all gave the correspond- 

ing 2-methy!-3-substituted pyridopyrimidines (293) on reaction with 

suitable amine derivatives. 2~Pheny Ipyrido[3,2-d] [1, 3]oxazin-4-ones and 

2-pheny Ipyrido[3, 4-d] [1,3]oxazin-4-ones both gave the intermediate 

diamides (295) as products. The diamides were ovel teen to the pyrido- 

pyrimidines (296) by dissolution tn phosphory! chloride or by heat. 

This method of synthests has now been applied to the pyrtdo[4, 3-d] 

pyrimidine 6-oxide system. 

The 2-ary |pyrido[4, 3-d] [1,3] oxazin-4-one-6-oxi des on stirring with 

aqueous ammonia at room temperature for up to nine days, gave the diamides 

ie, Nw N—C R, 

Ned ed Bie ee 
ee uae : 

ett De a \\ 07S —NHp Ry 

0 i 

Myopied (301) 
(289) R)=R5=H 

(297) Ry=F, Ro 

(298) R,=CH,, RH \ 

(299) R,=0CH2, Ro=H { 

(300) R,=R,=Cl 

0 

(302) Ry =Ro=Cl 

(301); 2-(3,4-dich loropheny!)pyrido’\[4, 3-d] [1, 3}oxazin-4-one §-oxide (300), 

however, gave the required pyridopyrimidine (302). The diamides were
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insoluble in almost all organic solvents and were recrystallised from 

boiling acetic acid. Attempted thermal cyclisation was unsuccessful 

heating the diamides at 240° for up to 10 hours fave unchanged starting 

material, heating at higher temperatures caused decomposition of the product. 

The preparation of pyrido pyrimidines from oxazines has been shown to 

proceed +hrough the diamides, and the most probable mechanism is shown 

On P<°65, 

The initial step is the nucleophilic attack by the lone pair of 

electrons on the nitrogen atom of the amine at the exocyclic C=O bond of 

the pyrido-oxazine. : 

Previous workers have proposed the overall rate determining step to 

be the attack of the nitrogen atom of the 3-amido group on the carbony|] 

carbon of the 4-amido group. In the pyrido[3,4-d]pyrimidine series, the 

reaction of 2,6,8-trimethy |pyrido[3,4-d] [1,3]oxazin-4-one with a series 

of amines demonstrated the relationship of the rate of reaction with the 

basic strength of the amine.!41 Ammonia yielded the corresponding pyrido- 

pyrimidine in I2 hours at room temperature, while with less basic amines, 

longer reaction times were required. In conjunction with the nucleo- 

philicity of the amine, the electrophilicity of the carbonyl group should 

also be a factor in the rate determining step. 

It can be seen from the reactions of aqueous ammonia with the series 

of 2-ary|pyrido[4,3-d] [1,3]oxazin-4-one 6-oxides (287) above, that pyrido- 

pyrimidine formation occurred only in the use of 2-(3,4-dichtoropheny!) 

pyrido[4, 3-d] [1, 3]oxazin-4-one 6-oxide (300), which had the greatest 

electron-withdrawal away from the 4-amido carbonyl group.
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The infrared spectra of the diamides all showed absorptions in the 

3300cm | and 3100cm | region due to the symmetrical and assymmetrical 

NH stretching vibrations, and absorptions at Le5om:. and 1675em_ | due 

to the amide carbonyl stretching vibrations. The Infrared spectrum of 

2-(3,4-dichloropheny | )pyrido[4, 3-d]pyrimtdin-4(3H)-one 6-oxide (302) had 

no peaks in the region of 3300cm | , and the carbony! absorption occurred 

at (690cm The mass spectrum of the pyridopyrimidine (302) did not 

contain the fragment at M-33 which occurred in the breakdown of the diamides. 

The reaction of 2-phenyl- (289) and 2-(4-#luoropheny | )pyrido[4, 3-d] 

[1,3]oxazin-4-one 6-oxides (297) with hydrazine hydrate at room temperature 

for 3 days gave the we oe hydrazides. 

ee 
_NH2NHp 1: R 

Or oN - Nena 

(289) R=H a (303) R=H 

(297) R=F (304) R=F 

Both hydrazides showed two peaks at 1680cm ! and 1655cm"| due to the 

amide carbonyl groups tn their infrared spectra. 

The reaction between the 2-pheny! oxazine (289) and hydrazine was 

repeated-with a longer reaction time, 9 days, and the required 3-amino- 

2-pheny Ipyrido[4, 3-d]pyrimidin-4(3H)-one 6-oxide (308) was produced. 

The reaction was repeated for other 2-ary! substituted pyrido-oxazines 

and the corresponding 3-aminopyridopyrimidines were ftsolated.
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N ea a 

Ot iC Co CNN, Ro 
O: Hs 

(289) Ry,=Ro=H WA (303) R)=Ro=H 

(298) R,=CH., Ro=H : (305) R,=CH, Ro=H 

(299) R)=0CH., Ro=H : (306) R)=0CH., Ro=H 

(300) R)=Ro=Cl: 4 (307) R aR =Cl 

aa 
| 2 

N ye . 8 ie Ir NH5 

(308) R)=R,=H 

(309) Ry=CH,, Ro=H 

(310) R,=OCH,, Ro=H 

i (311) Ry=RsCl 

The infrared spectra of the pyridopyrimidines all had a sharp peak 

at 1690em | due to the carbony! stretching vibrations. The occurrence of 

the carbony! peak in the pyridopyrimidines at a higher wavenumber than 

the corresponding diamides has also been noted in other pyridopyrimidine 

systems. 

The relationship between the availability of the lone pair of electrons 

on the nitrogen atom of the 3-amido group and the rate of ring closure 

in the rate determining stage, has previously been demonstrated. It seems 

probable that,although hydrazine(pkb 5.52)is a weaker base than aqueous ammonia 

(pKb 4.74), ring closure occurred in the hydrazine series because of the 

partial solubility of the tntermediate hydrazides in the reaction solvent, 

alcohol, whereas in the ammonia series, the intermediate diamides were 

almost totally insoluble in the reaction solution and were precipitated
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on formation. Evaporation of the filtrate from the preparation of 4- 

benzamidonicotinic acid hydrazide |l-oxide (303) resulted in the recovery 

of 15% of the hydrazide; no matertal was recovered by evaporation of the 

filtrate from the corresponding diamide preparation. 

The reaction between the 2-phenyloxazinone (289) and hydroxylamine 

gave ethyl 4-benzamidonicotinate |-oxide (312) and not the expected 3- 

hydroxypyridopyrimidine. The reactton presumably occurs by attack of 

ethoxide ion on the oxazinone system; the ethoxide ton was probably present 

| Hi 
a OT Nasr HCl ee ) Ne en 

oS NaEtOH = g-Ne A covet 
(289) 0 (312) 

due to incomplete reaction during the preparation of the hydroxylamine by 

the reaction of hydroxylamine hydrochloride with sodium in ethanol.
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b) Pyrazolo-Pyridines. 

Badger and Rao*® reported the preparation of 3-hydroxy~!-methy !- 

pyrazolo[4,3-c|pyridine 5-oxide (102) and 3-hydroxy-I-phenyIpyrazolo[4, 3-c] 

pyridine 5-oxide (103) by a nucleophtlic substitution reaction on A=ChlOros 

nicotinic acid |-oxide (48) using the appropriate fetee ites and ring 

closure of the intermediates (313) and (314) using hydrochloric acid. 

| i | . ee N 
| RNHNH2 6 a ans 

N N ern 4 
eS “COOH os Aad 

. 0” * OOH 6. on 

(48) (313) R=CH., (102) R=CH., 

(314) R=Ph (103) R=Ph 

The intermediate from the phenylhydrazine reaction was assigned the 

structure (314) rather than the expected pheny!hydrazino acid (315) on 

ZPh HH 

Scoot oS COOH 
(314) Me SES). 

the evidence of the infrared spectrum, which was reported to exhibit two 

bands characteristic of a primary amino group, and on the evidence Gi 

positive Liebermann reaction, although this reaction is normally character- 

istic of secondary amines. 

Rao’? has extended this route to other |-ary |-3-hydroxypyrazolo[4, 3-c] 

se | aK Nit ZA Aa 

| Af. £ | 
Or COOH eek oO? (317) 

pyridine 5-oxides (317). 

The substitution of 4-nitronicotinic acid l-oxide (57) by substituted 

hydrazines has not been reported, although Taylor and Driscol!** obtained
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4-hydrazinonicotinic acid l-oxide (64) in poor yield from the 4-nitro acid 

(57) and hydrazine. 

; HNH A Ge 2. oan? ec 2 

Oe p00H 0% * C00 
(57) | | (64) 

The use of 4-nitronicotinftc acid l-oxide (57) as a precursor in the 

preparation of pyrazolopyriditnes has now been itnvestigated. 

The reaction of the 4-nitro acid (57) with phenylhydrazine under the 

conditions employed by Badger and Rao, #5 gave a mixture from which the 

required substitution product was not obtained. Spectroscopic evidence 

indicated one of the components to be 4-aminonicotinic actd l-oxide (52 

and it seems probable that reduction had occurred rather than substitution. 

: , Z~AN, 
| % mixture 

eT 

PANHNH Or BOOH 
(52) 

oe | NO» 

0” * Stoo 
(57) 

PMN NHOH 
s 

S_TO00H 
Ph-N=N-Ph + 

LA 

(318) N 

nD
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Replacement of phenylhydrazine with diphenylhydrazine gave azobenzene (318) 

and a mixture from which the required substitution product was not obtained, 

although a small amount of 4-hydroxylaminonicotinic acid l-oxide (188) 

was isolated. 

The reaction of the 4-nitro acid (57) with methylhydrazine gave a 

product which has been assigned as 3-hydroxy-2-methy Ipyrazolo[4, 3-c] 

pyridine 5-oxide (319). The product had a melting point of 241 .5-243°, and 

\ 

NO oe aN\ 2 _CH3NHNH2 or 
4 SS + 

Ge OH COOH 

(57) (319) 

   
U.V. maxima at 267nm. and 3l3nm.; the product obtained by Badger and Rao't® 

from the reaction of 4-chloronicotinic acid l-oxide (48) and methy!hydrazine 

had a melting point of 236-238° and u.v. maxima at 265nm. and 32Inm. 

The presence of a rather weak absorption in the carbonyl region a 

the infrared spectrum of the product (319) indicates, in agreement with 

the observations of Badger and Rao,'*® that the lactim tautomer predominates. 

H 
oe: aN, a Ny 

ae CL een, 
eee. eg ge 

H 
(319) (320) 

Badger and Rao*® proposed structure (102) for the product obtained 
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from 4-chloronicotinic acid Il-oxide (48) and methy! hydrazine, with the 

methy! group in the I-position. Mass spectral evidence indicates that the 

product obtained from 4-nitrontcotinic acid I-oxide (57) and methy!hydrazine 

has structure (319) with the methyl! group in the 2-position. 

The mass spectrum of the pyrazolopyridine (319) contained the 

molecular ton at "Ve 165, the base peak at "/e 149, and a fragment at "/e 

294. An accurate mass determination on the fragment at." /e 294 gave the 

molecular formula as CAH QNG05- indicating that dimerisation may have 

occurred with the loss of two molecules of water. When the spectrum was 

run at 100°, no fragment occurred at "/e 294; on tncreasing the temperature 

to that of the melting potnt, the fragment at “/e 294 appeared, and the 

relative abundance of the molecular ion peak at "/e 165 decreased. 

An examination of the structures (319) and (102) indicates that 

structure (319) is suitably orientated for condensation to occur to give 

the possible product (321), whereas the structure containing a I-methy! 

group is not suitably orientated. 

H 

2 | cH -2H20 Lt 

oe ¢ : 7 See: ~~) 

+
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An attempt to prepare the condensation product (321) by pyrolysis 

of the pyrazolopyridine (319) was unsuccessful; decomposition of the 

starting material occurred.



ee 

c) Pyrido-pyridazines 

The activity of isonicotinic acid hydrazide (322) against tuberculosis 

has led to the synthesis of several pyridine carboxylic acid hydrazides 

and related compounds such as the pyridopyridazines. 146 

Recent Japanese work!4*7s148 has resulted in the preparation of a 

number of pyrido[3,4-d]pyridazines with reported anti-inflammatory, .anti- 

depressant, and anti-spasmodic properties. These workers prepared the 

anti-spasmodic |, 4-dialkoxypyrido[3,4-d]pyridazines (325) by a 3 stage 

process from pyridine 3,4~di carboxylic acid; treatment of the 1,4 dione 

ATZia€ 
(323), prepared from the di-acid (21) and hydromtawine, with phosphorous 

N ipo 

ay | NH 

Nw Nw NH 

(21) (323) 

oS 
ee ccs aa : (324) 

POCI3
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oxychloride, gave the eee citihs deriviative (324) from which the 

alkoxy compounds (325) were prepared by a nucleophilic displacement 

reaction, 

Takuicht and Tasuki!*7 prepared 8-hydroxy-7-methy!-1,2,3,4-tetra- 

hydropyrido[3, 4-d] pyridazin-1,4-dtone (327), a useful anti-inflammatory 

agent and blood pressure depressant, from the di-ester (326) and hydrazine. 

H H 
H 3 oe 00CH., N Hy, H Aa i NH 

SCOOcH3 S oe 327) 
(326) 

There are no reports tn the literature of pyridopyridazines containing 

a pyridine ring fused across the 3,4 bond with a substituent on the 

pyridine nitrogen atom. In view of the reported biological activity of 

several compounds containing the pyrido[3, 4~d pyridazine system, the 

conversion of available suitably substituted pyridine derivatives into 

pyrido[3,4-d]pyridazines was investigated, 

Pyridopyridazines have usually been prepared by the reaction OfLotino= 

dicarbony! or ortho-~cyano~carbony! pyridine derivatives with hydrazine 

hydrate. ; 
S*& 

Meyer and Mally!*9 prepared pyrido[A, 3-d]pyridazin-1,4-dione (323) 

by the pyrolysis of 3-carboxyisonicotinic acid hydrazide, which was 

reported by these authors to be the product obtained by heating methy!- 

pyridine 3,4-dicarboxylate with hydrazine hydrate in ethanol. 

Yalel4® and co-workers later prepared the hydrazine salt of the. 

1,4-dione (328) by heating the di-ester (329) with hydrazine hydrate in 

alcohol under reflux for 6 hours; acidification of the salt with acetic 

acid gave the pyridopyridazine (323). Jones!59 reported the synthesis of 

‘a number of pyridopyridazines using conditions less vigorous than those
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employed by Yale et. al,!46 

The conditions proposed by Jones!50 have now been employed for the 

synthesis of the |,4-dione (323). a , 

Methy pyridine 3,4-dicarboxylate (329) and hydrazine hydrate were 

mixed in ethanol and warmed on a steam bath for 10 minutes; a yellow solid 

began to separate from the solution, and precipitation was complete after 

30 min:. The reaction was also completed after 10 hours at room temperature. 

The water soluble, high melting, solid was tdentified as the hydrazine 

salt of the pyridopyridazine (328): Acidification of an aqueous solution 
e + 

COOCH. N2Hs a 3 NOH, on “hy ee NH 

J MONE A ~~ “cO0CH, S a S 
(329) (328) 0 (323) 

of the salt gave pyrido[3,4~d|pyridazin |,4-dione (323). The fragment of 

"le 32 which was the base peak in the mass spectrum of the salt (328), 

was absent in the mass spectrum of the free base (323). Methy Ipyridine- 

3,4-dicarboxylate |-oxide (214) gave the corresponding pyrido[3,4-d] 

Pe ee | | 
a NS Nw N Gt COOCH3 (214) ‘shows (330) 

mm
o 

hs
 

pyridazin. |,4-dione 6-oxide (330) after 4 hours at room temperature, and 

|-methy!-3,4-dimethoxycarbony! 6-pyridone (245) gave the corresponding 

J 6-methy Ipyrido[3,4-d]pyridazin 1,4,7-trione (331) on heating with hydrazine 

: | | 
~ O0CH, ‘ch Ro i 

HT F™COOCH ae 

(245) Sol?
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hydrate under reflux for | hour in ethanol. 

|,6-Naphthyridine 6-oxides 

Several naphthyridine derivatives including the |,7-naphthyridine 7- 

oxides (161), and more notably the |, 8-naphthyridine (nalidixic acid) (332) 

have been shown to possess antibacterial properties.!5! Other naphthyridine 

: Alk 
gen Zz 00H 

Ha | cl 
S OOH SN SN 

a (161) O aly er 4332) 
derivatives have been reported to show hypotensive and antitubercular 

activity.195! 

