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SUMMARY

The work describes the. preparation and properties of several
simple quinolizinium salts particularly hyd%oxyquinolizinium derivativese.
1= and 2-Hydroxyquinolizinium salts have been prepared in high yields from
1=0x0-1,2,3,,4=tetrahydroquinoliziniun bromide. The 2-hydroxyquinolizinium
ion has‘also been converted to the related compound, 2=-quinolizone. Some
1,2=dihydroxyquinolizinium salts have been prepared.

1=Hydroxyquinolizinium salts are shown to be phenolic readily
‘undergoing acetylation, bromination and coupling with diazotised aniline.
However, nitration is abnormal giving a series of compounds having
éwitterionic structures. The 2-hydroxyquinolizinium salts behave to some
extent as phenols but 2=-quinolizone, as expected, has properties resembling
the 2- and L=pyridones.

The rearrangements of 1-oximino-1,2,3,4-tetrahydroquinolizinium
bromide have been investigated and total syntheses of both possible
Beckmann rearrangement products are reported. Under certain acid con-
ditions the oxime rearranges to give' aminohydroxyquinolizinium salts. .
These have been formulated as 1-amino-2-hydroxy and 1-amino=-4-hydroxy-
quinolizinium compoundse. '

Attempts have been made to synthesise the 1- and 3-oxo pyrido[1,2a]-
azepinium systems. Although the preparation'of the unsubstituted compounds
has not been successful several compounds in the 1-oxo pyrido[1,2a]-

azepinium series have been synthesised.
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INTRODUCTION

Nomenclature

Throughout the course of this work thé term quinolizinium ion will
be used to describe the bicyclic naphthalenic ring system in which one of
the bridgehead carbon atoms has been replaced by a quaternary nitrogen atonm
(I). The equivalent reduced systems (II) will be termed quinolizidines and
salts of type (III) will be referred to as 1,2,3,4~-tetrahydroquinolizinium

salts. The heterocyclic system (IV) is one (10~ H) of several isomers

known as quinolizines.
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Survey of Previous work

(a) Syntheses of Quinolizinium Compounds.

Although a considerable amount of work has been carried out on
substances containing quinolizidine (II) and quinolizine (IV) systems,
comparatively little has been done on the fully aromatic quinolizinium cation
and its derivatives.

Previous to 1954 the only reported synthesis of a quinolizinium

compound having no additional fused rings was the 1,2,3,4~-tetramethoxy



(1)

carbonyl compound (VI) which had been prepared by Diels and Alder from
tetramethyl-4H-quinolizine-1,2,3,4=tetracarboxylate (V). The quinolizine
(V) had been obtzined as one of the products of the reaction between
pyridine and dimethyl acetylenedicarboxylate. Although the structure of
this compound (V) was first given as the 10 - H isomer, recent work by
Acheson and Taylor,(z) and Jackman, Johnson and Tebby,<3) has proved the
structure to be tetramethyl-4fH-quinolizine=-1,2,3,4k=tetracarboxylate .
The quinolizinium derivative (VI) was obtained by oxidation of the ‘quin-
olizine (V) with bromine in methanol, giving the perbromide (VI, X = Brj).
This could be converted to the perchlorate (VI, X = 01oh) by addition of

(1)

perchloric acid, or to the bromide (VI, X = Br) by refluxing with

(2)

acetone. Similar compounds have been obtained(s) by using substituted

pyridines in the reaction with dimethyl acetylenedicarboxylate.

COQMe COOMe
N2\ C00Me Br,, 23 X CO0Me
N AC00Me ~eor 2 N ZAcoome

COOMe + COOMe
-
v VI

Quinolizinium salts have been known to exist in certain complex alkaloids
for some time. In 1949 Bentley and Stevens(h) and McLamore and‘Woodward(5)
simultaneously established the presence of the quinolizinium nucleus in the

alkaloid sempervirine. licLamore and Woodward also synthesised a number of

sempervirine metho-salts by a process which involved reaction of



2-isopropoxy methylene cyclohexanone (VIII) with the lithium reapgent of
N-methyl harmsn (VIII), subsequent cyclisation giving 13-methyl-1,2, 3,4~

tetrahydrobenzo-indolo [2,3a] quinolizinium chloride (IX).

