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SYNOPSIS

| The methods of synthesis of. 's;'lts containing the quinolizinium
nucle;xs » the pyrazinium nucleus and the pyrazidi-inium nucleus are
. revie\ved.
The:object of this work was to establish satisfactory, and if
possible, general’ metho@s of synthesis of pyrido [1, 2—a]pyrazinium

I

salts and some oxygenated derivat:l.'v.es in quantities sufficient -to.
.permit a study of their properties. |
| The method envisaged for the synthesis of pyrido [1 2—a]pyrazin1um
. salts was the hydrolysis of the monoquaternary salt between

. 2=(1, 3-dioxolan-2-yl) pyridine and bmmoacetaldehyde oxime followed

© by cyclo‘deh-ydration of the resulting di-aldehyde with ammonium acetate,

'The product of the hydmlysis of the quaternary salt with mineral acid

was not the expected d:l.-a.ldehyde but pyndo[l, 2-a] pyrazinium bromide '
2-oxide, which was d_eoxygenated with phosphorus tribromide to
: pyrido [1 ’ 2-a] pyrazinium ppomide. The l-methyl- and l-phenyl-pyrido
[1, 2-a] pyraziniu;xt bromide 2-oxides were similarly prepared from
‘suitable precursors wh:llst- 1-bromo-pyrido[1, 2-a]pyrazinium bromide
2-oxide was prepared by the br.om:l.na_tion of pyrido [1, 2-a] pyrazinium
e bromide 2-oxide. Treatment of the 1-phexiy1 and l-bromo 2-oxides with
phosphorus tribromide affordeci the l-substituted pyridq El, 2—a]
pyrazinium salts but attempts to deoxygenate the 1-methyl 2-oxide were
unsuccessful .

1, 4-D1hyc;ro-1-imino-pyrido[1, _2-8' pyraz—inium bromide 2-oxide was

prepared by treating 2-—‘cya1iopyr:ldine with bromoacetaldehyde oxime.

(11)



When a solution of the 1-imino 2-;oxide in cenceni:rated hydrobromic acid
'was boiled under reflux the broduct was 1, 2¥dihydro-1-oxo-pyrido
[1 » 2-a] pyrazinium bz;omide.

. The reaction bet\_ween picolinic acid amide and ethyl bmmoacei:ate
afforded 1, 3-dioxo-1,-2, 3, 4-tetrahydro-pyrido[l, 2-a]pyrazinium
'b:'romide which was converted to a bicyclic betaine on treatment with
concentrated aqueous or alcoholic ammonia. Hydi'olysis of this bicyclic
betaine gave 1-carboxymethyl-Z-amidopjridinium betaine,

Catalytic hydregenation of,:pyrido[l, 2-a]pyrazinium bromide
2-oxide, the l-bromo 2-oxide :or. 1, 4-'dihydro-1-iinino-pyrido[1, 2-a] pyrazin-
-_ ium bromide 2-oxide afforded perhydropyrido[l 2-a] pyrazine which was
‘also prepared by the action of lithium aluminium hydride on
1; 3-dioxo-1, 2, 3, 4-tetrahydro-pyrido[1, 2-a]pyrazinium bromide and

) subsequent catalytic hydrogenation of the intermediate compound.

Catalytic hydrogenation of 1, 2-dihydro-1-oxo-pyrido[1 2-a]pyrazin1um

' bmmide yielded 1-oxo—perhydr0pyrido|:1 2-a]pyrazine.

(111)
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INTRODUCTION




NOMENCLATURE

The nomenclature and abbreviations used in this thesis are
those recommended in the Handbook for Chemical Society Authors 1961,
published by the Chemical Society. The ring index system will be
used thr;ughout for the naming of fused cyclic systems.

The bicyclic fused ring system in which the 4a bridgehead'and
? carbon atoms have been replaced, respectively, by a quaternary
' anq tertiary nitrogen atom will bé designated the pyrido
[1. 2 - n] pyréziniuﬁ 1oh (i); The corresponding saturated base

"~ (11) will be referred to as perhydropyrido [1, 2 - a] pyrazine.

1) ' (11)

. It should be noted that the cation (i) has also been referred

to as:theﬁz?azaquinolizjnium_ionl'z’s.




‘HISTORICAL .INTRODUCTION

The earliest synthesis of a quinolizinium derivative was
recorded by Diels and A1der4. Whilst investigating the reaction
between pyridine and the dimethyl ester of acetylene dicarboxylic
acid they isolated three products, one qf whicg they believed.to
be tetramethyl 10H-qu1noliztng-1,2,3,4-tetracarboxy}afe but which
was later shown by Achgson and Taylér5 and by Jackman and Tebby6 :

' to be thé 4H-isomer (iii)

[

(111)

Oxidetion of (1ii) with bromine in methanol gave the quaternary

. salt (iv; X = Brg) which was converted to the bromide (iv; X = Br)

by boliling in acetone.

COOMe
COOMe
o 727 B,
] N ~ COOMe
COOMe
(111)




The "Diene Synthesis" used by Diels and Alder? to synthesise

compounds containing the quinolizinium nucleus is limited to a

few compounds because of the relative instability of the intermediate

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

to 1ndoliziné derivatives,
Excluding this synthesis, the methods recorded fpr the synthesis
of quinolizinium and related cations fall essentiai;y into three.
" classes and fheée wiil be considered individually.
METHOD 1
This invoives the attacpment of a suitable side chain &o the
éarbon atom adJacept'to the nitrogen atom of a piridine ring followed

"by fing closure onto the pyridine nitrogen atom.

.THE QUINOLIZINIUM NUCLEUS

In 1949 it was shown7'8.that the alkaloid sempervirine contained

the quinolizinium nucleus.

sempervirine




The method of synthesis developed by McLamore and Woodward8
for the preparation of sempervirine has since been adapfed for the
preparation of many quinolizinium salts. They condensed

2-1sopropoxyméthylenecxclohexanﬂtie9 with the lithium derivative of

_ N-methylharman and cyclised the 1nferﬁed1ate compound (v) with

mineral acid_tO'obtain-thé methochloride of sempervirine (vi).

-~

CHOPr™




The first synthesis of an unsubstituted quinoiizinium salt (vii)
was acgieved by Beaman and Woodwardlo. The method entailed the
tréatment of 2-picolyl lithium Qith 3plggpr0poxyacreolin and
- cyclisatign of the 1nterﬁediate vinyl ether_ﬂviii) with mineral

acid to give the required quinolizinium'salt (vii) in low yield,

a7 tes)

. PriOCH = CHCHO 0 (vidl) (vii)

1%112 have been made to the general

Several modifications
reaction sequence of McLamore and WOOdward8 and a general scheme,
‘devised by Richards and Stevens'° uses 2-picolyl lithium and enol

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

" aryl substituted quinolizinium salts (ix).

/. HzLi .

- BN
I > l
-. +
4 | ) ol
. -
- ncocnnlcnn(ohk)2 | | L T (1)

-~




By using 2, 6-lutidyl lithium and the appropriate protected
@ -diketone, Amstutz ana Hansenl4 were able to synthesise-~
4, G-dimethquuiholizihium salts by énalogous reaction sequences.:
The first synﬁhesis of quinolizinium salts in ap#reciable
yield was recorded by Glover and Jones15 who treated 2-cyaﬂopyr1dine
‘with the Grignard reagent from 3-ethoxypropyl bromide and obtained -
| 2-4'-ethoxybutyrylpyri&ine (X; R = H)16. The ether was cleaved
i using'hydrobromic'acid and cyclisation effected by heating the
.resulting bromo compound (xi; R = H) in chloroform to give -
Il-oxo-l,2,3,4;tetrahydro-quinolizinium bromide (xii; R = H, X = Br).
Dehydration by boiling under reflux in acetic anhyaride as solvent

afforded quinolizinium bromide (¥ii; R = H, X = Br) in 48%" overall

yield based on 2-cyanopyridine.

~ N
RN LS
+ :

a B .x—
(vii)

heat:




The reaction was shown to be of a general nature by the same
: 15,17 . '
authors who synthesised a number of 2-, 3-, and 4-alkyl and
erl substituted quinolizinium'salts;from suitable precursors.
A further synthesis of quinolizinium bromide, together with

several mgthyl derivatives, has been reported by Iwia and Myaderals.

, They condensed ethyl picolinate, or a suitably ring substituted

derivative, with 2-oxotetrahydrofuran and obtained the ketolactone.

(xiii) which,'oﬁ treatment with concentratéd hydrobromic acid, under-

.. went decarboxylation giving the bromoketone (xi). Boiling in

chloroform followed by dehydration with acetic anhydride yielded

the quinolizinium bromide (vii; R = H or Me; X = Br).

0 0
0
(xiii)
. (1) cHCl, G A
; . > R |
- (2) (MeCO)z0 NN '—?—' Z

-8= . (vii)




Dehydrogenation19 of l-oxo-l;2,3,4-tetrahydroqu1nol1z1nium-bromide

(xiv) yielded the l-hydroﬁyquinqlizinium salt (xv) in low'yield;
. . ) ) .
it was isolated as the picrate (xv; X = picrate). Fozard and

20,21

Jones later synthesised the 1-hydroxy20, 2—hydroxy21 and the

1,2-dihydroxyqu1nolizin1um20 salts (xv), (xvi) and (xvii) respectively

" from the same precursdr in accordance with the reaction sequence below,
OOCMe

) o

o

72 S . ‘ N N
Br2/HBr s Br (MeCO)0
'l N reflux '
N . SN y
+ R + +
(xiv) Br~ ' " Br- Br-
Ho/Pd
OH
z~ ] R
A\ p/
+—
Br
(xv)
rr OH
MeCOOAg L z | N
et NN

Br (xvi)




Some alkyl and afyl substituted 1-hydroxyquinolizinium salts22
s have also bgen preﬁared,-and many are listed in:a review by
Kréhnke' '2, . o )
The l-amindéuinolizinium salts reported by Collicut and Jones23
are the only aminéquinolizinium salts known, They were:also prepared
) from the cyclic ketone (xiQ) by conversion to the oxime and thence
~ to the l-acetamido compound (xviii) by boiling with acidified acetic

anhydride.  Hydrolysis of this salt (xviii) with concentrated

hydrobromic acid yielded_thenl-amino salt as the hydrobromide (xix).

NOH
. NH20H . N
. Br
.NH, .HBr.
HBr \ ’/’ | \\\
N\~
+

Br- (xix)




BENZOQUINOLIZINIUM SALTS

The synthesis.develéped by McLamore and Woodward8 for the
- preparation of the methochloride of sempervirine (p. 5) was similar
_to the reaction sequence which they used to prepare
tqt:ahydrobenzo [6] quinolizinium picrate (xx; X = picrate).. They
. treated 2-picolyl 1ithium with 2-1_sgpr§poxymethy1enemhexamné? _
- and cyclised the'intermediaté compound with mineral acid to give

_the required salt (xx).

. / ' CHpli ) . S N
N . ICH. N«

oprl

HX

A 4

(xx)

The threeuisomeric benzoquinolizinium salts have been prepared
* by Glover and Jones_l5 who extended their general method for the

synthesis of quinoliziﬂium salts described previously (p. 7).

]

-11-



Using l-cyanoisoquinoline, 3-cyanoisoquinoline or 2-cyahoqu1noline

together with the Grignard reagent from 3-ethoxypropyl bromide they

- synthesised benzo [a.] quinolizinium salts (xxi), benzo [b] quilnolizinium

- - salts (xxii) and the benzo [c] isomer (xxiii).