Although the |,7~-naphthyridine 7-oxides (161) were prepared by 

oxidation of the parent ring system, the use of substituted pyridine I- 

oxides in the preparation of naphthyridine N-oxides has also been reported. 

The Skraup reaction on 4-aminopyridine l-oxide and some of its metny| 

derivatives (333) gave the 1,6-naphthyridine 6-oxides (334),75 although 

the reported yields were less than 5%. The synthesis of |,6-naphthyridine 

N bor eee i NH> Skraup mE) 

os (333) i A” (334) 

6-oxide (335) by the reaction of the amino N-oxide (181) and |, 1-diacetoxy- 

2-propene has also been recorded.}51 

be a 
“2 H2C=CH-CHOCOCH3)2 

ce 

(181) (333) 

=
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Murray and Hauser!9! have shown that condensation of 3-aminopyridine 

|-oxide (163) with diethylethoxymethylenemalonate (EMME) gives the I|,2- 

naphthyridine 7-oxide (164). 
H . 

: OOEt 
a PuMeaE 

“oS NH» aos NN 
(163) (164) 

Following the preparation of suitable 3,4-disubstituted pYFidine-a— 

oxides, which have been described earlier in this discussion, the 

conversion of these compounds into naphthyridine derivatives has now been 

attempted. 

Hawes and Wibberley!52 reported the preparation of the I',8-naphthyridine 

-2,4-diols (337-339) in good yield from the o-aminoester (336). Hawes!53 
OH 

ECT: « RCHyCOOEt [Na Boe ae 
NZ NH> Ph SN | Z OH 

(336) (337) R=H, (338) R=CH (3592-R=Ph Be 

has also reported the preparation of 2-amino-!,6-naphthyridines (341) frem 

4-aminonicotinaldehyde (340) and substituted acetonitriles, and has 

Re CE RCH OGN fae 
LAAN Base oe NZ>NH> 

(340) (341) 

demonstrated that the rate of reaction is related to the activity of the 

methylene group of the substituted acetonitrile, and that the addition of 

the anion of the methylene group precedes the addition of the primary 

amine to the nitrile. 

The above types of condensation have now been applied to ethy! 4- 

anilinonicotinate I-oxide (194) in an attempt to prepare a series of I-
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phenyt-|,6-naphthyridine 6-oxides. 

The reaction of the anilino-ester (194) with cyanoacetamide in the 

presence of piperidine at 100° for 3 hours gave unchanged starting material. 

The reaction of the anti tnepeter (194) with ethylacetate, ethyl! pheny! 

acetate, cyanoacetamtdé, and marononttlt te. Ta the Sresenee of sodium, gave 

the same product for each reaction. The same product was obtained from 

the nese kien of the ester (194) with sodium in methanol, and chemical and 

spectroscopic evidence indicated the product to be the sodium salt of 

the anilino acid (342). 

H H 
eo NER Na/CH20H eee ieee tart noon 

“ooo Oot 7 COO | Na 
(194) : ; (347) 

The infrared spectrum showed a broad band centred at 15 10cm” | due 

to the carbony! stretching vibration of the carboxylate anion. The n.m.r. 

spectrum showed the characteristic splitting of a 3,4-disubstituted 

pyridine l-oxide, and the mass spectrum, after the initial loss of CO., 

and oxygen, closely resembled the corresponding part of the spectrum 

obtained from 4-anilinonicotinic acid l-oxide (65). 

Singh and co-workers!5* reported the preparation of the benzo- 

naphthyridines (345) and (346) by the reaction of equimolar amounts of 

the nicotinic acid derivative (343) and the appropriate amine (344). 

CH, | 
ae OOH R 

la — 
HSN Cl He-SN 

(343) (344) (345) R=CH, 

(346) R=OCH 
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The conditions used in the above reaction have now been applied to 

the reaction of 4-nitronicotintc acid |-oxide (57) and suitable aromatic 

amines. A mixture of equimolar amounts of the nitro-actd (57) and m- 

toluidine, when warmed on a steam bath, gave a vigorous reaction with 

evolution of nitrogen dioxide, and resulted in the production of an 

intractable tar. The reactton under more controlled conditions gave a 

dark-red mixture as the product, but the required benzonaphthyridine could 

not be laalatads 

An attempted ring closure of 4-anilinonicotinic acid l-oxide (65) 

by heating at 250° for 10 hours gave only unchanged starting material. 

The most useful method for the synthesis of acridones,!55 first 

performed by ee has been reported to be the ring closure of 

oa eS 
(347). (348) 

diphenylamine 2-carboxylic acids (347) using sulphuric acid or phosphorus 

oxychloride. 

This method of synthesis has now been extended to the cyclisation 

of 4-N~-(3-methoxypheny! )aminonicotinic acid I-oxide (192) and 4-N-(3- 

Soll aenineaiconinie acid |-oxide (191). The reaction of the amino-acid 

N-oxides with concentrated sulphuric acid for 4 hours gave the benzo- 

naphthyridine N-oxides.
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The benzonaphthyridine N-oxides were insoluble in all organic solvents; 

an n.m.r. spectrum could not be obtained, and the ratio 7? and 9 substituted 

isomers (349:351), (350:352) was not determined. 

Earlier workers!5* have shown that the position of ring closure in 

the synthesis of acridones is governed by the mesomeric effect. The ring 

closure of 3'-methoxy diphenylamine 2-carboxylic acid was reported to give 

60% of the 3-isomer and 40% of the I-isomer, whereas the corresponding 3'- 

methy! derivative gave 20% of the 3-isomer and 80% of the I-isomer. By 

analogy with this evidence,it seems probable that in the preparation of 

the methoxybenzonaphthyridine N-oxide, the predominant isomer will be the 

7-methoxy derivative (350), and the predominant isomer derived from 4-N- 

(3-tolyl )aminonicotinic acid |-oxide (191) will be the 9-isomer (351).
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MASS SPECTRA 

Heterocyclic N-oxides. 

An important characteristic of the mass spectra of heterocyclic N- 

oxides is the presence of an (M-16) peak: which has been suggested as a 

dtagnost tc test for the N-oxide group .159 In 2-alky! substituted pyridine 

l-oxides (353) an ortho-effect causes the reduction of the (M-16) peak 

in favour of a peak at (M-17).169 

S . 

iA ee WKS HR N~ SCHR 
(353) é vit (354) 

The mass spectrum of quinoline |-oxide contains a fragment at (M-!6) 

and also a peak at (M-28) due to loss of carbon monoxide by a molecular 

rearrangement; a similar rearrangement in isoquinoline l-oxide gives a 

fragment at (M-27) due to loss of HCN.!&! Molecular rearrangements have 

beer observed for other bi- and tri-cyclic heterocyclic N-oxides. The 

loss of COCI in the high temperature mass spectrum of pentachloropyridine 

l-oxide has been suggested to occur via an oxaziridine ring 262 

Mantsch?®3 reported the presence of a meta-stable peak for the process 

(M)** + (M-16)* in the mass spectrum of acridine 10-oxide; this Is. the 

only report in the literature of a meta-stable peak for this process. 

The major fragmentation pathway of 4-aminonicotinic acid l-oxide (52), 

after the initial loss of oxygen atom to give the base peak at (M-16)"* is 

similar to that of 4-aminonicotinic acid (Scheme |). The water loss which 

occurs in both these compounds is a common feature of aromatic acids with 

a hydrogen bearing ortho-substituent, 1&4 

The radical ton at m/e 120 (355) eliminates either a molecule of CO
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Scheme | 

* The structure shown for this and subsequent fragments represents 

only one of several possible forms.
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to give the fragment at m/e 92, or a molecule of HCN to give the fragment 

at m/e 93. Loss of HCN from the fragment at m/e 92, and loss of CO from 

the fragment at m/e 93 then gives the same ion at m/e 65. 

Three minor fragmentation pathways were observed; loss of water 

occurred from the molecular fon to give a peak at (M-18)"", followed by 

loss of oxygen to gtve the fragment at m/e 120 (355) shown in scheme |. 

Loss of carbon dioxide from the molecular fon, followed by loss of oxygen 

gave a fragment of (M-60)"*, which also occurred by loss of CO. from the 

fragment of m/e 138 shown in scheme |. 

The relative abundances of the molecular fons and the fragments 

(M-16), (M-17), (M-18), and (M-60) of a number of 4-substituted nicotinic 

acid |-oxides are summarised in Table |, together with the corresponding 

peaks for nicotinic acid |-oxidel®5 and 4-aminonicotinic acid. 

As can be seen from Table |, the low abundance of the euler ions 

in the majority of cases indicates that the 4-substituted nicotinic acid 

l-oxides are relatively unstable to electron impact compared with 4- 

aminonicotinic acid (g7), and nicotinic acid l-oxide, where the molecular 

ion is the base peak. The amino-acid N-oxides lose an oxygen atom to give 

a substantial peak at(M-!6)",° The abundance of the molecular ions of both 

4-anilino- (65) and 4-benzylamino-nicotinic acid l-oxide (190) was less 

than 0.1%, and a spectrum of the benzylamino acid (190) run at low ionising 

voltage did not show any significant molecular fon (<O.1%). 

The major fragmentation pathway of the 4-amidonicotinic acid |-oxides 

was by loss of water from the molecular fon and not by loss of oxygen; loss 

of oxygen occurred in all cases from the (M-18) 7° fragment. The acyl fon
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Relative Abundances 

  

R 3 M M-I6> M-I7° (M=I8 M-60 Base Peak 

COCH = - 4 45 40 43 

p-f|uorobenzoy | 2 tS 5 16 24 [23° 

p-methoxybenzoy | | = Z 15 Z ESE) 

3,4-dichlorobenzoy | , Z 8 4 Z5 18 US 

p-methy |benzoy | l 3 = 4 2 ho 

H 24 ~=+100 5 15 a7 : 138 

Ph - ~ 52 - - 70 196. 

CHoPh rf 57 6 on 16 9] 

m-anisoy | 4 88 ms e 100 200 

m-toly| 40 18 se “ 18 91 

4-aminonicotinic acid 100 fe a} 25 11 138 

Nicotinic acid |-oxide 100 ie 3 = unknown 139 

4-Nitronicotinic acid |-oxide a i = os 10 39 

Table |
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(356) was the base peak in all the amido-acids. (Scheme 11). 

+ +> 

—§ 
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Scheme I1. 

ti) 4-Amidonicotinamide l-oxides. 

All the diamides were unstable to electron impact and the initial 

fragmentation occurred by three routes (Scheme III). 

a) loss of water and ring closure, followed by loss of oxygen. 

b) loss of ammonia followed by loss of oxygen and cleavage of the acy | 

group, which was the. base peak in all the spectra. 

c) loss of oxygen followed by either loss of water or loss of HNCO.



  

pe a 

-~ 87 - 

H 

= alt 
-O | 

=o 

Route 

  

SCHEME I 11 

i
e
 Route (a) 

 



- 88 - 

iti) N-Alkyl-3,4-disubstituted pyrid-6-ones. 

2-Pyridone (357) fragments by loss of CO to give the pyrrole radical- 

ion (358); but substitution of the pyridone ring has a pronounced effect 

2 

fee 
CaO CSUN 

H H 

(358) 
(357) 

on the mass spectrum, !65 

“Hydrogen transfer from an N-alky! group to the pyridone oxygen atom 

has been observed in the mass spectrum of ricinine (359), 165 

(NV 

CH . cn ie 3 -CH3 ie 

Flgat tT a N ransfer Hp ie N 

(359) OH nei 

The 3,4-dialkoxycarbony |-N-alkyl-pyrid-6-ones all fragment via the 

alkoxycarbony! groups, with loss of an alkoxy group followed by loss of 

CO. An alternative pathway in the case of 3,4-dimethoxycarbony!-I-ethy1- 

pyrid-6-one (263) was by loss of ethylene, presumably via a McLafferty 

rearrangement. 

+. : : 3 : 

H ~_COOCH a Be H- COOCH s Me ¢ 3 -H2C=CH> oo 3 

fi, ~~ ~COOCH3 | 7 co0cH, 
(263) . (361) | 

The major fragmentation pathway of 3,4-dicarboxy-I-methy! pyrid-6-one 

(246) was by loss of CO, to give the radical ton at m/e 153; this was | 
Z 

followed by successive loses of CO, OH, and CO to give the ton at m/e 80 

(Scheme IV).
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Scheme IV 

iv) 2-Aryl-pyrido[4,3-d] [1,3] oxazin-4(3H)-one 6-oxides 

The major fragmentation pathway of the pyrido-oxazitnone 6-oxides was 

by loss of an oxygen atom, followed by either loss of CO and subsequent 

loss of the (R+C=0") ion, which was the base peak tn all the compounds 

studied, or by loss of cO., and subsequent loss of (R-CN)* (Scheme V).
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(Scheme V) 

All the oxazinone 6-oxides showed a meta-stable peak for the process 

Mit > [M-16] "3 only one previous example of a metastable peak for the 

process has been reported in the literature. 1&3
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v) Pyrido-pyrimidine 6-oxides 

The fragmentation pathway of aie iden tntdina4(ae-oues and pyrido- 

pyrimidin-2,4(1H, 3H)-dtones have been reported, 166 In both pyrido[4, 3-d] 

pyrimidin-4(3H)-one 6-oxide (270) and pyrido[4, 3-d]pyrimidin-2, 4 (1H, 3H)- 

dione 6-oxide (271) the base peak was the ion at (M-16)°; the subsequent 

fragmentation patterns were the same as those recorded in the literature, 166 
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The major fragmentation pathway of the. 3-amino-2-ary Ipyrido [4, 3-d] 

pyrimidin 4-(3H)-one 6-oxides, after the initial loss of oxygen, closely 

resembled that previously reported for 3-ami nopyrtdo[4, 3-d]pyrimidin-4(3H) 

-ones;}38 the ion (M-16)" fragments by loss of H" and CO, and then by 

subsequent loss of H*, nitrogen and RCN (Scheme VI). 

vi) Pyrido=pyridazines. 

Previous reports on the mass spectra of pyrtdo[3,4-d]pyridazines!®7 

have shown that the diones fragment by loss of NOH, followed by successive 

losses of two molecules of CO; any loss of nitrogen usually indicates an 

-N=N- linkage. This breakdown pattern was observed in both pyrido[3,4-d] 

pyridazin-1,4(2H, 3H)-dione (323) and the corresponding 6-oxide (330). Loss 

of oxygen occurred in the pyridopyridazine 6-oxide (330) to give the base 

peak at m/e 163 (Scheme VII). 
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_ All the bicyclic heterocyclic N-oxide systems studied were more 

stable to electron tmpact than the disubstituted pyridine N-oxides, and 

showed significant abundances for the respective molecular ton peaks,
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EXPERIMENTAL 

Infrared spectra were determined as Nujol mulls, unless otherwise 

stated, with a Unicam S.P. 200 spectrophotometer. 

Nuclear magnetic resonance spectra were determined with tetramethy|- 

silane as internal standard, on a Varian A60-A spectrometer. All the 

peaks are assigned in terms of t values. Abbreviations used in the 

interpretation of n.m.r. spectra are: 

S " singlet; d = doublet; t = triplet; q = quartet; m = multiplet; 

viz coupling constant. | 

Mass spectra were determined on an A.E.I|. MS 9 spectrometer, 

operating at 100 pa and 70 eV. Mu signifies the molecular ion peak. 

Melting points are uncorrected. Reaction temperatures are those 

of an external oi! bath.
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|,3,4-TRISUBSTITUTED PYRIDINES 

i) 3,4-disubstituted pyridine |-oxides. 

4-Nitro-3-picoline l-oxide. - 3-picoline l-oxide (85g) was added to 

sulphuric acid (siden 3, di 1284) secoo Led= to 5°, Fuming nitric acid 

(240cm>., d. |.85) was added gradually with shaking and the mixture heated 

under reflux for 2.5h., cooled, poured onto crushed ice (Ikg) and neutralised 

with sodium carbonate. After allowing to stand overnight, the yellow 

precipitate was collected and extracted with boiling chloroform. The 

filtrate was also extracted with chloroform (600cm?) and the combined 

extracts were dried (MgSO, ) and evaporated to dryness to give the nitro 

compound (75.09, 62.5%) m.p. 132-133° (from acetone), (1it!37 131-134°). 

vax. 1530 and 1350 (NO,)om |, | 

4-Nitronicotinic Acid l-oxide (57). - A solution of 4-nitro-3- 

picoline l-oxide (10g) in sulphuric acid (350m, d. 1.84) was added drop- 

. wise over 2h to an ice-cold solution of sodium dichromate (24 g) in 

sulphuric acid (35cm, d. 1.84). During the addition the temperature of 

the reaction mixture was raised to 45-55° and maintained for 6h. The 

solution was poured onto crushed ice (250g) and left overnight. The 

resulting precipitate was collected, washed with ice water, dissolved in 

dilute ammonia and the product precipitated by the addition of dilute 

hydrochloric acid to give the nitro-acid (13.59, Fog oh): Mes 72 (decomp ) 

(lit.49 172° [decomp .]). 