CHOPr
@mE T @
N7\~
e CH L1
VIiI VIII

(6)

Using a modification of this method, Beamann and Woodward achieved the

first synthesis of an unsubstituted quinolizinium salt. The method involved
the treatment of 2-picolyl lithium with 3-isopropoxyacrolein, subsequent
cyclisation of the initially formed product with acid giving the required
quinolizinium salt ir(x \)rery poor yield. The method has been elaborated by
Boekelheide and Gall ] who replaced the 3-isopropoxyacrolein with
3-ethoxypropionaldehyde and were able to obtain guinolizinium salts in

10% overall yield by the reaction scheme shown.

CH,LI+ OH : OH
A E40CH,CH,CHO _ 22 HI &l
~ N > ~N N _— ~N N
OE e =
¥ I
Ac:zo/ﬁ?_so4
7 N SNy 5 Pd/c e ) BN
SN2 ) XN
+ - +



By using the monolithium reagent of 2.6-lutidine in place of 2-picolyl

|
(8) |

lithium, Boekelheide and Ross were also able to prepare 4-methylquino- |
liziﬁium saltse A further refinement has been made by Richards-and Stevens,(9)i]
who, by using the enol ether or the monoketal of a P-diketone and cyclising |
the resulting alcohol with acid, have synthesised a range of 2-, 2,3-, and

2,4=-substituted quinolizinium salts.

-

CHoLi ROH :
R RCOCHR' CR" (OALk )p : PPH bl 2N
N L R ; N1 R

CR" (0A1Kk) o + o
i

\.
This synthesis has also been used by Hansen and‘Amstqlz(1o) to form

l,6-dinethylquinolizinium salts. This has been accomplished by the reaction
of 2,6-lutidyl lithium with the appropriate protected F-diketone.

In an attempt to prepare a quinolizinium salt unsubstituted in

position 2, Richards and Stevens(9) reacted 2-picolyl lithium with ethyl
B-ethoxy crotonate giving compound (x). With pieric acid an unstable picrate
was formed having the composition C16H1208N4: This has been formulated as

2-hydroxy-4-methylquinolizinium picrate (XI). However, in view of the fact

that 2-hydroxyquinolizinium salts have recently been shown to be quite stable(To

3

the formulation must be regarded as suspect.

N 2 Nz
CMeOEt : * Me

picrate-

X XI



A synthesis by Glover and Jones(12) was the first to produce the
quinolizinium cation in appreciable quantities. By treating 2-cyano-
pyridine with the Grignard reagent from 3-ethoxypropyl bromide, 2(4' -ethoxy
butyryl) pyridiné(13) (XII) was obtained. Cyclisation was then effected
by splitting the ether (XII) with hydrobromic acid and heating the result-
ing bromo ketone (XIII) in chloroform to give 1-oxo-1,2,3,k=-tetrahydroquin-
olizinium bromide (XIV). The cyclic ketone (XIV) when boiled under reflux
with acetic anhydride was dehydrated to quinolizinium bromide (II, X = Br).

An overall yield of 48% was recorded based on the 2-cyanopyridine.

0 oot O o SIS
| Et0CHoCHp CHoMgBr: ) HBr
N > (WUN > H*
OEt Br- Br

XTT A NapCO 5 XIIT
ii) Heat
J 0
e | ENY Ac.0 s |
N A < NS
+ +
Br ' | B~
II X1V

The method is a general one and by using suitable starting materials the
(12,14)

same authors have synthesised a number of 2-, 3- and 4-alkyl and aryl
substituted quinolizinium salts. Moynehan, Schofield, Jones and Katritzk§16)
have also used this method to synthesise the four methyl quinolizinium deriv-

atives. In this case the reactants were 3-ethoxypropyl magnesium bromide

and the appropriate 2-cyanopicolines.