S (xxiid)

-12=




AZAQUINOLIZINIUM SALTS

At the time of writing this review, no unsubstituted'
pyrido[:l, 2 -8 ] pyrimidinium salts'have been reported, whilst
only recently have unsubstituted pyfido [1, 2 - a]'pyrazinium

24 '

salts been prepared .,

Nesmeyanov et 3125 prepared 4-alkyl-pyrido [1, 2 - a] pyrimidinium
salts (xxiv) in moderate overall yield by heating.z-aminopyridine
with a(-acylacetals_in sealed tubes and cyclising the resulting

" - 2-acylanils (xxv) with ethanolic hydrobromic acid,

o | "+ meo.cncnomin), ——s |
LN " L TIRUN
| . | . 0

| . N
HBr - = | N
EtOH 4 . N
' “+ /.
X~ R (xxiv)

The ¥ield was later improved to 80% by Nesmeyanov and
Ryb:l.nskaia26 who allowed a mixture of 2-aminopyridine and an acyl
- gsubstituted vinyl chloride to stand for several days in methanolic

perchloric acid, ,Thé bicyclic_saltsmne'isolated as the perchlorates

(xxivi X = C104).

-13-
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" METEOD 1I
This method involves quaternisation of a suitable
2=-substituted pyridine with a substituted alkyl halide containihg
.'a group capable of condensing with the 2-substituent., A
.modification of this technique is to cyclise the l-substituént.of
the quaternary salt onto the unsubstituted 2 carbon atom of the
_pyridine ring, |

QUINOLIZINIUM SALTS

This general method of preparat;on has been used by Krazkel'z
to prepare l-hydroxy;a-arquu1noliz1n1um salts and their 2-alkyl
.derivatives. _Quaternisation of 2-acylpyridines with w ~bromoacetophenone
of.a sultably subs£ituted derivative gave tﬁe monoquafernary salts

(xxvi) which, on treatment with sodium carbonate cyclised to the

'.'zwitteriann forms of the l-hydroxyibromides (xxvii).

BrCH,COAT L — I
+ G, COAr
Br (xxvi)
‘OH
. ’,/ \\\ R
NEgC°3 5 HBr . > l
R A ANAr
Br- (xxvii)

-14~- -




3-Hydroxyquinolizinium EromiQe (xxviii) has been synthesised
by Schraufstﬂtter27 by thé cyclodehydration of the quaternary
salt (xxix) formed by the action of chloroacetone on ..

- 2-diethoxymethylpyridine.

| I~ + - cicagcome . — |
. N~ 4+ CH_COMe
Cl- - (xxix)
HBr

v

(xxviii)

Duke,:Fozard and Jones28 used 2-(1,3-dioxé;an-2-y1)pyridine
and bromoacetone to prepare the 3-hydroxy.salt (xxviii) by a
gimilar procedure, -

A specific reaction sequence for the synthesis of
2,3-diphény1qu1nolizinium bromide (xxx) was devised by Feix and
V_Iestphal29 ;ho coupled pyridine 2-aldehyde with phenyl benzyl ketone,
esterifie& the product, and q;aterhised the ester wity
uafbfomoacetOphenone.' Cyclisation of the monoquaternary salt

" (xxx1) was achieved by boiling under reflux in:a solution of

| -15-




dibutylamine in acetone,

00CMe

(1) Esterify  _ z |
— .
(2) BrCH,COPh RO N
S . AR
. Br~

OFh
H G
C.' 2COl"‘h

- (xxx1i’)

A 4

(CqHg )oNH -

(xxx) -

=]16=

Ph -




BENZOQUINOLIZINIUM SALTS o

Bradsher and Beavers30 used 2-phenylpyridine and iodoacetone '
o hD-bromoaeetophenone to obtain the monoquaternary salts
(xxxii; R = Me, X = I or R = Ph, X = Br) which were cyclised with
- concentrated hydrobromic acid to give the 7-methyl and 7-phenyl

derivatives respectively of benzo [a] quinolizinium bromide

(xxxiii; R = Me or Ph)
|

+ XCHCOR a

7\
Yz =

CHZCOR
(xxxii)

HBr

-

Br”

(xxx1iii)

“A mod:l.fication31 of this method used chloroacetaldehyde oxhne

as the quaternislng agent to give the unsubstituted salt (xxxiii; R = H).

/




Bradsher and ﬁoolittle32 £reated pyridine with > ~bromostyrene _
" to obtain the;monoquaternary sait (xxxiv). Irradiation with

B ultraviolet light of.a-solution of this salt (xxxiv) in alcohol

h containingra trace of iodine afforded the benzo (a] qﬁinoliziﬁium

salt (xxi) which was isolated as the perchlorate (xxi; X = Cl04).

hy . = I N
AN
+
Br- X
“ (xxxiv) . . (xx1i)

Some substituted derivativesof the benzo- [a] salt (xxi) were _.
also prepareda2 from suitable precursors by simiiar procedures.
: Bgnzaﬁ [6] quinélizinium bromide (xxii; X = Br) was
' _prepared by Bradsher and Beaversaa'by the éyblisation with
- concentrated herobrémic acid of the quaternary salt between

pyridihe 2-aldehyde and benzyl bromide.

HO U NO o
‘\\///Illllll . ‘ﬂgg———+ //,- \\S . | ‘
L S :' : - BT .

Y, —

+

‘Br . .,
(xxi1)

Chaes o -




}

Bradsher et 8134' 35'36_’37’38’39’_40-’41’42 have since prepared

many subtitﬁted penzo [b] quinol:lz:!.nium salts l;y quaternising

suitable d-haloalkylarenes wi:l.:h derivatives of pyridine 2-al'dehyde,-
2-acetylpyridine or 2-benzoylpyridine, and cyclodehydrating fhese
:quaternary salts. | |

Bradsher and Fozard43 have recently reported the synthesis of

benzo [c] quinolizinium salts. They prepared mz'-chloro-é-stilbazole
.(xxxv) which was:converted to the cis isomer (xxxvi) by -irradiation
. with uitraviolet' light. On heating the cis ieomer at 170° |
| cycloquatérnisation oécurred__ to give benzo [c] qui_.nolizinium chloride
(5::&111;.& = Cl). They later found that the ;1:_rl_a£ igsomer (xxxv) could
 be directly convérted to the benzo [c ] salt (xxiii) by heating at 240°
in the presence of iodine. The salt was isolated as the perchlorate
_ (xxiii; X =CIO4).. .Seve.ral ;;ubstituted b-en'zo [c] quinolizinium

', salts were Also prepared,




MORPHANTHRIDIZ INIUM SALTS

7-Methylmorphanthridizinium salts (xxxvii; Z = CH2)44 and the

analogous heterocyclic systeﬁs (xxxvii; 2 = O)45 and (xxxvii; Z = S)

44,45 ,46,

have been synthesised by Bradsher et al They trcated an

.appropriately 2-substituted pyridine with brumoacetone and

cyclodehydrated the quaternary salt (xxxviii; Z = CH2, O or S) with
_concentrated hydrobromic acid, to yield the tricyclic salt (xxxvii;

| Z = CHy, Oor 8).

o0 —UC

) CH,COMe
N . . Br-
BrCH,COMe

(xxxviii)

HBr

A

-20m




AZAQUINOLIZINIUM SALTS

Krohnke has shown that.wheﬁ W -bromoacetopherone was heated with

t

2-cyanopyridine or picolinic acid a.mide in acetonitrile as solvent,
quaternisation an'd::py'clodehydra_tion pccurred yielding l-hydroxy-3-

' phenylpyrido [1, 2 - a] pyrez-inium bromide (xxxix).

OH
7 N
: BrCH,COPh — | N
' NN A ™
Br_
(xxxix)

The synthesis of the é—ox:ldgs of some pyrido [1, 2 - a]
pyrazinium salts (xl; R = H, Me, Ph or Br) and their conversion by

boiling phosphorus tribromide into the-corresponding

. pyrido [1, 2 - a] pyraziniun salts (xl1; R = H, Ph, or Br) has

C ‘recently ﬁeen rei:;qrted by the Aui:hi:rz4 , and is the subject of the

e :_‘:fix_-s_t part of the d:ls:cusﬂs:lo.n of this thesis.

-2]=-




Bradsher and Telang3 have also recently reported the synthesis

" of the 2-oxide (x1; R = H) by treating 2-oximinomethylpyridine with
chloroacetaldehyde oxime and cyclising the monoquaternary salt

(x11i) with concentrated hydrobromic acid.

CH = NOH CH=NOH
z 7
|[{ + cicu,cu=Non > |
N
X X I.:J\CHZCH=NOH
c1”
(x1i1)
R
0
( X,
HBr - . W | N
A N\/
- +

(x1)

3-Substituted and 1, 3-disubstituted 2-oxides were also

prepared3 from suitable precursors.

92




pENzo [n] 1wooo [2, 3 - a] QUINOLIZINIUM SALTS.

The 9-methyl derivative of benzo [h] indolo [2, 3 - a] quinolizinium
: perchlorate (x1iii; X = 0104) was synthesised by Bradsher and

- L:I.tz:lnger47. Treatment 'of l-phenyl-9H-pyrido [3, 4 - b] indole

(x1iv) with bromoacetone followed by cyclisation of the monoquaternary

salt (xlv) by heating in phosphoric acid ylelded the required salt

(xuﬁ) which was characterised as the perchlorate (xliii; X = Cl04).

CH 2COMe N




.~ IMIDAZO £1, 2 - a] PYRIDINIUM SALTS AND RELATED COHPOUNDS ‘
A series of salts of general formula (xlvi; Z = N - R, O or S)

have been prepared by Bradsher et 81485'49'.50.

’z |
N N / ?1
. +
-

Rll - (x1lvi)

Z-Alkylapino aﬁd 2—ary1§m1nopyridines were boiled under reflux
.with ‘et -haloketones in acetonelas solvent, fhe solias wvhich separated
."from the solutions ﬁere the trisubstiiuted imidazo [1; 2 - é] pyridinium
‘salts{(xlvi; 2 =N - R)%8, o |
.T .; : 3 | /}
MRy C ~ |
: R
'+ | X—CHCOR, - _— VA

The use of chloroacetaldehyde oxime in place of the o -haloketone
' afforded, after hydrolyé{s and cyclisation of the intermediate

'?;monoqhaternary'saltl the l-substituted salt (xlvi; Z = N - R, R1 = R11 = H).

) )

. . 7




When a 2-pyridone was treated with ol-haloketones in acetone
as solvent, 2-substituted pyridol:z, 1~ b] oxazolium salts

(xlvi; 2 =0, R

1 = H) were prodpced49.

.4 XCH,COR L ———— | R
\ ' . ' . gj
+

X~

The analog-ous pyridoth_imzolium salts (xlvi; Z-=S5, Rl = H,
R11 = H or Me) were prepare;i_by Bradsher and I.aohr50 from 2-pyridyl
sulphides having a'carbonyl function beta to the sulphide linkage.
In the presence of mineral acid cyclodehydration occurred yielding
.the 3-subst1tuted pyrido [2, 1 - b] thiazolium salts (xlvi; Z = S,

R1 = H, Rn = H or Me).

HX -

¥




" DIAZONIAPENTAPHENE SALTS

The'first fullj aromatic fused ring systems containing two
quaternary bridgehead nitrogen atoms were synthesised by Bradsher
and Parham51. They'qyclised-thquuaternary salts formed between

' 2=-(1, 3-dioxolan=-2-yl) pyridine and:the tﬁree 1, 1'-dibromoxylenes

' .. with polyphosphoric acid, and:obtained the three isomeric

| diazoniapemtaphene salts (xlvii), (x1¥ii1) snd(xlxix)..

(x1vil). - o . (x1viii)

(x1xixz)

. - Sl -26-




e

DIPYRIDO [1, 2 - a:2', 1' - c] PYRAZIDI-INIUM SALTS'

6, 7-Dihydrodipyrido [1, 2 - a:2', 1' = c | pyrazidi-inium

dibromide (1) was synthesised by Fielden, Homer and Jones52 who

~'quaternised 2, 2'-bipyridyl with ethylene dibromide.

b 4

BrCH CHi:Br )
2 2 oo . 1)

~ Similar diquaternary salts have also been prepared53’54'55'56

using various ol ,W -polymethy]e ne dihalides.

