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SYNOPSIS 

The methods of synthesis of s a l t s containing the qulnolizinium 

nucleusf the pyrazlnlum nucleus and the pyrazidl-lnlum nucleus are 

reviewed. 

HieVobJect of t h i s work was to establish s a t i s f a c t o r y , and i f 

possible» general methods of synthesis of pyrldo[lf 2'-a]pyrazinium 

salts, and some oxygenated derivatives i n quantities s u f f i c i e n t to 

•permit a study of t h e i r properties. 

The method envisaged for the synthesis of pyrldo 1, 2-aJpyrazinium 

s a l t s was the hydrolysis of the monoquaternary s a l t between 

. 2 - ( l , 3-dloxolan-2-yl)' pyridine and bromoacetaldehyde oxime followed 

by cyclodehydratlon of the resulting di-aldehyde with aimnonium acetate. 

The product of the hydrolysis of the quaternary s a l t with mineral acid 

was not the expected dl-aldehyde but pyrido [ l , 2-aJ pyrazlnium bromide 

2-oxlde, which was deoxygenated with phosphorus tribronide to 

pyrldo 1, 2-aJ pyrazlnlum bromide. The 1-methyl- and l-phenyl-pyrldo 

^1, 2-aJ pyrazlnium bromide 2-oxides were s i m i l a r l y prepared from 

suit a b l e precursors whilst l-bromo-pyrido[l, 2-aJpyrazinium brcxnide 

2-oxide was prepared by the bromination of p y r i d o j l , 2-aJpyrazinium 

' bromide 2-oxide. Treatment of the 1-phenyl and 1-bromo 2-oxides with 

phosphorus tribromide afforded the 1-substituted pyrldo 1, 2-a| 

pyrazlnlum s a l t s but attempts to deoxygenate the l-methyl 2-oxlde were 

- unsuccessful. 

1, 4-Dihydro-l-lmlno-pyrido 1, 2-a pyrazinlum bromide 2-oxide was 

prepared by treating 2-cyanopyrldine with bromoacetaldehyde oxlme. 

(11) 



When a solution of the l-lmino 2-oxide I n concentrated hydrobromlc acid 

Was boiled under reflux the product was 1, 2-dihydro-l-oxo-pyrido 

I J L , 2<-a^pyrazinlum bromide. 

Hie reaction between p i c o l i n i c acid amide and ethyl bromoacetate 

afforded 1, 3-dioxo-l, 2, 3, 4-tetrahydro-pyrido[l, 2-a]pyrazinium 

bromide which was converted to a b i c y c l i c betaine on treatment with 

concentrated aqueous or alcoholic ammonia. Hydrolysis of th i s b i c y c l i c 

betaine gave l-carboxymethyl-2->amidopyridinium betaine. 

C a t a l y t i c hydrogenation of,^pyrido(l, 2-a]pyrazinium bromide 

2-oxide, the 1-bromo 2-oxide ior. 1, 4-dihydro-l-imino-pyrido|l, 2-a]pyrazin-

ium bromide 2-oxide afforded perhydropyridoQ., 2-a]pyrazine which was 

also prepared by the action of lithium aluminium hydride on 

1, 3-dioxo-l, 2, 3, 4-tetrahydro-pyrldo[l, 2-aJpyrazinium bromide arid 

subsequent c a t a l y t i c hydrogenation of the intermediate compound. 

C a t a l y t i c hydrogenation of 1, 2-dihydro-l-oxo-pyrido[l, 2-a]pyrazinium 

bromldei yielded l-oxo-perhydropyrido[l, 2-a]|pyrazine. 

( i l l ) 
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NOMENCLATURE 

The nomenclature and abbreviations used In th i s thesis are 

those recommended i n the Handbook for Chemical Society Authors 1961, 

published by the Chemical Society. The ring index system w i l l be 

used throughout for the naming of fused c y c l i c systems. 

The b i c y c l l c fused ring system i n which the 4a bridgehead and 

2 carbon atoms have been replaced, respectively, by a quaternary 

and t e r t i a r y nitrogen atom w i l l be designated the pyrido 

1^1, 2 - a j pyrazlnium ion ( 1 ) . The corresponding saturated base 

(11) w i l l be referred to as perhydropyrldo 1, 2 - a ] pyrazlne. 

(1) ( i l ) 

I t should be noted that the cation (1) has also been referred 
1 2 3 

to as the -2-azaf|uinollzlnluffl ion ' ' . 



HISTORICAL INTRODUCTION 

The e a r l i e s t synthesis of a quinolizinium derivative was 
4 

recorded by Diels and Alder . Whilst investigating the reaction 

between pyridine and the dimethyl ester of acetylene dicarboxylic 

a c i d they i s o l a t e d three products, one of which they believed to 
be tetramethyl lOH-quinolizine-1,2,3,4-tetracarboxylate but which 

5 6 was l a t e r shown by Acheson and Taylor and by Jackman and Tebby 

to be the 4H-i8omer ( i l l ) 

COOMe 
COOMe 

COOMe 

"COOMe 

( i l l ) 

Oxidation of ( i l l ) with bromine in methanol gave the quaternary 

s a l t ( i v ; X = Br^) vdiich was converted to the bromide ( i v ; X = Br) 

by boiling in acetone. 

COOMe 
COOMe 

COOMe 

COOMe 

Brr 

COOMe 
COOMe 

COOMe 

- COOMe 

( i l l ) ( I v ) 

-3-



The "Dlene Synthesis" used by Dlels and Alder* to synthesise 

compounds containing the quinollzinium nucleus I s limited to a 

few compounds because of the r e l a t i v e i n s t a b i l i t y of the intermediate 

addition products formed and the ease with which they can be converted 

to Indollzine derivatives. 

Excluding t h i s synthesis, the methods recorded for the synthesis 

of qulnollzlnium and related cations f a l l e s s e n t i a l l y into three 

c l a s s e s and these w i l l be considered individually. 

METHOD 1 

This Involves the attachment of a suitable side chain to the 

carbon atom adjacent to the nitrogen atom of a pyridine ring followed 

by ring closure onto the pyridine nitrogen atom. 

THE QUINOLIZINIUM NUCLEUS 
7 8 

In 1949 i t was shown ' that the a l k a l o i d sempervlrine contained 

the qulnollzlniuffl nucleus. 

sempervirine 

-4-



8 The method of synthesis developed by McLamore and Woodward 

for the preparation of sempervirlne has since been adapted for the 

preparation of many quinolizinium s a l t s . They condensed 
g 

2-iBopropoxymethy1enecyclohexanahe with the lithium derivative of 

N-methylharman and c y d l s e d the Intermediate compound (v) with 

mineral acid to obtain the methochloride of sempervirine ( v i ) . 

Me CH«Li 

CHOPr 

-5-

CHOPr 



The f i r s t synthesis of an unsubstltuted qulnolizlnium s a l t ( V l l ) 

was achieved by Beaman and Woodward^^. The method entailed the 

treatment of 2-plcolyl lithium with 3-lsopropoxyacreolln and 

c y c l l s a t l o n of the Intermediate vinyl ether ( v l l l ) with mineral 

a c i d to give the required qulnolizinium'salt ( v i i ) i n low y i e l d . 

Pr OCH = CHCHO ( v l l l ) ( v i i ) 

11 12 
Several modifications have been made to the general 

8 
reaction sequence of McLamore and Woodward and a general scheme, 

13 

devised by Richards and Stevens uses 2-picolyI lithium and enol 

ethers, monoketals or ^-diketones to give 2-, 3-, or 4-alkyl and 

a r y l substituted quinollzlnium s a l t s ( i x ) . 

+ 

r 
RCOCHR^CR^^(QAlk), 

-6-

(tx) 



By using 2, 6- l u t l d y l lithium and the appropriate protected 
14 

^ -dlketone, Amstutz and Hansen were able to synthesise -

4, 6-dimethylqulnollzinium s a l t s by analogous reaction sequences.-

The f i r s t synthesis of quinolizinium s a l t s i n appreciable 

y i e l d was recorded by Glover and Jones^^ who treated 2-cyaRopyridine 

with the Grignard reagent from 3-ethoxypropyl bromide and obtained 
16 

2-4'-ethoxybutyrylpyrldine (x; R = H) . The ether was cleaved 

using hydrobromic acid and c y c l i s a t i o n effected by heating the 

resulting bromo compound (jci; R = H) i n chloroform to give 

l-oxo-l,2,3,4-tetrahydro-quinalizinium bromide ( X l l ; R = H, X = Br). 

Dehydration by boiling under reflux i n ac e t i c anhydride as solvent 

afforded quinolizinium bromide CV'ii; R = H, X = Br) i n 48-.% overall 

y i e l d based on 2-cyanopyridlne. 

EtO(CH2)3MgBr 

R OHBr.^ R 
ItogCOs 

( x i ) 

heat 

( x i i ) 

(MeC0a2^ 

-7-



18 

The reaction was shown to be of a general nature by the same 

15 17 

authors ' who syntheslsed a number of 2-, 3-, and 4-alkyl and 

a r y l substituted qulnolizlnium saltsjfrom suitable precursors. 

A further synthesis of quinolizinium bromide, together with 

several methyl derivatives, has been reported by Iwia and %adera'' 

They condensed ethyl plcOllnate, or a suitably ring substituted 

derivative, with 2-oxotetrahydrofuran and obtained the ketolactonej 

( x l l l ) which, on treatment with concentrated hydrobromlc acid, under­

went decarboxylation giving the bromoketone ( x l ) . Boiling i n 

chloroform followed by dehydration with acetic anhydride yielded 

the qulnoliziiiluffl bromide ( v i i ; R B H or Me; x = B r ) . 

COOEt 
.4- r -» R 

( x i i i ) 

HBr 

( x i ) 

,(1) CHCl, 
R 

(2) (M?C0)20 

-8- ( v i i ) 



19 Dehydrogenatlon of 1-oxo-l,2,3,4-tetrahydroquinoliziniura bromide 
( x i v ) yielded the 1-hydroxyquinolizinium s a l t (xv) i n low y i e l d ; 

i t was iso l a t e d as the picrate (xv; X = p i c r a t e ) . Fozarii and 
20 21 '20 21 Jones * l a t e r synthesised the 1-hydroxy , 2-hydroxy and the 

20 

1,2-dihydroxyquinolizinium s a l t s ( x v), ( x v i ) and ( x v i i ) respectively 

from the same precursor i n accordance with the reaction sequence below. 

0 0 OOCMe 
Br2/HBr^ 

( x l v ) Br 

Br (MeC0)20 

Br2/HBr 
0 

MeCOQAg 
MeCOOH 

Br 
( x v i l ) (XV ) 

(MeC0)20 

MeCOOAg 
MeCOOH 

Br (xvi) 

-9-



Some al k y l and a r y l substituted 1-hydroxyquinolizlnlum s a l t s 22 

have also been prepared, and many are l i s t e d In^^a review by 

Krohnke^'^. 
23 The 1-aminoquinollzinium s a l t s reported by Colli c u t and Jones' 

are the only aminoquinolizinlum s a l t s known. They were.oalso prepared 

from the c y c l i c ketone ( x l v ) by conversion to the oxime and thence 

to the 1-acetamldo compound ( x v i l l ) by boiling with a c i d i f i e d acetic 

anhydride. Hydrolysis of t h i s s a l t ( x v i i i ) with concentrated 

hydrobromic acid yielded the l-amlno s a l t as the hydrobromlde ( x i x ) . 

( x l v ) Br 

NH2OH 

KOH 

Br 

(^eGQjgO 
HX -

( x v i l l ) 

NHOCMe 

HBr 

NHg.HBr 

Br- (xix) 

-10-



BENZOQUINOLIZINIUM SALTS 

The synthesis developed by McLamore and Woodward^ for the 

preparation of the methochloride of sempervirlne (p. 5) was similar 

to the reaction sequence which they used to prepare 

tetrahydrobenzo [b quinolizinium picrate (xx; X = p i c r a t e ) . They 

treated 2-picolyl lithium with 2-isopropoxymethylenecyclohexanBhe9 

and c y c l l s e d the Intermediate compound with mineral acid to give 

the required s a l t ( x x ) . 

HX 

(xx) 

The three isomeric benzoquinolizinium s a l t s have been prepared 

by Glover and Jones'*"® who extended t h e i r general method for the 

synthesis of quinoliziniuffl s a l t s described; previously (p. 7 ) . 

-11-



Using 1-cyanolsoqulnolIne, 3-cyanolsoquinollne or 2-cyanoquinollne 

together with the Grignard reagent from 3-ethoxypropyl bromide they 

synthesised benzo [^aj qulnollzlnlum s a l t s ( x x l ) , benzo b quinollzinlum 

s a l t s ( x x i l ) and the benzo Qc' isomer ( x x i l l ) . 

X 

(x x i ) 

X 

( x x i l ) 

( x x l l l ) 

-12-



AZAQUINOLIZINIUM SALTS 

At the time of writing t h i s review, no unsubstltuted 

pyrldo If 2 - a J pyrlmldlnium salts^have been reported, whilst 

, only recently have unsubstltuted pyrldo ^1, 2 - a pyrazlnlum 
24 

s a l t s been prepared . 

Nesmeyanov et al^® prepared 4;-alkyl-pyrldo [ l , 2 - a]j pyrlmldlnium 

s a l t s (xxlv) i n moderate ov e r a l l y i e l d by heating 2-amlnopyrldlne 

with ^ - a c y l a c e t a l s i n sealed tubes and c y c l l s l n g the resulting 

- 2-acylanlls (xxv) with ethanolic hydrobromlc acid. 