/

Syntheses of 1-0x0-1,2,3,4-tetrahydroquinolizinium bromide (XIV ) have
since been reported by Prasad and Swan(17) and Elderfield, Lagouski, McCurdy
and Wythe,(18) thoﬁgh yields are lower than in the preparation described.

The three isom;aric benzo-quinolizinium derivatives, benzo [a] (XV),

benzo [b] (XVI), and benzo [c¢] (XVII) quinolizinium salts have all been

prepared.
: N Z Za
| | I
N A Nz NN
+ - + ~ - +
X X X
Xv XVI XVII

Benzo [b] quinolizinium salts were first reported by Bradsher and Beavers.(19)
The synthesis involved the quaternisation of pyridine-2-aldehyde with benzyl
bromide substituted in the 2-or 3-position.of the benzere ring, followed by

cyclodehydration of the resulting salts,

CHO CHO
Zr ot N
+ ey | l
O™ =0 — A — G20
R i R o
Br

Br

2
By a similar method Bradsher and Jones( 0) prepared a number of substituted
benzo [a] quinolizinium salts. In this, 2-phenyl pyridine was quaternised
with phenacyl bromide or iodoacetone, and the resulting quaternary salts

boiled under reflux in hydrobromic acid to yield 7-phenyl and 7-methyl



benzo [a] quinolizinium bromides (XVIII) respectively.

) - “3 -
k* X L
S RCOCH X S HBr N
= ——y
: COR l R
XVIII

Glover and Jones(14) have extended their general method of preparation of
quinolizinium salts to the synthesis of the three benzoquinolizinium isomers.

The starting materials are the appropriate cyanoquinoline or isoquinoline

and the Grignard reagent from 3-ethoxy propyl bromide.

Another process by which substituted quinolizinium compounds have
been prepared, is one which involves cyclodehydration of suitable pyridinium
salté. Westphal, Jann and Heffe(21) have prepared several 2,3-disubstituted
quinolizinium salts by condensation of compounds having two adjacent oxo
groups, with a suitably -activated picolinium salt. 2,3-Dimethylquinolizinium
promide (XX) is thus formed by reaction of the quaternary salt of ethyl
bromo-acetate and 2-picoline (XIX) with diacetyl. The cyclisation is
carried out by heating in an ethanolic solution of dibutylamine. The yields

quoted for this reaction are usually in the order of 80%.

CH
COOEt *+ & 2 S 3
X NS 0% \CHB EtOH N FHong

Br o

XIX . XX



(22

A recent patent application ) lists many compounds prepared in this manner.
In addition to aryl and alkyl derivatives some 4~-amido=-2,3-disubstituted

(XXI) compounds have been prepared.

\

\ R
/ R\\
_ " conn,
X
XXI
Westphal and Feix(zj) have used a modification of this method in a synthesis
of 2,3-diphenylquinolizinium bromide. The first step is a reaction between
2-pyridine aldehyde and phenyl benzyl ketone. The product (XXII) is
quaternised with phenacyl bromide and the resulting pyridinium salt (XXIII)

is cyclised by refluxing with a solution of dibutylamine in acetone.

H i
Ph Ph
BrCH,COPh = (Bu)zNH
PR, E i S NN I GOPh N N *Ph
- +CH,COPh
Br B
XXII XXITI

Apart from the alkyl and aryl derivatives described, few simple quinolizinium
derivatives have been reported. The first simple quinolizinium compound
prepared having a reactive group was L4-quinolizone (XXIV) which is the stable

form of the 4~hydroxyquinolizinium ion (XXV).



(2u) -
by conden-~

L=Quinolizone (XXIV) was prepared by Boekelheide and Lodge
sation of ethyl pyridylacetate and diethyl ethoxymethylene malonate to
1, 3-dicarbethoxy=-4=quinolizone (XXVI). Treatment of this with hydrobromic

acid gave the unsubstituted quinolizone.