The preparation of the fully aromatic system (11i) has been
reported by Corr and Glover57. They treated 2, 2'-bipyridyl with
bromoacetaldehyde oxime and cyclised the monoquaternary salt (1ii)

with concentrated hydrobromic acid to the hydroxy:dibromide (1ii1).
Dehydrat:lon with: boiling phosphoms tribrom:lde effected the conversion

to d:lpyr:l.do [1, 2 - vz', 1% - c] pym‘z:l.di-in:lum dibromide (11).

D7 -




b 4

" BrCHoCH. NOH

.HBr . PBry

N S N\=/ 7
' JOH | : -
2Br~ .. (1111) 213;-'_ (11)

Subs_tituted- dipyrido [1, 2 - a: 2', 1' - c ] pyrazidi-inium
salts have also been reported by the same authors57 who, using
2, 2'-bipyridyl and bromoacetone or 3 ~bromoacetophenone, formed the
.monoquaternary salts which were cyclodehydrated to the 7-methyl or

7-phenyl derivatives (1iv; R = Me or Pli) respectively with boiling

phosphoras:' tribromide.

, (1iv)

_ Synthesis of the aromatic diquaternary salts (1iv; R = H or Me)
" have recently been reported by Calder and Sassesé,'

]
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'DIPYRIDO Ll; 2-al', 2' - d] PYRAZIDI-INIUM SALTS

Glover and Morris > synthesised dipyrido [1, 2 -a:l',2' - d]

: pyrazidi—inium salts (1lv) ﬁy treating 2-(1, 3-dioxolan-2-yl)pyridine

with the hydrobromide of 2—pyrid&1methy1 broﬁide in tetramethyienesulphone
as‘solvent. - Thermonoquaternary salt w;siisoiated as a red oil which’.
Ireadily yielded the aromatic diquaternary sal@ (1lv; X = Br) on

warming with concentrated hydrobromic acid, The salt was charactérised

as the anhydrous diperchlorate (lv; X = Cl104).

HBr

A 4




pIpyYRIDO [1, 2 - e:2', 1' - e] IMIDAZOLIUM SALTS

‘The synthesis of these salts (lvi) has been reported by Calder

.1_-and Sa.sse60 who treated 2,2'-bipyridyl or a substituted derivative
rg with methylene di-iodide in acetonitrile as .solvent, They'sugéested
'-the formation of the 1ntermediate diquaternary_éalts_(lvii) which in

-ethanolic solution underwent conversion to the monoquaternary salts

‘ (IVi)o

(lvii)

-30-
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PYRIDO THIAZOLO PYRAZIDI=INIUM SALTS

.’ . salts (1ix) have recently been reported by Glover and Thomas .

The syntheses of byridb [1, 2 --a] thiazolo [2, 3 - c] pyrazidi-inium

. salts (1viii) and pyrido [1, 2 - a] thiazolo [4, 3 - ¢] pyrazidi-inium

61

- g Treatmenf of 2-(2~-pyridyl)thiazole, or the 4-methyl derivative with

bromoacetaldehyde oxime gave the monoquaternary salts (1x; R = H or Me),

which, when warmed with concentrated hydrobromié acid yielded the
' hydroxy diquaternary salts (1xi; R = H or Me). Conversion to the

fully aromatic systems (1viii; R = H or Me) was accomplished by

boiling under ref1ux suspensions of the hydroxy salts (1xi; R'= H or Me)

- {n phosphorus: tribromide.

B 4

- , CH,CH = NOH
BrCH,CH = NOH . '
_ : o : (1x)

2Br-

(1viii)



'. s

3-Methyl-pyrido [1, 2 - a:]thiazolo [4, 3 - c] pyrazidi~inium

. salts (1ix) were prepared by & similar procedure using ‘2-methyl-4-

‘ (2-pyridyl)thiazole as a precursor,

BrCHoCH = NOH . 2Br~

(1ix)

The mdnoquaternary salts formed between the pyridylthiazoles

. . and bromoacetone or W -bromoacetophenone couid be cyclodehydrated with

- phosphorus: : tribrqmide to yield the 5-meth&1 derivatives (1xii; R = H or

Me, R1

(1xii; R = H or Me, Ri = Ph) and Slxiii; R & Ph) of the aromatic

= Me) and (1xiii; R = Me) or the 5-phenyl derivatives

diquaternary salts (lviii) and (1ix) respectively.

(ixi1) .  2Br~ | T _2Br~ (1x1id)




! _ METHOD III

The third method which has been used for the synthesis of the
quinolizinium nucleus involves the intermolecular condensation of

a suitable qﬁaternary salt of a 2-substituted pyridine with a second

component,

_ QUINOLIZINIUM SALTS

Several 2, 3-dialkylquinolizinium salts have been prepared by.
Heffe, Jann and Westphal®? using this method, They treated the
ﬁbnoquaternary salt between 2-picoline and gthyl bromoaceta£e with

;L-dicarbonyl compounds in ethanolic dibutylamine as solvent to

obtain the'substituted quinolizinium salts (1lxiv).

. O A 4 AN Ry
4 — |
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PYRIDO [1, 2-a] PYRAZINIUM SALTS

' The preparation of several l-alkyl-3-aryl-and of l-aryl-3-aryl-
-pyridol}, 2-a]pyrazinium salts (1xv) has been reported by Krt':'hnkel’2 .
' The monoquaternary salts between 2-acy1pyridiﬁes and w -bramoacetophenone

were heated ﬁith ammonium acetate.in acetic.acid solutions. to obtain

the required salts (1xv).

\

COR’ S ' COR
. ll\l + BrCHpCOAr L \u -
A LT ' . [:l-_\CHZCQAr
| Br-
R
_ . | A
womme (77 )
a N BN E§5\S‘;l\“r
S R
(lxv)"
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DISCUSSION

PART I

THE SYNTHESIS OF SOME PYRIDO [.1. 2—a] PYRAZINIUM

2-0XIDE SALTS AND THEIR CONVERSION TO

PYRIDO [ 1, 2-8] PYRAZINIUM SALTS

«35-




The preparation of comhounds containing one or two quaternary

nitrogen atoms at bridgehead positions in fused aromatic ring.

. systems has been outlined in the introduction and it has been shown

Egﬂ Ehg methods available for the synthesis of these systems fall
éésentially into three classes. The first involves the attachment
of a suitable side chain to the carbon atom hdjacent to the nitrogen
atom of a pyridine ring fgilowed by.ring closure onté the pyridine
_nitrogen atom, whilst the second approach ;s to quaternise a
suitably 2-subst1tutéd pyridine with a substituted alkyl halide
containing a group capa#le of condensing with the 2-substituent,
Theé:third method involves thé intepmplécular condensation of a
suitable quaternary salt of a 2-subst1tuted pyridine with a second
component. Typical examples of these:neactions are those described
by Nesmeyanov aﬁdUBybinskaiazs (p.-13); Bradsher gnd Beaéersao

1,2 (p. 34) respectively.

(p; 17) aﬁh Krohnke
No unsubstituted pryido [1, 2—a] pyrazinium salts (1xvi) have

-yet been reported_and their synthesis was accordingly undertaken.




PYRIDO [ 1, 2-a] PYRAZINIUM BROMIDE 2-OXIDE (1xvii)

A convenient method for the synthesis of -unsubstituted
pyrido [1, 2-a] pyrazinium salts would be the cyclisation in acid

‘media of the anil (1xviii) formed by the condensation of aminoacetal

. with pyridine'2-a1dehyde;

CHO ' : | '
72 2 : 72 \N
o, RSN G
NS N . A NS
Et 0 - OEt Et 07 0 Et
(1xviii)

It has been shown by Glover, Jones and Trenholmsa, however,
that anils of the type (1xviii) undergo intermolecular condensation
in the presence of mineral acid; the anil (1xviii) yielding

;_1, 4fd1-(2-pyr1dy1methylene)pyfazidi-inium_salts (1xix).




Kr<'>'hnke1'2 déscribed the synthesis of some i,3-disubstituted

pyrido [1,2-a] pyrazinium salts (lxv) by the intermolecular

' condensation of the quaternary salt (1xx) with ammonium acetate

in acetic acid as solvent.

MeCOONHg4
= -
© MeCOOH
~
~ + TCHgCORyy | g 11
X ' X
(1xx) - . Qxv)

It seemed therefore, that a possible route to the unspbstitpteﬂ
) salt.(lxv; R; = Ry; = H) would bé.via the monoquaternary.salt

(1xx; R} = R11 = H),.fesulting frpm the-hydrolysis of quaternaf&
salt (1xxi) between 2-(1, 3—dioxalmn;é-y1)pyridine and

bromoaceta;déhyde'oxime.

A\ 4

N

4\ cH,CH = NOH

Br

(lxxi).




.In an attempt to effect hjdrol&sis of both the acetal and
oximino functions, the salt (1xxi) was heated with concentraten
hydrobromic acid;' Instead of.the exﬁeeted dicarbonyl compound
(lxx; R, = R, = H) the procuct was a compound of molecular formula

1 11
B”K{’ The infra-red spectrum showed no bands wh1ch could be attributed

te a carbonyl group whilst the ultra-violet spectrum extended to

~\3600 a° , (Fig. 1, .p. 65) suggesting the possible presence of a fused
bicyclic aromatic system containing an additional chromophore. A

" possible structure is. 3-hydroxy-pyrido[1l, 2-a]pyrazinium bromide (1xxii).
A reaction seeuenee'could be pestuletee‘invoiving hydrolysis of the
acetal function and a Beckmann type rearrangement of tne oximino

"fnnction giving the intermediate 1-amidomethyl duaternary salt (1xxiii).

Intfamoleculhr condensation would then yield the 3-hydro¥y salt (1xxii).

CHO

+ ™ cH_CH = NOH +_ " CH,0ONH,
Br 2 : Br
(1xxi) . - (1xxiii)
- -»
o o : T (1xxi1)
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A precedent for the cyclodehydration step was recorded by
Krc':'hnkel'2 who p;eparéd 1-hydroxy—3-pheny1-pyrido[1;-2-a]pyrazinium
salts from picolinic acid amide and ;o-bromoacetbphepone. However,
atteﬁpts_to-tgét.this-hypothesis by treating thequaternary salt between
2-(1, 3-dioxblan-2-y1)§yridine and chloroacetamide with concentrated

"hydiobromic-acid were.unéuccessful, no products being isolated from
'1.the resulting solutions.

Further consideration of the available data lead to the conclusion
- that the salt of m&lecular formul# CglizBrNoO was pyrido[l, Z-é]pyrazinium
. bromide 2-oxide (lxvii). 'Acid hydrolysis of the acetal function would

’ give a protonated carbonyl oxygen atom; subsequent donation of the

. nitrogen I;ne pair oflelectrons onto the electron deficient carbon atom

énd expulsion of a proton would give the ‘alcohol (lxxiv) which on

(9

/deliydration would give the' 2-oxide (lxvii).

- o : o
: A
. =Ho0 7 l NN
. . + .
Br. - .7 . Br
2Br. : _ ' .
'(lxxiy)‘_" o - -497 S (1xvii)

B

-




" 250

;shiieé.has reported that catalyticlhydrogenation: of
ﬁyridine N-oxides affords the deongenated-pyridine derivatives,
Controlled hydr;genation of thé salt (1xvii) with one equivalent

-of hydrogen yielded pyrido[i, 2-a]pyraz1nium bromide (lxvi; X = Br)

giving support for the proposed 2-oxide structure. -

]
N
.
ot
4

(1xvii) - . (1xvi)
Comblete hydrogenation of the 2-oxide over Adams: catalyst gave

berhydropyridoﬁl, 2-a] pyrazine (II) the dipicrate of which melted

65
an

with decomposition at. 275° - 278°, Melting points of 240° d

o 3,66

° - 260

have been reported for this dipicrate but although

-'.-the sample darkened at 2506'3 definite fusion .occurred at 275° - 2786.
It was therefore éompared_and found to be identical with a sample63 |
"derived from thellactam (1xxv) by hydrogenation and subsequent

o

reduction with iithium aluminium hydride.