2650-2500 (0-H), 1670(C=0), 1560 and 1380(NO,), 

| 
Vv nae: 1270(C-O)cm . 

‘Vnax.
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Catalytic Hydrogenation of 4-Nitronicotinic acid l-oxide. 

Method A. 4-Nitronicotinic acid l-oxide (lg) was suspended in water 

(20cm?) and the pH adjusted to 10 with ammonia solution (d 0.88). Palladium- 

charcoal (0.5g) was added, and the mixture was shaken with hydrogen under a 

pressure of 344.74 k.Nom. for 2h. The solution was filtered and the 

solvent removed under reduced pressure to give 4~aminonicotinic acid (187) 

(0.59, 66.7%) m.p. 334-336° (decomp.). (lit.137 335-336° [decomp.]). The 

infrared and n.m.r. spectra were identical with an authentic sample. 

Method B. The 4-nitro acid (lg) was suspended in water (20cm?) and 

the pH adjusted to 10 with ammonia solution (d. 0.88). Palladium-charcoal 

(0.259) was added, and the mixture was shaken with hydrogen under a pressure 

oT oly .2 k.Nem. > for 0.5h. The solution was filtered and the solvent was 

removed under reduced pressure until crystallisation occurred. The 

resulting solid was filtered and identified as 4-aminonicotinic acid 

(0.32g, 40.8%) m.p. 334-337°. 

The filtrate was evaporated to dryness under reduced pressure. The 

residue was boiled with ethanol and filtered to give 4-aminonicotinic acid 

[-o8tde “(1 520" (OL 289, 53.35%) mp. 272-273° (C1t142 273°). 

vy. 3400, 3310 (NH.), 1660 (C=0), 1280(N-O7)om™!, 
2 

Method C. The nitro-acid (Ig) in dilute ammonia solution (20m, 

max 

pH 10) and palladium-charcoal (0.3g) were shaken under hydrogen at atmospheric 

pressure until the required volume of hydrogen (2 moles) had been absorbed. 

The solution was filtered and evaporated under reduced pressure to give 

the aminoacid l-oxide (0.459, 53.6%) ne 271-273". 

Further reduction of the resultant filtrate resulted in the crystal lis- 

ation of 4-hydroxyaminonicotinic acid l-oxide (188) (0.09g, 9.8%) m.p. } 

213-214° (1it.320 215-217°). 
1600 ad 

Vmax oe 3280(NH), 1660(C=O)cm ,
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Chemical Reduction of 4-nitronicotinic acid !-oxide 

The 4-nitro acid (10) was added to a solution of palladium-charcoal| 

(O.1g) in methanol (20cm?) contained in a 3 necked round-bottomed flask. 

A stream of nitrogen was passed through the solution, which was heated 

vigorously under reflux. Hydrazine hydrate (0.75cm>) was added dropwise 

down the condenser to the refluxing solution. When all the hydrazine was 

added, the mixture was heated under reflux for lOmin, , cooled, filtered, 

and the filtrate evaporated under reduced pressure to give a brown solid. 

The solid could not be purified by recrystallisation and fractional 

crystallisation, although the infrared spectrum showed close similarities 

to that of 4-aminonicotinic acid l-oxide. 

The above method was repeated using sodium borohydride and cyclo- 

hexene as the reducing agents, but no pure material could be tsolated from 

either reaction. 

4-Aminonicotinic Acid |-oxide (32). - Ethanol (30cm?) was saturated 

at O° with ammonia, and 4-nitronicotinic acid |-oxide (2.0g) was added to 

the solution. The mixture was heated in a steel bomb at 160° under pressure 

for 3h, cooled, and the solution filtered to give the amino acid (1.45g, 

G6. 88). pletes, mip. 23ee(tramethanaty Chit. eo 7ee) 

Vmax. 3400 and 3310 (NH.), 1660(C=0)em"', 3s00- 2600 (oir) 

4-Anilinonicotinic Acid |l-oxide (65). - 4-nitronicotinic acid l-oxide 

(2.0g) and aniline (250m?) were heated on a steam bath for 4h and poured 

into aqueous sodium hydroxide (10%, 50cm?) . The aqueous layer was separated, 
canrkally 

washed with ether, tee to give the amino-acid (2.33g, 93.24) 

needles, m.p. 249-250° (from aqueous dimethy! formamide). (lit.49 242-244°) , 

Umax. 3090(N-H), 1680(C=0)em™ | 

T(T.F.A.) 2,78(d, 1H, J 8.0Hz, 5-H), 2.58(s, 5H, N-Ph), 1.8(q, IH, Je 
>
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8.0Hz, Ling 2.0H2 0° 6-M). 12a hd. oth. $36 2,0H2,°2-H), 

4-Benzylaminonicotinic Acid |l-oxide (190). - 4-nitronicotinic acid 

l-oxide (4.09) and benzylamine (25cm) were heated at 120° for 4h. The 

resultant solid was washed with boiling acetone and filtered to give the 

amino-acid (2.1g 39.6%) needles, m.p. 249-250° (from aqueous acetone). 

sround:: Ope 63. 84:5°H, S.fOsoN, 1h 38s C,H) oNQ0, 

requires:” °C, 64,0; °H, 4.92;2N, 11.49), 

3400. (N=H) 1675 (C=0)em™| 3500 - 2bH6 (ou ) Vmax. 

TU Pee 57 0 2, doo. Oe N-CH,~ PING) pee Oe GGyae| tly Je 6 SOHZ 55H) 

2248S, ol, CH5-Ph), Pea Cay ala; CL 8. Ohiz, Jo 6 2,.0nZ, 46-1), 

ORG, ols 106 ZeOHZ ye 

4-N-(3-Toly|)aminonicotinic Acid I-oxide (191). - 4-Nitronicotinic 

acid |-oxide (1.59) and m-toluidine (25cm?) were heated on a steam bath 

for 3h and poured into aqueous sodium hydroxide (10%, 50cm) . The aqueous 

layer was separated, washed with ether, and acidified to give the _amino- 

sacid C1.85g9, 93.0%) needles, m.p. 268-268.5° (from aqueous dimethy | formamide) 

+ 

(Found:  C,* 63.85;-H, 5.10;°N,. 11.5) M244 064786; Cy aH) oND0, 

requires: C, 63.93; H, 4.92; N, 11.48; M°244.083915). 

v 3060 (N-H), 1660 (C=O)em™!, xco0- 200 (oy ) 
max. 

4-N-(3-Methoxypheny | )aminonicotinic Acid I-oxide (192). - 4-Nitro- 

nicotinic acid |l-oxide (1.5g) and m-anisidine (20cm?) were heated ona 

steam bath for 3h and poured into aqueous sodium hydroxide (10%, 50cm”) . 

The aqueous layer was separated, washed with ether, and acidified to give 

the amino-acid (1.89, 84.9%) needles, m.p. 253.5-254.5 (from aqueous 

dimethyl! formamide). 

(Found: C, 59.96; H, 4.69; N, 10.63; C,H) NO, 

requiress 9G ;60.00;°H,74.62; N= 1027/7/)% 

aaa 3150 (N-H), 1660 (C+O)en™!, 2600 -2400 (pt)
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Ethyl 4-anilinonicotinate l-oxide (194). - A solution of 4-anilino 

nicotinic acid |-oxide (3.5g), ethanol (50cm) , and sulphuric acid (Sem>, 

d. 1.84) was heated under reflux for 3 days, poured onto ice, neutralised 

with sodium carbonate, and extracted with chloroform. The chloroform 

solution was dried (MgSO,) and evaporated under reduced pressure to give 4 

the ester (1.999, 50.6%) yellow needles, m.p. 77.5-78° (from ether). 

a 

(Found: C, 65.39; H, 5.45; N, 10.42; M 258, 100435; C) ,H) ,No0, 

requires: C, 65.2; H, 5.44; N, 10.86; M’258,100347). 

| Vise: 3350 (N-H), 1695 (C=O)cm. 

t(CDCI,) 8.61 (t+, 3H, J 8.0Hz, -CHQCH,), 5.52(q, 2H, J 8.0 Hz, CH,CH,), 

2.96(d, IH, Je ¢ 7.0Hz, 5-H), 2.65(s, 5H, N-Ph), 1.9(q, IH, 
? 

Jeg Te0H2, dy 2-OHz, 6-H), 1.21(d, IH, do ¢ 2.0Hz, 2-H) 

0.34(broad s, IH, N-H). 

Ethyl 4-Aminonicotinate l-oxide (193). - a) 4-aminonicotinic acid 

l-oxide (Ig), ethanol (50cm?) and sulphuric acid (2em?, d. !.84) were 

heated under reflux for 5 days. The mixture was poured onto ice, basified 

with sodium carbonate, and extracted with chloroform to give the amino- 

ester (0.179, 9.4%) plates, m.p. 187-188° (from ether). 

(Found: M"182.069137, C,H) NAO, 

requires: M"182.069140). 

b) The above method was repeated, with the reaction time extended to 

10 days to give the amino-ester (0.59, 42.4%). 

Vmax, 3450 and 3300 (NH,), 1710 (C=0)cm"| 
2 

t(CDCI 5) B.GstT,y) O05. 2. 0Hz, “CHo-CH.), Sv ItGs 2h Ss 7,0Hz, -CH-CH.), 

Deeds Tey a5 6 VAONZ,. 52H), .2.5( broads, 2H, NH), 2.24(q, IH, 

Jo. 7.0H2, J. 7.OMz;- 6eHF, 1.4 td,- 1H, 2 
=5,6 ~2,6 10 6 2,002," 2917.
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Ethyl 4-Benzylaminonicotinate I-oxide (195). - 4-benzylaminonicotinic 

acid |-oxide (4g), ethanol (50em7) and sulphuric acid (2em™) were heated 

under reflux for 3 days, poured onto ice, neutralised with sodium carbonate, 

and extracted with chloroform. The chloroform extract was dried (MgSO) 

and the solvent was evaporated under reduced pressure to give an amber 

oil, which was triturated with ether to yield the amino-ester (2.89, 62.8%), 

needles, m.p. 66-67° (from ether). 

(rounds: 0)" 62,697.45 G06: Nyro ae: M272. 116084; Cyart LN AOo ae 
ID Gi Zoe a2 

redutras: °C,"62.17 ny Ov aly Ny oes M"272.114998). 

Vmax. 3400 (N-H), 1700 -(C=0), 1220 (C-0)em |, 

ie 8,63 io ot, ld OHz, ~CH,-CH.), Bult, 2h Ss Toone, CH, CH.) 

5.560; 2a, JO. DrZ, CHo~Ph), Deo, oS 6 Feorng, Saha 

ZdAtS, OU, CHo-Ph), L.95(q,) ir, 15 6 #.0Rz; 19.6 2,0H2, Gad, 

| -atbroad $s, 1H, NH-CH.), 1. 35(d, .1H, 136 2 Ong peony. 

Attempted preparation of Ethy|!-4-acetamidonicotinate |-oxide. - 4- 

acetamidonicotinic acid |-oxide (0.59), ethanol (50cm?) and sulphuric acid 

(20cm?) were heated under reflux for 36h. The mixture was poured into 

ice, basified with sodium carbonate, and extracted with chloroform. 

Evaporation of the dried (MgSO, ) chloroform extract gave ethy1-4-amino- 

nicotinate |-oxide (0.29, 41.6%) m.p. 187-188°. | 

| 
Vmax 3450 and 3300 (NHp), 1715 (C=O)em 

Attempted preparation of ethy|-4-benzamidonicotinate I-oxide. - 4- 

Benzamidonicotinic acid l-oxide (0.49). ethanol (50cm), and sulphuric 

acid (20cm?) were heated cat ta for 36h. The mixture was poured 

onto ice, basified with sodium carbonate, and extracted with chloroform. 

Evaporation of the arled (MgSO, ) chloroform extract gave ethy!-4-amino- - 

nicotinate I-oxide (0.169, 35%) m.p. 187-188°.
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Ethy| 4-(N-Phenylacetamido)nicotinate l-oxide. - “Ethy! 4-anilino- 

nicotinate |-oxide (0.5g) and acetic anhydride (10cm?) were heated under 

reflux for 36h. The excess anhydride was removed under reduced pressure 

to give a brown oil, which was chromatographed on a column of basic 

alumina with chloroform as eluent. Collection of the yellow band which 

developed, and removal of the solvent gave the amido-ester (0.189, 31.0%) 

yellow needles, m.p. 143-144° (from ether). 

(Found? 05063435; HH, 5.:79;.N, 9.023 mM, 300.1 10999; Ci gH Np 

requires: C, 64.00; H, 5.34; N, 9.34; M’, 300.110283). 

| Vey 1730 (ester C=0), 1670 (amide C=O)cm. 

Ethy|l 4-(N-Pheny|lbenzamido)nicotinate I-oxide. - Ethy!-4-anilino- 

nicotinate |-oxide (0.59), pyridine (2em>), and benzoyl chloride (0.359) 

were stirred for 8h at room temperature. Water (30cm>) was added, and the 

mixture was extracted with chloroform. The chloroform extract was dried 

(MgSO) and evaporated under reduced pressure to give an oi}, which on 

trituration with ether gave the amido-ester (0.2g, 28.6%) needles, m.p. 179- 

180° (from ether). 

(Found: C, 68.66; H, 4.81; N, 7.76; M 362.126648; C,H, ,N.0 
21 18 2 4 

requires: -C,) 69.615 °H, 4597;.N, : 7.74; M"362.127692). 

is 
Vmax. 1720(ester C=O), 1655(amide C=O)cm . 

Attempted preparation of Ethy|-4-Witronicotinate l-oxide. - Ethyl 

nicotinate |l-oxide (2.0g), sulphuric acid (10cm>) and fuming nitric acid 

(10cm?) were heated under reflux for 24h. The mixture was poured onto ice, 

neutralised with sodium carbonate, and extracted with chloroform. Evapor- 

ation of the chloroform extract gave 0.02g of an unidentifiable oil. The 

aqueous layer was evaporated to dryness and extracted with boiling ethanol. 

Fractional crystallisation of the ethanol gave ethy! nicotinate I-oxide 

(1.2g) and nicotinic acid |-oxide (0.39, 14%). Melting points and infrared 

spectra were identical with those of authentic samples.
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Attempted preparation of Hethy | 4-Nitronicotinate l-oxide. - 4-nitro- 

nicotinic acid |-oxide (0.75g), methanol (25cm) and sulphuric acid Clom™) 

were heated under reflux for 6h. The solution was poured onto ice, basified 

withsodium carbonate and extracted with chloroform. The chloroform solution 

was dried (MgSO,) and evaporated under reduced pressure to give a white 4 

solid, which was shown to be methy|-4-methoxynicotinate |!-oxide (0.499, 

66.2%) needles m.p. 139.5-140°, 

(Found: C, 51.94; H, 5.04; N, 7.50; M"183,053152; CgHNO, 

requires: «0,752: 46; H, 4,92." i; 7.65; M183.052635). 

| Vax i715 (C=O) 1230 (C-O)cm 

T(CDCI,) 6.1(s, 3H, COOCH,), 6.0(s, 3H, OCH,) 2.95(d, IH, J 7.0Hz, 5-H), 

1.64(q, 1H, J5 6 7.0Hz, Jo 6 2.0Hz, 6-H), 1.4(d, 1H, Jo 6 

2:0hz f° 25H). 

Attempted preparation of Ethyl 4-Nitronicotinate I-oxide. - 4- 

nitronicotinic acid l-oxide (0.759), ethanol (20cm?) and sulphuric acid 

Clem”, d. 1.84) were heated at 60° for 8h. The solution was poured onto 

ice, basified with sodium carbonate, and extracted with chloroform. The 

chloroform solution was dried (MgSO, and evaporated under reduced pressure 

to give a white solid, which was shown to be ethy!-4-ethoxynicotinate I- 

oxide (0.54g, 62.8%) needles, m.p. 51-52° (from ether). 