COOEt

CH,CO0Et

— LCOOEt

| + Et0CH=C e I /l
o N C OEt & N COOEt

i XXVI
HBr

COOH

oY 5 doee. HBY i e

N XN~ coon
0

The three other hydroxyquinolizinium compounds are now known. 1=Hydroxy=- .
quinolizinium picrate (XXVII, X=Picrate) was first prepared by Glover

5
and Jones by dehydrogenation of 1-oxo-1,2,3,4=-tetrahydroquinolizinium

bromide (XIV) with palladium charcoal. The yield was poor and only the
piecrate could be obtained.



10.

0 OH
i | S = ' AN
SN NENEZ
+ + <

Br X

X1V XXVII

Fozard and Jones(26) have also synthesised the bromide (XXVII, X = Br).

Details of this appear later.
The only reported synthesis to date of 2-hydroxyquinolizinium salts
(27)

is that of Fozard and Jones and is described later in this work.
3-Hydroxyquinolizinium salts (XXIX) have been prepared by
Schraufstaetter(zs) by cyclodehydration of the quaternary salt of 2-pyridine

acetal and chloro acetone (XXVIII). No yields were given.

cH(OEt CH(OEt
(Ot)2 4 cocm 01 Ay OB s s A S
et S S l
§54/é NN OH: COCH NN Ao
2 3 o

+

cl X

XXVIII XXIX

29)

In a review on pyridinium salts Krohnke( gives details of a yet unpublished

synthesis of substituted 1-hydroxyquinolizinium salts originated by Weis.(BO)
The quaternary salt of 2-acetyl-pyridine and bromo acetophenone (XXX) on treat-

ment with base gives the zwitterion form of the 1-hydroxy salt. This is not



ul

isolated but is treated with hydrobromic acid to give 1-hydroxy-3-phenyl-
quinolizinium bromide (XXX) in 80% yield. When the pyridinium salt (XXX)
is treated with an acetic acid/ammonium acetate mixture at 13000, a 2-aza=-

3-phenyl-quinolizinium salt (XXXII) is formed in 95% yield.

OH
TN HBr 7 RN
—i1Dr |
OCOGH} / N/Ph Shs
N‘CH ,COPh o £

\ x" HOAc . X
NHAOAE\\\\\\\ﬁ % XXXI
NS NJLPh

2P

Only one amino-quinolizinium derivative is known this being 1-aminoquinoliz-

XXXII

inium bromide (XXXVI, X = Br), obtained by Collicut and Jonés(31) from
1-0X0-1,2,3,4=tetrahydroquinoliziniun bromide (XIV). The ketone (XIV) was
first converted to the oxime (XXXIII) with hydroxylamine, and then refiuxed
with acetic anhydride containing a trace of sulphuric acid. The initially
formed O-acetyl oxime (XXXIV) underwent a Wolff aromatisation giving
1-acetamidoquinolizinium salts (XXXV). Subsequent hydrolysishwith aqueous
hydrobromic acid gave the 1-amino derivative as the hydrobromide (XXXVI,

X = Br as hydrobromide).

: 0
2 HZNOH Ao j
N HoSOL
P
Br
XIV XXXIIT © . XXXIV / XXXV

7N
==
2N\ /
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(32)

Acheson, Gaga:n and Taylor have described a method of formation of
2-carboxyquinolizinium bromide (XXXVIII). When tetramethylrhﬁ-quindlizine-
1,2,3,4-tetracarboxylate (V) is refluxed with dilute hydrochloric acid, two
products are formed, One, a substituted indole, can be removed by extraction
with chloroform, leaving the other, 2—carboxy-1,Andihydroquinoliziniuﬁ chloride

(XXXVII) in solution. On treatment with N-bromosuccinimide using aqueous

dioxan as solvent, 2-carboxyquinolizinium bromide (XXXVIII)is formed.