H

N @i Y Fq’/ﬂ
\;v/;J, (2) LiA1H4 : o \\,//J

+ s o

(1xxv) . _., . ~4le (11)




Fupther supéort for the 2-oxide struéture was given by
. . ' - Bradsher and Telang3 (p. 22) who reported the synthesis of several '
substituted pyridot}, 2-a]'pyrazin1um 2-oxide salts. One of the
salts, prepared by the cyciisation in acid media of the quaternary
salt (lxxv;) between 2-oximinomethylpyridine and w-bromoacetophenone
was 3-pheny1-pyr1do[i;12;éprraz1n1um bromide 2-oxide (1lxxvii) thus

precluding the 3-hydroxy structure for the salt (1lxvii).

'CH=NOH = - H = NOH

.4 * BrCH,COPh —_ |

NS

+ cH o,COPh
Br

(1xxvi)

HBr

\ 4

(lxxvii)

=42=




| _iiETHYL—PYRII_)O[l, 2-3] PYRAZINIUM BROMIDE 2-OXIDE (1xxviii) '
Initial attempts.té preﬁare ;he l-methyl 2-oxide (1lxxviii)
by treating 2-acet&1pyr1dine'with bromoacetgldehyde oxime afforded
‘a crystalline solid in low yiéld (4%). The infra-red spectrum of
this salt suggested that 1f was the l-methyl 2-oxide (lxxviii?.
In an attempt to synthesise the required salt (lxxviii) in
good yleld, the monoquaternary salt (lxxix) between -
2-(2-methyl f1, 3] dio:;blan-z_-yi)pyridme and bromoacetaldehyde
oxime was prepared and treated with concentrated hydrobromic acid,
"Cyclishtion to'the_l-methyl 2-oxide 6c;urred but again in poor
yield (10%). Hydrolysis of tﬁe acetal function and subsequent
' cyclodehydration was éventually accdhplished using concentrated
-sulphuric.acid. After washing the reaction mixture with ether, -
the residual oil was treated with.concentrated hydrobromic acid to
. give l-methyl-pyrido[i 2-é]pyrazin1um bromide 2-oxide (lxxviii) in
- good yield (84%). The structure was confirmed by elemental analysis and by

its infra-red and ultra-violet absorption spectra; the ultra-violet

. spectrum is illustrated in Fig. 1. (p. 65).

t

O
,Me"
0 (1) HgS04 .
3 (2) HB!‘ ’
| + > cHyCH = NOH
Br-
(1xxix) (lxxviii)
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1-PHENYL-PYRIDO[1, 2-a] PYRAZINIUM BROMIDE 2-OXIDE (1xxx)

1-Phenyl-pyrido[1, 2-a]pyrazinium bromide 2-oxide (1lxxx) was

prepared in moderate yiéid by warming a mixture of 2—benzoy1pyr1dine-'

Prs

and brbmoacetaldehyde oxime.

4+ BrCH,CH = NOH ~— ——

(1xxx)

_ The.ulfra-violet-spectrum of the salt (lxxx) was similar to
‘those of the unsubstituted 2-oxide (1xvii) and the l-methyl

' derivative (1xxviil) with the genersl loss of fine structure associated

 with a phényl substituted compound (Fig. 1, p. 65).

-44-




. ’1-BROMO-PYRIDO[1, 2-a] PYRAZINIUM BROMIDE 2-OXIDE (1xxxi; X = Br)
Bromina;idn of pyrido[l, z—é]pyrazinium bromide 2-oxide (1lxvii)
was_accémplished by sfirring a suspension of the 2-oxide (ixvii) in
:a ;éld solutién.of bromine “in concent;ated-hydrobromic acid. The
. solution was bbiled to destroy any ;érbromide (ixxxi; X = Brj)
?..formed, and the bromo"cpmpouna (1xxx1; X = Br) isolated.
Controlled hydrogenation of the bromo salt'(lxxxi; X = Br) with
.one equivalenf of hydrogen gave éhe parent 2-oxide (1xvii) indicating

a monobrominated derivative; this was confirmed by mass spectroscopic

Ténalysisa7 of the picrate (Ixxxi; X = picrgte) which gave the mass

" number of the cation as 225 (7gBr). The n.m.r. spectrum of the bromo’

salt (lxxxi; X = Br) in trifluoraéetic aéid as solvent showed a two
lprqton signal'in the region <« 0.2 - 0.4 assigned to the prot;ns on
C4 and Cg, a oﬁe proton doublet centred at « 0.9 assigned to the .
proton on Cz and a three proton signal .in the.fegion 1.2 - 1.8

©  attributed fo the protons ‘on C7s cg,.and Cg, showing the salt to be

fl-bromo-pyrido[l,'Z-Q]pyrazinium bromide 2-oxide (lxxxi; X = Br).

_Bra/HBY :

p4
&

Ho/Pt

~45=-




pYRIDO[1,2-6] PYRAZINIUM SALTS

Ochiai and Naito 68 havé shown that & solution of phosphorus..
trichloride in chloroform can be used to deoxyyenate pyridine

"N-oxides.

To avoid the poscibility of a mixture of gnions in'tﬁe.product,
.phosphorUSE“tribromide was used to prepare pyrido[l, Z-Q]pyrazinium
oromide (1xvi; X = Br) from the 2-oxide (1xvii). A suspension of
‘pyrido[i, 2-€]pyrazinium bromide 2-oxide (1xvii) in phosphoruéc:

'tribromide was boiled under reflux,_cooied, and the insoluble
:.,product 1solated.. Elemental analysiéfgayc the molecular formuia
;as CSH7BrN2 The wayelecgths of the absorotion mcxima in the ultra-
'violet spectrum of the product (Fig. 2, p.66) closely reserbled
if. those of the pyrido[l Z-Q]pyrimidinium salts prepared by

Nesmeyanor et al ._ The molecular extinction coefficients were,

however, not reported:

. Absorption maxima of pyrido[l, Z-é]pyrazinium bromide (1lxvi; X =

-~ A® 3360, 3220, 3100, 2870, 2760, 2320.

N

Absorption maxima of pyrido[l, z—é]pyrimidinium salts A° 3360,

. 3180 3120, 3040, 2740, 2280.

The 1nfra-red spectrum ‘of this salt (lxvi X = Br) was identical

Br)

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

- of the 2-oxide (lxvii).




. . ~ - ., |
' 1. 'PBrz . = | AN
hd*\;/”J' | o ‘\\,/’J L
XN RANF
B - -
(1xvii) . . . (1xvi)

., Treatmenf of 1-methy1-pyrido[1,_2-€]pyrazinium bromide-é-oxide
(lxxviii) with phosphorus’ tribromide did not effect deoxygenation
and the 2-oxide was récdvgred unchanged. -fhe use of thionyl chloride
ﬁafforded an 1ntrac§ab1e gum, Br;dsher and Te;lang3 reported that they
~were unable to deoxygenate-3-methy1-pyrido[1, 2-é]pyfazih1um bromide
219xide.by boiling under reflux a suspension of the salt in phosphorus.
}- trichloride. | | l

The 1-phenyl 2-oxide_(1xxx)~reaq11y afforded 1;pheny1-pyrido[1, 2-a]

pyrazinium bromide (lxxxii) on gréatment witﬁ phosphofﬁs tribromide.

' The ultreviolet spectrum was comparable to that of the unsubstituted

. salt (1xvi; X = Br) with the expected loss of fine structure,

(Llxxxii)




1-Brbmo—pyr1do[1, 2ra]pyrazinium promide (lxxxiii) was also
prepared from the l-bromo 2-oxide (Ixxxi; X = Br) using phosphorus ¢
tribromide._ The ultra-violet spectrum'was similar to that of the -

-unsubstituted salt.(lxvi)-with the characteristic bathochromic shift

associated with a nuclear bromo substituent,

A 4

(lxxxiii)

 Controlled hydrogenation of the brémo salt (lxxxiii) with oﬁé_
equivalent of hydrogén gffprded;pyrido[l,.2-é]pyrazinium bromide




SUMMARY OF THE REACTIONS OF-PYRIDO[;, Z-QIPYRAZINIUM

BROMIDE 2-OXIDE

Ho/Pt

. H2/Pt
(1 mole)|

(1 mole)

=498 Br (lxxxiii)




PART II

SOME OXYGENATED DERIVATIVES
| o
PYRIDO[1, 2-a] PYRAZINIUM SALTS
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1, 2-DIHYDRO—1-OXO-PYRIDO[1. 2-€]PYRAZINIUM DBROMIDE (1xxxiv)

Krohnke has described the preparation of l;hydroxy;3-pheny1-pyrido
El, Z-djpyraginium salts by;the treatment of-picolinic acid amide or
: 2-cyanopyridine with ua-brOmoaéetophenone (pf 21). A possible route
.toll-hydro*y-pyrido[l. 2-é]pyrazinium bromide would,therefore be via
the hydrolysis and subsequent cyclisation in acid media of the
monoquaternary sal ts between picolinic acid amide or 2-cyanopyr1d1ne
' andfbromoacetaldehyde oxime,

' A-mixture qf picolinic acid amide and bromoacetaldehyde oxime was
warmed until homogeneous and allowed to stand at room temperature for
fourteen days. The reaction mi;tﬁre was washed with acetone and the
residual solid purified by sublimation,. Elemental analysis 1qd1cated
:.that the salt was;pic&linié géid am;de hydrobromide and this was confirmed
.by coﬁparison'af the infra-red spectrum_of the salt with that of an

r

‘authentic sample prepared by thé addition of hydrobromic acid to

.. picolinic acid amide.

: : L '/ CONH,,
- ~
0NH2"”_’;::=——‘==:———J?.. +-:\CH2CH = NOH
S o Br : -
 Rpc - : - CONH
g — A
. . - \
N 4-\‘H

. Br
=51~




.Initiﬁ} attemﬁts to bring about a reaction between

~ 2-cyanopyridine and bromoacetaldehyde oxime by heating a mixture
'.of the two compoundq_gither alone, or in tetramethylenesulphone

as solvent were unsuccéssful. Quaternisation was. eventually achieved
.."by-ailowing a.éolufion of é-cyanopyridine and b;omoacetaldehyde

oxime to stand at room temperature. After three hays yellow
._cryétals:§eparated from the solution but only after thirty days
.,whs'ap ppPrq¢£;b1e yield obtained. Elemental analysis of the new

duafernary salt indicated a molecuiar formula of CgHgBrNzO whilst
" . catalytic hydrogenafion.affordéd a base, the infra-red spectrum and
| . dipicrate of which were 1dentica1.to those of'perhydropyrido[l, 2-{}

0 é

pyraziné.. Thé ultmsviolet spectrum of the salt showed no
';.appree}able nbgorption beyond 3000 AopindiCating the absence of a
fn.fully aromatic fused bicyclic sfstém whilst the infra-red spectrum
showgd-a Qaﬁd at 3220 cm-l attribufed to an imino group. It was

:;'therefore concluded that the salt was 1, 4-d1hydro—1-im1no-pyr1do

[1, 2-a] pyrazinium bromide 2-oxide (1xxxv).

o . R T NH
, ' ] ' : /O
N ' \ A
7~ s ~ N-0-H 2 N
' I 7 | B | —> ' |
+ . + .
S 1 Br L Br .
:-BrCHZCH =:NOH o e ... | wﬁﬁ%”_ :J- (lxxxv) .