(Found: .C,. 48.48; Hy.6.68;) N, 5.60; M211.084451; Ci ott; sNO,2H.0. 

requires: C, 48.58; H, 6.88; N, 5.67; M*211.083705). 

ia I710 (C=O), 1230 (C-O)cm™! 
max. 

t(CDCI 5) Bilt OM, a2 £Orz;, “CHoCH,), 5.6(q, 4H, J=7.0Hz, CH,-CH,), 

2.9(d, IH, J=7.0Hz, 5-H), 1.6(d, IH, J 7.0hz, 6-H), 1.39(s, 

iH, “2ye ) 

Attempted esterification of 4-nitronicotinic acid l-oxide. - Nitro- 

nicotinic acid |-oxide (1.0g) and methanol (300m?) were heated under reflux



sao. 

for 24h. Evaporation of the solvent gave an amber resin which could not 

be made to crystallise by trituration with ether. Extraction of an aqueous 

emulsion of the resin with chloroform, followed by evaporation of the 

chloroform extract gave a dark brown gum from which no solid material 

could be isolated. 

Pyridine-3,4-dicarboxylic Acid l-oxide. - Pyridine-3,4-dicarboxylic 

acid (5g), glacial acetic acid (15em?), and hydrogen peroxide (15cm, 

40%) were heated on a steam bath for 10h. The solvent was evaporated 

under reduced pressure, and the residue recrystallised from water to give 

the N-oxide (3.89, 69.3%) plates, m.p. 249-250° (from water). (lit.}9 249- p 

250°), 

Vmax,  ITIO and 1650 (C=0)cm™! 

Methy! pyridine-3,4-dicarboxylate |!-oxide - Method A. Sulphuric 

acid (12cm, d. 1.84) was added dropwise to a mixture of ice cold iso- 

, quinoline N-oxide (5g), annydrous copper sulphate (0.149) and mercuric 

nitrate monohydrate (0.3g) with cooling. Nitric acid (4em>, d. 1.4) was 

added dropwise (to the mixture) at 210-230° over a period of 2h. Air was 

then drawn through for a Pieter 0.5h and the solution cooled. Urea (1.5g) 

was added and the mixture heated at 100° for 0.5h. Methanol (20cm?) and 

benzene (15em>) were added and the solution was heated under reflux for 

7h. The resulting solution was poured onto ice and the pH adjusted to 

10 with ammonia solution (d. 0.88).. The benzene layer was separated -off, 

and the aqueous layer extracted with chloroform. The chloroform layer was 

washed with aqueous sodium carbonate solution and water. The combined 

residues from the chloroform extraction and the benzene layer were dried 

(MgSO,) and the solvent removed under reduced pressure to give a brown 
4 

oil, which on trituration with ether gave the di-ester-N-oxide (2.8q, 

38.5%) off-white needles, m.p. 98-100°C (from ether).



- 104 - 

CPound::. 0-51. 3634, +4.452)-N 6,78: M"211.048066; CgHgNO., 

pequiroscs "Cosi thie 4 27: N. 6.64; M211.048485). 

| Vea 1735 & 1720 (C=O), 1320 (N-O), 1250 (C-O)cm_ 

“coc, 619s. 6H, OCH.) , ceoate, lH, ane, pH), -} Sets tg ee 

She aD 2Hz, 6-H), 1.92(s, IH, 2-H). 

Method B, Pyridine-3,4-dicarboxylic acid l-oxide (4g), methanol (250m?) 

and sulphuric acid (2em?, d. 1.84) were heated under reflux for 30h. The 

mixture was poured onto ice, basified with sodium carbonate, and extracted 

with chloroform. The chloroform solution was dried (MgSO, ) and evaporated 

under reduced pressure to give an amber of 1, which on trituration with 

ether gave the di-ester-N-oxide (1.89, 39.0%). The m.p. and infrared 

spectrum were identical to the product obtained by Method A.



ii) 1,2,5,6-tetrahydropyridines 

Ethy! 4-Aminonicotinate (231). - 4-Aminonicotinic acid (0.49), 

ethanol (50cm?) and sulphuric acid (2cm?, d. 1.84) were heated under reflux 

for 3 days. The solution was poured onto ice, basified with ammonia solution 

(d. 0.88) and extracted with chloroform, The chloroform solution was dried 

(MgSO, ) and evaporated under reduced pressure to give the ester (0.49, 

66.7%) m.p. 104-106° (lit.238 100-105°), 

Vmax, 3400 and 3200 (NH), 1695(C=0), 1260 (c-O)em |, 

8.63(t, 3H, J 8.0Hz, CH-CH,), 5.61(q, 2H, J 8.0Hz, CH)-CH), 
7 Sat 

358d, 1H; J 6.0Hz, “S-H), 2.91 dbroad S$, °2H, NH), P.8i(d, (Hs 

T 
CDC! , 

gc. ar2s. OnH),.: sO8LS, lhe en). 

4-Ami no-3-ethoxycarbony |~-I-methy | Pyridinium lodide. (232)-- Ethyl- 

4-aminonicotinate (0.49), methy! iodide (0.5g) and ethanol’ (1Ocm>) were 

heated under reflux for 3h. The solvent was removed under reduced pressure, 

and trituration of the resultant oi! with ether gave the methiodide (0.59, 

67.6%) needles, m.p. 164-165°C. 

v 3380 and 3190 (NH), 1710 (C=O), 1290 (C-O)cm. 
max. 

4-Ami no-3-ethoxycarbony |-|I-methy1-1,2,5,6-tetrahydropyridine 
C255) 55 

4-Ami no-3-ethoxycarbony |-I-methy! pyridinium iodide (0.5g) was dissolved 

in water (20cm?) and sodium borohydride (O.11g) added slowly. The | 

solution was stirred at room temperature for 2h and extracted with 

chloroform. The chloroform extract was dried (MgSO) and the sol vent 

removed under reduced pressure to give a yellow oil, which. was triturated 

with ether to give the tetrahydropyridine (0.299, 96.7%) needles, m.p. 

47-49° (from ether).
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Llound:  C-58.572 8.6250 05° 15.3): CH _NQ0, 

ROGUEFeSi aC 9507s Hm Siem wD. c25,) 

“Vv 3450 and 3330 (NH), 2800 (N-CH fae 3)» 1720 (C=0), 

v 1620 (C=0), 1240 (C-O)em™!, max. 

(CDCI) Behe Ts Sed 1 ey CH,-CH,), T6880 50, N-CH,), 7.6(m, 4H, 
| | : 

= C-CH,=CH,-N), 6.9215 2H, -=N-CH-G=),° 5.9) 0a; 285: | 7 SHe, 
| 

CHo~CH.), 3.6(broad s, 2H, NH). 

Methy! Pyridine-3,4-dicarboxylate. - Sulphuric acid (240em>, d.1.. 84) 

was added dropwise to a mixture of isoquinoline (106.49), anhydrous copper 

. sulphate (2.89) and mercuric nitrate monohydrate (6.0g) cooled by an 

external ice-salt bath. Nitric acid (284 cm, d. 1.40) was added dropwise 

to the mixture at 210 - 230° over a period of 2.5h. Air was then drawn 

through for a further 0.5h and the solution cooled. Urea (30.09) was 

added and the mixture heated at 100° for 0.5h and then cooled to room 

temperature. Methanol! (360cm>) and benzene (240cm>) were added and the 

solution heated under reflux for 7h. The resulting solution was poured 

onto ice and the pH adjusted to 10.0 with ammonia solution (d. 0.88). 

The benzene layer was separated off, and the aqueous layer extracted with 

chloroform (3 x 60cm?) . The chloroform layer was washed with aqueous 

sodium carbonate solution and water. The combined benzene and chloroform 

extracts were distilled under reduced pressure to give. the ester (74.09, 

46.0%) b.p. 98-105°/1.5m.m.  (1it.127 95-100°/1. 5mm). 
| 

Me 1730 (C=0)cm ie 

3,4-Dimethoxycarbonyl-I-methyl pyridinium iodide (244). - Methyl! 

pyridine 3,4-dicarboxylate (10g) methy! iodide (12cm?) and ethanol (Sem?) 

were stirred at room temperature for 3hrs. The resultant yellow solid was 

filtered to give the quaternary (16.79 96.6%) m.p. 150-151° (from ethanol).
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Pyridine-3,4-dicarboxylic Acid. - Methyl pyridine-3,4-dicarboxy late 

(74.09) and hydrochloric acid (230em?, 3.5N) were heated under reflux for 

4h. Evaporation to dryness under reduced pressure gave the acid (60.59, 

95.4%) m.p. 252-254° (lit.127 253-255°), 

v 1710 (C=O)cm, 
max. 

Mea Ce — >) 

Cinchomeronimide. - Pyridine-3,4-dicarboxylic acid (22.59) and 

acetic anhydride (75cm?) were heated together under fore for 3h. The 

mixture was distilled until Sone of Ke acid and acetic anhydride had 

been collected, acetamide (14.0g) was added, and the mixture heated at+ 

|20-125° for 8h. The solution was cooled to give the imide (16.29, 81.2%) 

m.p. 228-230° (from ethanol) (lit.!4#! 229-230°) 

| v 2750 (NH), 1720 (C=O)cm, 
max. 

3-Ami nopyridine-4-carboxylic Acid(234). - Finely powdered 

cinchomercnimide (10.09) was dissolved in a well stirred, ice cold, 

solution of potassium hypobromite, prepared from bromine (4.69) and 

aqueous potassium hydroxide solution (750m, 10%). After 2h a further 

40¢m> of the potassium hydroxide solution was added, and the mixture was 

heated on a steam bath for IO minutes. The solution was acidified with 

hydrochloric acid (d. 1.16) and evaporated to dryness nee reduced 

pressure. The residue was extracted with boiling absolute ethanol and 

the filtered solution concentrated to a small vol ume to give the amino- 

acid dihydrochloride (7.39, 78.34), m.p. 243-244° (lit.}41 244-245°). 

Vmax, 3330 and 3430 (NH), 1690 (C=O)cm !.



Ra 

Methyl 3-Aminoisonicotinate (235). - 3-Aminoisontcotinic acid (0.5g), 

methanol (20cm), benzene (20cm?) and sulphuric acid (2em?) were heated 

under reflux for 3 days, the water produced being removed by a Dean and 

Stark apparatus. The solution was poured onto ice, basified with sodium 

carbonate, and extracted with chloroform. The chloroform solution was 

dried, and the solvent removed under reduced pressure to give the ester 

(0.32g, 58.2%) m.p. 85-86° (1it.168 86-87%). 

| Vas 3400 and 3250 (NH), 1740 (C=O)cm .. 

Ethyl! 3-aminoisonicotinate (236). - 3-Aminoisonicotinic acid (2.5g) 

ethano] (40cm?) and sulphuric acid (2em>, d. 1.84) were heated under 

reflux for 3h. The solution was poured onto ice, basified with ammonia 

solution (d. 0.88) and extracted with ether. The ether extract was dried 

(MgSO, yand the solvent removed to give the ester (1.859, 61.7%) m.p. 100- 

107°, 

Vmax, 3450 and 3200 (NH) 1710 (C+0), 1240(C-0)em !, 

3-Amino-4~methoxycarbony!-I-methy! Pyridinium lodide (237). - Methyl- 

3-aminoisonicotinate (0.3g), methyl iodide (0.5g) and ethanol (10cm) were 

heated under reflux for th. Cooling gave the methiodide (0.629, 63.9%), 

needles, m.p. 169-171° (from ethanol). 

= eroung:. Gs. oc <sou My ocete Ny Maes Vo mS lo: CoH |NQ0.! 

Pedi resis C227: 2 Hs 3s N, 9252: 1 aa els 

| ‘Vmax (CHCI,) 3450 and 3400 (N-H), 1730 (C=O), 1290 (C-O)cm , 

3-Amino-4-ethoxycarbonyl-|-methy! Pyridinium lodide (238). - Ethyl- 

3-aminoisonicotinate (1.59), methyl! iodide (2.0g) and ethanol (10cm?) were 

heated under reflux for Ih., cooled, and the methiodide filtered off. 

(2.29, 79.4%)'m-p.. 129-131". 

Vmax, 3390 and 3210 (NH), 1690 (C=0)em™!, 

3-Ami no-4-methoxycarbony I-|-methy I-1,2,5,6-tetrahydropyridine (239). - 

3-Amino-4-methoxycarbony!-I-methy! pyridinium fodide (0.3g) was dissolved in
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water (10cm?) and sodium borohydride (0.04g) added slowly. The mixture 

was stirred at room temperature for 2h and extracted with chloroform. 

The chloroform solution was dried (MgSO,) and the solvent removed under 

reduced pressure to give the tetrahydropyridine (0.139, 83.9%) needles, 

eae 121-122° (from ether). 

(Found: (Oy? 54 66:4 7.90;.N, 15.603 CoH ANQ0. 

requires: °C, 56.4;°H;, 8.25; N, 16.459. 

Vnax. 3450 and 3200 (NH), 1!740 (C=0), 1270C-0)em™ |, 

3-Ami no-4-ethoxycarbony|-|-methy!-1,2,5,6-tetrahydropyridine (2403.5 = 

3-Amino-4-ethoxycarbony!-Il-methy! pyridinium fodide (0.99) was dissolved 

in water and sodium borohydride (0.229) was added slowly. The solution 

was stirred for 2h, extracted with chloroform, and the chloroform solution 

was dried and evaporated under reduced pressure to give a pale yellow oil. 

The oi! was triturated with ether to give the tetrahydropyridine (0.52q, 

96.3%), needles, m.p. 65-66° (from ether). 

(Found s: °C; S8.9525n,: 8.397 Nala; CoH 6NQ05 

Pegul reese Oy 5BI7s wh, Oss ae a 25025 

Via: 3400 and 3290 (NH), 2850 (N-CH,), 1710 (C-0), 

S 1620 (C=C)om 
max. 

Amax. 285 nem: 

t(COCI,) 8.79(+, 3H, J 7.0Hz, CH)-CH,), 7.79(s, 3H, N-CH,), 

7.65(m, 4H, =C-CHo-CHN-), 7.14(S, 2H, -N-CH,-C=), 

5.92(q, 2H, J 7.0Hz, CH,-CH,), 3.9(broad s, 2H, NH.). 
Cano
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3-Benzami do-4-methoxycarbony|-I~-methy|l-1,2,5,6-tetrahydropyridine 

hydrochloride (241). - 3-Amino-4-methoxycarbony|I-|I~-methy!-1,2,5,6-tetra- 

hydropyridine (0.099), pyridine (Q.1g), and benzoyl! chloride (0.159) were 

stirred at room temperature for 0.25h. The resultant precipitate was 

collected, dissolved in absolute ethanol and precipitated by the addition 

of ether to give the amido-ester (0.079, 43.8%), needles, m.p. 194-195° 

(from ethanol). 

(Foundrac, 567367 hy. 6.P aa N, 7.96; Cy gH) gNQ0.C1 .H,0 

Feduires 3 :.sG, 54.80 se Oeo saN, Oho) « 

vmax. 3150 (N-H), 2500-2400 (=N*-H), 1710 (C=O), 
| 

Wig 1270 (C-O)cm |, 

3-Amino-4-ethoxycarbonyl-1,2,6-trimethyl pyridinium lodide (243), - 

3-Amino-2,6-dimethy!-4-ethoxycarbony! pyridine (lg), methyl todide (1.59) 

and ethano! (10cm?) were heated under reflux for 60h. The excess solvent 

was removed, and the residual oi! was triturated with ether to give the 

methiodide (0.759, 43.4%), needles, m.p. 194-195° (from ethanol). 

v 3400 and 3300 (NHO), 2700 (N-CH,) 1695 (C=O), 1240 (C-O)em. max. 

Attempted preparation of 3-amino-4-ethoxycarbony!-1,2,6-trimethy|- 

1,2,5,6-tetrahydropyridine. - 3-Amino-4-ethoxycarbony!-|,2,6-trimethy | 

pyridinium iodide (0.49) was dissolved in water (20cm?) and sodium boro- 

hydride (O.1g) added slowly. The solution was stirred at room temperature 

for 3h and the precipitated yellow solid wan Gti tuted. This solid was 

shown to be 3-amino~2,6-dimethy!-4-ethoxycarbony! pyridine by mixed 

melting point and identical infrared spectrum with an authentic sample 

(0.180, 78.38). 

The filtrate was extracted with chloroform, the chloroform solution. 

was dried and evaporated under reduced pressure to give a yellow oil, 

which on trituration with ether gave a further 0.04g (12.4%) of 3-amino-



2,6-dimethy|1-4-ethoxycarbony! pyridine. 

Reduction of 3,4-dimethoxycarbony|-I-methyl pyridinium iodide by 

sodium borohydride. - 1) Sodium borohydride (0.389) was added slowly to 

a solution of 3,4-dimethoxycarbony!-I-methy! pyridinium iodide (3.36g) in 

water (25em>), and the mixture was stirred at room temperature for 4h. 