- I - RC0.CH2CH(0A1K)2 

HBr 
EtOH 

X- R (xxiv) 
The y i e l d was l a t e r improved to 80% by Nesmeyanov and 

26 

Ryblnskaia who allowed a mixture of 2-aminopyridlne and an acyl 

substituted v i n y l chloride to stand for several days i n methanolic 

perchloric a c i d . Hie b l c y c l l c saltswre Isolated as the perchloratef 

(xxiv; K s 0104), 

-13-



METHOD I I 

•mis method involves quaternisation of a suitable 

2-substltuted pyridine with a substituted a l k y l halide containing 

a group capable of condensing with the 2-substituent. A 

modification of t h i s technique i s to c y d i s e the l-substltuent of 

the quaternary s a l t onto the unsubstituted 2 carbon atom of the 

pyridine ring, 

QUINOLIZINIUM SALTS 

This general method of preparation has been used by Krdaike^'^ 

to prepare l-hydroxy-3-arylquinolizinium s a l t s and their 2-alkyl 

derivatives. .Quaternisation of 2-acylpyridines with U)-bromoacetophenone 

or a suitably substituted derivative gave the monoquaternary s a l t s 

( x x v l ) which, on treatment with sodium carbonate c y c l i s e d to the 

zwltterl6a.i forms of the l-hydroxy;lbromldes ( x x v i l ) . 

COCHgR 
+ BrCH2C0Ar 

CXJCHgR 

-f.'^ OlIgCOAr 
(xxvi) 

Na2C03 HBr 

Ar 

Br" (x x v i i ) 

-14-



3-Hydro3tyquin6lizinlum bromide ( x x v i i i ) has been synthesised 
27 

by Schraufstatter by the cyclodehydration of the quaternary 

s a l t (xxix) formed by the action of ch loroacetone on .. 

2-dlethoxymethyIpyrldine• 

CH(0Et)2 
ClCHgCOMe 

CH(0Et)2 

CI 

CH2C0Me 

(xxlx) 

HBr 

OH 

( x x v i i i ) 

28 

Duke, Fozard and Jones used 2-(l,3-dloxolan-2-yl)pyrldine 

and bromoacetone to prepare the 3-hydroxy.'.salt ( x x v i i i ) by a 

s i m i l a r procedure. 

A s p e c i f i c reaction sequence for the synthesis of 
2,3-dlphenylquinolizinium bromide (xxx) was devised by Felx and 

29 

tfestphal who coupled pyridine 2-aldehyde with phenyl benzyl ketone, 

e s t e r i f i e d the product, and quaternised the ester with 

OA -brpmoacetophenone. C y c l i s a t i o n of the monoquaternary s a l t 

(xxxl) was achieved by boiling under reflux ini.a solution of -15-



dlbutylamlne i n acetone. 

OOGMe 

(1) E s t e r i f y 

(2) BrCH2C0Ph COPh 

Br" 
CH GOPh 

2 

(C4H9 )2NH 

(XXX) 

(xxxl) 

-16-



BENZOqUINOLIZINIUM SALTS 
30 Bradsher and Beavers used 2-phenylpyridine and lodoacetone 

a£ (O -bromoacetophenone to obtain the monoquaternary s a l t s 
( x x x l l ; R = Me, X = I or R = Ph, X = Br) which were c y c l i s e d with 
concentrated hydrobroinic acid to give the 7-methyl and 7-phenyl 
derivatives respectively of benzo [|a] quinolizlnium bromide 
( x x x l l i ; R = Me or Ph) 

HBr 

^ XCHgCOR 

CHgCOR 
(xx x l i ) 

Br" ( x x x i i i ) 

as 

A modification^^ of t h i s method used chloroacetaldehyde oxlme 

the quaternislng agent .to give the unsubstituted s a l t ( x x x l l l ; R = H). 

-17^-



32 Bradsher and Ooolittle treated pyridine with (o -bromostyrene 
to obtain the monoquatemary s a l t (xxxlv). Irradiation with 
u l t r a v i o l e t l i g h t of a solution of t h i s s a l t (xxxiv) In alcohol 
contU.hlng,?a trace of iodine afforded the benzo [a"] quinolizlnlum 
s a l t ( x x l ) . which was Isolated as the perchlorate ( x x i ; X = CIO4). 

Br" A 

(xxxiv) (xxl) 
Some substituted derivativesof the benzO' [a] s a l t (xxl) were 

32 
also prepared from suitable precursors by similar procedures. 

Benzo [b] quinolizinlum bromide ( x x i i ; X = Br) was 
33 • 

prepared by Bradsher and Beavers by the c y c l i s a t i o n with 

concentrated hydrobromic a c i d of the quaternary s a l t between 

pyridine 2-aldehyde and benzyl bromide. 

Br 

HBr 

Br 
( x x l i ) 

-18-



n u * ,34,35,36,37,38,39,40,41,42 . , 
Bradsher et a l ' have since prepared 

many substituted benzo b qulnollzlnlum s a l t s by quaternislng 

suitable «iL-haloalkylarenes with derivatives of pyridine 2-aldehyde, 

2-acetylpyrldlne or 2-benzoylpyridlne, and cyclodehydrating these 

quaternary s a l t s . 
43 

Bradsher and Fozard have recently reported the synthesis of 

benzo [ c J qulnollzlnlum s a l t s . They prepared trans2'-chloro-2-stilbazole 

(xxxv) which wasr;;converted to the c i s Isomer (xxxvi) by irradiation 

with u l t r a v i o l e t l i g h t . On heating the c i s isomer at 170^ 

cycloquaternlsatlon occurred to give benzo [ c ] qulnollzinluro chloride 

( x x l l l ; . X = C I ) . They l a t e r found that the trans isomer (xxxv) could 

be d i r e c t l y converted to the benzo |[c J s a l t ( x x l i l ) by heating at 240^ 

i n the presence of iodine. The s a l t was isolated as the perchlorate 

( x x t i l ; » =010^). Several substituted benzo [ c ] quinolizlnium 

s a l t s were also prepared. 

(xxxv) 

6 hr: 

• t • I 

> . •. 

(xxxvi) 

1 hr. 

( x x i l l ) 
-19-



MORPHANTHRIDIZINIUM SALTS 
44 7-Methylmorphanthridlzinium s a l t s (xxxvli; Z = CH^)^"* and the 

analogous heterocyclic systems (xxxvii; Z = 0 ) ^ ^ and (xxxvil; Z = S)"*^ 

have been synthesised by Bradsher et al^^'^**'^®* They treated an 

appropriately 2-substi]tuted pyridine" with bromoacetone and 

cyclodehydrated the quaternary s a l t ( x x x v i i i ; Z = CH^, 0 or S) with 

concentrated hydrobromic acid, to y i e l d the t r i c y c l i c s a l t (xxxvii; 

Z = CH_, O or S ) . 
2 

+ 
BrCH2C0Me 

Br" 

CHgCOMe 

( x x x v i i i ) 

HBr 

(xxxvii) 

-20» 



AZAQUINOLIZINIUM SALTS 

Krohnke has shown that when U>-bromoacetophenone Was heated with 
2-cyanopyridine or p i c o l i n i c acid amide in a c e t o n i t r i l e as solvent, 
quaternlsation and:::pyclodehy drat ion occurred yielding l-hydroxy-3-

phenylpyrido [ 1, 2 - a J pyraarinium bromide (xxxix). 

CONH 2 
BrCH.COPh 

2 

(xxxix) 

The synthesis of the 2-oxides of some pyrido 1, 2 - a j 

pyrazinium s a l t s ( x l ; R = H, Me, Ph or Br) and t h e i r conversion by 

b o i l i n g phosphorus tribromide into the corresponding 

pyrido j ] l , 2 - a ] pyrazinium s a l t s ( x l i ; R = H, Ph^ or Br) has 
24 

recently been reported by the Author , and i s the subject of the 

f i r s t part of the discussion of t h i s t h e s i s . 

Br 
( x l ^ 

PBr, 

Br 
( x l i ) 

-21-



3 Bradsher and Telang have also recently reported the synthesis 
of the 2-oxide ( x l ; R = H) by treating 2-oxlminomethylpyridine with 
chloroacetaldehyde oxlme and c y c l l s l n g the monoquaternary s a l t 
( x l l l ) with concentrated hydrobromic acid. 

CH 16 NOH 
+ ClCHgCHsNOH 

N 

CH=NOH 

CHjCHaNOH 

HBr 

Br 
( x l ) 

CI 

( x l i l ) 

3-Substituted and 1, S-dlsubstituted 2-oxide8 were also 

prepared^ from suitable precursors. 

•-S2-



BENZO f h l INDOLO [ 2 . 3 - a J QUINOLIZINIUM SALTS. 

Tlie 9-methyl derivative of benzo h indole 2, 3 - a qulnolizinium 

perchlorate ( x l l i i ; X = CIO4) was synthesised by Bradsher and 

Ll t z l n g e r ^ ^ , Treatment of l-phenyl-9H-pyrido [3 , 4 - b] indole 

( x l l v ) with bromoacetone followed by c y c l i s a t i o n of the monoquaternary 

s a l t ( x l v ) by heating i n phosphoric acid yielded the required s a l t 

( x l l l i ) which was characterised as the perdilorate ( x l l i i ; X = CIO4.). 

H 
( x l l v ) 

Br 

CH-COMe 2 

BrCH-COMe 
2 

( x l l l l ) 

-23-



IMIDAZG Cl. 2 - a] PYRIDINIUM SALTS AND RELATtlD COMPOUNDS 

A se r i e s of s a l t s of general formula ( x l v i ; Z = N - R, 0 or S) 

have been prepared by Bradsher et a l ^ ^ ' ̂ ^» ^^°. 

( x l v i ) 

2-AlkylamlnA and 2-arylamlnopyridines were boiled under reflux 

.with oc-haloketones i n acetone as solvent. The solids which separated 

from the solutions were the tr i s u b s t i t u t e d imidazo [ l , 2 - a] pyridlnium 

s a l t s { ( x l v i ; Z = N - R)^®. 

R 

NH hi 
-CHC( + X -GHCOR. 

The use of chloroacetaldehyde oxime in place of the ot-haloketone 

afforded, af t e r hydrolysis and c y c l i s a t i o n of the intermediate 

monoquaternary s a l t , the l-substltuted s a l t ( x l v i ; Z = N - R, R̂  = R̂ ^̂  = H), 

; -

-24-



When a 2-pyrldone was treated with oiL-haloketones in acetone 

as solvent, 2-substituted pyrldo Q2, 1 - b ] oxazollum s a l t s 
49 

( x l v i ; Z = 0, R^j = H) were produced . 

.4- XCHgCOR 

H 

The analogous pyridothi&zolium s a l t s ( x l v l ; Z = S, R̂  = H, 

R^^ = H or Me) were prepared by Bradsher and Lohr^° from 2-pyridyl 

sulphides having a carbonyl function beta to the sulphide linkage. 

In the presence of mineral acid cyclodehydration occurred yielding 

the 3-substltuted pyrldo [̂ 2, 1 - bj] thiazollum s a l t s ( x l v l ; Z = S, 

rs H, Rj^^ = H or Me), 

HX 

-25-



DIAZONIAPENTAPHENE SALTS 

The f i r s t f u l l y aromatic fused ring systems containing two 
quaternary bridgehead nitrogen atoms were synthesised by Bradsher 
and Parham^^. They cyclised-the-jquaternary s a l t s formed between 
2 - ( l , 3-dioxolan-2-yl) pyridine and;the three 1, 1'-dibromoxylenes 
with polyph'osphbric acid, and. obtained the three isomeric 
dlazonlBp:e:n\taphene s a l t s ( x l v l i ) , ( x l v l i i ) and(xlxix). 

( x l v i l ) ( x l v i i i ) 

( x l x l x ) 
2X 



DIPYRIDO Cl. 2 - a!2'. l ' - cH PYRAZIDI-INIUM SALTS 

6, 7-Dlhydrodipyrido Ql, 2 - a:2', 1* - c ] pyrazidl-inium 
52 

dlbromlde ( i ) was synthesised by Eielden, Homer and Jones who 

quaternlsed 2, 2'-blpyrldyl with ethylene dlbromlde. 

BrCH CHs^Br 2Br" 
2 2 (1) 

53.54,55.56 
Similar dlquaternary s a l t s have also been prepared 

_ • ' ; , 

using various ,U}-polymethyle-ne dihalides. 

Hie preparation of the f u l l y aromatic system (11) has been 
57 

reported by Corr and Glover . They treated 2, 2'-blpyridyl with 

bromoacetaldehyde oxlme and c y c l i s e d the monoquaternary s a l t (111) 

with concentrated hydrobromic acid to the hydroxy?dlbromide (1111). 

Dehydration with boiling phosphoras trlbromlde effected the conversion 

to dlpyrldo [ l , 2 - ar2', l ' - c"] pyra«zldi-lnlum dlbromlde (11). 

-27-



BrCH2CH.»t NOH 
Br 

ClIgCH = NOH 

HBr 

( l i i i ) 

PBrq 

2Br- ( l i ) 

S u b s t i t u t e d d i p y r i d o [ [ l , 2 - at 2\ 1' - c p y r a z i d i - i n i u m 
57 

s a l t s )iave a l s o been reported by the same authors who, using 

2, 2 ' - b i p y r i d y l and bromoacetone or U)-bromoacetophenone', formed the 

monoquaternary s a l t s which were cyclodehydrated t o the 7-inethyl or 

7-phenyl d e r i v a t i v e s ( l i v ; R s Me or fHy r e s p e c t i v e l y w i t h b o i l i n g 

phosphoruB: t r l b r o m i d e . 