A poséible-mechanism would involve donation of the oxime nitrogen
lone pair of electrons onto the electron deficient nitrile carbon
::'atom folloﬁed by proton migration to give the imine (1xxxv).
Treatment of the imine (1xxx§) with concentrated hydrobromic
. acid afforded 1, 2-dihydro-l-oxo-pyrido[l, 2-é]py}a£inium bromide
.‘(lxxxvi), catalyticmhydrogénatioq of wﬂich gave l-oxo-perhydropyrido
'. @q 2-aﬂpyrazine (1xxxvil) as a colourless érystalline solid which
o was purified by gublimation. The structure of the base was confirmed
by cdmparing_its_infra-red spectrum with that.of an authentic sa;mp1e24'63

' prepared by the catalytic hydrogenation of the lactam (1xxv); the

: spectra were identical,

- 7
- N
S :
. a 1 O
XXXV
) ’, H
H t
/Pt \/IN
| (1xxxvii)




The salt (1xxxvi) is potentially taufoméric as illustrated,
however, the predominance of the carbonyl form was shown by its
" infra-red spectrum which showed a band at 1690 cm-1 corresponding

" to an o, @ -unsaturated six membered lactameg. This band can be

| related to the one:occurring.at 1650 cm-1 in the infra-red spectrum
‘of the base (lxxxvii) and sttributed to the carbsnyi group'of a
saturated six membered- lactamag. It has been found7° that the ultra-
lvioiet spectsa of acidic solutions'of potentially tautomeric systems
such as 1-hydroxyisoquinoline in which the carbonyl form is preferred,
.show no bathochromic shifts relative to those deternined in neutral
. aqueous solution.  This is- suggested to be due to the non-basic
. nature of the ring nitrogenﬂatom present in the lactam form, Systems
such as 5-hydroxyquinoline in which conversion to the lactam form is
4 . .
not possible do exhibit such shifts due to protcnétion of the basic
ring nitrogen atoms in acidic sslution. The ultra?violet spectrum
‘'of the salt (lxxxvi) in neutral aqueous solution showed an absorption

mnximum at 3450 A ,which gave no shift upon acidification, thus

further supporting the proposed carbonyl fornm.

=54~
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1, 3<DIOX0-1,2,3, 4-TETRAHYDRO-PYRIDO[1 2-é]pynAz1Ntuu BROMIDE (lxxxviii;
X = Br)

The bromide (ixxxviii;_k-: Bf) wae initially prepared by warming

: a mixture of picdlinic acid amide add ethyl bromoacetate, the maximum
'..yield beiné obtained efter heating the.mixtu;e for three days. .The

.resulting solid was waehed‘with acetone and crysfallised from hydrobromic
.-acid-acefone. It was also found that the eelt (1xxxviii; X = Cl) could be
._prepared! in a lower yleld, by heating ethyl picolinate or pieolinic .
acid with chleroacetamide in d sealed tube and crystallising the
produet from hydrobromic acid-acetone. ‘This salt (1xxxviii) is also
potentially tautomerie,-however, its infra-red spectrum showed:bands et
1740 cﬁ-l and 1720 cm-1 charac:eristic of the carbonyl groups of six
membered cyclic ;midessg, whilst the ultra-violet spectrhm of tﬂe salt,
determined in O.1N hydrochloeic acid, showed only two absorpfion
' bands'et_2270 A° and 2720 A° (Fig. III, p. 67); the absence of any
.significant longer wave absorption supporting the dicarbonyi structure
(lxxxviii). The n.m.r. spectrum in trifluoracetic acid as solvent
showed a four proton signal 1in the region ¥ 0,5 - «.1,5 attributed
- to the drotons on Cs; C7, Cé and C9 together_witﬁ a two proton signal
:}'at ‘% 3,9 corresponding to_ihe_methylene group adjacent to the
quaternary bridgehead nitrogen-atem.:

Reduction of the 1m1de (1xxxviii; ¥ = Br) with lithium aluminium

hydride, followed by catalytic hydrogenation of the intermediate

. compound which was not 1solated yielded perhydropyrido[l, 2—é]pyrazine

(11). -
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Ny o 7 ii cooEt | . P | cool

BrCHCOOEt : C1CH3CONH2 : . C1CH,CONHp

- (1xxxviii)

(1) LiAlH,

(2) Hy/Pt
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3-DIOXO-1,2,3,4-TETRAHYDRO-PYRIDO[1, 2-a] PYRAZINTUM BETAINE (1xxxix)

1,

.Attempts to crystallise the imide (lxxxviii; X = Br) from water

or alcohol resulted in its gradual decomposition, yielding first a
' ¢ 'ye11ow compourid and subsequently a red compognd. Prolonged boiling of

" the 'yellow compound in aqueous solution afforded a new colourless compound,

When a concentrated adueous solution of the yellow compound was

<

- .boiléd for a short time, a red solidwas produced in low yiéld, The

. infra-red and ultra-violet spectra of this compound were similar to those

of the yellow compound although the ultra—violet spectrum of the red

" ‘compound .extended to 4400 A° compared- with 41.A tor the yellow compound.

Attempts to crystallisé.the red compound resulted in its conversion to

) _the'colourless compound, It was the;efore not further investigated.

Vhen the imide (1xxxviii; X = Br) was treated with cold concentrated

:Jaqueous ammonia the yellow compound was produced in high yield , the

'reaction_being reversed by the addition of concentrated hydrobromic

acid. Elemental analysis and the spectfoscopic properties of the

- yeiiow compound showed it to be the mesomeric betaine (lxxxix).

’ .-_- : ) O-

o« N
] - l &—H et":o
. +
x- » - .
(lxxxviii) R =57-. . . (1xxxix)




Determination of the n.m.r. spectrum oI tﬁe'betéiné (1xxxix) ;
was not possible dug to its low solubility in the available solvents,
-'_The ultra-violet spectfum of the betaine (lxxxix) in neut:ial aqueous - r:
‘solution (Fig. III, Pe 67) showed the expected bathochromic shift
relative to the spectrum_of the imide (1xxxviii; X = Br) in O.1 N
acidic aolution. A comparison of the.ultra-violet Spectrum of the
betaine (1xxx1x) with that of the imide (Ixxxviii X = Br) in neutral
aqueous solution:showed them to be.similar, differing only in the
molar-exfinction coefficients, the difference probably being due to

. the existence of an equilibrium in neutral solution between the salt
'(Ixxxviii) and its betaine (lxxxix).

The betaine (Ixxxix) was also produced when the monoquaternary salt

be;ween ethyl picolinate and ethyl brbﬁoacetate was treated with -.

' saturated alcoholic or saturated aqueous ammdnia.,

COOEt

W

4\ CH5COOEt

- - . (1xxxix)

Br
When the yellow betaine (1xxxix) was boiled under reflux in

‘agueous solution,'and subsequently acetone addedy a colourless solid

. of molecular formula 08H8N203 slowly crystallised from the solution.




'

- The ultra-viplet spectrum of this solid showed no absorption beyond

- 2770 A® whilst the infra-red spectrum showed a band at 1710 cm-1

f: attributed to an amidé carbonyl group. Additional bands at 1630 cm-l
ana_1620 cm-1 were_attributed té a carboxylate function. It was
cchcluded therefore'thht hydrdlysis of £he yellow bétaiﬁe (1xxxix)

had occurred to give either the bgtaing (xc a) or (xc g).

om'l2 - % Co0™

- o ~ .
+ " cH,c00 : ' _ + “CH,COM;

/.

(xc a) (xc b)

It wﬁs considered that a possible difference between the two betaine

struétures (xc a) and (xc b) would be found in the chemical shifts of

the methylene groups adjacent to the quatefnary nitxrogen atom,
Accordihgly the model compounds pyridine betaine hydrobromide (xci)
} .

and l-aﬁidbmethylpyridinium chloride (xcii) were prepared and their

n.m.r, spectra determined.

~
NS

+  CH,CONH,

(xcii)
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: Pyridine betaine hydrobromide (xci) was prepared by treating
_pyridine with ethyl bromoacetate and pnssin‘= the resulting mono-
'quaternary salt down an jon exchange column (Amberlite I.R.A. =400 (OH))
lto give pyridine betaine; 'acification with hydrobromic acid followed

y the addition of acetone precipitated the hydrobromide'(xci) which

. crystallised from water as colourless plates.

(1) Amberlite
I.R.A.-400 (OH) = |
I 4
(-2) HBr \ R
+ > CH,COOEt - . 4\ CH_COOH:
._Br. : o Br  (xci)

'l-Amidometnylpyridinium chloride (xcii) was. prepared by heating a

- mixture of pyridine and chloroacetamide in a sealed tube.

||+ cicucom, ' I

- + \CcH_corH
(xcii) . . _ - 2 2

v

(xcii)
Comparison of the n.m.r. spectra of the two model compounds (xci)
e and (xcii) in trifluorscetic acid as solvent showed that the signals

corresponding to the methylene groups adjacent to the quaternary

nitrogen atom occurred at o 3.9 and ¢ Y 4. o respectively, whilst the

corresponding signal in the n,m.r.,spectrum of the betaine (xc).

-60-




ocqufred at v 4,0. This difference in T values was considered too

' tslight to be significant. The signal due to the methylene group of

. _
v 1-am;domethy1pyr1din1um chloride. (xcii) 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 for
“thé structure (xc a) tfor the betaine. To confirm the suggested

structure (xc a) for the betaine, the unambiguous syntheses of the

1'-two betaines (xc a) and (xc b) were attempted.

The method envisaged for the synthesis of the betaine (xc b)

. was to t;éat picolinic acid with chloroacetamide and pass the -

* " resulting monoquaternary salt down an ion exchange column (Amberlite

. "I.R.A., - 400 (OH)), However, when a mixture of picolinic acid and

chloroacetamide wa;g;héated in a sealed tube, the product was the

 imide (lxxxvili; X = Cl).

. EU . . H
COOH . _ . -
T K L . 72 N
" 4 " C1CHCONHg _— |
| . : _ + O
. x-

(Ixxxviii)
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The synthesis of 1-carboxymethy1;Z-amidopyridinium betaine (xc a)

was achieved by heating a mixture of picolinic acid amide'and bramoacetic

acid on a watef bath and freating fhe crude reaction product with an

aqueous slurry of ioﬂ exchange resin kAmbeflitg I;R.A. -‘400 (OH))._

' Thg solutioﬁ wgs filtefed and the addition of acetone to the filtrete
precipitated a colourless.solid, the infra-red spectrum of which was
identical to the product of the hydrolysis of the yellow betaine klxxxix).

. Additional confirmation of the betaine structure- (xc..a) was obtained
by treating the betaine (xc a) wi;h cold hydrobromic acid followed

" immediately by & large excess of\acetone. Thé solid which preéipitated

;from the solution was IQenfical to the product of the reaction between
'picoiinic acid amide'and bromoacetic acid; l-carboxymethyl-2-amidopyridinium
fetaine hydrobromide (xciii). Attempts to crystallise this salt were
unsuccessful; from: neutral aqueous or alcoholic solution the product

" was the betaine (xca) whilst from di}ufe acid the imide (Ixxxviii)

was produced,

. ' , ONH
: / CONHQ . : . : 7 2
| + BrCH,COOH "~ ~ i _ l
N - NS
X | : +  cH_cooH
Br )
(xciii)
. eaAlberlite . 5

I.R.A, - 400 (OH) =




SUMMARY OF THE REACTIONS OF 1,3-DIOXO-1,2,3,4~TETRAHYDROPYRIDO[1, 2-g]
PYRAZINIUM BROMIDE (lxxxviii; X = Br) ‘

(1) LiAlH4
(2) Hy/Pt

(11)

) . l ‘ . ‘.
flfxxi?) L H20 heat

HBr heat-

-+
" BrCH,COCH




ILLUSTRATIONS
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Figure 1

Ultra-violet spectra of aqueous solutions of:=

'A. Pyrido[1, 2-s] pyrazinium bromide-2-oxide. -
. B. LrMethyl-pyrido[l,-2;é]pyr§zinium bromide 2-oxide.

C. 1-Pheny1-pyr1do[1,'Z-Q]pyrakinium'bromide 2-oxide.

C - 2500 .o 3000 3500

Vavelength A° N
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Figure II

Ultra-violet spectrum of an agueous solution of:-

-

f

Pyrido[1, 2-a]pyrazinium bromide. ..