The solution was extracted with chloroform, and the dried (MgSO,)chloroform 4 

extract was evaporated under reduced pressure to give an amber oil, which 

began to crystallise on standing. Trituration with ether gave a solid 

which was identified as 3,4-dimethoxycarbony!-I-methylpyrid-6-one (0.69q, 

30.8%), needles, m.p. 162-163° (from ethanol). : 

froundin. 55.453 H, 5.025 Noor a M"225 063716; Cit) Ms 

requires: C, 53.4; H, 4.90; N, 6.22; M'225.063195).. 

Vmax, 1715, 1705 (ester C+0), 1665 (amide C=0)om™!, 

t(CDC! 2) 6.4(s, 3H, N-CH,), 6.17(s, 3H, 3-COOCH.)., 6.09(s, 3H, 4-COOCH,), 

BAD Sy. Ro ooth) Lc 8hts, hy ean). 

Thin-layer chromatography of the oii after removal of the pyridone, 

on silica gel with ether as eluant, indicated 3 components. Column 

chromatography gave 2 oils from which no pure material could be isolated. 

ii) Sodium borohydride (0.389) was added to a solution of the quaternary 

salt (3.36) in water (250m?) and the mixture was heated under reflux for 

10h. Extraction of the cooled solution with chloroform, followed by 

evaporation of the dried (MgSO, ) chloroform extract, gave a dark red oil. 

_ Thin-layer chromatograph on silica gel using ether:benzene, 3:1 as eluant 

indicated seven components. 

iii) Sodium borohydride (0.389) was added to a solution of the methiodide 

(3.369) in water (25cm?) and the orion was stirred at room temperature 

for 24h. The solution was extracted with chloroform and the dried (MgSO, ) 

chloroform extract was evaporated under reduced pressure to give an amber
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oil. Trituration with ether gave a solid with m.p. and infrared spectrum 

identical to those of 3,4-dimethoxycarbony |-|-methy Ipyrid-6-one(0.77g, 34.22). 

Thin layer chromatography on silica gel with ether as eluant, and 

gas-liquid chromatography on Carbowax 20M KOH, both showed the remaining 

oi! to contain | major component. The oil was dissolved tn ethanol, and 

dry hydrogen chloride was bubbled through the solution. The cotunten was 

reduced to small volume and APPUPEE On with ether gave a white precipitate 

of 3,4-dimethoxycarbony |-I-methy!-1,2,5,6-tetrahydropyridine iydeeeon tie’ 

(1.29952.1%), needles, m.p. 182-183° (from ethanol). 

(Found: ©, 47390; H, 6.32; N, 5283; °Cl 14015; Cy gt =NO,Cl 

fequires: C,.48.15;'H, 6.41; N, 5.62; Cl I4.227, 

Wa 1710 (C=O), 1645 (C=C)cm™| 

| é | 

3)» 6.14(s, 3H, 4-COOCH,). 

iv) Sodium borohydride (0.389) was added to a solution of the methiodide 

*(D20) 6.94(s, 3H, N-CH,) 6.5-7.1(m,: 6H, =C-CH..-CH. -N-CH,,) 

6.16(s, 3H, 3-COOCH 

(3.369) int me thane (30m?) and the mixture was stirred for 24h. Excess 

solvent was removed, water (50cm?) was added and the solution was 

extracted with chloroform. The dried (MgSO) chloroform extract was 

evaporated under reduced pressure to give an amber oi1; meaiitartan with 

ether gave 3,4-dimethoxycarbony Ipyrid-6-one (0, 38q, 16.8%) m.p. 162-163°. 

v) The above reaction was repeated, with the reaction mixture maintained 

in an atmosphere of nitrogen; the yield of the pyridone was 11.4%. 

vi) The reaction under nitrogen was repeated with water as the solvent; 

the yield of the pyridone was 27.4%. 

vii) The reaction between sodium borohydride (0.38g) and the quaternary 

Sail 65.560) im yin sorivicn was repeated, but the mixture was 

extracted with chloroform after 15 minutes. Evaporation of the chloro- 

form extract gave an amber oi! which on trituration gave the pyridone,
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The pyridone was removed aa the ether evaporated to give a residual amber 

oil. A mass aie cum of the oi! showed no fragment of m/e 213, indicating 

no tetrahydropyridine formation; the fragment at m/e 211 indicated the 

presence of a dihydropyridine. 

viii) The above procedure was repeated using sodium borodeuteride and 

deuterium oxide. The corresponding mass spectrum showed no fragment at 

m/e 215, indicating no tetrahydropyridine containing two deuterium atoms. 

  

3,4- Dicarboxy —t- meh yl p aril -6-0™e 

ES \ idine=3,4=di (246) - Method A. Sodium — 

hydroxide solution (4: Oem”, 0.0242M) and warm potassium ferricyanide 

3 
solution (12,0cm~, 0.019M) were added during 3h, with shaking, to a solution 

of |-methy1-3,4-dimethoxycarbony! pyridinium todide (1.8g in idcm water). 

After the final addition of ferricyanide, the solution was maintained at 

40-55° for Ih., cooled, and acidified with hydrochloric acid (6N) to give 

a white solid and a dark green solution. The solid was boiled with 

absolute ethanol and the inorganic material was filtered off. The 

filtrate was evaporated to dryness under reduced pressure to give the 

pyridone (0.429, 39.9%), needles, m.p. 261-262° (from ethanol). 

(Found: C, 44.49; H, 4.31; N, 6.88; M"197.032029; CeHoNO, .HA0 

requires: C, 44.655 H, 4.)9;°N; 6.51; M"197.032417). | 

Vmax. 3450-3500 (OH), 1710, 1690 (acid C=O), 1640 (amide C=O), 

1270 (C-O)em | , 

Method B. |-Methy!-3,4-dimethoxycarbony! pyridinium iodide (0.95g) 

_was added to aqueous sodium hydroxide (20cm, 8%) and air was drawn 

through the well stirred solution for 6h. The basic solution was extracted 

with chloroform, and the chloroform extract was dried (MgSO ,) and the 

solvent Ponovedia give a dark brown ol! which could not be identified 

(0.01g). The basic solution was acidified with hydrochloric acid (50%) 

and the precipitate which formed on standing was collected. The solid
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had m.p. and |.R. spectrum were identical with those of-the material 

prepared by Method A. (0.039, 5.4%). 
a -Dicarbexy_i- -b 

3, 4-Dimethoxycarbony |~1-methy |-¥¢py ri dbne (245). - b=Methyl—pyridine- 

nethyleyrid -b-mre 3 
3;4-dicarboxytate=6=ene (0.19), methanol (40cm™) and sulphuric acid 

(0.5m? d. 1.84) were heated under reflux for 36h. The excess methanol 

was evaporated under reduced pressure, and the solution was poured onto ice 

and basified with sodium carbonate. The basic solution was extracted with 

chloroform, and the chloroform solution was dried (MgSO,) and evaporated 

under reduced pressure to give a pale yellow ofl. Trituration with ether 

gave the pyridone di-ester which had m.p.,!.R.,and mass spectra identical 

with those of the product obtained by the reaction of sodium borohydride 

on 3,4-dimethoxycarbony!I-I-methy! pyridinium iodide (0.089, 70.0%), 

needles, m.p. 162-163°. | 

Vmax. 2800 (N-CH.), 1720, 1700 (ester C=0), 1665 

Vmax, (amide C=0), 1260 (C-O)cm-| 

2 5 5 

3.46 CLA a Oe te2ClH, Ss, 2-H), 

T(CDCI,) 6.4(3H, Ss, N-CH,), 6.18(3H, s, 4-COOCH,), 6.09(3H, s, 3-COOCH.), 

Ethyl Pyridine 3,4-dicarboxylate. - Pyridine 5, Ad ttbowe acid 

(5g), ethanol (100cn>) and sulphuric acid (Sem, d. 1.84) were heated 

under reflux for 3 days. The excess solvent was removed and the mixture 

was poured onto ice, neutralised with sodium carbonate, and extracted 

with chloroform. Evaporation of The dried (MgSO,) chloroform extract gave 4 

the di-ester (69, 89.9%) b.p..160°/14mm. (1it.2©8 172°/2Imm). 

Vmax, 1720 (C=O)em!, 

t(CDCI,) 8.68(t, 6H, J 7.0Hz, CH,-CH,), 5.6(q, 4H, J 7.0Hz, CH.-CH,), 23 pacha 

2.5(d, IH, J 5.0Hz, 5-H), 1.21(d, IH, J 5.0Hz, 6-H), 0.92(s, IH, 
Fe 

e-ha.
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3,4-Diethoxycarbony!~I-methy! pyridinium todide (260). - Ethy | 

pyridine 3,4-dicarboxylate (6g), methy! iodide (6g) and ethano| (Som?) 

were warmed on a steam bath for Ih. Evaporation of the solvent and 

trituration with ether gave the quaternary (69g, 91.8%) m.p. 96-97°, 

3,4-Diethoxycarbony!-I-methy|-6-pyridone (262). - 3,4-Diethoxycarbony|- 

I-methy | pyridinium fodide (3.60g) was dissolved in water (20cm) and 

sodium borohydride (0.389) was added slowly. The solution was stirred for 

Zh, extracted with chloroform, and the chloroform extract was dried (MgSO, ) 

and evaporated under reduced pressure. The residual amber oil was trit- 

urated with ether to give the pyridone (0.36, 29.4%) plates, m.p. 170-171° 

(from ethanol). 

(Found: M’,253.095014; C,H, .NO 
if 39.9 

requires: M, 253.096848). 

aes 1715-1705 (ester C=O), 1660 (amide C=O), 1260 

v (C~O)em |, 
max. 

“coc! , Sad (Ty SHS gd of OHz, 3-COOCH.CH,), 8.67(t,- 3H, J °7.0Hz, 4-COOCHCH,), 

6.42(s, 3H, N-CH.), 5.73(q, 2H, J 7.0Hz, 3-COOCH,CH), 5.65(q, 
= 

2H, J 7.0Hz, 4-COOCH.CH,), 3.46(s, IH, 5-H),1.85(s, IH, 2-H). aie 

|-Ethy!-3,4-dimethexycarbony! Pyridinium lodide (261). - Methyl! 

pyridine 3,4-dicarboxylate (5g), ethyl iodide (6g) and absolute ethanol 

(10cm?) were heated under reflux for Ih. The ethanol was removed under 

reduced pressure and the residual oi! was triturated with ether to give 

the methiodide (8.29, 91.1%) needles, m.p. 128-130° (from ethanol). 

v 1720 (C=0), 1270 (C-O)cm™!, | max. , 

|-Ethy!-3, 4-dimethoxycarbony|-6-pyridone. - Sodium borohydride (0.199) 

was added to a solution of |-ethy!~3,4-dimethoxycarbony! pyridinium iodide 

(1.759) in water (10cm?) and the mixture stirred for 8h. The solution was 

extracted with chloroform and the chloroform solution was dried (MgSO) and
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evaporated under reduced pressure to give an amber oil. Trituration with 

ether gave the pyridone (0.169, 13.6%) m.p. 168-169° (from ethanol). 

(Found: M’, 

requires: M, 

v 
max. 

v 
max. 

T 
CDC! 

Zag O19 365; Di Paes 

239 .078432). 

2800 (N-CH,), 1730-1720 (ester C=O), 1670 (amide 2 

C=0), 1275 (GeOlen 

8.61(+, 3H, J 7.0Hz, -CH,-CH,), 6.16(s, 3H, 4-COOCH,), 
2 5 

Ge thS5* Gis 3-COOCH,), 5,96(q,. 2H, J: #,0HzZ, N-CH.-CH Ur 
5 

OuRNeo getty OTe gi sts, Jt; 2H) 4
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Bicyclic Systems Derived from |,3,4-trisubstituted pyridines. 

Pyrido[4,3-d] pyrimidin-4(3H)-one 6-oxide (270). - 4-Aminonicotinic 

acid I-oxide (0.6g) and formamide (1.89) were heated together at 170-180° 

for 2h., cooled, and triturated with absolute ethanol. The insoluble 

brown solid was collected and sublimed under vacuum to give the pyrido- 

pyrimidine (0.359, 55.6%), colourless plates, m.p. 337-338° (from acetic 

acid). : 

(Found: M, 163.037115; C,H,N,0O T'5)3°2 
requires: M 163.038173). 

ET oe 2650 (N-H), 1690 (C=0)cm !, 

Pyrido[4, 3-d]pyrimidin-2,4(1H, 3H)-dione 6-oxide (271). - An intimate 

mixture of 4-aminonicotinic acid-l-oxide (0.69) and urea (0.39) was heated 

at 160-170° for 1.5h, cooled, and triturated with absolute ethanol. The 

Insoluble brown solid was collected and recrystallised from ait acid to 

give the dione (0.369, 51.4%), plates, m.p. >360° (from acetic acid). 

(Found: C, 46.51; H, 3.02; N, 23.43; M'179.033087; CjH,N,O, 

pequiress; 0 .46,922°H,  2.792°N,) 23.86; M" 179032544) 

‘ 2850 (N-H), 1720, 1700 (C=0)cm™!, 
max. 

Attempted preparation of 3-phenylpyrido[4, 3-d]pyrimidin-2,4, (IH, 3H)- 

dione 6-oxide. - Method A. An intimate mixture of 4-aminonicotinic acid 

l-oxide (O.15g) and formanilide (0.2g) was heated at 170° for 2h. and 

cooled. Trituration with absolute ethanol ae a product with m.p. and 

1.R. spectrum identical to those of the starting material (0.13q). 

Method B. The reation was repeated with heating at 200° for 6h. Trituration 

with ethanol gave unchanged starting material. 

Method C. 0.15g of 4-aminonicotinic acid |-oxide, and 0.29 of formant Ide 

were fused at 180°C for 18h. The resultant solid was extracted with
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boiling absolute alcohol (5 x 25cm?) and the ethanolic ‘solution was 

evaporated to dryness under reduced pressure to give a solid whose m.p. 

and |.R. spectrum were identical with those of the starting material (0.119). 

The solid which was insoluble itn ethanol was sublimed under vaccuum to give 

colourless beystale: with m.p. and |.R. spectrum identical to those of 4- 

aminonicotinic acid (0.029., 14.9%) m.p. 333-335° (decomp.) (lit. 335-336°) 

v 
max. 3325 and 3200 (N-H), 2750 (bonded OH), 

? 1690 (C=O) 1240 (C-O)cm. 
max. 

Method D. Ethyl! 4-aminonicotinate |-oxide (0.15q) nn formanilide (0.39) 

were heated at 180° for 4h. The mixture was cooled and triturated with 

benzene to give a brown solid (0.129) with m.p. and |.R. spectrum identical 

to those of the starting material. 

Attempted preparation of I-phenyl substituted pyridopyrimidinones, _ 

(A) From 4-Anilinonicotinic acid. 

i) Fusion of 4-anilinonicotinic acid I-oxide (].0g) with formamide (1 .5g) 

at 180° for 2h. gave unchanged starting material. 

ii) Fusion at 240° for 6h gave unchanged 4-anilinonicotinic acid l-oxide. 

iii) Fusion at 250° for 16h gave starting material and a black oil which 

could not be identified. ; 

(iv) 4-Anilinonicotinic ache and urea, heated at 170° for 8h gave unchanged 

starting material. 

(B) From _o-amido esters 

i) Methanol (20em") was saturated at O° with ammonia, and 3-ethoxy- 

carbony!-4-(N-phenylacetamido)pyridine !-oxide (100mg) was added. The 

mixture was heated in a steel bomb at 160°, under pressure, for 5h, cooled 

and the excess solvent evaporated under reduced pressure. Trituration of 

the resultant oil with ether gave a yellow solid whitch was tdentified as 

4-anilinontcotinamide l-oxide (0.0lg, 13.1%) m.p. 280-282°,
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Vv 3400 and 3280 (NH), 1645 (amide C=0)em™ hs 
max. 2 

it) 3-Ethoxycaurbony!-4-(N-phenylacetamido)pyridine |-oxide (0.05g) was 

stirred in a solution of ammonia in ethanol at room temperature for 30 days. 

The solution was extracted with chloroform, dried (MgSO,), and the solvent 

removed under reduced pressure. Trituration of the resultant oi! with 

ether gave a yellow solid with m.p.,,1.R., and mass spectra identical to 

those of 4-anilinonicotinamide I-oxide (0.005g, 14.3%). 

iii) 3-Ethoxycarbony 1-4-(N-phenylacetamido)pyridine I-oxide (O.1g) and 

hydrazine hydrate en”) reacted under the above conditions gave 4~anilino- 

nicotinic acid hydrazide l-oxide (0.0lg, 12.3%) m.p. 2708921 Cs 

(Found: (M-16)" 228,101105; C,H, 5N,0 

requires: (M-16)" 228.100361), 

v 3420 and 3290 (NH.), 1650 (amide C-O)om |, 
max. 2 

iv)  3-Benzamido ~-4-ethoxycarbony |-I-methy!l-1,2,5,6-tetrahydropyridine 

(0.159), hydrazine hydrate (om?) and ethanol (Sem?) were heated at 60° for 

36h, Evaporation of the excess solvent gave a gum from which no pure 

material could be isolated. 