( l i v ) 

2X 

Synthesis of the aromatic diquatemary s a l t s ( l i v ; R = H or Me) 
58 

have r e c e n t l y been reported by Calder and Sasse . 

' • • ' • -28-' 



DIPYRIDO [ l . 2 - a ; l ' . 2' - d ] PYRAZIDI-INIUM SALTS 

Glover and M o r r i s ^ ^ syntheslsed d i p y r l d o ^ 1 , 2 - a : l * , 2 ' - d 

p y r a z i d i - l n l u m s a l t s ( I v ) by t r e a t i n g 2 - ( l , 3-dloxolan-2-yl)pyrldlne 

w i t h t h e hydrobromlde o f 2-pyrldylinethyl bromide I n tetramethylenesulphone 

as s o l v e n t . Thevmonoquaternary s a l t was i s o l a t e d as a red o i l which 

r e a d i l y y i e l d e d the aromatic dlquatemary s a l t ( I v ; X''= Br) on 

warming w i t h concentrated hydrobromic a c i d . The s a l t was characterised 

as the anhydrous d i p e r c h l o r a t e ( I v ; X = CIO4). 

HBr 

H 4-̂ ' 

BrCH 
2X 

2X 

( I v ) 
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DIPYRIDO [ l . 2 - c;2'. 1 ' - e ] IMIDAZOLIUM SALTS 

Tlie synthesis of these s a l t s ( I v i ) has been reported by Calder 
60 

and Sasse vOio t r e a t e d 2 , 2 ' - b i p y r i d y l or a s u b s t i t u t e d d e r i v a t i v e 

w i t h methylene d i - i o d i d e i n a c e t o n i t r i l e as s o l v e n t . They suggested 

t h e formation of the intermediate diquaternary s a l t s ( I v i i ) which i n 

e t h a n o l i c s o l u t i o n underwent conversion t o the monoquaternary s a l t s 

( I v i ) . 

4-
CHgia 

( I v i i ) 

( I v i ) 
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PYRIDO THIAZOLO PYRAZIDI-INIUM SALTS 

The syntheses of pyr i d o [ l , 2 - a ] t h i a z o l o 2, 3 - c ] py r a z l d i - i n l u m 

, s a l t s ( I v l i i ) and pyrido j ^ l , 2 - a ] t h i a z o l o [ 4 , 3 - c ] p y r a z i d l - l n i u m 

s a l t s ( l i x ) have r e c e n t l y been reported by Glov6r and Thomas , 

- Treatment of 2 - ( 2 - p y r i d y l ) t h i a z o l e , or the 4-methyl d e r i v a t i v e w i t h 

bromoacetaldehyde oxime gave the monoquaternary s a l t s ( I x ; R = H or Me), 

which, when warmed w i t h concentrated hydrobromic a c i d y i e l d e d the 

hydroxy dlquaternary s a l t s ( 1 x 1 ; R = H or Me). Conversion t o the 

f u l l y aromatic systems ( I v i i i ; R = H or Me) was accomplished by 

b o i l i n g under r e f l u x suspensions of the hydroxy s a l t s ( I x i ; R = H o r Me) 

i n phosphorus:? t r l b r o m l d e . 

BrCHgCH = NOH 
'CHgCH = NOH 

Br 
( i x ) 

HBr 

2Br" 

( i K i ) 

PBra 

- t - W + 
2Br 

( I v i i i ) 
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3-Methyl-pyrido 1 , 2 - a t h i a z o l o 4, 3 - c p y r a z l d i - i n i u m 

s a l t s ( l i x ) were prepared by a s i m i l a r procedure using '2-methyl-4-

( 2 - p y r i d y l } t h i a z o l e as a precursor. 

^1 

BrCH2CH 2Br-
( l i x ) 

Hie fflonoquaternary s a l t s formed between the p y r l d y l t h l a z o l e s 

and bromoacetone or U)-bromoacetophenone could be cyclodehydrated w i t h 

phosphorus, t r i b r o m i d e t o y i e l d the 5-methyl d e r i v a t i v e s ( I x i i ; R = H or 

Me, R̂  » Me) and ( I x i i i ; R = Me) o r the 5-phenyl d e r i v a t i v e s 

( I x i i ; R s H or Me, R̂  = Ph) and ( I x i i i ; R 4 Ph) of the aromatic 

diquaternary s a l t s ( I v l i i ) and ( l l x ) r e s p e c t i v e l y . 

( i x i i ) 2Br" 2Br ( I x i i i ) 
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' METHOD I I I 

The t h i r d method which has been used f o r the synthesis of the 

q u i n o l l z i n i u m nucleus involves the intermolecular condensation of 

a s u i t a b l e quaternary s a l t of a 2-8ubstltuted p y r i d i n e w i t h a second 

component. 

QUINOLIZINIUM SALTS 

Several 2, 3 - d i a l k y l q u l n o l l z i n i u m s a l t s have been prepared by 
62 

H e f f e , Jahn and Westphal using t h i s method. Ihey t r e a t e d the 

monoquaternary s a l t between 2 - p l c o l i n e and e t h y l bromoacetate w i t h 

oL-dicarbonyl compounds i n e t h a n o l l c dibutylamine as solvent t o 

o b t a i n t h e s u b s t i t u t e d q u i n o l l z i n l u r a s a l t s ( I x i v ) . 

:H2000Et 

Br 

11 

n 

Br" C 

( I x i v ) 
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PYRIDO [ i . 2-a]PYRAZINIUM SALTS 

The pr e p a r a t i o n of several l - a l k y l - 3 ' - a r y l - and of l - a r y l - 3 - a r y l -

p y r i d o i , 2-aJpyrazinium s a l t s ( I x v ) has been reported by Krohnke^'^ . 

The monoquaternary s a l t s between 2-acylpyridines and u-brcmoacetophenone 

were heated w i t h ammonium a c e t a t e . i n a c e t i c a c i d s o l u t i o n s t o o b t a i n 

t h e r e q u i r e d s a l t s (lxv}» 

COR 

+• BrCHgCOAr 

MeCOONHii 
MeCOOH 

Br 

( I x v ) 

CHgCQAr 

Br 

-34-



DISCUSSION 

PART I 

THE SYNTHESIS OF SOME PYRIDO f l . 2-a] PYRAZINIUM 

2-OXIDE SALTS AND THEIR CONVERSION TO 

PYRIDO C 1 , 2-a1-PYRAZINIUM SALTS 

-35-



Hie p r e p a r a t i o n of compounds containing one or two quaternary 

.. n i t r o g e n atoms a t bridgehead p o s i t i o n s i n fused aromatic r i n g . 

systems has been o u t l i n e d i n the i n t r o d u c t i o n and i t has been shown 

how th e methods a v a i l a b l e f o r the synthesis of these systems f a l l 

e s s e n t i a l l y i n t o three classes. The f i r s t involves the attachment 

o f a s u i t a b l e s i d e chain t o the carbon atom adjacent t o the n i t r o g e n 

atom o f a p y r i d i n e r i n g f o l l o w e d b y . r i n g c l o s u r e onto the p y r i d i n e 

n i t r o g e n atom, w h i l s t the second approach i s t o quaternise a 

s u i t a b l y 2 - s u b s t i t u t e d p y r i d i n e w i t h a s u b s t i t u t e d a l k y l h a l i d e 

c o n t a i n i n g a group capable o f condensing w i t h the 2-substituent. 

The.v:'third method inv o l v e s the i n t e r m o l e c u l a r condensation of a 

s u i t a b l e quaternary s a l t of a 2 - s u b s t l t u t e d p y r i d i n e w i t h a second 

component. T y p i c a l examples o f these.reactions are*those described 
f 26 30 by Nesmeyanov ahd Ryblnskaia ( p . 13), Bradsher and Beavers 

( p , 17) and Krohnke^*^ ( p . 34) r e s p e c t i v e l y . 

No u n s u b s t l t u t e d p r y i d o [ l , 2-a] pyrazlnium s a l t s ( I x v i ) have 

y e t been reported and t h e i r synthesis was accordingly undertaken. 

( I x v i ) 
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PYRIDO ri» 2-a!l PYRAZINIUTJ BROMIDE 2-OXIDE ( I x v l l ) 

A convenient method f o r the synthesis of unsu b s t i t u t e d 

p y r i d o Q l , 2-a] pyrazinium s a l t s would be the c y c l l s a t l o n i n a c i d 

media of the a n i l ( I x v i i i ) formed by the condensation of amlnoacetal 

w i t h p y r i d i n e 2-aldehyde. 

.CHO 

N 

Et 0 0 Et Et 0 0 Et 

( I x v i i i ) 

63 

I t has been shown by Glover, Jones and Trenholm , however, 

t h a t a n i l s o f the type ( I x v i i i ) undergo int e r m o l e c u l a r condensation 

i n the presence of mineral a c i d ; the a n i l ( I x v i i i ) y i e l d i n g 

1 , 4 - d l - ( 2 - p y r i d y l m e t h y l e n e ) p y r a z l d l - i n i u m s a l t s ( I x i x ) . 

/=\ 
:r (SJ N = CH 

N 
2X-

( I x l x ) 
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1 9 

Krohnke ' described the synthesis of some 1,3-disubstituted 

p y r i d o [ l , 2 - a ] pyrazinium s a l t s ( I x v ) by the intermolecular 

condensation of t h e quaternary s a l t ( I x x ) w i t h ammonium acetate 

i n a c e t i c a c i d as so l v e n t . 

MeC00NH4 
MeCOOH 

CH2COR11 

I t seemed t h e r e f o r e , t h a t a possible route t o the unsubstituted 

s a l t ( I x v ; R̂  = Rn s H) would be v i a the monoquaternary s a l t 

( I x x ; Ri = R i i = H), r e s u l t i n g from the h y d r o l y s i s of quaternary 

s a l t ( I x x l ) between 2 - ( l , 3-dioxo.la;'n-2-yl)pyridine and 

bromoacetaldehyde oxlme. 

BrCH2CH = NOH 

-f-^CHgCH = NOH 

( I x x i ) 
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I n an attempt t o e f f e c t h y d r o l y s i s of both the acetal and 

oximiho f u n c t i o n s , the s a l t ( I x x l ) was heated w i t h concentrated 

hydrobromic a c i d . Instead of the expected dicarbonyl compound 

( I x x , R̂  = R̂ ^ = H) the proclict was a compound of molecular formula 

CgH^5rf(^0- The i n f r a - r e d spectrum showed no bands which could be a t t r i b u t e d 

t o a carbonyl group w h i l s t the u l t r a - v i o l e t spectrum extended t o 

'3600 A°, ( F i g . 1 , p. 65) suggesting the possible presence of a fused 

b l c y c l l c aromatic system c o n t a i n i n g an eidd i t i o n a l chromophore. A 

po s s i b l e s t r u c t u r e i s . 3 - h y d r o x y - p y r l d o [ l , 2-3^pyrazinium bromide ( I x x l i ) . 

A r e a c t i o n sequence could be po s t u l a t e d i n v o l v i n g h y d r o l y s i s of the 

a c e t a l f u n c t i o n and a Beckmann type rearrangement of the oximino 

f u n c t i o n g i v i n g t h e intermediate 1-amldomethyl quaternary s a l t ( I x x i i i ) . 

I n t r a m o l e c u l a r condensation would then y i e l d the 3-hydroxy s a l t ( I x x i i ) . 

3 
( I x x l ) 

HBr 

CHgCH = NOH 

CHO 

+ -CHgODNHg 
Br 

( I x x i i i ) 

( I x x i l ) 
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A precedent f o r the cyclodehydratlon step was recorded by 

Krohnke^'^ who prepared l - h y d r o x y - 3 - p h e n y l - p y r i d o [ l j 2-a]pyrazinium 

s a l t s from p i c o l l n i c a c i d amide and u-bromoacetophenone. However, 

attempts t o t e s t t h i s hypothesis by t r e a t i n g thequaternary s a l t between 

2 - ( l , 3 - d l o x 6 l a n - 2 - y l ) p y r i d i n e and chloroacetamide w i t h concentrated 

hydrobromic a c i d were unsuccessful, no products being i s o l a t e d from 

.the r e s u l t i n g s o l u t i o n s . 

Further c o n s i d e r a t i o n of the a v a i l a b l e data lead t o the conclusion 

t h a t the s a l t of molecular formula CgH7BrN20 was pyrido [ l , 2-a^ pyrazinium 

bromide 2-oxide ( I x v l l ) . A c i d h y d r o l y s i s of the acetal f u n c t i o n would 

g i v e a protonated carbonyl oxygen atom; subsequent donation of the 

n i t r o g e n lone p a i r of el e c t r o n s onto the e l e c t r o n d e f i c i e n t carbon atom 

. and expulsion o f a proton would give the a l c o h o l ( i x x i v ) which on 

.dehydration would give the 2-oxide ( i x v i i ) . 

HBr 

^ ^ - h ^CHgCH = NOH 
Br" 

( I x x i ) 

o.';- H 

( i x x i v ) 

-H2O 

-40-
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64' I s h l i has reported t h a t c a t a l y t i c hydrogeration; of 
• 

p y r i d i n e N-oxldes a f f o r d s the deoxygenated p y r i d i n e d e r i v a t i v e s . 