4.2 J
4.0
¢
3.8
3.6 -
3.4 i
. 2

2250 - cams0. - 3280
Waveleggth AQ
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Figure III

Ultra-violet spectra of:-
A 1 - 3=-dioxo-1,2,3 4-tetrahydro-pyr1do[1 2-a] pyrazim.um bmmide
- determined in 0.1 N hydrochloric acid, _
B. 1, 3-dioxo-1,2,3,4- tetrahydro-pyrido[l 2-a] pyrazim.um bromide
determined in aqueous solution.
C.

1 3-d:|.oxo-1 2, 3 4 tetrahydro-pyndo[l 2—a] pyrazinium betaine
determined in aqueous solution.

40 ™~

3.5}

3.0 |

3500

- 4500
Wavel ength A -

T =-67-




EXPERIMENTAL

All melting poiﬁts were determined on a Kofler block.
Infra-red absorption spectra were determined on a Perkin-Elmer 237
~spectrometer, ultra-violet absorption spectra on a‘'Unicam SP 700c

spectrophotometer and.n.m,r. spectra on'a Perkin-Elmer Model R.lo'.

"apectrometer,

Microhnalyses weféfcgrried out by Drs, G. Weiler and F. B, Strauss.




BROMOACETALDEHYDE OXIME

Was prepared'by the method useq.by Kimber and Parham31 for the

synthesis of the chloro compound.
38

-

- 2=(1,3-DIOXOLAN-2-YL) PYRIDINE

A solution of pyridine 2-aldehyde (21.4 gJ, ethylene glycol (24 ml)
- _and p. toluene sulphonic acid (10 g) in benzene (300 ml) was boiled |
Iunder refluxlwith a Dean Stark water separator for 64 hours. The
solution was cooled and poured i#to saturated aqueous sodium carbonate
(200 ml.). The benzene layer was separated and the aqueous phase washed
ifour times with benzene (50 mIJ. The combined benzene layers were
washed once wi;h water(lo ml)and dried (Nazcoa). The-solvent_was

evuporated under reduced pressure to give the acetal as a colourless

" 1iquid, b.p. 80°/0.8 mm, 11t.%8, b.p. 122°/4 mm,) (18.46 g, 61%). ' ‘

.-1 (2~-OX IMINOETHYL)~-2-(1, 3-DIOXQLAN-2-YL) PYRIDIRIUM BROMIDE (1xxi) .
A mixture of bromoacetaldehyde oxime (1.46 g) and 2-(1, 3-dioxolan-2-yl)

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

‘The resulting solid was washed with acetone leaving the bromide wh1chk.

_crystallised from alcohol-ether as colourlgss-needles, +p. 168 - 169

. (1.86 gs 61%).

Found : N, 9.45%

_CloplsBrN (o} requires :. N, 97%




" atmospheric pressure and: temperature until the uptake was 20.5 ml,

The picrate crystallised from alcohol as yellow needles, m.p. 1270.
Found : C, 43.6; H, 3.7; N, 16, 35%
C16H15N5010 requires: C, 43. 9, H, 3.5; N, 16, O%.

PYRIDO[1, z-é]PYRAZINIUM BROMIDE 2-OXIDE (1lxvii)

(a) A solution of the monoquaternary salt (1lxxi) (1 38g) in concentrated

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

Addition of acetone to the cooled solution precipitdted the bromide

(0.78.g” 72%) which cnystaliised from methanol as pale yellow prisms,

_':n.pf 283° (deconp.) (11t3, MmePe 280° decomp.)

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

. Cale. for CgH,BrN,0 : ‘c, 42.3; H, 3.1; N, 12.3%

87
A o (500 2230, 2410, 2600 sh. 2640, 2700 sh., 3200, 3370, 3510, 3630 A°

- (log, (€ 4.25, 4.09, 3.94, 3,98, 3.92, 3,88, 3.88, 3.96, 3.98).

(b) A solution of the l-bromo 2-oxide (1xxxi) (0,278 g) in 20%

aqueous methanol (25 ml) was hydrogenated over Adams catalyst at

1

The catalyst was filtered off and the-éolvent-evaporated under reduced

, *5presaure. Addition of acetone to the residue gave the bromice, which,

"”'after crystallisation from methanol had & m.p. 283° (decomp ) (0.076 g,

37%).
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The picrate crystallised from ethanol as yellow needles, m.p. 199°,

Found : C, 45.2; H, 2.85; N, 19.0%

C14H9N508 requires C, 44.8; H, 2.4; N, 18.7%.

38

° I' - l
© . 2-(2-METHYL[1,3] DTOXOLAN-2-YL) PYRIDINE
Was prepared by'the method described for the syhthesis of
“2-(1,3-Dioxolan-2-yl)pyridine,

1-(2-OXIMINOETHYL)-2—(2-METHYL[1,3]DIOXbLAN-2—YL)PYRIDINIUM BROMIDE (1lxxix)

A mixture of 2-(2-methyl[1,3]dioxolan-2-yl)pyridine (0.98 gJ) and
bromoacetaldehyde oxime (0.79 g) was allowed to stand at room temperature
for+18 hr. The resulting solid was washed with acetone and crystallised

- from ethanol giving the bromide as colourless needles, m,p. 189 - 190°
(decomp.) (1.03 g, 58%). S

Found : N, 9.0% |
011H15BrN203 requires: N, 9,2%

The gicrate'crystallised from ethanol-ether as yellow needles,
m.!'). 1400. D I - . .- .

N, 16.0%

Found : C, 44.7; 9;

H
Cl7gi7N501°“requ1re§ ‘ C,_45.2? H

71~




'1-METHYL-PYRIDO[1, 2-a] PYRAZINIUM BROMIDE 2-OXIDE (1xxviii)

A solution of thé monoquaternary bromide (1¥xix) (1.0 gJ in
. concentrated sulphuric acid (3 ml) wa; heated on a boiling water
- bath for 2 min, cooled, ana éiher added, The ethéﬁﬁﬂ layer was
" decanted and the resiéual o1l washed with ether, dissolved in
. .concentrated (48%) hydrobromic écid (1 ml) and acetone added. The
precipitated bramide (0.67 g, 84%) crystallised from ethanol as
colourless needles, m.p. 254-256° (decomp.).

i _ Found  : C; 45.3; H, 3.8; N, 11.7%
. CQHQBrNZO requires : C, 44.8; H, 3.8; N, 11,6%
) i . o
) ‘-'1>\max(H20) 2230, 2420@'2640, 3150, 3550 Bhf' 3640 A (logloé,;4.34,
. . 4114, 4,00, 3.87, 3.98, 4.02).
‘The picrate crystallised from ethanol as yellow needles, me.pe -
.. 185 - 186°,

"Found : C, 46.1; H, 2.9; N, 17.7%

clsﬂlinsos requires : C, 46.3; H, 2.85; N, 18,0%.

'1-PHENYL—PYRIDO|1;2—aIPYRAZINIUM BROMIDE 2-OXIDE (1xxx)

A mixture of 2-benzo§1pyr1dine (0.95 g)'and bromoacetaldehyde
'oximé (0.75 g.) was warmed on a boiling water bath for 30.min., The
.; resﬁlting gum was washed with ether, digestgd with boiling acetone
" ‘for 30 min, and the ;a.cetoixe decantéd. The crude residue was then
-washed with aqetone cpntaining“a litt;e methanol and finally crystallised
l ' ' 263 - 264°

from ethanol, giving the bromide as pale yellow_priéms! m.p.

": (decomp.) (0.43 g, 27%).
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Found c, 55.25; H, 4.0; N, 9,1%

L C14 11BrNbO .requires : C, 55,5; H, 3.7; N, 9.2%. '_ ’

)\ (H 0) 2260, 2670, 3230, 3070 sh., 3680 A° (logloé 4,33, 4.04,
- 3.88, 4,00, 4. 03).
The picrate crystallised from water as yellow plates, m.pPe. 212,; 2130.

Found : C, 53.1; H, 3
3.2; H, 2

CZOH13N508 requires : C, 5

.3; N, 16.0%
9; N, 15.5%.

1-AMIDOMETHYL-2-(1 3-DIOXDLAN—2-YL)PYRIDINIUM CHLORIDE

A mixture of 2-(1, 3-dioxolan-2-y1)pyridine (1.51 g) and
chloroacetamide (0,94 g) was heated:in:a sealed tube at 118 for

20 hr.  The black pieduct was. washed with acetone and the-residual dark
" solid crystallised from méthanol-ether. Recrystallisation gave the

.- chloride as colourless plates, m.p. 216° (189 g, 76%).

Found : C, 48.9; H, 5.3%
CloﬂlaclN O. requires ¢ C, 49.1; H,-5.4%
J

L ,-._ The bromide crystallised from ethanol as colourless plates,

" mep. 212 - 215°,

Found : C, 41.6; H,
: H,

clOHl3BrN 03 requires C, 41.5;_

«4; N, 9,4%
5; N, 9.7%

The picrate crystallised from ethanol as yellow needles, .

" m.p. 182°.
" .Found 3 C, 43.8; H, 3.5; N, 15.8%
C16H15N501° requiree : C; 43.9; H, 3.5; N, 16.0% |
’ ‘ . "73"; . - ’ '
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. Found.

1-AMIDOMETHYLP2-(2-METHYL[l,5]DIOHJLAN—Z—YL)PYRIDINIUM CHLORIDE

Was prepared from 2-(2-methy1[1,i]dioiolan-z-yl)pyridine
. (1.65 g) and chloroacetamide (0.94 gJ) using the procedure described
" for the nonmethylated compound, The chloride crystallised from

'.alcohol as colourless needles, m.p. 252° (1.39 g, 54%).

c, 51,0; H, 5.85; N, .10.65%

: 85;
CIIHISCIN 0. requires : C, 51.,1; H, 5.85; N, 10.8%.

Thepgicrate crystailised from ethanol as yellow plates, m.p. 141°.

"C, 45:25; H, 3.9%
C, 45.2; H, 3.8%

Found

CI7H17N5010 requires

l-BROMO-PYRIDOEI 2-a] PYRAZINTUM BROMIDE 2-OXIDE (1xxxi X = Br)

| A solution of the 2-oxide (1xvii) (0.5 gJ) and bromine (0.5 ml.)
in concentfated (48%) hydrobromie acid (7.5 ml) was stirred at room
temperature for 1 hr, heated on a boiling water bath for 2 hr. and
cooled, The addition of acetone prepipitated the bromide which
.crysfailised from eoncantrated (48%) hydrobromic acid - acetone es
euit needles which charred without melting:.below 320° (0.62 g, 92%).

L

: Found : C, 30.85; H, 2.4; N, 8.7%
CSHGBerzo requires : C, 3l.4; H, 2.0; N, 9.2%.
A a'x(ﬂzo) 2190 sh,, 2490 sh., 2560, 2630, 2810 sh., 3530, 3760 A°

(10g1°€ 3.94, 3.909 3.93. 3.92. 3.56. 3067’ 3064)0

14
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The picrate crystallised from water as golden prisms,

" mep. 155 - 156°,

Found : C, 36.6; H, 2,15; N, 15.1%

6;
Crq H8BrN508 requires C, 37.0; H, 1.8; N, 15.4%

' PYRIDO[IJ Zré]PYRAZINIUM BROMIDE (1lxvi; X = Br)

.(a) A suspeﬁsien-of the 2-oxide (lxvii) (0.48 gJ) in phosphorus

" tribromide (5 ml) was boiled under reflux for 20 min. The mixture

was cooled, ﬁiltered, and the residue washed with ether. Recrystallisation

from me thanol-ether gave the bromide as buff needles, m.p. 272 - 274

" (0.26 g, 58%).-

Found : C, 43.6; H, 3.7; N, 12.45%
08H7BrN in O requires : C, 43.7; H, 3.7; N,-_12.7%
>\m x(HZO) 2320, 2760, 2870, 3100 sh., 3220, 3360 A° (10g10€ 4,31,

3334, 3.35, 3.73, 3.98, 4.03).