Attempted preparation of I-benzy|pyrido[4, 3-d]-pyrimidin-4-one 6-Oxide. 

Method A. - 4-Benzylaminonicotinic acid |-oxide (0.5g) and formamide (2g) 

were heated at 170° for 2h: and cooled. The resultant solid, which had a 

strong characteristic odour, was boiled with absolute ethanol and the 

insoluble material collected. The solid had F m.p., I|.R. spectrum, and 

mass spectrum identical with that of pyrido [4,3-d]pyrimtdtn-4(3y)-one O= 

oxide (O.11g, 32.9%) m.p. 336-337°, 

5 2650(N-H), 1690(C=0)em™!. 
max. 

The filtrate was evaporated under reduced pressure to give a dark brown 

oil which on trituration with ether gave a solid with m.p. and |.R. spectrum 

identical to those of the starting material. (0.15g) m.p. 285°C.
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Mae 2650(N-H), 1690(C=0) cm 

Method B,  4-Benzylaminonicotinic acid |-oxide (0.239) and formamide (0. 309) 

were heated at 200° for 6h. and cooled. The mixture was boiled with 

absolute ethanol and the insoluble material, which had m.p. and I1.R. spectrum 

were identical to pyrido[4, 3-d]pyrimidin-4 (3H) -one-6-oxide, was collected 

(0.049, 26.0%). 

The filtrate was reduced to half volume under reduced pressure, cooled, 

and the resultant precipitate collected. The mass spectrum of the 

material showed a molecular ion the same as that to be expected of the 

desired product (0.0lg, 4.24) | 

m.p. 276-280" 
=I 

sce 1660 (C=O)cm , 

Further evaporation of the filtrate yielded a brown solid whose m.p. 

and |.R. spectrum were identical with those of the starting material 

(0.10g). 

The above conditions were repeated on a larger scale, but the required 

product could not be obtained. 

Increasing the reaction temperature and extending the reaction time 

gave the starting material and pyrido[4, 3-d]pyrimidin-4(3H)-one-6-oxi de 

as the only isolatable products. 

2-(4-Methoxypheny |) pyrido [4, 3-d] [1, 3]oxazin-4-one 6-oxide (299). = 

4-Aminonicotinic acid l-oxide (1.0g), dry pyridine (1.0g) and 4-methoxy- 

benzoy! chloride (1.75g) were stirred at room temperature for 0.25h., and 

+hen warmed in a steam bath for a further 0.5h. The mixture was filtered, 

and the resultant solid was washed with water and extracted with boiling 

benzene (3 x 100cm>) . The benzene solution was dried (MgSO,), excess 7 

solvent removed under reduced pressure, and the mixture cooled to yteld the
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oxazine (0.989, 55.9%) needles, m.p. 258-259° (from benzene). 

- eae 
(Found woe 6 Rds HH. 3.7 Seen, 9.89; M 270.064051; Citi gn.) 

Fequires:: "C,62.222°H, 3; 703: N, 10.37;M 270.062499) . 

ymax. 1770 (C=0), 1260 (C-O)em |, 

The material insoluble in benzene was boiled with ethanol and filtered 

to give the amido-acid (0.49, 21.4%), prisms, mip 275-276° (from acetic 

acid) 

f> . . . —_ Z . (Pound: © 6 ,"G6.9257 4, 8524 °N, Os Tae H0) 270.064051; CAH) NA°. 

  

requires: °C, 55,95) Hoa ebT3 ON, o472; (M-H0)" 270.064583). 

: =e ae 3150 (N-H), 1680 (C=0), 1265(C-O)em 
  

2-(4-Methy Ipheny |) pyrido[4, 3-d] [1, J]oxazin-4-one 6-oxide (298). - 4- 

Aminonicotinic acid I-oxide (1.0g), dry pyridine (1.09), and 4-toluoy| 

chloride (2.0g) were stirred at room temperature for 0.25h., and then 

warmed on.a steam bath for 0.5h. The mixture was filtered, and the resultant 

solid was washed with water and extracted with boiling benzene (3 x 10cm”) . 

The benzene solution was dried (MgSO,), excess solvent removed under 

reduced pressure, and the mixture cooled to yield the oxazine (0.58g, 

355.96), naedies,. mp. 246-8ee47.5° Uerom benzene), 

sPound:...C, 66.12; H, 4/083 eN, 10.82: M’ 254 .069137; Cy gH N°; 

requires: C, 66.1; H, 3.94; N, 11.04; M°254.068519). 

v 1760 (C=0), 1260 (C-O)cm™!, 
max. 

The material which was insoluble in benzene was boiled with ethanol 

and filtered to give the amido-acid (0.49, 22.6%), prisms, m.p. 280-281 

(from acetic acid). 

Found( C, 61.45; Hy 4,67; -N,  tOs54; Ci gt) gNo0, 

requires:C, 61.76; H, 4.41; N, 10.29). 

v 3180 (N-H), 1660 - 1680. (C=O)em™!. 
max.
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2-Pheny Ipyrido[4, 3-d] [!, 3]oxazin-4-one 6-oxide (289). - 4-Amino- 

nicotinic acid l-oxide (1.59),dry pyridine (1.0g), and benzoy! chloride 

(3.09) were stirred at room temperature for 0.5h., and then warmed on a 

steam bath for 0.5h. The mixture was filtered, and the resultant solid 

was washed with water and cee ed with boiling benzene (3 x fOOcm™) : The 

benzene solution was dried (MgSO) and excess solvent removed under reduced 

pressure to give the pyrido-oxazine (0.75g, 32.1%), needles, mp. 240-24 1° 

(from benzene). | 

tPounde= CU, 'G4 99. nM, 5.007 NS TT Os C) sHeNA0, 

requires: CC, 64.77" CH, 3.5;°°N,. 11.6). 

ie i. sal 
Mase, 1765: (C80) 51250. 4CeO) cm, 

The pyrido-oxazine was not hydrolysed by stirring with water for 24h. 

The meterial which was insoluble in benzene was boiled with ethanol 

and filtered to give the amido-acid (0.759, 29.9%) m.p. oase764-. 

  

  

+ 

(Found: (M-H.0)” 240.053489; C) Hi \NQ0, 

requires: (M-H,0)* 240,053368). 

v 3200(N-H), 1660 - 1680 (C=0)em |. 
max. 

2-(4-F luoropheny | )pyrido[4, 3-d] [1, 3]oxazin-4~one 6-oxide (297). - 4- 

Aminonicotinic acid l-oxide (0.159), dry pyridine (0.5g),and 4-fluorobenzoy | 

chloride (0.32g),were stirred at room temperature for 0.25h, and then 

warmed on a steam bath for 0.5h. The mixture was filtered, and the 

resultant solid was washed with water and extracted thrice with boiling 

benzene. The benzene solution was dried (MgSO) and evaporated under 

reduced pressure to give the pyrido-oxazine (0.089, 32.0%), needles, 

m.p. 259-260° (from prea . 

(Found: C, GU. 240-H, 2.092 N, tO. 7 2s°F > - 7.673 C) 3HINAO.F 

requiress; Cj) .60.57" H, 2.62; NA, Gaeur,, Feoe? 

v 1765 (C=O), 1250 (C-O)em |, 
max.
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The material which was insoluble in benzene was boiled with ethanol 

and filtered to give the amido-acid (0.089, 29.6%) prisms, m.p. 280° 

(from acetic acid). 

y 3150 (N-H), 1670 (C=O)cm™!. 
max. 

2-(3,4-Dichloropheny! )pyrido[4, 3-d] [1, 3]oxazin-4-one 6-oxide. (300) 

- 4-Aminonicotinic acid l-oxide (1.09), dry pyridine (1.0g), and 3,4- 

dichlorobenzoy! chloride (2.729), were stirred at room temperature for 0.25h., 

and warmed on a steam bath for a further 0.5h. The mixture was filtered, 

and the resultant solid was washed with water, and extracted with botling 

benzene (3 x 100cm>) . The benzene solution was dried (MgSO,), excess 

solvent removed under reduced pressure, and the mixture cooled to give the 

oxazine (0.49, 19.9%), needles, M.D 277 .5-278° (from benzene). 

ex . . . % . My ound: 4C, 50.233 H, 2.043-Nj28. 85: M 307.975501; Ci HENQ0,Cl, 

requires: C, 50.48; H, 1.94; N, 9.06; M™307.975544). 

y 1770 (C=0), 1260 (C-O)em™!, 
max. 

The material which was insoluble in benzene was boiled with ethanol 

and filtered to give the amido-acid (0.93g, 43.8%), prisms, m.p. 287-288° 
‘ 

(from acetic acid). 

0)*307.975544; C.H.N.O.CI (Found: (M-H i atigNo9,Cl, 2 
requires: (M-H,0)"307.975906) . 

v 3200 (N-H), 1670 (C=0)em™!, 
max. 

  

  

2-(4-Nitropheny | )pyrido[4,3-d] [1,3]oxazin-4-one 6-oxide. - 4-Amino- 

nicotinic acid l-oxide (1.09), dry pyridine (1.0g), and 4-nitrobenzoy | 

chloride (2.89), were stirred at room temperature for 0.5h., and warmed in 

. steam bath for 0.25h. The mixture was filtered, and the resultant solid 

was washed with water, and extracted with boiling benzene. Evaporation of 

the dried (MgSO,) benzene gave a yellow solid (0.159). The infrared
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spectrum of the solid contained a high carbony! absorption at I765cm |, 

and a second absorption at 1670cm™!, The material could not be purified 

by recrystallisation from benzene,or by extracting a benzene solution 

with sodium hydroxide. 

| 
ty 1765 and 1670 (C=O)cm =, 

4-Acetamidonicotinic Acid |l-oxide (288). - 4-Aminonicotinic acid i- 

oxide (0.15g) and acetic anhydride (10cm?) were stirred at room temperature 

for Ih. The resulting precipitate was filtered, washed with water, and 

recrystallised from acetic acid to give the amido-acid (0.189, 93.04) 

m.p. 277-278° (from acetic acid). 

(Founda. .<,' 48.12; H,.23.99¢-N, 1305): CoHeNQ0, 

heguinestmmee, 48.9: “sh A OGr Nem 4.978 

yes 1690 (acid and amide C=0), 1230 (C=0), 3080 (NH)cm | 

The same product was obtained in 86% yield on heating the amino-acid 

N-oxide and acetic anhydride under reflux for 10h. 

Attempted preparation of 2-Methylpyrido[4,3-d] [1,3]oxazin-4-one 6-oxide. 

Method A. Acety! chloride (0.169) was added dropwise to a mixture of 4- 

aminonicotinic acid (0.159) in pyridine (0.59) at room temperature. A 

black oil was formed immediately from which no solid material could be 

isolated. 

Method B. The above reaction was repeated at ca. -80°, The yellow solid 

which was produced a addition of the acid chloride, decomposed on warming 

to room temperature to give an intractable tar. 

Method C. The reaction was repeated at ca. ~80°C and the reaction mixture 

was extracted with chloroform. The chloroform extract was dried (MgSO,) 

and the solvent removed under reduced pressure to give a dark brown oil, 

which on trituration with ether gave unreacted 4-aminonicotinic acid I-
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oxide (0.07g). 

4-Benzamidonicotinamide I-oxide. - 2-Pheny Ipyrido[4, 3-d] [1, 3]oxazin-4- 

one 6-oxide (0.49) and ammonia solution (lOcm?, d. 0.88) were stirred at 

room temperature for 8 days. The resultant precipitate was collected, 

washed with absolute alcohol, and recrystallised from acetic acid to give 

the diamide (0.39, 69.8%), needles, m.p. 300-300.5° (from acetic acid). 

(Analysis was not satisfactory. Calculated for Chat Ns M 257.079877; 

Found: M, 257.080035). 

v 3350, 3100 (NH) 1685 (amide 4 C=O), 1675(amide ta C=O)cem '. 
max. a 

_The diamide was recovered unchanged after heating at 240° for 10h. 

4-(4-F luorobenzamido)nicotinamide |-oxide. - 2-(4-Fluoropheny! )pyrido 

[4,3-d] [1, 3]oxazin-4-one 6-oxide (0.2g) and ammonia solution (10cm, ds 

0.88) were stirred at room temperature for 4 days. The resultant precipitate 

was collected, washed with water, and recrystallised from acetic acid to 

give the diamide (0.189, 85.7%), needles, m.p. 313-314°C (from acetic 

acid ). 

(Found: C, 56.02; H, 3.84; N, 14.41; C,zH)gN0.F 

requ rese= C0 56. 77 77 5.645. Ny. 1533). 

. * = -| 

Vinee? 5.2%, oe (NH) 1690 (amide | and amide 11 C=O)em’, 

-4-(4-Methy lbenzamido)nicotinamide I-oxide. 7 2-(4-Toly!) 

pyrido[4,3-d] [1, 3)oxazin-4-one 6-oxide (0.25g) and ammonia solution (lOcm?, 

d 0.88) were stirred at room temperature for 9 days. The resultant 

precipitate was collected, washed with water, and recrystallised from 

acetic acid to give the diamide (0.209, 75.0%), plates, m.p. 323-325° 

(from acetic acid). 

+ 

(Found: C, 60.54; H, 4.62; N, 14.49; M 271.094688; Cy gH N20, 

requires: °C, 61.9932, 8,00; Nj) 15,503 M"271.095684). 

v 3250, 3100 (NH.) 1680 (amide | and amide II Gatton: 
max. Z
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4~(4-Methoxydenzamido) nicotinamide l-oxide. “= 2-(4-Methoxy- 

pheny! )pyrido[4, 3-d] [1, 3]oxazitn-4-one 6-oxide (0.179) and ammonia solution 

(10cm, d. 0.88) were stirred at room temperature for 8 days. The resultant 

precipitate was collected, washed with water and recrystallised from acetic 

acid to give the diamide (0.159, 83.0%) plates, m.p. 31 4-315° (from acetic 

acid). 

AFound?-C, 57.673-H, 477127 N, 14.44: ela ts a 

requires:<C, “58545 Fo 4. 53: °N,..: 14.63). 

= Were 555025 150 (NHS), 1685 (amide | C=O), 1670 (amide II C=O)cm °. 

2-(3,4-Dich loropheny | )pyrido [4, 3-d]pyrimtdin-4 (3H) -one 6-oxtde (302). 

2-(3, 4-Dich loropheny | )pyrido [4, 3-d] [1,3]oxazin-4-one 6-oxide (0.059) and 

ammonia solution (locm?, d. 0.88) were stirred at room temperature for 8 

days. The eee cae Suspenston was filtered, and the solid was washed 

with water and recrystallised on acetic acid to give the pyridopyrimidine 

(0.0429, 84.3%), plates, m.p. 318-320 (from acetic actd). (An analysts 

was not obtained. Calculated for Ci sHIN.O,Cl,: M*, 306.992554; 
Found: M', 306.991528 

| v 1680 (C=O0)cm . max. 

4-Benzamidonicotinic acid hydrazide l-oxide (303). - 2-Pheny Ipyrido 

[4,3-d] [1, 3]oxazin-4-one 6-oxide (0.25g), absolute ethanol (10cm?) and 

hydrazine hydrate (0.59) were stirred at room temperature for 84h. The 

resultant suspension was filtered, and the solid was ates with water and 

recrystallised from ethanol/water to give the hydrazide (0.249, 61.7%), 

plates, m.p. 269-270° (from ethanol/water). 

(Found: C, 53.96; H, 4.89; N, 19.22; Cy gH, 5N403-H,0 

requires; 2G, 55.795 H, 4.83; Neale, ot) 

Vi 3360, 31 80(NH.), 1690 (hydrazide C=O), 1655 (amide C=0).
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ye 1250:°€G-O)iem. 
max. Z 

peach ion of the filtrate gave a further 0.06g (15.4%) of the 

hydrazide. | 

4~-(4-F luorobenzamido)nicotinte acid hydrazide [-oxld6 (204). es 

(4-F luoropheny |) pyrido [4, 3-d] [1, 3Joxazin-4-one 6-oxtde (0.159), hydrazine 

hydrate (0.6cm?), and absolute ethanol (i5em>) were stirred at room 

temperature for 3 days. The resultant precipitate was col lected and 

waehen with ethanol/water to give the hydrazide (0.149, 82.4%), plates, 

m.p. 276-277" (from ethanol/water). 