C o n t r o l l e d hydrogenatlon of the s a l t ( I x v l i ) w i t h one equivalent 

of hydrogen y i e l d e d pyri6o[l, 2-a]]pyrazlnium bromide ( I x v i ; x = Br) 

g i v i n g support f o r the proposed 2-oxide s t r u c t u r e . 
.o 

H2/I't 
1 equiv. 

X 
( I x v i ) ( I x v i i ) 

Complete hydrogehation of the 2-oxtde.oyer Adams:> c a t a l y s t gave 

p e r h y d r o p y r i d o [ l , 2-a] pyrazine ( I I ) the d i p i c r a t e of which melted 

w i t h decomposition a t 275® - 278®. Melting p o i n t s of 240°^^ and 

250° - 260® 3'^^ have been reported f o r t h i s d i p i c r a t e but although 

the sample darkened a t 250® a d e f i n i t e f u s i o n occurred at 275 - 278 . 

I t was t h e r e f o r e compared and found t o be i d e n t i c a l w i t h a sample 

d e r i v e d from the lactam ( I x x v ) by hydrogenation and subsequent 

r e d u c t i o n w i t h l i t h i u m aluminiiim hydride. ' 

63 

(1) Hg/Pt 

(2) LiAlH4 

( I x x v ) 
Br 
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Further support f o r the 2-oxide s t r u c t u r e was given by 
3 

Bradsher and Telang ( p . 22) who reported the synthesis of several 

s u b s t i t u t e d p y r i d o Q , 2-a] pyrazinium 2-oxide s a l t s . One of the 

s a l t s , prepared by the c y c l l s a t i o n i n a c i d media of the quaternary 

s t t l t ( I x x v i ) between 2-oximinomethylpyridine and b>-bromoacetophenone 

was 3-phenyl-pyrldo [ l , 2-aJpyrazinium bromide 2-oxide ( I x x v i i ) thus 

p r e c l u d i n g the 3-hydrpxy s t r u c t u r e f o r the s a l t ( I x v l i ) . 

CH = NOH 

BrCHgCOI^ 

H = NOH 

„COPh 
Br 

( I x x v i ) 

HBr 

Br 

( I x x v i i ) 
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1- METHYL-PYRIDOfl. 2-J PYRAZINIUM BROMIDE 2-OXIDE ( I x x v l l i ) 

I n i t i a l attempts t o prepare the 1-methyl 2-oxide ( I x x v l i i ) 

by t r e a t i n g 2 - a c e t y l p y r i d i n e w i t h bromoacetaldehyde oxime afforded 

a c r y s t a l l i n e s o l i d i n low y i e l d ( 4 % ) . The i n f r a - r e d spectrum of 

t h i s s a l t suggested t h a t i t was the 1-methyl 2-oxide ( I x x v i i i ) . 

I n an attempt t o synthesise the required s a l t ( I x x v l i i ) i n 

good y i e l d , the monoquaternary s a l t ( I x x l x ) between 

2- (2-methyl [ l , 3 ] d i o x b l a n - 2 - y l ) p y r i d i n e and brumoacetaldehyde 

oxime was prepared and t r e a t e d w i t h concentrated hydrobromic a c i d . 

C y c l l s a t l o n t o the 1-methyl 2-oxlde occurred but again i n poor 

y i e l d ( 1 0 % ) . Hydrolysis of the acetal f u n c t i o n and subsequent 

cyclodehydration was event u a l l y accomplished using concentrated 

s u l p h u r i c a c i d . A f t e r washing the r e a c t i o n mixture w i t h ether, 

the r e s i d u a l o i l was t r e a t e d with-concentrated hydrobromic a c i d t o 

gi v e l - m e t h y l - p y r i d o [ i , 2-a] pyrazlnium bromide. 2-oxide ( I x x v i i i ) i n 

good y i e l d ( 8 4 % ) . The s t r u c t u r e was confirmed by elemental analysis and by 

I t s i n f r a - r e d and u l t r a - v i o l e t absorption spectra; the u l t r a - v i o l e t 

spectrum i s l l l u i s t r a t e d i n F i g . 1. (p . 65). 

-t- " CHgCH 

( I x x i x ) 

( 1 ) H2SO4 

(2) HBr 
NOH 

Br 
( I x x v i i i ) 
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l-PHENYL-PYRIDpri. 2-al PYRAZINIUM BROMIDE 2-OXIDE (Ixxx) 

i-Phenyl-pyrldo[i, 2-a]pyrazlnlum bromide 2-oxlde (Ixxx) was 

prepared In moderate yiei-d by warming a mixture of 2-benzoylpyrldine 

and brompacetaldehyde oxlme. 

Ph Ph 

- I - BrCFî CH =! NOH 

Br" 

(Ixxx) 

The u l t r a - v i o l e t spectrum of the sa l t (Ixxx) was similar to 

those of the unsubstltuted 2-oxlde ( I x v l l ) and the 1-methyl 

derivative ( I x x v l l l ) with the general loss of f i n e structure associated 

with a phenyl substituted compound (Fig. 1| p. 65). 
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l-BROMO-PYRIDpri. 2-a] PYRAZINIUM DROMIDE 2-OXIDE ( I x x x l ; X = Br) 

Bronilnatlbn of p y r i d o [ l , 2-a] pyrazlnlum bromide 2-oxiue ( I x v i l ) 

was.accomplished by s t i r r i n g a suspenslcn of the 2-oxide ( I x v l i ) i n 

a cold solution of bromine i n concentrated hydrobromic acid. The 

solution was boiled to destroy any perbromlde ( I x x x i ; X- c Brs) 

formed, and the bromo compound ( I x x x i ; X. = Br) Isolated. 

Controlled hydrogenatlon of the bromo salt ( I x x x i ; X = Br) with 

one equivalent of hydrogen gave the parent 2-oxlde ( I x v i l ) indicating 

a monobrominated derivative; t h i s was confirmed by mass spectroscopic 

67 
analysis of the picrate ( I x x x l ; X: = picrate) which gave the mass 

79 

number of the cation as 225 ( Br). The n.m.r. spectrum of the bromo 

s a l t ( I x x x i ; X s Br) i n t r i f l u o r a c e t i c acid as solvent showed a two 

proton signal i n the region t 0.2 - 0 . 4 assigned to the protons on 

C4 and 0 5 , a one proton doublet centred at x 0 . 9 assigned to the . 

proton on C3 and a three proton signal I n the region •« 1.2 - 1.8 

a t t r i b u t e d to the protons 'on Cy, Cg, and Cg, showing the salt to be 

l-bromo-pyrldo[l, 2-a] pyrazlnlum bromide 2-oxlde ( I x x x l ; X = Br). 

Br 

( I x v i i ) 

.Bra/HBr ^ 

Hg/Pt 
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PYRirJ0ri.2-a1 PYRAZINIUM SALTS 
63 

Ochlal and Nalto have shown that a solution of phosphorus., 

t r i c h l o r i d e I n chloroform can be used to deoxygenate pyridine 

N-oxldes. 

To avoid the p o s s i b i l i t y of a mixture of anions i n the product, 

phosphorus?; trlbromlde was ufied to prepare p y r i d o [ l , pyrazinium 

bromide ( I x v i ; X = Br) from the 2-oxide ( I x v i i ) . A suspension of 

p y r l d o [ l , 2-a]pyrazinium bromide 2-oxlde ( I x v i l ) i n phosphorus • 

trlbromlde was boiled under r e f l u x , cooled, and the insoluble 

product isolated. . Elemental analysis-gave the molecular formula 

as C_H_BrN„. The wavelengths of the absorption maxima i n the u l t r a -
o 7 2 • 

v i o l e t spectrum of the prodict (Fig,. 2, p.66) closely resembled 
those of the p y r l d o [ l , 2-aj pyrimldlnium salts prepared by 

25 

Nesmeyanov et a l . The molecular extinction coefficients were, 

however, not reported: 

Absorption maxima of pyrldo|]l, 2-a]pyrazinium bromide ( I x v i ; X = Br) 

A° 3360 , 3220 , 3100 , 2370 , 2760 , 2320. 

Absorption maxima of pyridoj^l, 2-a] pyrimidinium salts A° 3360, 

3180, 3120, 3040, 2740, 2280. 

The infra-red spectrum of t h i s salt ( I x v l ; X = Br) was identical 

to that of the sample obtained by the controlled.catalytic hydrogenation 

of the 2-oxlde ( I x v t l ) . 
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PBra 

Br" 
( I x v l l ) 

Br" 
( I x v i ) 

. Treatment of l-methyl-pyrldo[i, 2-a] pyrazlnium bromide 2-oxide 

( I x x v l l l ) with phosphorus trlbromlde did not effect deoxygenatiou 

and the 2-oxide was recovered unchanged. The use of thlony^ chloride 

afforded an Intractable gum. Bradsher and Telang reported that they 

were unable to deoxygenate 3-methyl-pyrido[l, 2-a]pyrazinium bromide 

2-oxide by b o i l i n g under ref l u x a suspension of the salt i n phosphorus.' 

t r i c h l o r i d e . 

The 1-phenyl 2-oxide (Ixxx) readily afforded l-phenyl-pyrido[l, 2-Ei] 

pyrazinium bromide ( I x x x l l ) on treatment with phosphorus tribromide. 

The ultzaVlolet spectrum was comparable to that of the unsubstituted 

s a l t ( I x v l ; '% = Br) with the expected loss of f i n e structure. 

PBr, 

Dr 

(Ixxx) (Ixxxi1) 
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l-Bromo-pyrldo[l, 2ra]pyrazinium bromide ( I x x x l l i ) was also 

prepared from the l-bromo 2-oxide ( I x x x l ; X = Br) using pho^horus f 

tribromlde. The u l t r a - v i o l e t spectrum was similar to that of the -

unsubstituted sal t Clxvl) with the chsiracterlstlc bathochromic s h i f t 

associated with a nuclear bzomo substltuent. 

( t a x x l ) 

Br 

( I x x x l l i ) 

, Controlled hydrogenation of the bromo s a l t ( I x x x i i l ) with one 

equivalent of hydrogen afforded p y r i d o [ l , 2-a] pyrazinium bromide 

( I x v l ) . 
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. SUMMARY OF THE REACTIONS OF PYRIDpri. 2-a] PYRAZINIUM 

BROMIDE 2-OXIDE 

( i x v i i ) Br 

or 
Hg/Pt 

(1 mole) 

Hg/Pt 
(1 mole) 

brg/HBr 

Hg/Pt 

( I x x x i ) 

( I x v l ) 

H„/Pt 

H„/Pt 
(1 mole) 

Hg/Pt Ho/Pt 

B r ' d x x x l i l ) 



PART I I 

SOME OXYGENATED DERIVATIVES 

PYRIDoCl. 2-a1 PYRAZINIUM SALTS 
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1. 2-DIHYDRO-l-OXO-PYRIDoCl. 2-a] PYRAZINIUM DROMIlJE (Ixxxiv) 

Krohnke has described the preparation of l-hydroxy-3-phenyl-pyrldo 

[ l , 2-a] pyrazinium salts by the treatment of p i c o l l n i c acid amide or 

2-cyanopyrldine with u-brbmoacetophenone (p. 21). A possible route 

to l-hydroxy-pyrldo[l, 2-a] pyrazinium bromide would therefore be via 

, the hydrolysis and subsequent cycllsation i n acid media of the 

monoquaternary salts between p l c o l i n l c acid amide or 2-cyanopyrldine 

and'bromoacetaldehyde oxlme. 

A mixture of p l c o l i n l c acid amide and bromoacetaldehyde oxlme was 

warmed u n t i l homogeneous and allowed to stand at room temperature f o r 

fourteen days. Hie reaction mixture was washed with acetone and the 

residual s o l i d p u r i f i e d by sublimation. Elemental analysis indicated 
/I 

that the sal t was,.plc61inic acid amide hydrobromide and t h i s was confirmed 

by comparison of the infra-red spectrum of the sal t with that of an 
r 

authentic sample prepared by the addition of hydrobromic acid to 

p i c o l l n i c acid amide. 

ONH 
Br 

CONH,, 

ĈH-CH = NOH 

BrCHgCH = NOH CONH, 

Br 
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I n i t i a l attempts to bring about a reaction between 

2-cyanopyrldine and bromoacetaldehyde oxime by heating a mixture 

of the two compounds either alone, or i n tetramethylenesulphone 

as solvent were unsuccessful. Quaternlsation was. eventually achieved 

< by allowing a solution of 2-cyanopyrldlne and bromoacetaldehyde 

oxlme t o stand at room temperature. After three days yellow 

crystals.separated from the solution but only a f t e r t h i r t y days 

was an appreciable y i e l d obtained. Elemental analysis of. the new 

quaternary s a l t indicated a molecular formula of CgHsBrN30 whilst 

. c a t a l y t i c hydrogenatlon afforded a base, the infra-red spectrum and 

dl p i c r a t e of which were id e n t i c a l to those of perhydropyridofl, 2-a] 

pyrazlne.. The ultisHVlolet spectrum of the s a l t showed no 

appreciable absorption beyond 3000 A^ indicating the absence of a 
• r • 

f u l l y aromatic fused b l c y c l l c system whilst the infra-red spectrum 

showed a band at 3220 cm~^ a t t r i b u t e d to an Imino group. I t was 

: therefore concluded that the s a l t was 1, 4-dlhydro-l-imlno-pyrido 

[ l , 2-a] pyrafBlnium bromide 2-oxide (Ixxxv). 