(b) A solution of the 2-oxide (1xvii) (0.436 g) in methanol (20 ml)
B

" wgB hydrogenated over Adams catalyst ‘at atmospheric pressure and

- temperature until the uptake was 43 ml. The catalyst was filteréd

off and the solvent.evaporated under reduced pressure, Crystailisation

J'fof the residue from méthanol-ether gave the bromide, m.p. 272 - 274°

(c) A aolution of the 1-bromo compound (lxxxiii, X = Br) (0.21 gJ)

1n methanol (25 mIJ was hydrogenated over Adams catalyst at atmospheric

=75




pressure and temperature until fhe uptake was 16.2 ml, The catalyst'
was filtered off and the solvent evaporéted under reduéed pressure,
Crystallisation of the residue from methanol-ether afforded the

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

The picrate crystallised from water as yellow ﬁlates, m.p. 192 - 194°.

Found ‘& C, 46.4; H, 2.4; N, 19.8%
C, HNO_ requires : .C, 46.,8; H, 2,5; N, 19.5%

14 957
1-PHENYL-PYRIDO[ 1, 2-a] PYRAZINIUM BROMIDE (1xxxii)

A suspension of the l-phenyl 2-oxide (lxxx) (0,35 g) in
phosbhoru;s tribromide (6 ml) was boliled under reflux for 20 min,
The mixture was cooled and filtered. Crystallisatim. of the residue
. £rom met_hanol—ether gave the bromide as colourless plates, m;p. 259° |
(0,18 gy 54%)e - . _ :
. |
|

C-, 58.0

C, H. .BrN, requires : C, 58.5; H, 3.9; N, 9.8%

147112
o : Yo -
>\.m9xm2°) 2350, 3000, 3400 A (1ogm€ 4.32, 3,97, 3.89').

The picrate crystalllsed from ethanol as yellow needles,
m.p; 162 - 164°, B .

Found

o -020H13N597 requires

'C, 55.2; H, 3.4: N, 16,3%
c. 55.2; H, 3.0; N, 16.1%




1-BROM0*PYRIDOI1. 2-a|PYRAZINIUM BROMIDE (1xxxiii)

' 'A suspension of the l-bromo 2-oxide (1xxxi) (0.38 gJ in

phosphorus- - tribromide (6 ml) was boiled under reflux for 15 min.

" Thesmixture was cooled, filtered, and the residue crystallised from

' methanol-ether, affording the bromide as colourless ‘needles which

" charred without melting below 320° (0.2l g, 58%).

Found

CSHGBerz requires

'>\ x(H;0) 2450, 2840, 2990, 3300, 3520 A° (10g10€ 4,33, 3.56, 3.51,

3,96, 4.13).

The picrate crystallised from methanol-ether as yellow needles,

M.Pe 142?.

Found

-"CMHSBrNsO7 requiree

- /1-4,DIHYDRO—I-IMINO-PYRIDO[I, Z-é]PYRAZINIUM BROMIDE 2-OXIDE (1lxxxv)

"C, 32.9
1

c, 33.

é, 38.2;.

C, 38,47

; N, 9.9%
s+ N, 9.7%

H
H

H, 2.2; N, 15.6%
H, 1.8; N, 16.0%.

A solution of 2—cyanopyridine (1 g) and bromoacetaldehyde oxime
(1.5 g) in tetramethylenesulphone (2 ml) was allowed to stand at room

temperature for 30 days.

from the solution were filtered off and recrystallised from methanol-

The &eilow needles which had crystallised

_ether, affording the bromide as yellow needles, m.p.

12;5%).

Found h

CSHSBrNao requires

>\ e 00) 2410, 2810, 2900, 3530, 4130 A° (10g10€ 4,06, 4, 29, 4.30,

3. 40, 3.40).

" c, 40.2;

c, 39.7;

-7

H, 3.4; N, 17.0%
H, 3.3; N, 17.4%.

268°

(0.274 g

r




. The picrate crystallised from methanol-water as red needles,
mep. 212 - 215°,

Found : C

. ?
C14HION608 requires : C, -

. 1-2.DIHYDRD-I-OXO—PYRIDOI1. 2-é]PYRAZINIUM BROMIDE (1xxxvii)

. A sdlution of the l-imino 2-oxide (lxxxv) (0.46 g) in concentrated

43.2; 1, 2.6%
43.1; H, 2.6%.

(48%) hydrobromic acid (3 ml) was boiled under reflux for 15 min, cooled,
:':pnd acetone added. The résultihg solid crystallised from methanol-ether

giving the bromide as yellow needles which charred without melting below

320° (0.42 g, 91%).

Found i C, 41.9; H, 3.2; N, 12,3%
08H7BrN20 requires : C, 42,3; H, 3.1; N, 12.3%.
o .
_%mx(nzo) 2450, 2570, 3450 A” (log, € 4.23, 4.22, 3.97).

J
- The picrate crystallised from methanol-water as yellow needles,

mep. 250 - 254°,
Found

!c14H9N508 requires

1-0XO-PERHYDROPYRIDO[ 1, 2-a| PYRAZINE (1lxxxvi) - .

A solution of the l-oxo bromide (1xxxvii) (0.3 gJ) in 20% aqueocus

1

C, 44.5; H, 2.1%
C, 44.8; H, 2.4%

‘methanol (25 ml) was hydrogenated to completion overiAdams catalyst

at atmospheric preééure and temperature., The catalyst was filtered off
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and the methanol evaporated under reduced pres;dre. The residual
aqueous solution was basified (NaOH) and-extracted with-ether, The
ether. . layer was dried _(NaZS!Oél). and the solvent evaporated under

reduced pressure, leaving the base as a white solid which was purified

by sublimination (100°/2 mm), m.p. 131° (1;t.63, 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 catalytic

hydrogenation of theilactam (lxxv)24’63.

PICOLINIC ACID AMIDE Y

A solutlon of ethyl picolinate (1 g) in concentrated aqueous
ammonia (5 ml) was allowed.fo stand in a stoppered flask for 2 hr.
?The solution was reduced to half) volume by evaporation under reduced
pressure when.the amide cfystallised from the solution as colourless
plateo (0.6 g). The filtrate was.saturated with ammonla and allowed

to staod for a further 2 hr. The solution was-heated to boiling,
and cooled,.yielding a forther quantity of the amide (0,076 g., total
yield 84%) whioh crystallised from water as colourless plates, m.p.
” C107° ait.”t, mep. 107°), | |

PICOLINIC ACID AMIDE HYDROBROMIDE

(a) Picolinic acid amide (0;194 g) was dissolved in concentrated
(48%) hydrobromic acid (1 mlJ and acetone subsequently added

~

’_precipitating a colourless solid which was filtered and purif1ed

by sublimation (120 /0.7 mm) giving the hxdrobromide as colourless
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needles, m.p., 222-225° (0.311 g, 95.5%)

Found : C, 36.0

C H7BrN20 requires

(b) A mixture of picolinic acid amide (1 gJ'ﬁnd bromoacetaldehyde

H, 3.6; N, 14.2%
H, 3.5; N, 13.8%

oxime (1.13 g) was warmed to effect solution and allowed tg stand at ’
room temperature for 14 days, ?he resulting gum was washed with |
acetone, yielding the hydrobromide thch sublimed (120°/0.7 mm) to
--;fgive colourless nged;es, mep. 220 - 2250.(1.32 g, 79%). The infra-red
‘spectrum was 1dent1cai to that of the sample qbtained as in (a),

' 1,3-DIOX0-1,2,3,4~TETRAHYDRO-PYRIDO[1, 2-8] PYRAZINIUM BROMIDE (lxxxviii;
‘X = Br) . >

"(a) A mixture of picolinic acid amide (2.9 g) and ethyl ‘bromoacetate
ﬂ:(4.1 gJ) was warmed on a boilinggwater bath for 70 hr, The resulting
al deep red solid was washed-with acetone and crystallised from concentrated
. ;(48%) hydrobrsmic acid - acetone giving the bromide.as colourless needles
which charred without melting below 320° (4.93 g, 85%).

Found  C, 39.8, H, 3.2; N, 11.7%
08H7BrN O requires @ - C,.39.5, H, 2.9; N, 11,5%.

)\mx(o.m HC1) 2060, 2260, 2740 A° (log, € 4.32, 3.82, 3.85)..
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(b) A solution of 1-carboxymgthy1-2-amidopyridinium betgine (xca)
- (0.638 gJ) in concentrated (48%) hydrobronic acid (2.5 ml) was
boiied undé; reflux for 1 hr, vThe addition of acetone precipitated
"a colourless solid which crystallised from concentrated (48%)
'hydrobromic acid-acetone giving tne bromide as colourle;s needles
(0.305 g, 35.5%). The infra-red spectrum of the salt showed it to
.be the bromide (lxnxviii X = Br).

(a) The chloride (Ixxxviil; X = Cl) was prepared by heating e
mixtume of picolinic acid (123 g) and chloroacetamide (0,935 gJ

in a éealed‘tube nt 1202 for 18 hr. The resulting black gum was
nanhed with acetone'hnd-EFystallised from concentrated hydrochloric
acid - acetone, affording the chloride as_colourless needles which
.'cnarred without melting below 3%90 (0.5 gwhzs%). The infra-red

s

spectrum of this-saIt was identical to that of the bromide (1xxxviii;
X = Br). |

'(b) Almodification nf-this reaction?;using ethyl picolinate (1.51 g)
in place of picoltnic ac;n'(1.23 g) gave the chloride as colourless
needles, (0.555 g” 30%).._Tne 1ntra-red spectrum of this.salt was
11dent1ca1.to that of the bronide (lxnxviii; X = Br),

The picrate crystallised from nitromethane-ether as yellow needtes,

m.p. 183 - 185°,

: Found : C, 43.2; H, 2.6; N, 17,65%
' C14H9N509 requires : C, 43.0; H,_2.3;_N, 17.9% -
ETHYL pICOLINATE o o .

A solution of picolinic acid (50 g) in dry ethanol (150 m1) and

concentrated sulphuric acid (60 ml) was boiled under reflux for 4 hr,,

r-sl- '




- cooled, concentrated sulphuric acid (40 ml) added and the solution

boiled under reflux for a further 15 min, The cooled solution was

poured onto crushed ice (500 g), sodium carbonate (62,5 g.) added and

. the solution basified by the addition of concentrated aqueous-ammonia

"! solution (160 mlJ). Thg ether! extract of thefalkaline solution. was

dried (Na2804), the solvent removed by evaporation under reduced L

pressure and the resulting ester distilled under reduced pressure,

(11t,”? yield 61%).

1- (CARBETHOXYMETHYL )-2-CARBETHOXYPYRIDINIUM BROMIDE

A mixture of ethyl picolinate (3.02 g) and ethyl bromoacetate
(3.34 g) was warmed.on a water bath (900) for 70 hr., The resulting
plack solid was washed with acetone and crystallised from ethapol-e;her
giv#ng the bromide as célourless needles, m,p. 1460_(5.79 g, 91%).

Found

012H16BrN04 requires :. C, 45.3; H? 5.

The picrate crystallised from water as yellow needles, m.p. 110°.

3.9
4.4

1| R

i Ny
HI

Found C, 46.4; H, 4.0; N, 12,0%

018H18N4011 requires : q{.46.3§?JH, 3.8; N, 12.0%.

Y
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. "melting below 320° (0.072 g, 98%).