% /cooggwe | z COOH  3.B.S. AN\ CO0H
X N~ COOMe S N iq I. T Q\Ig
OOMe . s ;r et
v i XXXVII XXXVIII

b) Properties

Little is known of the properties of the quinolizinium cation or

its derivatives, but it should be a 7 deficient aromatic substance very

susceptible to nucleophilic substitution in the 2- and L-positions. Electro=-
-philic attack should take place much less readily than either pyridine or 1

quinoline due to the positive charge carried. The ultraviolet absorption

spectrum of the quinolizinium cation is very similar in character to those
of quinoline and isoquinoline, confirming its highly aromatic nature.
Richards and Stevens(9) have successfully condensed 2-methyl-

quinolizinium salts with p-dimethylamino benzaldehyde and with NN-dimethyl-

T T Y T ——

p-nitrosoaniline, giving compounds(XXXIX) and (XL) respectively. L4-Methyl- |
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quinolizinium bromide also undergoes a similar condensation.with NN-dimethyl-

(15)

p-nitrosoaniline. These methyl salts thus show some analogy with the

4-wethyl substituent in a pyridine ring.

AN CH=C}{PhN(Me)2 2 S CH=I\E’hN(Me)2
C@ X NF

+ +

X X

XXXIX XL

Collicut and jones(Bj) have succeeded in diazotising the 1-amino
compound (XXXVI) thoqgh only in ethanolic solution. The diazonium compound
(xL1) will couple with 2-naphthol to give an azo dye and on refluxing in.
aqueous acid a 1-hydroxy salt (XXVII) is obtained. In aqueous solution
diazotising conditions gave an-insoluble compound of composition C9H7N$O.
This has been formulated as a furazan (XLII). Presumably, the formation of
such a compoundeould go via a nitroso intermediate. Although this is
unexpected due to the electrophilic mechanism of nitrosation, it will be seen
later that 41-hydroxyquinolizinium salts feadily undergo electrophilic

substitution in the 2-position.

N,Br oH
e N aq.acid ()
T Wy N S
ok N ; Y\anol t - + -
el 2 XEIW X . xxviz . X
&
Pl s Z
X Qtﬁ‘r. ‘HN \
NS N
XXXVI
N A
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Of all quinolizinium salts and related compounds, the chemistry of
L-quinolizone (XXIV) has been most studied. Both its properties and ultra=
violet absorption spectrum suggest that it is a resonance hybrid to which
the h-hydrox&quinolizinium cation (XXV) is a major contributor. Thus it
gives a deep red colour with ferric chloride solution and forms crystalline
salts with picric and hydrochloric acids though both these are very
unstable€2h Treatment with phosphorus pentasulphide yields 4-=thioquin-
olizone = (XLIII), a stable substance which with methyl iodide gives 4-
methylmercaptoquinolizinium iodide (XLIV), a stable crystalline saltSBS)
Van Allan and Reynolds(BA)have reacted phosphorus oxychloride with
L=quinolizone and obtained an almost quantitative yield of L4-chloroquinoliz-
inium dichlorophosphate (XLV, X = POClg). This may be converted to the
perchlorate (XLv, X = Cloh) with perchloric acid. The same authors have also

found that the chlorine atom in (XLV, X = POCl,) is replaced by piperidine to

give 4-piperidinoquinolizinium dichlorophosphate (XLVI) in poor yield.

//l P235 //I VeI e
N > N T TR . RN
+
0 S I- SMe
P0013
XLIII XLIV
7 B piperidine ’/| o
Z GRSV IZ
1

POCl2

O,

/4R
ng}%i
N\ /
Sl
+ ==
&,

XXV XLV XLVI



PART I

The Preparation and Properties of Hydroxyquinolizinium Salts
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Discussion

0f the four possible mono-hydroxyquinolizinium salts the
2~ and 4-isomers should be abnormal, the more stable form being an "amide"
type tautomer. 1- and 3-hydroxy-salts should hehave as normal phenols
like the 3= and 5-hydroxypyridines. The chemistry of 4-hydroxyquinolizinium
derivatives has been investigated and as expected reveals a certain amide

(24,53, 3%) 3-Hydroxyquinolizinium salts have recently been

character,
prepared but their properties have not yet been investigated. This section
describes the preparation of 1= and 2- hydroxyquinolizinium .salts and gives

an account of their properties. The synthesis of 1,2-dihydroxy salts is

also recorded.

a) The bromination of 1-0x0-1,2,3,4=tetrahvdroquinoliziniun bromide (XIV)

The tetrahydro-ketone (XIV), prepared by the method of Glover and
(12)

Jones was brominated in concentrated hydrobromic acid to give 2-bromo-
1-0x0-1,2,3,4-tetranydroquinoliziniun bromide (XLVII, X = Br), a pale

yellow salt, in 90% yield.