BrCH„CH = NOH 
2 , 

N - O - H 

Br 
(Ixxxv) 
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A possible mechanism would Involve donation of the. oxime nitrogen 

lone pair of electrons onto the electron deficient n i t r i l e carbon 

atom followed by proton migration to give the imijie (Ixxxv). 

Treatment of the Imlne (Ixxxv) with concentrated hydrobromic 

acid afforded 1, 2-dihydrorl-oxo-pyrido[l, 2-a] pyrazinium bromide 

( I x x x v i ) , c a t a l y t i c hydrogenation of which gave 1-oxo-perhydropyrido 

[ l , 2-a]pyrazine ( I x x x v i i ) as a colourless c r y s t a l l i n e s o l i d which 

was p u r i f i e d by sublimation. The structure of the base was confirmed 

by comparing i t s infra-red spectrum with that of an authentic sample 

prepared by the c a t a l y t i c hydrogenation of the lactam (Ixxv); the 

spectra were I d e n t i c a l . 

24,63 

(Ixxxvl) 

( I x x x v l i ) 

(Ixxxv) 



The s a l t ( I x x x v l ) i s pot e n t i a l l y tautomeric as i l l u s t r a t e d , . 

however, the predominance of the carbonyl form was shown by I t s 

in f r a - r e d spectrum which showed a band at 1690 cm"^ corresponding 
69 

t o an d-f ̂  -unsaturated six membered lactEun . This band can be 

related t o the one^occurring at 1650 cm"^ i n the infra-red spectrum 

'of the base ( I x x x v l l ) and a t t r i b u t e d t o the carbonyl group of a 

saturated s i x raembered lactam^^. I t has been found*^^ that the u l t r a ­

v i o l e t spectra of acidic solutions of po t e n t i a l l y tautomeric systems 

such as l-hVdroxvlsoqulnollne i n which the carbonyl form I s preferred, 

show no bathochromic s h i f t s r e l a t i v e t o those determined i n neutral 

aqueous solution. This i s .suggested to be due to the non-basic 

nature of the r i n g nitrogen atom present I n the lactam form. Systems 

such as 5-hydroxyquinollne i n which conversion to the lactam form i s 

not possible do e:dilblt such s h i f t s due to protonation of the basic 

r i n g nitrogen atoms I n acidic solution. The u l t r a - v i o l e t spectriun 
1 

of the s a l t ( I x x x v l ) I n neutral aqueous solution showed an absorption 

maximum a t 3450 A** which gave no s h i f t upon a c i d i f i c a t i o n , thus 

f u r t h e r supporting the proposed carbonyl form. 
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1. 3-DI0X0-1.2.3.4-TETRAHYDR0-PYRID0[l. 2-a1 PYRAZINIUM DROMIDE ( I x x x v i l l ; 
X = Er) 

The bromide ( I x x x v i i l ; X-= Br) was i n i t i a l l y prepared by warming 

a mixture of p l c o l l n l c acid amide and ethyl bromoacetate, the maximum 

y i e l d being obtained a f t e r heating the mixture for three days. The 

.resulting s o l i d was w£(shed'wlth acetone and c r y s t a l l i s e d from hydrobromic 

acid-acetone. I t was also found that the salt ( i x x x v i i l ; -X = Cl) could be 

prepared, i n a lower y i e l d , by heating 6thyl plcolinate or p i c o l i n i c 

acid with chloroacetamide i n a sealed tube and c r y s t a l l i s i n g the 

product from hydrobromic acid-acetone. This sal t ( I x x x v i i i ) i s also 

p o t e n t i a l l y tautomeric, however, i t s infra-red spectrum showed bands at 

1740 cm~^ and 1720 cm~^ characteristic of the carbonyl groups of six 
/I 

69 

membered cyclic imides , whilst the u l t r a - v i o l e t spectrum of the s a l t , 

determined i n O.IN hydrochloric acid, showed only two absorption 

bands at 2270 A° and 2720 A° (Fig, I I I , p. 67); the absence of any 

s i g n i f i c a n t longer wave absorption supporting the dicarbonyl structure 

( I x x x v i i l ) . The n.m.r. spectrum i n t r i f l u o r a c e t i c acid as solvent 

showed a four proton signal In the region < 0.5 - "t L S attributed 

to the protons on C_, C_, C- and C_ together with a two proton signal 

at t 3.9 corresponding to the methylene group adjacent to tlie 

quaternary bridgehead nitrogen atom.. 

Reduction of the Imide ( I x x x v i i l ; X = Br) with l i t h i u m aluminium 

hydride,, followed by c a t a l y t i c hydrogenation of the intermediate 

compound which was not Isolated yielded perhydropyridofl, 2-a] pyrazine 
(11). -
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lONHr 

+-
BrCHgCOOEt 

COOEt COOH 

CICH2CONH2 ClCHgCONHg 

( I x x x v l l l ) 

( 1 ) L1A1H4 

( 2 ) Hg/Pt 

( 1 1 ) 
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1, 3-DIOXO-1.2.3.4-TETRAHYDRO-PYRIlX)[l. 2-a] PYR^VZINTUai BETAINE (Ixxxlx) 

Attempts to c r y s t a l l i s e the Imide ( I x x x v l l l ; X = Br) from water 

or alcohol resulted i n i t s gradual decomposition, yielding f i r s t a 

yellow compound and subsequently a red compound. Prolonged boiling of 

the yellow compound i n aqueous solution afforded a new colourless compound. 

When a concentrated aqueous solution of the yellow compound was 

boiled f o r a short time, a red s o l i d was produced i n low yl61d. The 

i n f r a - r e d and u l t r a - v i o l e t spectra of t h i s compound were similar to those 

of the yellow compound although the u l t r a - v i o l e t spectrum of the red 

compound.extended to 4400 A° compared with 4ieE)A° l o r the yellow compound. 

Attempts to c r y s t a l l i s e the red compound resulted i n i t s conversion to 

the colourless compound. I t was therefore not further investigated. 

When the Imlde ( I x x x v l i l ; X = Br) was treated with cold concentrated 

aqueous ammonia the yellow compound was produced i n high y i e l d , the 

reaction being reversed by the addition of concentrated hydrobromic 

acid. Elemental analysis and the spectroscopic properties of the 

yellow compound showed i t to. be the mesomeric betaine ( I x x x l x ) . 

NH4OH 

HBr 

^ etc, 

( I x x x v l l l ) -57- (Ixxxix) 



Determination of the n.m.r. spectrum of the betaine (Ixxxix) . 

was not possible due to i t s low s o l u b i l i t y i n the. available solvents. 

."Die u l t r a - v i o l e t spectrum of the betaine (Ix x x i x ) i n neutial aqueous 

solution (Fig. I l l , ' p . 67) showed the expected Sathochromlc s h i f t 

r e l a t i v e to the spectrum of the imlde ( I x x x v i i i ; X = Br) i n 0.1 K 

acidic solution. A comparison of the u l t r a - v i o l e t spectrum of the 

betaine (Ixxxix) with that of the Imlde ( I x x x v i i i ; X = Br) i n neutral 

aqueous solution showed them to be. s i m i l a r , d i f f e r i n g only i n the 

molar extinction c o e f f i c i e n t s , the difference probably being due to 

the existence of an equilibrium i n neutral solution between the salt 

( I x x x v i i l ) and i t s betaine ( I x x x i x ) . 

The betaine (Ix x x i x ) was also produced when the monoquaternary salt 

between ethyl plcollnate and isthyl brbmoacetate was treated with 

saturated alcoholic or saturated aqueous ammonia. 

COOEt I V ) -11 ' f ̂  etc. 

. CHgCOOEt 
Br~ (Ixxxix) 
When the yellow betaine ( I x x x i x ) was boiled under reflux i n 

aqueous solu t i o n , and subsequently acetone addedv a colourless s o l i d 

of molecular formula C H N Q slowly c r y s t a l l i s e d from the solution. 
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The u l t r a - v i o l e t spectrum of t h i s s o l i d showed no absorption beyond 

2770 A'' whilst the infra-red spectrum showed a band at 1710 cm~^ 

at t r i b u t e d to an amldd carbonyl group. Additional bands at 1630 cm 

and. 1620 cm"^ were a t t r i b u t e d to a carboxylate function. I t was 

concluded therefore that hydrolysis of the yellow betaine (Ix x x i x ) 

had occurred to give either the betaine (xc a) or (xc b) . 

-1 

lONH, 

CHgCOO 

COO" 

CHgCom^s 

(xc a) (xc b) 

I t was considered that a possible difference between the two betaine 

structures (xc a) and (xc b) would be found i n the chemical s h i f t s of 

the methylene groups adjacent t o the quaternary nitrogen atom. 

Accordingly the model compounds pyridine betaine hydrobromide ( x c l ) 

and 1-amidomethylpyrldinium chloride ( x c l i ) were prepared and th e i r 

n.m.r. spectra determined. 

CH2COOH 

Br CI 
( x c l ) 

CHoCONHg 

( x c i i ) 
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Pyridine betaine hydrobromlde ( x c l j was prepared by treating 

pyridine with ethyl' bromoacetate and passing the resulting mono-

quaternary sal t down an ion exchange column (Amberlite I.R.A. -400 (OH)) 

to give pyridine; betaine{ a c i f i c a t i o n with hydrobromic acid followed 

by the addition of acetone precipitated the hydrobromide ( x c i ) which 

c r y s t a l l i s e d from water as colourless plates. 

(1) Amberlite y^'^ 
I.R.A.-400 (OH) ^ I I 

(2) HBr J^-^ 
CHgCOOEt 4-^ CHgCOO H'; 

'̂"̂  ( x c i ) 

1-Amldomethylpyridihium chloride ( x c i i ) was prepared by heating a 

mixture of pyridine and chloroacetamide i n a sealed tube. 

+ ClCH^ONHg 

( x c i i ) 
Ĥ CONH, 

CI 
( x c i i ) 

Comparison of the n.m.r. spectra of the two model compounds ( x c i ) 

and ( x c i i ) i n t r i f l u o r a c e t i c acid as solvent showed that the signals 

corresponding t o the methylene groups adjacent to the quaternary 

nitrogen atom occurred at 't' 3.9 and •;• f 4.0 respectively, whilst the 

corresponding, signal i n the n^m.r, .spectrum of the betaine (xc). 
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occurred at r 4,0. This difference I n r values was considered too 

s l i g h t t o be s i g n i f i c a n t . The signal due to the methylene group of 

' l-amldomethylpyridlnium c h l o r i d e . ( x c i i ) was very sharp whilst those. 

' due to the methylene groups of pyridine betaine hydrobromide (xci) 

' and the unknown betaine (xc) were broader, giving a preference f o r 

' the structure (xc a) f o r the betaine. To confirm the suggested 

structure (xc a) f o r the betaine, the unambiguous syntheses of the 

two betaines (xc a) and (xc b) were attempted. 

The.method envisaged f o r the synthesis of the betaine (xc b) 

was to treat p i c o l l n i c acid with chloroacetamide and pass the 

resulting monpquaternary s a l t down an ion exchange column (Amberlite 

I.R.A. - 400 (OH)), However, when a mixture of pi c o l i n i c acid and 

chloroacetamide was'/< heated i n a sealed tube, the product was the 

Imlde ( I x x x v l l l ; X = C I ) . 

COOH 
+ CICH2CONH2 

( i x x x v i i l ) 
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Hie synthesis of l-carboxymethyl-2-amldopyridinlura betaine (xc a) 

was achieved by heating a mixture of p i c o l i n i c acid amide and brcmoacetlc 

a d d on a water bath and treating the crude reaction product v/ith an 

aqueous slu r r y o£ Ion exchange resin (Amberlite I.R.A. - 400 (OH)). 

The solution was f i l t e r e d and the addition of acetone to the f i l t r a t e 

precipitated.a colourless, s o l i d , the infra-red spectrum of which was 

id e n t i c a l t o the product of the hydrolysis of the yellow betaine ( I x x x i x ) . 

Additional confirmation of the betaine structure (xc.:a) was obtained 

by t r e a t i n g the betaine (xc a) with cold hydrobzomic acid followed 

immediately by a large excess of acetone. The s o l i d which precipitated 

from the solution was Identical to the product of the reaction between 

p i c o i l n l c a d d amide and bromoacetic acid; l-carboxymethyl-2-amidopyridinium 

betaine hydrobromide ( x c l l l ) . Attenpts to c r y s t a l l i s e t h i s salt were 

unsuccessful; from<neutral aqueous or alcoholic solution the product 

was the betaine (xca) whilst from d i l u t e acid the Imide ( I x x x v l l l ) 

was produced. 

CONH, 
+ BrCHgCOQH 

Br 

ONH, 

CH.COOH 2 

( x c l l l ) 

Amherllte 
I»R.A» - 400 (OH) 

CH„COO 
2 • 

(xca) 
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SUMMARY OF THE REACTIONS OF 1.3-UIOXO-l .2.3.4-TETMHYDROPYRIDOri. 2-3 
PYRAZINIUM BROMIDE ( I x x x v i i i ; » = Br) 

CONK, 

BrCH2C00Et 

CCOH 

ClCHgCONHg 

heat 

etc. <-r=r—> 

H2O heat 

( i x x x v i i i ) \ ( l ) L i A l H 4 
(2) Hg/Pt 

( i x x x l x ) 

:0NH2 

(xc a '̂ :̂̂ :̂ -̂̂  

( i i ) 

HBr heat 

CONH, 
heat 

CHgCOO' 
Amberlite I.R.A. -

'°°(0H) 
HBr ^ - , cold ^ ^ 

CONH2 

^:>^'^+^ CHgCOOH 
+ 

BrCHgCOCH 
Br 

•f63- ( x c i i i ) 



7 

ILLUSTRATIONS 
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Figure I 

U l t r a - v i o l e t spectra of aqueous solutions of:-

A. P y r i d o [ l , 2-al pyrazlnium bromide 2-oxide. 

B. l,-Methyl-pyrldo[l, 2-a] pyrazlnium bromide 2-oxlde. 

C. l-Phenyl-pyrldo[l, 2-a] pyrazlnium bromide 2-oxlde. 

4.2 

'<7 

l.O 

3.8 \ C W 
' \1 

B 
3.6 

'A 

2500 3000 3500 

V/avelength A 
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Figure I I 

U l t r a - v i o l e t spectrum of an aqueous solution of;-

Î rido[]l» 2-a] pyrazlnium broislde. .•. 