(Found: Cy95, 87350, ars Paks Cyst) NAOSF : 

requires: C, 53.8; H, 3.8; N, 19.3). | 

SET 3300, 3220 (NH), 3100 (NH), 1675 (hydrazide C=0), 

| 
v 1660 (amide C=0)cm™ x 
max. , 

3-Ami no-2-pheny Ipyrido[4, 3-d]pyrimidin-4 (3H)-one 6-oxtde (308). - 

2-phény Ipyrido[4, 3-d] [1, 3]oxazin-4-one 6-oxide (0.339), absolute ethanol 

(15cm) and hydrazine hydrate (20m?) were stirred at room temperature for 

8 days. The resultant solid was collected, and sublimed Enda vacuum To 

give the pyridopyrimidine (0.259, 71.6%), plates, m.p. 238-239°C (by 

vaccuum sublimation). : 7 

(Found: C, 62.88; H, 4.26; N, 22.81; M"254,080370; CHiN, 

requires: C, 61.5; H, 3.94; N, 22.05; M'254,080501). 

y 3350, 3100 (NH), 1680 (C=O)om!, 
max. Z 

3-Amino-2~(4-toly | )pyrido[4,3-d]pyrimidin-4(3H)-one 6-oxide (309). - 

2-(4-Toly|)pyrido[4, 3-d] [1 3]oxazin-4-one 6-oxide (0.259), hydrazine 

hydrate (Lom?) and absolute ethanol (10cm?) were stirred at room temperature 

for 9 days. The resultant precipitate was collected, washed with Waar, 

and recrystallised from acetic acid to give the pyridopyrimidine (0.25g,



Sol Zeer 

94.8%), plates, m.p. 253-254° (from acetic acid). (A satisfactory analysis 

was not obtained. Calculated for Cy gt, oN,0.: M", 268.095267; 

| 
Found: M’,268,096019)v__ 3300, 3100 (NH,) 1680 (C=O)om. 

3-Ami no-2-(4-methoxypheny | )pyrido[4,3-d]pyrimidin-4(3H)-one 6-oxide (310). 

= 2-(4-Methoxypheny |) pyrido [4, 3-d] [1, 3]oxazin-4-one 6-oxide (0.25g), 

hydrazine hydrate (lem?) and absolute ethanol (10cm?) were stirred at room 

temperature for 8 days. The resultant precipitate wae collected, washed 

with water, and recrystallised from acetic acid to give the pyridopyrimidine 

(0.29 80,2%), plates, m.p. 224-225° (from acetic acid). 

(Pound: 0, 54.593 Ws. 4 een 47,00; M” 284 .090933; Cy oH) oNgOz-H50 

requires: . C,. 55.6; H, 4.64;.N, 18.6; M"284.089529). 

at aime a 3300, 3130 (NH,) 1690 (C=O)om™ 

3-Amino-2-(3,4-dichloropheny!)pyrido[4, 3-d]pyrimidin-4(3H)-one 6-oxide (3H 

2-(3,4-Dichloropheny! )pyrido[4, 3-d] [1,3]oxazin-4-one 6-oxide (0.05g), 

hydrazine hydrate (0.5cm?) and absolute ethanol (Sem?) were stirred at 

room temperature for 8 days. The resultant precipitate was collected, 

washed with water, and recrystallised from acetic acid to give the pyrido- 

pyrimidine (0.04g, 76.5%) plates, m.p. 298-299° (from acetic acid). 

(An analysis was not obtained. Calculated for C,,H,N,0.CI.: pare 4° 9%! 2: 

M*, 322.000536; Found: M, 322.002427). 

v 3300, 3100 (NH.) 1680 (Can 
max. Z 

Attempted Preparation of 3-Hy droxy-2-pheny Ipyrido[4, 3-d]pyrimidin- 

4(3H)-one 6-oxide. 

Hydroxy | amine hydrochloride (0.28g) was added to a solution of 

sodium (0.02g) in ethanol (10cm?) . The precipitated sodium chloride was © 

removed and 2-pheny Ipyrido[4, 3-d] [1 3]oxazin-4-one 6-oxide (0.359) was 

added. The mixture was stirred at room temperature for 24h. and filtered.



Lone 

Evaporation of the filtrate gave ethy! ochecntioties taste l-oxide (0.199, 

60.2%) m.p. 210-211° (from ethanol). 

(Found $307 62.767, 4.975.N; 9.75; M"286 095349; Cy gH) N°, 

requires: C, 63.0; H, 4.90; N, 9.80; M'286,093379). 

v 1720 (ester .C=0), 1660 (amide C=0)cm |, 
max. E 

Attempted nucleophilic displacement reactions on 4-nitronicotinic acid I- 

oxide using hydrazines. 

i) 4-Nitronicotinic acid l-oxide (2.0g) and phenylhydrazine (10cm?) were 

heated at 100° for 5h., cooled, and the precipitated solid removed (1.329). 

The infrared and mass spectra closely resembled the corresponding spectra 

of 4-aminonicotinic acid l-oxide, but no pure material could be obtained 

after four recrystallisations from ethanol. 

ii) 4-Nitronicotinic acid l-oxide (2.0g), diphenylhydraztne (2.0g) and 

methanol (20cm~) were heated under reflux for I6h.,. cooled and the 

precipitated brown solid was removed. Fractional crystallisation from 

ethanol gave 4-hydroxylaminonicotinic acid I-oxide (0.029, 3.1%) m.p. 212- 

2412 (1it.129 215-2179). Evaporation of the filtrate from the reaction 

mixture gave azobenzene (1.59, 75.2%) m.p. 67-68 (lit.5! 68°). 

3-Hy droxy-2-methy | pyrazolo[4, 3-c]pyridine Brox dey C519) aor oe 

Nitronicotinic acid |-oxide (1.5g) was added slowly to methylhydrazine 

(10cm?) and the mixture was heated under reflux for ate Evaporation of 

the excess methylhydrazine under reduced pressure gave an amber oil, which 

on trituration with acetonegave: the pyrazolopyridine (0.83g, 61.7%), 

plates, m.p. 241.5-243° (from ethanol [charcoal]). 

(Found: C, 50.64; H, 4.45; N, 25.46; M 165.053871; CH,N,0 
LPs 

requires: C, 50.91; H, 4,24; N,. 25.45; °M 165.055822). 

y 1640 (C=0)om |. 
max



meleoO 

r (H.0) 205, 256, 284 n.m. 
max 2 

r (NaOH. IMP 225 ore eal 1 ms 
- “max 

TOT FLA.) 6.93 (s, SH, N-CHL)4 3.2 (d,2IH, J 7Hz, Tay 

Ae ak, Hae #67 THz, 14,6 | OZ, #O0H), 

Pea tH, Job. ONz, 4h), 

Pyrido[3,4-d]pyridazin-1,4(2H, 3H)-dione (323). - Methy! pyridine 3,4- 

dicarboxylate (3.99), hydrazine hydrate (1.0g), and ethanol (10cm?) were 

warmed on a steam bath for 10 minutes and the resultant pyridopyridazine 

salt removed (3.1g, 86.1%) m.p. >360°). 

The salt was dissolved in water, acetic acid (50cm?) added, and the 

precipitated pyridopyridazinone removed (2.4!g, 95.9%) m.p. >360° (lit. 146 

>360°) . 7 

(Found: M* 163.038173; C3H.N,0, 

requires: M’ 163.038407). 

1660 (COE: |: 
max 

Pyrido[3,4-d]pyridazin-!,4(2H, 3H)-dione 6-oxide (330). - Methy!| 
  

pyridine 3,4-dicarboxylate |-oxide (0.5g), hydrazine hydrate (0.3g) and 

ethanol (10cm?) were stirred at room temperature for 4h. and the 

precipitated pyridopyridazinone collected (0.35g, 82.5%) yellow powder, 

m.p. 320° (decomp.) (from water). 

+ , 
(Pounds: 0, 40.5 pty 4.232 °N, 32.043. Pe sQe Ss CIHLN20.4.NoH, 

+ 

requires: C, 39.81; H, 4.27; N, 33.18;M 179.033594). 

v 1660-1630 (C=O0)om |, 
max. 

6-Methy Ipyrido[3,4-d]pyridazin-1,4,7(2H,3H,6H)-trione (331). =a 

Methy |-3, 4-di methoxycarbony I-6-pyri done (0.2259), hydrazine hydrate (0.05g) 

and ethanol (10cm?) were heated under reflux for Ih. The mixture was 

cooled and the resultant precipitate was collected and washed with ethanol 

to give the pyrido-pyridazine (0.189, 94.7%), yellow powder, m.p. >360°



mle ees 

(decomp. ) (from ethanol). 

iy ‘ 

(Found: M i93,048736; CoHIN,0, 

requires: M 193,.047743). 

y 3300 (N-H), 1650 (C=O)cm™!, 
max. 

Attempted preparation of |-Pheny I-1,6-naphthyridtn-2,4CIH, 34)-dtone 

6-oxide. 

Method (A) Ethyl 4-anilinontcotinate |-oxide (0.096) was added to a 

solution of ethy! acetate (10cm?) and piperidine (2cm?) and the mixture 

was heated under reflux for 6h. Evaporation of the solvent gave unchanged 

starting material. 

Method (B)_ Ethyl! 4-ani linonicotinate |-oxide (0.096g) was added to a 

solution of sodium (0.018g) in ethyl acetate (0.5¢m>). The mixture was 

heated under reflux for 60h, cooled, and the precipitated solid collected 

to give sodium 4-anilinonicotinate l-oxide (0.0659, 73.7%), m.p. >360° 

(decomp.). 

yo aSlOC-Oven 

*(D,0) 2,83(d, IH, Jeg 7-OHz, SH), 2.56(m, 5H, N-Ph), 2.0(q, IH, 

Js g TOH2, Jog 2.0Hz, 6-H), 1.43(d, IH, Jp 5 2.0H2, 2-H) 

Attempted preparation of |, 3-dipheny|-1,6-naphthyridine-2,4 (IH, 3H)- 

dione-6-oxide. - Ethy! 4-anilinonicotinate I-oxide (0.09g) was added 

to a solution of sodium (0.089) in ethyl pheny | acetate (lem?) and the 

mixture heated at 140° for 6h. The solution was cooled, and the resultant 

precipitate collected and washed with absolute ethanol to give sodium 

4-anilinonicotinate |-oxide (0.06g, 72.6%) m.p. >360°.



2. ee 

Attempted preparation of 2-Amino-3-cyano~1 ,6-naphthyridine-4(1H)- 

one 6-oxide. - Ethyl! 4-anilinonicotinate |l-oxide (0.399) was added to 

a solution of sodium (0.07g) fn methanol] (10cm?) and malononitrile (0.199). 

The mixture was heated on a steam bath for 2h, cooled, and the precipitate 

collected to give sodium 4-antlinonicotinate |-oxide (0.279, 75.4%). The 

m.p., |.R. and n.m.r. spectra were identical with those of a previously 

obtained sample. 

Attempted preparation of 3-Amido-2-amino-|-pheny!-1,6-naphthyridine — 

4(1H)one 6-oxide. - Ethyl 4-anilinonicotinate l-oxide (0.39g) was 

added to a solution of sodium (0.07g) in methanol (10cm?) and cyanoacetami de 

(0.259). The mixture was heated on a steam bath for 2h, cooled, and the 

resulting precipitate collected to give sodium 4-anilinonicotinate-l-oxide 

(0.259, 69.9%) m.p. >360° (from ethanol). The |.R. and n.m.r. spectra 

were identical with those of the salt obtained previously. 

Sodium 4-anilinonicotinate |-oxide (342). - Ethyl 4-anilinonicotinate 

l-oxide (O.1g), sodium (0.08g) and methano! (10cm?) were heated under 

reflux.for 2h. The mixture was cooled, and the resultant precipitate 

collected and washed with absolute ethanol to give the salt (0.075g, 

77.2%) m.p. >360°. 

| 
v 1510 (C=O0)cm 

ee cle 

| (0,0) 2.83(d, IH, Js 6 7.0Hz, 5-H), 2.56(m, 5H, N-Ph), 2.0(q, IH, dee 

7.0Hz, Jo 6 2.0Hz, 6-H), 1.43(d, 1H, 96 2.0Hz, 2-H). 

7 and 9-Methoxybenzo [b]-1,6-naphthyridin-10(5H)-one 2-oxide. - 4- 

N-(3-Methoxypheny!)aminonicotinic acid |-oxide (0.29) and sulphuric acid 

(Som>, d. 1.84) were heated on a steam bath for 4h. The mixture was 

carefully poured into hot water (100cm?) and the solution was evaporated 

‘+o half volume under reduced pressure. The resultant precipitate was 

collected and washed with water to give the naphthyridine (0.099, 48.34),



Srl ao ss 

m.p. >360°. 

+ Acs (Found: M, 226.073454; CH N05 

+ 

requires: M, 226.074222). 

: eee Vi 1670 (C=0), 1230 (C-O)cm” 

oes (96a 71, 259, S07 S255" S81). 

An n.m.r. spectrum was not obtained since no suitable solvent was available. 

7 end 9~Methoxybenzo[b]-1 ,6-naphthyridine-10(5H)-one 2-oxide. 

- 4-N-(p-tolyl)aminonicotinic acid l-oxide (0.29) and sulphuric acid (5em>, 

d. 1.84) were heated at 100° for 5h. The mixture was carefully poured into 

hot water (100cm>) and the solution was concentrated to small volume under 

reduced pressure. The resultant precipitate was collected and washed with 

water to give the naphthyridine (0.07, 37.8%) m.p. 345-346° (decomp.). 

. 
. f . 

(Found: M , 226.074646; Cy 3H) QN0, 

requires: mM’, 226 074222). 

v 1670 (C=O), 1240 (C-O)cm |, 
max 

r 200, 2ot,) 2575, 204,° 275, 320: a.m, 
max.
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4-Aminonicotinic acid l-oxide (52). 
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|-Ethy 1-3, 4-dimethoxycarbony Ilpyrid-6-one (263). 
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m* 187(2399211), 

3,4-Dicarboxy-|-methy Ipyrid-6-one 
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3,4-Diethoxycarbony |-|-methyl pyrid-6-one (262). 
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| | , j : 
Yt M i { HH - Wiis bt Et eee 

c 20 40 ec bo Ie 129 142 16C 130 200 za 242 Zoe ae XS 

M*¥ 165(196+180), 141(195+166), 130(180+153), 119.5(196+153), 

116(168+140), 102(153+125), 93.4(168+125) 

Pyrido[4, 3-d]pyrimidin-2,4(1H, 3H)dione (271). 
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Pyrido[4, 3-d]pyrimidin-4(3H)one: 6-oxide (270). 
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m* -96.3(147>119), 71.10119392), 

4-Benzamidonicotinamide |-oxide 
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4-(4-Methy Ibenzamido)nicotinamide [-oxide 

  lest aaa: oO ies do 42) a0 166 190 405 229 24) ou cn 355 ‘ : a 

m¥ = 221) ..1(254+238), 174.6(255+211), 69.5(119991}, 46.4(91+65) 

4-(4-Methoxybenzamido)nicotinamide |l-oxide. 
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m* 119.9(152>135), 84.8(135+107), 55.4(107>77)
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4-p-F luorobenzami donicotinamide-|-oxide 
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its: 4-Anilinonicotinic acid l-oxide (65). 
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4-Benzy laminonicotinic acid |-oxide (190) 
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4-N-(3-methoxypheny!)aminonicotinic acid |-oxide (192) 
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4-N-(3-Tolyl)aminonicotinic acid |-oxide (191) 
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m* 46,5(91765) 

, 3-Amino-2~pheny Ipyrido|4, 3-d|pyrimidin-4(3H)one 6-oxide (308). 
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3-Ami no-2-p-toly Ipyrido[4, 3-d]pyrimidin-4(3H)one 6-oxide (309). 

a 
2 

Go
 

RE
LA
TI
VE
 

AB
UN
DA
NC
E 

re
 

  

“| lee Sere hi = 
320 14) ra 7¢20 gRO 3 ASS 

Tiida 
tie eee 213(268+239), 69.5(119491) 

3-Ami no-2-(4-methoxypheny | )pyrido[4, 3-d]pyrimidin-4(3H)one 6-oxide (310) 
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4-Benzamidonicotinic acid hydrazide Il-oxide (303). 
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4-p-F luorobenzamidonicotinic acid hydrazide !-oxide (304). 
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Pyrido[3,4-d]pyridazin~1,4(2H, 3H)dione 6-oxide (330). 
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Pyrido[3,4-d]pyridazin-1,4(2H, 3H)dione (323). 
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4-Nitronicotinic acid l-oxide (57). 

m/e 184(M" ) 1440 124 Lil 110 94 92 84 82 78 76 

1% 3, 50 6 3 44 7 3 3 5 12 4 

m/e To ge OS 7 FOR OS Ge Bh Pua. OP eae! oat D0! AD 44 

1% 4 Ae 274g ee) 5 7 Bs o1 G6 Git 37- 88 7 264 

m/e AS. eae ee Bae ete SG og. ae a om i 19 

1% 35 ~~ 100 BS 7I 34 13 13 47 

mr 86.5: ()40-+7910) 

Ethy | 4-aminonicotinate |-oxide (193), 

m/e [85 Y820M 9° 1670 166 1545bs8 137 1365 22 12k 120. 469 

1% 9 <8] C276 ese 0. 19. 97 C63)" 400 a3 

m/e 108 “94 3 °935-92 22 Bl 19 96 68.67. 66°: 265 GAs ee ee 

1% 5.20 2 ie7 8 Osan IO 7 9 B= SF. As 98 Vee er ae 

m/e Bie.pO. AG Aen a Ob, AO. 30°" Sa Sp FO BR oy) 96 

1% Poh eS AG SIO Be a a SS EO Se 20 

m* 130.5(182 + 154), 89(166 + 121), 72(120 + 93), 47(93 + 66). 