0
Br
“ Br? o Br
N N W
+ +
Br x' T
XIV XLVII XLVIIT

Although by analogy with 1-tetralone,(35) bromination would be expected to

give the 2-bromo derivative, the carbonyl stretching frequency of the
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brominated ketone differed very little from that of the starting material.
As halogenation in the 2-position relative to a carbonyl often produces a

large shift of carbonyl absorption,(Bé) substitution at position 4 could not

be excluded.

In order to confirm that the compound was in fact the 2-bromo
derivative, the uncyclised ketone (XII) was brominated before and after
conversion to the bromo ketone (XIII). Under these conditions bromination
would occur in the position adjacent to the carbonyl group. Subsequent

cyclisation in both cases gave compound (XLVII ', X = Br).

0
I HBP ; heat 7 1 Br
_'__'_%> N N ~_N
=t i
Br

/

Br

XIIT

When 1-oxo—1,2,3,#—tetrahydroquiﬁolizinium bromide (XIV) was brominated
with the equivalent of two moles of bromine in aqueous hydrobromic acid, a
dibromo ketone (XLVIII, X = Br) was formed in 90% yield. The carbonyl _
stretching frequency of this compound differed appreciably (20 cm.-1) from
that of the tetrahydro ketone. Again.by analogy with 1-tetralone(37) the

2,2-dibromo compound is indicated 'and this was confirmed by a comparison
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of the nuclear magnetic resonance spectra of the mono (XLVII) and dibromo
(XLVIII) ketones. Both spectra showed a triplet centred at 5.1‘Y.(reiative
to tetra-methyl silane) assigned to the two protons at position 4. The
mono=-bromo ketone (XLVII) had a broad quartet céntred at 7.1 7T assigned to
the two protons at position 3. In the dibramo ketone (XLVIII) these

appear as a triplet centred at 6.65 T , the additional chemical shift being
due to the extra bromine atom on the adjacent carbon 2.

The positions of the carbonyl stretching absorptions may be
explained by assuming that the first bromine atom substitutes.the 2-position
quasi-axially. The significantly larger shift observed for the dibromo
ketone (XLVIII) being interpreted according to the data of Jones(36> and
(38)

Corey to mean that the new C - Br bond is more nearly coplanar with the

carbonyl bond than the original C - Br.

b)+ Synthesis of 1-hydroxygquinolizinium salts.

VWhen 2,2-dibromo-1=-0x0-1,2,3,4=tetrahydroquinoliziniun bromide
(XiVIII, X = Br) was refluxed with acetic anhydride ' 1-acetoxy-2-bromo-
quinolizinium bromide (XLIX) was obtained in 86% yield. The compound is
notable for its unusually high carbonyl stretching frequency in the
inffared (1785 cm.-1).

Catalytic hydrogenation of this compound (XLIX) would be expected
to yield the 1-acetoxy salt. When hydrogenation was carried out in an
ethanolic solution using 10% palladium on charcoal catalyst, an uptake of one
mole equivalent of hydrogen was noted. However, the product isolated was
the monohydrate of 1-hydroxyquinolizinium bromide (XXVII, X = Br), hydrolysis

of the acetyl group having occured. The yield was 86%. The anhydrous
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picrate (XXVII, X = picrate) could be obtained by addition of agueous

sodium picrate to an aqueous solution of the bromide.