2250 2750 
Wavelength A 

-66-



Figure I I I 

U l t r a - v i o l e t spectra of;.-

Ai. 1, 3-dibxo-1^2,3f4-tetrahydro-pyridofl ,2-a] pyrazinium bromide 
determined i n 0.1 N hydrochloric acid. 

B. If 3-dioxo-l,2,3,4-tetrahydro-pyrido[l, 2-a pyrazinium bromide 
determined i n aqueous solution. 

C. 1, 3-dioxo-l y2,3,4';.tetrahydro-pyr3ido[l, 2-a[] pyrazinium betaine 
determined i n aqueous solution. 

4500 2000 3500 
Wavelength A*" 
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EXPERIMENTAL 

A l l melting points were determined on a Kofler block. 

Infra-red absorption spectra were determined on a Perkin-Elmer 237 

spectrometer, u l t r a - v i o l e t absorption spectra On a- Unicam SP 700c 

spectrophotometer and.n.m.r. spectra on a Perkin-Elmer Model R.IO 

spectrometer. 
Microanalyses were carried out by Drs, G. Weller and F. B. Strauss, 
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BROMOACETALDEHYDE OXIME 
31 Was prepared by the method used by Kimber and Parham f o r the 

synthesis of the chloro compound. 
2-(l,3-DI0X0LAN-2-YL) PYRIDINE^ 

A solution of pyridine 2-aldehyde (21.4 &), ethylene glycol (24 mlj 

and p. toluene sulphonic acid (10 g j i n benzene (300 mlO was boiled 

under r e f l u x with a Dean Stark water separator for 64 hours. The 

solution was cooled and poured in t o saturated aqueous sodium carbonate 

(200 ml.). The benzene layer;was separated and the aqueous phase washed 

four times with benzene (50 ml.). The combined benzene layers were 

washed once with water (10 mOand dried (Na^COg). The solvent was 

evaporated under reduced pressure to give the acetal as a colourless 

l i q u i d , b.p. 80°/0.8 mm, (lit.^®, b.p. 122°/4 mm.) (18.46 g, 61%). 

l-(2-OXIMINOETHYL)-2-(1.3-DIOXQLAN-2-YL) PYRIDINIUM BROMIDE ( I x x i ) 

A mixture of bromoacetaldehyde oxime (1.46 g.) and 2-(l,3-dioxolan-2-yl) 

pyridine (1.59 gO was allowed to stand at room temperature for 48 hr. 

The resulting s o l i d was washed with acetone leaving the bromide which 

c r y s t a l l i s e d from alcohol-ether as colourless needles, m.p. 168 - 169° 

(1.86 g^ 61%). 

Found : N, 9.45% 

Cj^Hj^gBrNgO requires : N, 9.7% 
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The picrate c r y s t a l l i s e d from alcohol as yellow needles, m.p. 127". 

Found : C, 43.6; H, 3.7; N, 16,35% 

C^gHjgNgO^Q requires: C, 43.9; H, 3.5; N, 16.0%. 

PYRIDO[l, 2-a] PYRAZINIUM BROMIDE 2-OXIDE ( I x v i l ) 

(a) A solution of the monoquaternary salt ( I x x i ) (1.38gJ i n concentrated 

(48%) hydrobromic acid (10 mlj was boiled under reflux for 20 min. 

Addition of acetone to the cooled solution precipitated the bromide 

(0.78 g., 72%) which c r y s t a l l i s e d from methanol as pale yellow prisms, 
o 3 o m.p, 283 (decomp,) ( l i t , m,p, 280 decomp.) 

Found : C, 42^4} H, 3.3; N, 12.4% 

Calc. f o r C_H_BrN_0 : C, 42.3; H, 3.1; N, 12,3% 
O r 2 

\ (H„0) 2230, 2410, 2600 sh., 2640, 2700 sh., 3200, 3370, 3510, 3630 Â  
max 2 

(log^^C 4.28, 4.09, 3.94, 3.98, 3.92, 3.88, 3.88, 3.96, 3.98). 

(b) A solution of the 1-bromo 2-oxlde ( I x x x i ) (0.278 g j i n 20% 

aqueous methanol (25 mlO was hydrogenated over Adams catalyst at 

atmospheric pressure and:temperature u n t i l the uptake was 20.5 ml. 

The catalyst was f i l t e r e d o f f and the solvent evaporated under reduced 

pressure. Addition of acetone to the residue gave the bromide, which, 

a f t e r c r y s t a l l i s a t i o n from methanol had a m.p. 283° (decomp.) (0.076 g., 

37%). 
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The picrate c r y s t a l l i s e d from ethanol as yellow needles, m.p. 199°. 

Found : C, 45.2; H, 2.85; N, 19.0% 
Ĉ ĤgNgOg requires : C, 44.8; H, 2.4; N, 18.7%. 

2-(2-METHYL[1.3]DI0XDLAN-2-YL) PYRIDINE^^ 

Was prepared by the method described f o r the synthesis of 

'2-(l,3-Dioxolan-2-yl)pyridine. 

l-(2-OXIMIN0ETHYL)-2-(2-^^ETHYL[l,3]DIOXOLAN-2-YL)PYRIDINimi BROMIDE ( I x x i x ) 

A mixture of 2-(2-methyl[l,3]dioxqlan-2-yl)pyridine (0.98 g j and 

bromoacetaldehyde oxime (0.79 g j was allowed to stand at room temperature 

for--18 hr. The resulting s o l i d was washed with acetone and c r y s t a l l i s e d 

from ethanol giving the bromide as colourless needles, m.p. 189 - 190° 

(decomp.) (1.03 g^ 58%). ^ 

Found : N, 9.0% 
C,,H,_BrN-0, requires: N, 9,2% 

The picrate c r y s t a l l i s e d from ethanol-ether as yellow needles, 
^ 

. o m.p. 140 . 
Found : C, 44.7; H, 3.9; N, 16.0% 

C,„H^_N_0,- requires : C, 45.2; H, 3.8; N, 15.5%. 
17 17 5 lO •. 
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1-METHYL-PYRIDOri. 2-a] PYRAZINIUM BROMIDE a-OXIDE ( I x x v i i i ) 

A solution of the monoquatemary bromide ( I x x i x ) (-1.0 gJ i n 

concentrated sulphuric acid (3 ml^ was heated on a boil i n g water 

bath f o r 2 min, cooled, and ether added. The ether .. layer was 

decanted and the residual o i l washed with ether, dissolved i n 

. concentrated (48%) hydrobromic ftcid (1 mlj and acetone added. The 

precipitated bromide (0,67 g., 84%) c r y s t a l l i s e d frcin ethanol as 

colourless needles, m.p, 254-256° (decomp.). 

Found : C> 45.3; H, 3.8; N, 11.7% 
CgHgBrNgO requires : C, 44.8; H, 3.8; N, 11.6% 

^max^"2°^ 2230 , 2420j 2640 , 3150 , 3550 sh., 3640 A.° (log^^C 4.34, 

4114, 4.00, 3.87» 3.98, 4.02). 

The picrate c r y s t a l l i s e d from ethanol as yellow needles, m.p. 

185 - 186°. 

Found : C, 46.1; H, 2,9; N, 17.7% 
C,_H„N o requires : C, 46.3; H, 2.85; N, 18.0%. 

1-PHENYL-PYRIDOri,2-a] PYRAZINIUM BROMIDE 2-OXIDE (Ixxx) 

A mixture of 2-benzoylpyrldine (0.95 g.) and bromoacetaldehyde 

oxlme (0.75 g.) was warmed on a boil i n g water bath f o r 30 min. The 

resul t i n g gum was washed with ether, digested with, boiling acetone 

f o r 30 min., and the acetone decanted. The crude residue was then 

washed with acetone containing a l i t t l e methanol and f i n a l l y c r y s t a l l i s e d 

from ethanol, giving the bromide as pale yellow prisms, m.p. 263 - 264° 

(decomp.) (0.43 &, 27%), 
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Found : C, 55.25; H, 4.0; N, 9.1% 
Cj^^H^j^BrNgO. requires : C, 55,5; H, 3.7; N, 9,2%. 

^max^^2°^ 2260, 2670, 3230, 3570 sh,, 3680 A° (log^QC 4,33 , 4,04, 

3,88, 4,00, 4,03). 
The pierate c r y s t a l l i s e d from water as yellow plates, m.p. 212 - 213 

Found : C, 53.1; H, 3.3; N, 16.0% 
So"l3^5°8 • ^' ̂ 3.2; H, 2.9; N, 15,5%. 

l-AMID0METHYL-2-(l,3-DIOXQLAN-2-YL)PYRIDINIUM CHLORIDE 

A mixture of 2-(l,3-dioxolan-2-yl)pyrldine (1,51 gj and 

chloroacetamide (0.94 g j was heated.'^ins^a sealed tube at 118° f o r 

20 hr. The black product was washed with acetone and the residual dark 

s o l i d c r y s t a l l i s e d from m6thanol-ether. Recrystallisaticn gave the 

chloride as colourless plates, m.p. 216° (LS9 g., 76%), 

Found : C, 48.9; H, 5,3% 
^10"l3'^^^2°3 • ^> ̂ ^'^i H, 5.4% 

. , J 

The bromide c r y s t a l l i s e d from Vthanol as colourless plates, 

m.p. 212 - 215°, 
Found :. C, 41,6; H, 4,4; N, 9,4% 

C-_H BrN O, requires : C, 41,5; H, 4.5; N, 9.7% 
lO 13 2 3 

The plerate c r y s t a l l i s e d from ethanol as yellow needles, 

m.p. 182°. 
Found. .:. . C, 43,8; H, 3.5; N, 15.8% 

C,-H„N^O,„ requires : Cj 43.9; H, 3.5; N, 16.0% 16 15 5 lO 

.O 
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1-AMID0METHYL-2-(2-METHYL[1.3] DI0XQLAN-2-YL)PYRIDINIUM CHLORIDE 

Was prepared from 2-(2-methylfl,3]dioxolan-2-yl)pyrldlne 

' ( 1 , 6 5 gJ and chloroacetamide (0,94 gO using the procedure described 

f o r the nonmethylated compound. The chloride c r y s t a l l i s e d from 

alcohol as colourless needles, m.p. 252° (1.39 g., 5 4 % ) . 

Found : C, 51.0; H, 5.85; N, 10.65% 
^ l l " l 5 ^ ^ ^ 2 ^ 3 * ^» ^^•^i "» S'SSJ ^» 10.8%. 

Thej'picrate c r y s t a l l i s e d from ethanol as yellow plates, m.p. 141°. 

Found : C, 45^25; H, 3.9% 
^ 1 7 " l 7 ^ 5 ° 1 0 • C, 45.2; H, 3.8% 

l-BR0M0-PYRIDOri» 2-a] PYRAZINIUM BROMIDE 2-OXIDE ( I x x x i ; X = Br) 

A solution of the 2-oxide ( I x v l l ) (0.5 gJ and bromine (0.5 ml.) 

i n concentrated ( 4 8 % ) hydrobromic acid ( 7 . 5 mW was s t i r r e d at room 

temperature f o r 1 hr., heated on a bo i l i n g water bath f o r 2 hr. and 

cooled. Ihe addition of acetone pre«cipltated the bromide which 

c r y s t a l l i s e d from concentrated ( 4 8 % ) hydrobromic acid - acetone as 

buff needles which charred without melting .below 320° ( 0 . 6 2 g., 9 2 % ) . 

Found : C, 30.85; H, 2.4; N, 8,7% 
C„H^Br„N„0 requires : C, 31,4; H, 2,0; N, 9.2%. 
8 6 2 2 

X (H_0) 2190 sh., 2490 sh., 2560, 2630, 28iO sh., 3530, 3760 A° 

( l o g ^ ^ l 3.94, 3.90, 3.93, 3.92, 3.56, 3.67, 3 . 6 4 ) . 

-74-



The picrate c r y s t a l l i s e d from water as golden prisms, 

m.p. 155 - 156°, 

Found : C, 36,6; H, 2.15; N, 15.1% 
Cj^HgBrNgOg requires : d, 37,0; H, 1,8; N, 15,4% 

PYRIDoCl. 2-a] PYRAZINIUM BROMIDE ( I x v i ; X = Br) 

„(a) A suspension of the 2-oxide ( I x v i i ) (0,48 g j ' i n phosphorus 

tribromide (5 mlj was boiled under reflux f o r 20 min. The mixture 

was cooled, f i l t e r e d , and the residue washed with ether, Recrystallisaticn 

from nethanol-ether gave the bromide as buff needles, m.p. 272 - 274° 

(0.26 58%). 