Ethy! 4-anilinonicotinate I-oxide (194). 

m/e 258(M) 241 242 230 214 197 196 169 168 167 149 141 

1% VI 8 45 5 a es 100 6244 4 7 5 

mie 140-115 93 76: 77 Ge. 51 4a 30” 3). oo os 

IZ oT Oe 4 Pee a. 6k Oe 6 

m* 205(258 + 230), 159(242 + 196), 144(196 > 168).
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Ethy! 4-benzylaminonicotinate I-oxide (195). 

m/e ZIZ(M ) 257.256 228. 227-225 ZV. 210° 209.1 Be a181 133.106 |O8 

1% 12 12. 60 6 8.36 Fld 1B OR te AG: be rot 

m/e WA. 92 Gi aoe 78 as 65. 51°44 43% 30 * 20° 28 

1% 8 OO fo Oil ee sh 70" ee EO es ey, 22 

a 2ONTI(256: > 278), 192.5227 +200), 173(256 + 210). 

4-Benzamidonicotinic acid l-oxide (196). 

m/e ZOO ty 25 e224 NOOR | Ors (SOR 4/3 (258) OR ee 1S 20> 9 | 06 105. 102 

1% 29 Va oo 14 35 15 wn ae 9 [ates LOO MT ZG 

m/e Poe ee PO 7. ae ea Oe Oe. SZ.) Oat ee O89 502 28 

1% po vst GON. 29 ao Oe: Be 20. OP As S57] 

m* 96(150 > 120) 

4-(p-Methoxybenzamido)nicotinic acid l-oxide (197). 

m/e 288(M') 270 254 244 229 152 136 135 121 107 92 77 76 64 

1% | Pa 6 A 1 AO ee re ay 

Wie OSes SDs Gi 828 

1% 5 ott 3 

m* 84-8(0135.>:° 107), E1989 C152 +135) 5°55 40107 Se 77). 

4~(p-Methy Ibenzamido)nicotinic acid l-oxide (198). 

m/e 272(M) 254 238 228 212 138 121 120 105 93 92 91 90 79 78 77 

1% | 4 hr a ee 6S (OD Ra AS AAO OA 6 IO 4 

ne: 65°52 51 S044. 4p 39. 38 36 oe 

I$ [5 Os 7 ae a Se OG 98 10 

m® 46.5(9!1 + 65), 69.8f120 + 91).
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4-(p-Fluorobenzamido)nicotinic acid l-oxide (199), 

m/e 276(M') 2005258. 250n 2162714719901 2AS1 23> 9647905". 04 se 5 5) 

1% Di ae oto o- Bge 5 Re ee GS ee. se oh 

m/e 50 44 39 38 

1% Bie SAO ; ~ 

m* 179(260 > 216), 73.5(123 + 95), 59(95 + 75). 

4-(3,4-Dichlorobenzamido)nicotinic acid |-oxide (200). 

m/e 328(M) 326 310 309 308 294 293 292 283 268 266 Alh+ 175 174-173 

1% 3 Pe 23 tae ees ae Oe FG. Pt LO ee ee a fe 100 

m/e 154 147 145 139 138 136 121 120 [10 109° 94 93°75 67 66 65 54. 53 

1% G2 he ae Oh 98 eee AO, OR ees AS. 2b GS eho ola oe eh ae 

Mie. be. bl S02 4a al SOS Sain 3p. SO" 28 

Ce pals 9211s. Be 24 FS) JO tA 

m* 104.3(138 + 120), 72(120 + 93). 

4-Acetamidonicotinic acid |l-oxide (288). 

m/e 178 162 152 147 138 136 120 119 110 94 93° 67°66: 64 60 555257 

1% Oo aie ree Dh 2 Bes go be C8 24 NS eg 

mle 51 $0 45° 4B 45s 42-41 & 30:28 

1% Beh. 29 59 OD 2 GL By AB Lom 

m* 104(178 + 36), 96.3(147 > 119). 

Ethyl! 4-(N-phenylacetamido)nicotinate l-oxide (205). 

m/e 300(M’) 284 259 258 243 242 239 230 197 196 195 185 170 169 

1% 8 Ode Geko. fe tee ee Pee Gn! Gat



aes 0 ae 

m/e 168 154 140 129 128 118 115 103 93 79 78 51 44 43 

1% (258. Gel Bi he eae) Oe Boao ae Oe eeu calde eo AG 

Wis 230 32 20028 

1% Seo. Fe 

m* 222.8(300 + 259), 205(258 > 220), A9SS UOT 67, 

Ethyl 4-(N-phenylbenzamido)nicotinate |!-oxide (206). 

m/e 363 362(M ) 346 273 197 196 180 169 168 149 106 105 

1% en PP Sr Dewee ep ee ie Oe te 

n/e- FE 7 She SL. 20 86 

1% Ao ae Ge 7 

mr -56.5(105 + 77), 33.9077 + SIX, 

Methy! 4-methoxynicotinate t-oxide (211). 

m/e 184 183(M') 168 167 166 153 152 150 138 137 136 135 134 125 123 

1% 10 100 Dy WE he og Pepe Ost hs 22 3 ae, rue) ch eee 

m/e P10 409. 106" 9493-92580 < FF aS oP Per a69 |: 68 67.-.66° 65256465 

1% OS eR ee ae Moe: AS cla Ota Po Ge Oe. 

mie. 59° 55 * Das cee ee Oi SON ae 4d AS 42 Al a. 39 BR a 

1% 3a: 8. AGs Se 10 5? eh ee Ta ea a 

nfs SBR 30 2a ake 7 26 

1% Be are Ony 2 a Le Ko 

m* (38,3(167 +> 152), 44.6(78 + 59).



=) 30 ae 

Ethy! 4-ethoxynicotinate |-oxide (213). 

m/e 211(M) 195 183 166 150 148 137 134 123 122 121 94 93 

If 22 ork fle Toa) ae 28100-1310 .a o 34.9 bees 

m/e On Ad eee See ce 2.) 20 eo 

1% to 1g) Va bee aa to. 8 

m* 14140795 =e P6605 [SI Bh ZT” 66 yy 9945 C1 50: >| 229 

Methylpyridine 3,4-dicarboxylate I-oxide (214). 

m/e 212 211(M) 195 194 181 180 165 164 163 137 136 133 122 106 105 

1% 10 88 8 BOO 00) go eS BO A By Oa eee 

mieeu983 76 277 6S 59 53-. 5). 50. 44 2 39 28 

1% Lb 203 8 a ae ee Los Bee LO! 4 

ms J93CISo (947, 155.6(29) + 160) AI Z BC164 +2456). 

4-Ami no-3-ethoxycarbony!1-Il~methy!-1,2,5,6-tetrahydropyridine (233). 

m/e 184(M") 183 156 155 139 138 137 112 II] 110 109 96 95 94 82 8] 

1% 18 O02 ce eon OF IZ AO: eBay Ghai Bee Boe] 3) i Oe Oi oe 

m/e 80 70 69 68 67 55 54 53 52 44 43 42 41 39 31 30 29 28 27 26 

1b B R 0 48 6 AO: 25 9. 44 AS 5S 6 AOE 6 13.2 5 

m1 S101 64-156), J2i,oCl oo > 157),, 102.9 (1835. +7137), 79 501 SS 17 th). 

3-Ami no-4-methoxycarbony!-I-methy!-1,2,5,6-tetrahydropyridine (239). 

m/e 171 17O(M) 141 139 137 128.127 112 I11 110 109 99 96 95 94 82 70 69 68 

eee oo OCS Om oe ae ees bt Poe RS ASS 6 16° 0 “6S. Courg 

m/e °67 66 57:55 54 53.52 44.435 42 41 40 39 30.28.27 18 

1% Ge hE 6.) eee aor OO es 8 OS ta 

MTEL + 99% AB.2099 +69), S7.5C 127 + 69),



ort ts 

3-Benzamido-4-methoxycarbony |-|-methy!l-1,2,5,6-tetrahydropyridine (241). 

m/e 274(M') 243 215 170 169 105 94 80 79 78 77 53 52 51 50 49 

ie poses lB RS 4 2 6100 GIA Be 2 0084 22 

m/e 44 42. 39. 938.36 35. 28.°26 

1% 42> 3 yO ee S68 Ie 12 

m* 215.5(274 + 243), 34.2(79 + 52). 

3,4-Dimethoxycarbony|l-|-methy!-1,2,5,6-tetrahydropyridine hydrochloride (246a) 

m/e 213(M") 212 198 183 182 181 180 170 166 164 155 154 153 152 140 139 138 1: 

1% 5 Rie SAL Be 9 EB Bs ae OOF NO 5 552 6 oO le 

m/e 123 122 111 95 94 93 83 66 65 59 53 52 51 45 44 43 42 41 40 39 

1% P7047 47 38 62 BBS 5 20 IOND 10 Okd es 62716 OS 1S 

m/e 38 36 35 29 28 27 

Ly ad ee 31 6 

m* 129.8(182 > 154), 106(182 + 139), 96.7(154 + 122), 88.5(139-+ III), 

85,5018 + 123), 57.50154 +047, 

4-Anilinonicotinamide |-oxide (274). 

m/e 229(M’) 213 212 211 197 196 195 194 182 170 169 168 167 142 141 

1% 5 25 eR OD AO BA AOOo BE SI A a ek ee G 

m/e 140 117 115 114 103 93 78 77 76 75 66 65 64 63 52 51 50 48 

1% PO ae. oat Oni tae Me geri be ost) 77 8 eG | 2: tae 

m/e AAe AS Ail 1591500 78 

1% 25° Bo ge i. Lee 

m= 144710196 + 168), 193.20195° + 194),



ie 2 Ge 

4-Anilinonicotinic acid hydrazide l-oxide (275). 

m/e 244(M) 228 197 94 93 92 78 77 67 66 65 63 54 52 51 50 46 4! 40 

1% 2.38 AT TOO ike 2 ae Ba 8 Gg S. 64, Dees Ono 

m/e 39 38 -28 

OCS 610 

m*-46.8(93 + 66). 

2-(4-methoxypheny | )pyrido[4, 3-d] [1, 3}oxazin-4-one 6-oxide (299). 

m/e 271 270(M) 255 254 253 226 210 136 135 133 119 107 92 77 64 

1% 11 80 FERS Ge 2 ee eA 100 Fae 6 AP. 20 

m/e .63  53..50~ a4" 32° 28 

1% Bore 6a. Oe no ost 

m*: 239.1270: +2254), 84.9(135 + 107); 67.5(270.> '3>). 

2-(4-toly! )pyrido[4, 3-d] [1, 3]oxazin-4-one 6-oxide (298). 

m/e 255 254(M) 239 238 237 223 210 209 194 120 119 117 105 92 91 

1% 7 A 6 34 eee 2 AS! OLE Aes ee ae Sos 

mid OO: BO. 780 27 65 644 65 OBS io 50.200 oe) 428 

1% 626i BG QO ee Ooo 4 ee ee ee 

m* 223.5(254 +° 238)... |58(2356 + 194). 69290119 91), 465900 E 8265): 

2-(4-F luoropheny!)pyrido[4,3-d] [1, 3]oxazin-4-one 6-oxide (297). 

m/e 258(M) 243 242 214 198 182 181 154 153 152 141 140 139 138 130 124 

1% 2| Poe eS a SP Gas ai a, eR one 

m/e 123 122 121 111 96.95 94 93 79 78 75 59 53 52 51 50 44 43 42 41 

1% (O08 62S Bad BS 2 ory Ecos eee he ee pore E 

M/E 39 280.732" 29 26 ae 

1% Fe 12 16 2 

m* 226.7(258 + 242), 73.5(123 + 95)



eet 

2-(3,4-Dichloropheny|)pyrido[4, 3-d] [1, 3]oxazin-4-one 6-oxide (300). 

m/e 311 310(M') 309 308 294 292 248 177 176 175 174 173 147 145 III 110 109 

1% 6 45 P25 60° 10516) Gael? sis@ eGo - 10. 100. 32. 45-9 sg ey 

mee OS" Poe Ta Bae obs os Se G00 qa aan 36 32° 28 

\% 6. ott Slane otk sos 1210 BIO ee a 

m* 276 .8(308 + 292), 123.5(175 t> 147), 121050173 > 145) 

2-(3,4-Dichloropheny!)pyrido[4, 3-d]pyrimidin-4(3H)-one 6-oxide (302). 

m/e 309(M') 307 293 292 291 175 (74193 172147 AAS: 120 93, 44 32-28 

1% 23 SF OOO BO 1 A tS eo Ge Ge I MOON TEs 1A 1G 29 

3-Ami no-2-(3, 4~dichloropheny |! )pyrido [4, 3-d]pyrimidin~4(3H)-one 6-oxide. (311). 

m/e 324(M") 322 310 309 308 307 306 B09 299 294 295 292-207-279 277 

1% 30 68 09, 4 DE ae OPE Ae AGH. 36 2242 20. SO 

m/e 242 192 190 175 174 173 172 171 147 145 138 136 135 121 120 419 lil 109 

1% [Ae ee on bo MOD ie adit 2A SAD Po 14 24. 6B Re as 

mS: .03 5.82) Peers: Te ae 8b SOL aA eRe ao Og 

\% 16 OO AO. 14s dea 10 20. SA LB NG Ee 

m*, $57.5(190 +173) 

Ethyl 4-benzamidonicotinate |-oxide (312). 

m/e 286 (M") 2ID2240 224422120106 105. 78... 77218) 50. 44-99 

\% 15 2 ree ee ee 100 ke AT) A Boe Be 

m* 90,60122 + 105);-56.5( 105°+ 77), 33.6(77 +. 51), 

3-Hydroxy-2-methy |pyrazolo[4, 3-c] pyridine 2-oxide (319). 

m/e 294 278 223 165(M) 150 149 148 147 135 134 121 120 119 107 106 105 94 

I Lee 2 a he PO AO 29 PAD SRE Pee gad. eos FO 10



coor li dee 

m/e 93 92 79 78 77 76 67 66 65 64 63 53 52 51 50 44 43° 42 41. 40 

\% if ciel 2.29 12 Blo ed & BuO 26 eo. PO AG 66. D4 

le e992 38 97 ae RI 20 OR OF 26. IB 

1% LSE ARPA Rn eee yee. |e oe Bae 

m* 1470149 + 148), °120.5(149 > 134), 57.3(106 + 178). 

Sodium 4-anilinonicotinate |l-oxide (342) 

m/e 186 185 171 170 169 168 142 115 93 78 77 66 65 5] 44 

1% Sse YOu22. 400. fOee? 27 15 8) See 6 

m/e 39 28 

1% 6 <12 

re 19. SC1G9 = .4427. 

oan dio = methoxybenzo[b]1,6-naphthyridine-10(5H)-one 2-oxidé, . 

m/e 242(M') 226 225 212 196 186 80 77 76 66 64 48 44 36 32°28 

\% 2 Peo NO 3 ee sero 6 Gene toe ae 

/=ond 9-methy |benzo[b] | ,6-naphthyridine-10(5H)-one 2-oxi de, * 

m/e 226(M) 225 211 210 209 194 184 183 182 181 153 152 105 91 77 76 66 

1% 5 oN: Fie oe old ak Ma Pe tae ok camer ss ore ae 

m/e 6450) 5Be Bi 56. Sti BO. 4B Ad 243-425 4] 30,534 BD StS 40 29 28 

CUES LOO 5 6? to Gia Gc e862 (0). 6 Be BO be ba Go Bie 27 

m* 208(210 + 209).
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