0 Br o
o I Br A020 T
N
*'Br.
XLIX XXVII
0

23 | IBr |
>N S SNz s

i of 5 g Pl

X X
When the dibromo ketone (XLVIII, X = Br) was refluxed with 50% aqueous
hydrobromic acid a bromo-hydroxyquinolizinium bromide (015 X.= Br) was
isolated in 70% yield. Treatment of the acetoxy compound (XLIX, X = Br)
with aqueous hydrobromic acid gave an identical product. The same compound
( L, X = Br) was later found to be formed in quantitative yield by heating
the dibromo ketone (XLVIII, X = Br? at 150-16000, copious fumes of hydrogen
bromide being evolved. The bfomo-hydroxy compound is thus 1-hydroxy-
2-'bromoquinolizinium bromide ( L, X = Br), the reaction proceeding via .
the removal of a molecule of hydrogen bromide from the dibromo ketone
(XLVIII, X = Br) followed by immediate enolisation to the hydroxy-bromo
compound ( L, X = Br). Catalytic reduction of ( L, X = Br) gave again
1-hydroxyquinoliziniun bromide (XXVII, X = Br) in 86% yield. By this
reaction an overall yield of 75% was obtained.bésed on tﬁe tetrahydro

ketone (XIV).

The hydroxy compound (XXVII, X = picrate) could also be obtained
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- directly from the dibromo ketone (XLVIII, X = Br). Krollpfeiffer and
Muller(ho) report that 2,2-dibromo-1-tetralone forms 41-naphthol when
refluxed with dimethyl aniline. The reaction involves the formation of a
quaternary ammonium salt which decomposes instantaneousiy to give 1=-naphthol.
A similar reaction occurs in the quinolizinium series. 'The dibromo ketone
(XLVIII, X = Br) was refluxed for several hours with dimethyl aniline until
it had completely dissolved giving a deep red solution. After removal of
the dimethyl aniline, the residue was refluxed with aqueous hydrobromic
acid. The acid was distilled off and 1-hydroxyquinolizinium picrate
(XXVII, X = picrate) obtained by addition of sodium picrate to the residue
dissolved in water. The salt was identified by analysis, ultraviolet
spectrum and a mixed melting point with an authentic specimen of 1-hydr§xy-
quinolizinium picrate.

In one early unsuccessful attempt to prepare 1-hydroxyquinolizinium

salts it was intended to carry out the following scheme of reactions.

OMe OMe OMe

OH

CHoNy /w HNO N0,  HBr Zne
@ K) : @ Hoo QN
LI

J’CuCN

(31 ONe3.0 OMe
s
@j  cyclisation  BriMgCHpCHpCHpOEt Ay OF
X NF & hydrolysis X & .
1aet g
3 | OEt

5-ﬂydroxypyridine (LI) was converted to the 3-methoxy compound by methylation

as described by Prins.(h1) Nitration according to the method of Bernstein
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et 31(42)

gave 3-methoxy-2-nitropyridine in good yield. This was heated in
a sealed tube with a saturated solution of hydrogen bromide in glacial acetic
acid to give 2-bromo-3-methoxypyridine in 25% yield. In the next stage, a
Rosemund-Von Braun nitrile conversion to the 2-cyano derivative, an extremely
vigorous reaction occured, the reactants.charring before any of the nitrile

. could be distilled. As no more of the 2-bromo-3-methoxypyridine was

available the reaction was not repeated.

c) The properties of 1-hydroxyquinolizinium bromide (XXVII, X = Br)

Although the quinolizinium ion is a w=deficient system, the hydroxyi
group is a fairly strong electron donor and would be expected to modify
the resistance of the quinolizinium system to electrophilic attack. In order
to compare the propertiecs of 1-hydroxyquinolizinium salts and phenolic
hydroxy compounds of other zm=deficient nitrogen heterocyclic systems, a
range of reactions characteristic of phenols has been carried out.

1-Hydroxyquinolizinium bromide (XXVII, X = Br) is a colourless solid.
It shows a peak at 3450 cm.-1 in the infrared (. intermolecular bonded OH) and
gives a deep violet colour with neutral aqueous ferric chloride solution.
It is also relatively acidic and the pKa determined spectrophotometrically
was 5.2.