Found : C, 43.6; H, 3.7; N, 12.45% 
CHBrN^iiH -O requires : C, 43,7; H, 3,7; N, 12,7% 

X (H_0) 2320, 2760, 2870, 3100 sh,, 3220 , 3360 A° (log,-C 4.31, 

3:34, 3,35, 3.73, 3.98, 4.03). 

(b) A solution of the 2-oxlde ( I x v l l ) (0.436 g j i n methanol (20 mU 

Was hydrogenated over Adams catalyst at atmospheric pressure and 

•temperature u n t i l the uptake was 43 ml. The catalyst was f i l t e r e d 

o f f and the solvent evaporated under reduced pressure. C r y s t a l l i s a t i o n 

of the residue from m6thanol-ether gave the bromide, m.p, 272 - 274° 

(0.153 36%). 
(c) A solution of the l-bromo compound ( I x x x i i i ; X = Br) (0,21 g.) 

i n methanol (25 mlj was hydrogenated over Adams catalyst at atmospheric 
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pressure and temperature u n t i l the uptake was 16.2 ml. The catalyst 

was f i l t e r e d off and the solvent evaporated under reduced pressure. 

C r y s t a l l i s a t i o n of the residue from methanol-ether afforded the 

bromide. m.p. 272 - 274° (0.058 g., 43%). 

The plcrate c r y s t a l l i s e d from water as yellow plates, ih.p. 192 - 194°. 

Found :. C, 46.4; H, 2.4; N, 19.8% 
C^^HgNgO^ requires : C, 46.8; H, 2.5; N, 19.5% 

1-PHENYL-PYRIDOCl» 2-a!) PYRAZINIUM BROMIDE ( I x x x i i ) 

A suspension of the 1-phenyl 2-oxide (Ixxx) (0.35 gj in 

phosphorus.; trlbromide (6 mlj was boiled under reflux for 20 min. 

The mixture was cooled and f i l t e r e d . C r y s t a l l i s a t l a i . of the residue 

from methanol-ether gave the bromide as colourless plates, m.p. 259° 

(0.18 g^ 54%). 

Found I C, 58.0; H, 4.2; N, 9.8% 
C-.H,,BrN- requires t C, 58,5; H, 3.9; N, 9.8% 

^max^"2°^ 2350, 3000, 3400 A° (log^^C 4,32, 3i97, 3.89). 

Hie picrate c r y s t a l l i s e d from ethanol as yellow needles, 

m,p; 162 - 164°, 
Found : C, 55.2; H, 3.4: N, 16.3% 

Cg^H^gNgO^ requires : C, 55,2; H, 3.0; N, 16.1% 
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l-BR0M(P.PYRIDOri. 2-a] PYRAZINIUM DROMIDE ( I x x x l i l ) 

A suspension of the 1-bromo 2-oxide ( I x x x i ) (0»38 gj in 

phosphorus - trlbromide (6 mlj was boiled under reflux for 15 min. 

The.mixture was cooled, f i l t e r e d , and the residue c r y s t a l l i s e d from 

methanol-ether, affording the bromide as colourless needles which 

charred without melting below 320° (0,21 g., 58%). 

Found : C, 32.9; H, 1.9; N, 9.9% 
CgHgBrgNg requires : C, 33.1; H, 2.1; N, 9.7% 

X (HO) 2450, 2840, 2990, 3390, 3520 A° (log-_C 4.33, 3.56, 3.51, 

3.96, 4.13). 

The picrate c r y s t a l l i s e d from methanol-ether as yellow needles, 

m.p. 142°, 
Found : C, 38.2;: H, 2.2; N, 15.6% 

Cj^^HgBrNgO^ requires : C, 38,4;^H, 1,8; N, 16.0%. 

'^l-4.DIHYDR0-l-IMINO-PYRID0ri. 2-al PYRAZINIUM BROMIDE 2-OXIDE (Ixxxv) 

A solution of 2-cyanopyrldlne (1 g.) and bromoacetaldehyde oxime 

(1.5 gO i n tetramethylenesulphone (2 ml.) was allowed to stand at room 

temperature for 30 days. The yellow needles which had c r y s t a l l i s e d 

from the solution were f i l t e r e d off and r e c r y s t a l l i s e d from methanol-

.ether, affording the bromide as yellow needles, m.p. 268° (0.274 g.;.= 

12.5%). 
Found ':. C, 40.2; H, 3.4; N, 17.0% 

C_H_BrN^O requires :: C, 39,7; H, 3.3; N, 17,4%. 

X ^jjCHgO) 2410, 2810, 2900, 3530, .4130 A° (log^oC 4.06 , 4.29 , 4.30, 

3.40, 3,40), 
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, The picrate c r y s t a l l i s e d from methanol-water as red needles, 

m.p. 212 - 215°. 

Found : C, 43.2; II, 2.6% 
^14"lo'*6°8 '• ^» ^» 2.6%, 

l-2,DIHYDR0-l-0X0-PYRID0[l. 2-a] PYRAZINIUM BROMIDE ( I x x x v i i ) 

A sdlutlon of the 1-imino 2-oxlde (Ixxxv) (0.46 gj in concentrated 

(48%) hydrobromic acid (3 mlO was boiled under reflux for 15 min., cooled, 

and acetone added. The resulting s o l i d c r y s t a l l i s e d from methanol-ether 

giving the bromide as yellow needles which charred without melting below 

320° (0.42 91%). 

Found :, C, 41.9; H, 3.2; N, 12.3% 
CgH^BrNgO requires : C, 42.3; H, 3.1; N, 12.3%. 

X^jjCHgO) 2450 , 2570, 3450 A° (log^jjC 4.23, 4.22, 3.97). 
; '• • 

The picrate c r y s t a l l i s e d from.methanol-water as yellow needles. 

m.p. 250 -,254°. 

Found : C, 44.5; H, 2.1% 
Cj^^HgNgOg requires : C, 44.8; H, 2.4% 

1-OXO-PERHYDROPYRIDoCl. 2-al PYRAZINE (Ixxxvi) 

A solution of thel - o x o bromide ( I x x x v i i ) (0.3 gj i n 20% aqueous 

methanol (25 mlj was hydrogenated to completion overAAdams cata l y s t 

at atmospheric pressure and temperature. The catal y s t was f i l t e r e d off 
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and the methanol evaporated under reduced pressure. The residual 

aqueous solution was basified.(NaOH) and-extracted with ether. The -

etheri. :•: layer was dried (Na^O^) and the solvent evaporated under 

reduced pressure, leaving the base as a white s o l i d which was purified 

by subllmlnatlon (100°/2 mm), m.p. 131° ( l i t . ^ ^ , m.p. 134 - 134.5°) 

(0.058 g., 40%). The infra-red spectrum of the base was identical 

to that of an authentic sample of the base prepared by the c a t a l y t i c 

hydrogenation of the:.'lactam (Ixxv) ' . 

PICOLINIC ACID AMIDE^^ 

A solution of ethyl picollnate (1 gj i n concentrated aqueous 

ammonia (5 mlj was allowed to stand i n a stoppered f l a s k for 2 hr. 

Hie solution was reduced to half^ volume by evaporation under reduced 

pressure when the amide c r y s t a l l i s e d from the solution as colourless 

plates (0.6 g j . Hie f i l t r a t e was saturated with ammonia and allowed 

to stand for a further 2 hr. The solution was'.-heated to boiling, 

and cooled, yielding a further quantity of the amide (0.076 g., total 

y i e l d 84%) which c r y s t a l l i s e d from water as colourless plates, m.p. 

107° dit."'^^, m.p. 107°). 

PICOLINIC ACID AMIDE HYDROBROMIDE 

(a) P l c o l i n l c a c i d amide (0,194 gj was dissolved i n concentrated 

(48%) hydrobromic acid (1 mlj and acetone subsequently added 

precipitating a colourless s o l i d which was f i l t e r e d and purified 

by sublimafion (120°/0,7 mm) giving the hydrobrbmlde as colourless 



. needles, m.p. 222-225° (0,311 g, 95,5%) 

Found : C, 36.0; H, 3.6; N, 14.2% 
CgH^BrNgO requires : C, 35.5; H, 3,5; N, 13.8% 

(b) A mixture of p i c o l i n i c acid amide (1 g j and bromoacetaldehyde 

oxime (1.13 g j was warmed to effect solution and allowed to stand at 

room temperature for 14 days. The resulting gum was washed with 

. acetone, yielding the hydrobromide which sublimed (120°/0.7 mm) to 

give colourless needles, m.p. 220 - 225° (1,32 g., 79%). The infra-red 

• spectrum was i d e n t i c a l to that of the sample obtained as i n ( a ) . 

1.3-DIOXO-1.2.3,4-TETRAHYDRO-PYRIDO[l. 2-a] PYRAZINIUM BROMIDE ( I x x x v l l l ; 
X = Br) 3 

(a) A mixture of p i c o l i n i c acid amide (2,9 gj and ethyl'bromoacetate 

(4,1 gj was warmed on a boiling*^water bath for 70 hr. The resulting 

deep red s o l i d was washed with acetone and c r y s t a l l i s e d from concentrated 

(48%) hydrobromic acid - acetone giving the bromide as colourless needles 

which charred without melting below 320° (4,93 g., 85%). 

Found s C, 39.8, H, 3.2; N, 11,7% 
CoH,BrN„0 requires : C, 39,5, H, 2.9; N, 11.5%. 
8-7 2 

X|jj^jj(0.1N HCl) 2060, 2260, 2740 A° (log^QC 4.32, 3,82, 3.85),. 

-80-



(b) A solution of l-carboxymethyl-2-amidopyridinium betaine (xca) 

( 0 . 6 3 8 gO i n concentrated (48^) hydrobromlc acid ( 2 . 5 mlj was 

boiled under reflux for 1 hr. The addition of acetone precipitated 
If 

a colourless s o l i d which c r y s t a l l i s e d from concentrated (48%) 

hydrobromic acid-acetone giving the bromide as colourless needles 

( 0 . 3 0 5 g., 35.5%). The' infra-red spectrum of the s a l t showed i t to 

,be the bromide ( I x x x v i i i ; X = B r ) . 

(a) The chloride ( I x x x v i i i ; X = C I ) was prepared by heatini; s 

mixture of p i c o l l n i c acid (123 gO and chloroacetamide (0 .935 gJ 

i n a sealed tube at 120°^ for 18 hr. The resulting black gum was 

washed with acetone %nd ^ r y s t a l l l s e d from concentrated hydrochloric 

acid - acetone, affording the chloride as colourless needles which 

charred without melting below 3 2 p ° ( 0 . 5 g., 25%). The infra-red 

spectrum of t h i s s a l t was. i d e n t i c a l to that of the bromide ( I x x x v i i i ; 

X = B r ) . 

(b) A modification of t h i s reaction,, using ethyl picolinate (1 .51 g.) 

i n place of p l c o l i n l c acid ( 1 . 2 3 gJ gave the chloride as colourless 

needles, ( 0 . 5 9 5 g., 30%), The infra-red spectrum of t h i s s a l t was 

i d e n t i c a l to that of the bromide ( I x x x v i i i ; X = B r ) . 

Hie picrate c r y s t a l l i s e d from nitromethane-ether as yellow needles, 

m.p, 183 - 1 8 5 ° . 

Found : C, 4 3 . 2 ; H, 2 . 6 ; N, 17.65% 
Cj^^HgNgOg requires : C, 4 3 . 0 ; H, 2 . 3 ; N, 17.9% 

ETHYL PICOLINATZ^ 

A solution of p i c o l l n i c a c i d ( 5 0 g.) i n dry ethanol (150 ml.) and 

concentrated sulphuric acid (60 mlO was boiled under reflux for 4 hr.. 
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cooled, concentrated sulphuric acid (40 mlJ added and the solution 

boiled under reflux for a further 15 min. The cooled solution, was 

poured onto crushed i c e (500 g;), sodium carbonate (62.5 g.) added and 

the solution baslfled.by the addition of concentrated aqueous ammonia 

solution (160 mlO. The ether- extract of the.'alkaline solution was 

dried (Na SO ) , the solvent removed by evaporation under reduced 2 4 

pressure and the resulting ester d i s t i l l e d under reduced pressure, 

b.p. 85°/2.5 mm. ( l i t ' ' ^ , 4 ) . p . 125 - 127°/14 mm) (43.7 g^ 68%) 

( l l t , * ^ ^ y i e l d 61%). 

l-(CARBETH0XYME'rilYL)-2-CARDETHOXYPYRIDINIUM BROMIDE 

A mixture of ethyl picolinate (3.02 gO and ethyl bromoacetate 

(3.34 gO was warmed on a water bath (90°) for 70 hr. The resulting 
black s o l i d was washed with acetone and c r y s t a l l i s e d from ethanol-ether 

giving the bromide as colourless needles, m.p. 146° (5.79 g., 91%). 

Found :, C, 45.4; H, 5.2; N, 3,9% 
C^gH^gBrNO^ requires : . C, 45.3; H, 5.1; N, 4.4% 

The picrate c r y s t a l l i s e d from water as yellow needles, m.p. 110°. 

Found : C, 46.4; H, 4.0; N, 12.0% 
C,_H,_N.0„ requires : C, 46.35; H, 3.9; N, 12.0%. I s 18 4 11 
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1. 3-DI0X0-1.2.3.4-TETRAHYDR0-PYRID0Cl. 2-a]PYRAZINIUM DETAINE (Ixxxix) 

(a) The bromide ( I x x v i i l ; X = Br) (0.11 g.) was added to concentrated 
aqueous ammonia (1 mlj and a yellow s o l i d precipitated from the solution. 
The s o l i d was washed with acetone and' c r y s t a l l i s e d from nitromethane-ether 
giving the b i c y c l l c betaine as yellow needles which darkened without 

, melting below 320° (0.072 g., 98%). 