1, 3-DIOXO—1,2,3.4—TETRAHYDRO-PYRIDO[1, 2-a] PYRAZINIUM BETAINE (1xxxix)

. (8) The bromide (1xxviii; X = Br) (0.1l g) was added to concentrated

. aqueous ammonia (1 m1) and a yellow solid precipitated from the solution.
The solid was washed with acetone and crystallised from nitromethane-ether

' ,giving the bicyclic betaine as yellow needles which darkened without

N, 17.35%

Found. : C, 59,2 3.9;
H 3,7; N, 17.3%

c8H6N202 requires

>\ ax(Hg0) 2080, 2550, 3690, 4090 A (10g1°€ 4,21, 4,23, 4.04, 3.94).

“(b) A solution of 1-(carbethoxymethyl)-2-carbethoxypyridinium bromide

.',(2 g) in cqncehtrated'aqueous ammonia (10 ml) Was boiled under reflux

’

Va)

for 10 min., The.solution was reduced to half volume by evaporation

under'reduced'pressure and acetone was added,-precipitating the betaine

. as a yellow solid which crystallised from nitromethane-ether as yellow

“needles (0.815 g, 80%). The .infra-red spectrum ‘of this betaine was

identical to that of the betaine (lxxxix) prepared as in (a).

Treatment of the betaine (lxxxix) with saturated alcoholic picric

) acid afforded the picrate (lxxviii, x = picrate) which crystallised from

.nitromethane-ether as yellow needles, m.p. 183 - 185°

>
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1-CARBOXYMETHYL-2-AMIDOPYRIUINIUM BETAIKE (xca)

(a) A suspension of the bicyclic betaine (1xxxix) (0.315 gJ) in
water (10 ml) was boiled under reflux for 1 hr, when the betaine

- (1xxxix) slowly dissolved. The volume of the solution was reduced
to.2 ml, by evaporation under reduced pressure and acetone added.
Crystallisation of. the resulting colourless . solid from methanol- ether

afforded the monocyclic betaine as colourless needles, m.p. 192°

(0.325 g, 93%).

Found : C, 53.15; H, 4.7; N, 15.8%
. CSH8N203 requires : C, 53.3; H, 4.5; N, 15.55% .
'?\"nax(nzm 2120, 2770 A° (log, (€ 3.74, 3.8],.)).

(b) A solution of 1-carboxymethyl-2-amidopyridinium betaine hydrobromide

(0.2 g) in an aqueous slurry of ion exchange resin (Amberlite I.R.A.
N .
400 (OH)) (2 ml) was shaken for 2 min.and filtered, The solvent was

evaporated under reduced pressure and acetone added, precipitating a

colourless aolid,-crystallisation of which, from methanol-ether, afforded

. (o)
themonocyclic betaine as colourless needles, m.p. 192  (0.083 g, 60%).

The infra-red spectrum of this semple was identical to that of the

- gsample obtained as in (a).’

ep icrate, pnepared by the addition of alcoholic picric acid to

the'betaine (xca), crystallised from alcoholic picri

\

c acid as yellow

’ needles' PS XY 176 _178 .




Found

C14H11N5010 requires

Qo

, 2,5; N, 17.3%
, 2.7; N, 17.1%

l-CARBOXYMETHYL-2-AMIDOPYRIDINIURIBETAINE;HYDROBROMIDE (xciii)

(a) Ice cold concentrated (48%) hydrobromic acid (1 ml) was added to
} l-c;rboxymethyl-2-amidopyrid?nium'betaine (0.5 gJ) follbweq imme diately
“ by an excess of acetone, The bromide crystallised élowly from the

jéolution_as-colouriessaneedles,-(0.283 g, 39%). Crystallisation of

"E the bromide from ethanql-éther afforded the.bétaine (xca) whilst from
: aﬁueous hydrobromié acid=acetone*the product was the imide (lxxxviii;
X = Br). |

(b) A mixture of picbl}nic acid amide (1.22 g) and br;moacetic acid
(1;35 g) was warmed on a water bath (850)-for 18 hr, The product was
waéhed with acetone and the bromide sél;dified as a pale yellow -mass,
(2,395 g, 88%). The infra-;ed spéatrum of this salt was identical to
that of the éample prepared as in (a). |

fhe icrate; prepared by the addition ;f saturated aqueous sodium
picrﬁte to the bromide, crystallised from alcoholic picric acid as
yellow needles, m.p. 176 - 178° and was identical to the picrate of

liq;rboxymethyl-z—amidoﬁyriqipiﬁm betaine. .

PYRIDINE BETAINE HYDROBROMIDE (xci)

A'mixtureiof'pjridine (1.58 gJ) and ethyl bromoacetate (3.34 g) was
warmed.on a boiling water bath for 5 min,-coolea and the resulting solid .
" washed with acetone. Crystallisgtion of the residue from ethanol-ether
afforde@ l-carb-.'.et-hoxyméghyi’.tpyz‘i'diln-:.!,u@ .':bro!nide as colourless needles,
73

mep. 136° (117>, m.p. 135 - 136°).

r
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(4.76 g, 97%). The quaternary ester .(1 g) was dissolved in water

(2.5 ml) and passed down an 1on_exchange column (Amberlite I.R,A, =

400 (OH)), eluting 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 crystallisation of the residue from water afforded the

E hydrobromide as colourless plates, m.p. 199 - 202° (11t74, m,p. 198 - 200°

_(decomé.))(0.695 Cu 79%);

l-AMIDOMETHYLPYRIDINIUﬁ CHLORIDE (xcii)

| A mixture of pyridine (1.58 -g) and chloroacetamide (1.87 g)
was-heatéd 15 a éealeq tube at-100o for 18 hr. The resulting solid
was washed with acetone and crystallisea.from methanol-water giving
the ch;oride.as coiourless needlﬁ?, m.p. 209 =~ 211° (2.48 By 72%).

Found : C, 48,
s 8

5.,1; N, 15.9%
HQCINZO requires . 5

8; H, H
. C .7; H, 5.25; N, 16.2%

7

L]

. PERHYDROPYRIDO[1, 2-a] PYRAZINE (31)

(a) -A solution of the 2-oxide (1xvii) (0.4 g) in 20% aqueous methanol
(25 ml) was hydrogenated to coﬁpletipn over Adams.cafalyst, filtered

' and‘the aicohol eyaporatgd under”réducgd pressure, The residual

' aqﬁeoug solution'was'basific-ad_ (NaOH), the ether' gxtract of the alka_line

804).ahd the solvent evaporated under reduced pressure.

golufidn dried (Na2
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The

(1it

L)

(0.1
b.p.

(c)

resulting base was distilled under reduced piessure, b.p. 600/0.6'mm

75 : '
, 98 - 99°/25 mm) (0.098 g, 40%).

Found : C, 68.2; H, 11.7%

calc. for CH, N, c, 68.55; H, 11.5%.

Hydrogenation pf'l—bromo-pyrido[l, z-élpyrazinium bromide (lxxxiii)
8 gJ) as described for the 2-oxide (1xvii) afforded the base,
80°/2 mm (0.037 g, 42.5%).

Hydrogenation of'l,'4-dihydro-l-imino-pyrido[l, 2—n]pyrazinium

bromide 2-oxide (1xxxv) (0.3 g) as described for the 2-oxide (1xvii)

gave the base, b.p. 80°/2 mm (0.068 g, 36.5%).

(d)

1, 3-Dioxo-1,2,3,4-tetrahydro-pyrido[1, Z-élpyrazinium bromide

(1xxxviii; X = Br) (0.8 g) was slowly added to a stirred solution of

14thium aluminium hydride (1 g% in dry ether (50 ml) 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 ciear ether _ solution decanted,

water (5 ml) added, and the ether évaporated under reduced pressure.,

 Methanol (20 ml) was edded to the resulting aqueous solution and the

intermediate compound was hydrogenatéd.to completion over Adams

catalyst. The catalyst was filtered off and the alcohol evaporated

~ -

from the filtrate under reduced pressure. The residual aqueous

‘solution was basified (Ngoﬁ), the etheral extract of the alkaline

golution dried (qusg ) and the ether evappfated under reduced pressure,




.\.lleaving the base thch waszdistilled under reduced pressure, b.p. 70°/
| 1,7 mm. (0,138 g, 30%). |
The infra-red spectra of the bgses'obtained as in (b), (c) and
" (d) were identical to that of the base prepared as'ip (é)-and-to the
;nfra-red spectrnmof an authentic ;ample of perhydropyrido[i, 2-a]
pyrazine63 prepared by hydrogenaéion and subsequent lithiuﬁ aluminium
hydride neduction of the lactam (1xxv). ‘
The dipicrate crystallised from water as yellow needles, m.p.

275 - 278° (1it, m.p. 240°%°, 250 - 260°°).

_ Found' ¢ C, 40.3; H, 3.8; N, 18.65%
Calc, for CgH,  N,e2CcH N0, & C, 40,15; H, 3.7; N, 18.7%.

The melting points of the dipicratesderived from the base.

‘__prepaged as in (a), (b), (c) and (d) were identical.
' )
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INDEX OF COMPOUNDS DESCRIBED IN THE EXPERIMENTAL SECTION

¢ U : ,




1~AMIDOMETHYL~2=(1 , 3-DIOXOLAN-2-YL)PYRIDINIUM BROMIDE
" CHLORIDE
"o PICRATE

1-AMIDOMETHYL~2-( 2-METHYL[1, 3] DIOXGLAN=2-YL)PYRIDINIUM CHLORIDE
. N ' " ' ’ .
' PICRATE
1~-AMIDOMETHYLPYRIDINIUM CHLORIDE
BROMOACETALDEHYDE OXIME
1-BROMO-PYRIDO [1 z-a] PYRAZINIUM BROMIDE
" : PICRATE
1-BROMO~PYRIDO [1,2-a] PYRAZINIUM BROMIDE 2-OXIDE
" - PICRATE "
' 1-‘CCARB'E'1_‘HOXYMETHYL)--Z-CARBE'IHOXYPYRIDINIUM BROMIDE -
" _ PICRATE
. . . . . J
1~-CARBOXYMETHYL~-2-AMIDOPYRIDINIUM BETAINE _ .
" - ‘HYDROBROMIDE
” . )
. _ PICRATE
1,4-DmYDRo-1.--IM1N0-thmo [1,2-a] PYRAZINIUM BROMIDE 2-OXIDE

" .. PICRATE

1, 2-DIHYDRO-1-OX0=PYRIDO [1 »2-8] PYRAZINIUM: BROMIDE

" " PICRATE
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“73

74
74
86
69
77
77
74
75
82
82
84
85
84
77
78

78
78

69



1,3-DIOXO-1,2,3,4-TETRAHYDRO:PYRIDO[1, 2-a] PYRAZINIUM BETAINE

"o BROMIDE
" . CHLORIDE
" o PICRATE

. ETHYL PIGOLINATE
" 2-( 2-METH§L [1,3] DIOXOLAN-2-YL)PYRIDINE
* 1-METHYL-PYRIDO[1, 2-8] PYRAZINIUM BROMIDE 2-OXIDE
. o PICRATE
‘ 1-(.'-24OXIMIN0ETHYL)-2.-(1_.',:i'-DIO)QIAN-Z-YL)PY'RII.JINIUIIJi BROMIDE
| B " S . PICRATE

- 1-(2-OXIMINOETHYL)~2-( 2-METHYL{1,3] DIOXQLAN—Z-YL)PYRIDINIUM
| o BROMIDE

-~

1~ (2-OXIMINOETHYL)-2-( 2-METHYL[1, 3] DIOXQLAN-z—YL)PYRIDINIUM
_ PICRATE

IPOXO-PERHYDROP.YRIDOEI ,2-8] PYRAZINE
PERHYDROPYRIDO[1 ,2-8] PYRAZINE .
' 1-pHENVL-PYRIDO[1, 2-8] PYRAZINIUM BROMIDE
"™ .. . PICRATE
1-PHENYL-PYRIDO[1, 2-a] PYRAZINIUM BROMIDE 2-OXIDE

" PICRATE
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. oo" "  HYDROBROMIDE
' PYRIDINE BETAINE HYDROBROMIDE

- PYRIDO[1,2-8] PYRAZINIUM BROMIDE

M . PICRATE .
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