Found : C, 59.2; H, 3.9; N, 17.35% 
C„H^N O requires : C, 59,3; H, 3.7; N, 17.3% 8 6 2 2 

X ^g^jjCHgO) 2080 , 2550 , 3690 , 4090 A° (.loe^^C 4.21, 4.23, 4.04, 3.94). 

(b) A solution of l-(carbethoxymethyl)-2-carbethoxypyridinium bromide 

. (2 gJ i n concentrated'aqueous ammonia (10 mlj '̂ âs boiled under reflux 

for 10 mlh. The. solution was reduced to half volume by evaporation 

' under reduced pressure and acetone was added, precipitating the betaine 

a s a yellow s o l i d which c r y s t a l l i s e d from nitromethane-ether as yellow 

needles (0,815 g., 80%). The'.infra-red spectrum of this betaine was 

I d e n t i c a l to that of the betaine (Ixxxix) prepared as in ( a ) . 

Treatment of the betaine (Ixxxix) with saturated alcoholic p i c r i c 

acid afforded the picrate ( I x x v i l i ; X = picrate) which c r y s t a l l i s e d from 

. nitromethane-ether as yellow needles, m.p. 183 - 185°. 
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l-CARBOXYMETHYL-2-AMIDOPYRlDr.NIUM BETAIICE (xca) 

(a) A suspension of the b l c y c l i c betiaine (Ixxxix) (0.315 gj i n 

water (10 mlj was boiled under reflux for 1 hr, when the betaine 

(I x x x l x ) slowly dissolved. The volume of the solution was reduced 

to 2 ml. by evaporation under reduced pressure and acetone added. 

C r y s t a l l i s a t i o n of the resulting'colourless s o l i d from methanol-ether 
o 

afforded the monocyclic betaine as' colourless aeedles, m.p. 192 

(0.325 g., 93%). Found :. C, 53.15; H, 4.7; N, 15.8% 
C„H„N O requires : C, 53.3; H, 4.5; N, 15.55% 
o o Z 3 

^max^"2°^ 2120, 2770 A° HOS^QC 3.74, 3.81). 

(b) A solution of l-carboxymethyl-2-amidopyridinium betaine hydrobroraide 

(0.2 gj in an aqueous slurry of ion exchange resin (Amberlite I . R . A . -

400 (OH)) (2 mlj was shaken for 2 min.and f i l t e r e d . The solvent was 

evaporated under reduced pressure and acetone added, precipitating a 

colourless s o l i d , c r y s t a l l i s a t i o n of which, from methanol-ether, afforded 

theo.monocycllc betaine as colourless needles, ni.p. 192° (0.083 g., 60%). 

The infra-red spectrum of t h i s sample was identical to that of the 

sample obtained as i n ( a ) . 

The p i c r a t e , pcepared by the addition of alcoholic p i c r i c acid to 

the betaine (xca), c r y s t a l l i s e d from alcoholic p i c r i c acid as yellow 

needles, m.p, 176 - 178°. 
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Found : C, 40.9; H, 2.5; N, 17.3% 
^14"ll^5°10 ^^1"*-"^ = C, 41.1; II, 2.7; N, 17.1% 

l-CARBOXYMETHYL-2-AMIDOI'YRIDINIUM BETAINE...HYDROBROMipE ( x c i i l ) 

(a) Ice cold concentrated (48%) hydrobromic acid (1 mlj wan added to 

l-carboxymethyl-2-amidopyridinium "betaine (0.5 gJ followed immediately 

by an excess of acetone. The bromide c r y s t a l l i s e d slowly from the 

solution as colour less:, needles, (0.283 g., 39%). C r y s t a l l i s a t i o n of 

the bromide from ethanol-ether afforded the betaine (xca) whilst from 

aqueous hydrobrcmic acid-^acetone^the product was the imlde ( I x x x v i i i ; 

X = B r ) . 

(b) A mixture of p l c o l i n l c acid amide (1,22 gJ and bromoacetlc acid 

(1,39 gJ was warmed on a water bath (85°) for 18 hr. The product was 

washed with acetone and the bromide s o l i d i f i e d as a pale yellow mass, 

(2.395 g., 88%), Hie infra-red spectrum of t h i s s a l t was identical to 

that of the sample prepared as i n ( a ) . 

The picrate,' prepared by the addition of saturated aqueous sodium 

pi c r a t e to the bromide, c r y s t a l l i s e d from alcoholic p i c r i c acid as 

yellow needles, m,p, 176 - 178° and was identical to the picrate of 

l-carboxymethyl-2-amidopyridinium betaine, 

PYRIDINE BETAINE HYDRODRDMIDE ( x c i ) 

A mixture of pyridine (1,58 gJ and ethyl bromoacetate (3.34 gJ was 

warmed on a boiling water bath for 5 min., cooled and the resulting s o l i d 

washed with acetone. C r y s t a l l i s a t i o n of the residue from ethanol-ether 

afforded l-carb ethoxymethy.iupyi'idinium ::bromide as colourless needles, 

m,p, 136° ( l i t ' ^ ^ , m,p, 135 - 136°), 
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(4.76 g., 97%). The quaternary ester (1 g.) was dissolved in water 

(2.5 mlj and passed down an ion exchange column (Ainberlite.I.R,A. -

400 (OH)), elutlng with water. The eluate, which was deepred, was 

retained and concentrated (48%) hydrobromic acid (1 ml.) added. 

Evaporation, under reduced pressure, followed by the addition of 

acetone and c r y s t a l l i s a t i o n of the residue from water afforded the 
o 74 o hydrobromide as colourless plates, m.p. 199 - 202 ( l i t , m.p. 198 - 200 

(decomp.))(0.695 g., 79%). 

, 1-AMIDOMETlIYLPYRIDINIUM CHLORIDE ( x c i i ) 

A mixture of pyridine (1.58 gJ and chloroacetamide (1.87 g.) 

was heated i n a sealed tube at 100° for 18 hr. The resulting s o l i d 

was washed with acetone and crystallised.from methanol-water giving 
^ o the chloride as colourless needles, m.p. 209 - 211 (2.48 g., 72%). 

• n 
Found : C, 48.8; H, 5.1; N, 15.9% 

C_H_C1N 0 requires : C, 48.7; H, 5.25; N, 16.2% 

PERHYDROPYniDoCl. 2-a] PYRAZINE ( i i ) 

(a) A solution of the 2-oxide ( I x v i l ) (0.4 gJ in 20% aqueous methanol 

(25 mlO was hydrogenated to completion over Adams c a t a l y s t , f i l t e r e d 

. and the alcohol evaporated under reduced pressure. The residual 

aqueous solution was baslfied (NaOH), the ether extract of the a l k a l i n e 

solution dried (Na SO ) and the solvent evaporated under reduced pressure, 
2 4 

-89-



' Hie r e s u l t i n g base was d i s t i l l e d unde^r reduced pressure, b.p. 60°/0,6 mm 

d l t ' ^ ^ , 98 - 99°/25 mm) (0.098 g., 40%). 

Found : C, 63.2; H, 11.7% 
c a l c . for C_H,_N_ : C, 68.55; H, 11.5%. 

. (,b) Hydrogenation of l-bromo-pyrldo([l, 2-a] pyrazinium bromide ( I x x x l l l ) 

(0.18 gJ as described for the 2-oxlde ( I x v i l ) afforded the base, 

b.p. 80°/2 mm (0.037 42.5%). 

( c ) Hydrogenation of 1, 4-dihydro-l-imlno-pyrido[l, 2-a]pyrazinium 

bromide 2-oxlde (Ixxxv) (0.3 gJ as described for the 2-oxide ( I x v i i ) 

gave the base, b.p. 80°/2 mm (0.068 g^ 36.5%). 

(d) 1, 3-Dioxo-l,2,3,4-tetrahydro-pyridofl, 2-a) pyrazinium bromide 

( I x x x v i i i ; X = Br) (0.8 gJ was slowly added to a s t i r r e d solution of 

lithium aluminium hydride (1 g.)̂  i n dry ether (50 mlj and the resulting 

solution boiled under reflux for 5 hr., cooled, and allowed to stand 

at room temperature for a further 17 hr. The excess hydride was 

decomposed with water, the resulting cZusar ether solution decanted, 

water (5 mlj added, and the ether evaporated under reduced pressure. 

Methanol (20 mlj was added to the resulting aqueous solution and the 

intermediate compound was hydrogenated.to completion over Adams 

c a t a l y s t . The catftlystwas f i l t e r e d off and the alcohol evaporated 

from the f i l t r a t e under reduced pressure. The residual aqueous 

solution was b a s l f l e d (NaOH), the etheral extract of the alkaline 

Solution dried (Na^SO^) and the ether evaporated under reduced pressure. 
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leaving the base which was d i s t i l l e d under reduced pressure, b.p. 70°/ 

1,7 mm, (0,138 g., 30%). 

The infra-red spectra of the bases obtained as in ( b ) , (c) and 

(d) were i d e n t i c a l to that of the base prepared as i n (a) and to the 

infra-red spectnimof an authentic sample of perhydropyrido[l, 2-a J 

pyrazine prepared by hydrogenatlon and subsequent lithium aluminium 

hydride xtaductlon of the lactam ( I x x v ) , 

The diplcrate c r y s t a l l i s e d from water as yellow needles, m,p, 

275 - 278° ( l i t , m,p, 240°^®, 250 - 260®^). 
Found : C, 40.3; H, 3.8; N, 18,65% 

C a l c . for CgHjgN2»2CgHgNgO^ : C, 40.15i H, 3.7; N, 18,7%. 

The melting points of the dlplcratesderlved from the base 

prepared as i n (a), ( b ) , ( c ) and (d) were i d e n t i c a l . 
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1-AMIDOMETIIYLPyRIDINIUNI CHLORIDE 

BROMOACETALDEHYDE OXIME 

l-BR0M0-PYRID0[l,2-a]pyRAZINIUM BROMIDE 

" PICRATE 

l-BR0M0-PYRID0[l,2-a] PYRAZINIUM BROMIDE 2-OXIDE 

" PICRATE 

PICRATE 

1,2-DIHYDRO-l-OXO^PyRIDO [ l ,2-a] PYRAZINIUM .BROMIDE 

" PICRATE 

2-(l,3-DIOXQLAN-2-YL)PYRIDINE. . 

e 

73 l-AMID0METHYL-2-(l,3-DI0X0LAN-2-YL)PyniDINIUM BROMIDE 

CHLORIDE 7 3 

PICRATE " 7 3 

l-AMID0METHYL-2-(2-MET1IYL[I,3]DI0XQLAN-2-YL)PYRIDINIUM CHLORIDE 7 4 

" ' PICRATE 7 4 

8 6 

6 9 

7 7 

77 

74 

7 5 

8 2 l-CCARBETH0XyMETHYL)-2-CARBETH0XYPYRIDINIUM BROMIDE 

PICRATE 8 2 

l.-CARBQXYMETHYL-2-AMIDOPYRIDINIUM BETAINE 

. " HYDROBROMIDE 

8 4 

8 5 

8 4 

2-OXIDE 77 l , 4 - D I H Y D R 0 - l - I M I N 0 - P Y R I D 0 [ l , 2 - a ] PYRAZINIUM BROMIDE 

" PICRATE " "̂ ^ 

7 8 

78 

6 9 
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l,3-DI0XO-l,2,3,4-TETRAHYDR0TPYRID0[l,2-a]PYRAZINIUM BETAINE 83 

" BROvilDE 80 

CHLORIDE 81 

" PICRATE 81 

1-0X0-PERHYDR0PYRID0[l, 2-al PYRAZINE 

PERHYDR0PYRID0[l»2-a) PYRAZINE 

l-PHENYI^PYRID0[i, 2-a)PYRAZINIUM BROMIDE 

PICRATE 

l-PHENYL-PYHID0[l, 2-a] PYRAZINIUM BROMIDE 2-OXIDE 

PICRATE ." 

PICOLINIC ACID AMIDE 

" " " HYDROBROMIDE 

PYRIDINE BETAINE HYDHOBROMIDE 

.PYRID0[l,2-al PYRAZINIUM BROMIDE 

"• PICRATE 

PYniD0[l,2-.a] PYRAZINIUM BRO^D| J^X|PE 

81 

71 

72 

ETHYL PIGOLINATE 

2-( 2-METHYL [ l , 3] DI0XDLAN-2-YL)PYRIDIHE 

1-METHYL-PYRIDofl , 2-a| PYRAZINIUM BROMIDE 2-OXIDE 

PICRATE " 72 

l-(2-0XIMIN0ETHYL)-2f (l.,3-DIOXD.LAN-2-YL)PYRIDINIUM BROMIDE 69 
" PICRATE 70 

1-(2-0XIMIN0ETHYL)-2-(2-METHYL[I ,3] DI0XqLAN-2-YL)PYRIDINIUM 
BROMIDE 71 

1-(2-OXIMIN0ETHYL)-2-(2-METHYL[I ,3] DI0XDLANr=2-YL)PYRIDINIUM 
^ PICMTE 71 

78 

86 

76 

76 

,72 

73 

79 

79 

85 

75 

76 

70 

PICRATE,FRl?t''<'^' - 71 