Bromination in agueous hydrobromic acid gave 2-bromo=-1-hydroxy-
quinolizinium bromide ( L, X = Br) identical in melting point and spectra
to that obtained from the dibromo ketone (XLVIII). The yield was 80%. The
ready substitution is surprising in view of the positive charge carried by

the ring system. The phenol (XXVII, X = Br) also coupled with diazotised
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aniline, presumably in the 2-position, to give a deep red azo dye (LII).
Unfortunately no suitable solvent was found for recrystallisation and no
analysis of the dye was obtained., Nitration was abnormal and a number of
complex products were obtained. A full description of these appears in the
next section.

4-Hydroxyquinolizinium bromide (XXVII, X = Br) was readily acetylated
with acetic anhydride to which a drop of sulphuric acid had been added,
giving 1-acetoxyquinolizinium bromide (LIII)s The infrared spectrum of
this compound, like that of the acetoxy-bromo‘ compound (XLIX), was charac-

terised by a high carbonyl absorption frequency (1785 cm.-1)c

OAc
AN C@ SH, K Cro
Z H so Nz sto
+
Br Br
HBr
LIII br, cH N\ LIV LV
652
OH 0H
N SN
+ 3 1 -
Br Br
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On catalytic hydrogenation using Adams' platinum oxide catalyst,4-hydroxy-
quinolizinium bromide (XXVII, X = Br) was reduced to 41-hydroxyquinolizidine
(LIV). The quinolizidine (LIV) was very soluble in aqueous media and as
isoiation required basification by aqueous sodium carbonate, the yield
after purification was comparatively low (33%), although the theoretical

amount of hydrogen had been absorﬁed; The melting point, 78oc, corresponded
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with one of the isomers of 1-hydroxyquinolizidine obtained by Swan.(#3)

Attempts to oxidise the quinolizidine (LIV) to 1-quinolizidone (XLV)
proved difficult. Sevéral methods were tried; oxidation by chromium trioxide
in glacial acetic acid, by Jones reagent, by chromic acid, etc. The most
~ successful was that using chromic acid. Even so, it was necessary to
repeat the oxidation several times until the appearance of a strong carbonyl
streﬁching in the infrared showed the reaction to be substantially complete,
The picrate (LV) obtained from the oxidation product by addition of ethanolic
Picric acid proved to be impure and its melting point could not, therefore;
be compared with that of authentic {1-quinolizidone picrate.

A Bucherer reaction on the 41-hydroxyquinolizinium bromide (XXVII,

X = Br) to form the 1-amino derivative failed due to the inability to separate
the quinolizinium salt from contaminating inorganic material. However, the
ﬁixture isolated from the reaction gave a red colour with neutral aqueous

ferric chloride.

d) The nitration of 4-hydroxyquinolizinium salts (xxv1I)

When 1-hydroxyquinoliziniun bromide was boiled for 15-20 seconds with
7% aqueous nitric acid and then immediately cooled in ice cold water, a
bright req insoluble compound melting at 23490 was obtained. This compound
will be referred to as NI. If the nitric acid'solution was boiled for a
longer period (3-5 mins) an orange compound (NII) was formed. The infrared
spectra of the two compounds were very similar. Both compounds were rather
insoiuble in polar solvents and completely insoluble in the usual non-polar

solvents. However, by using largq quantities of solvent NI was successfully
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recrystallised from 80% ethanol and NII from acetone,
The analysis of NI corresponded roughly with the expected
2-nitro-1=-hydroxyquinolizinium bromide (LVI) but with a hydrogen content

1% below that required.

OH
’/I I A02
= Nz
p TR
Br
LVI &

Significantly, NI gave no precipitate with a solution of silver
nitrate in dilute nitric acid indicating the absence of ionic bromide. The
compound did however give a very positive Beilgtein test indicating that
halogen was present and an approximate quantitative measurement gave the
bromine content as 29%. The infrared spectrum of NI showed no trace of
hydroxyl stretching but showed strong peaks at 1580 cm.-'1 and 1330 cm.-‘l

(4)

attributed to a nitro group. The ultraviolet absorption spectrum had
a strong absorption at 4570 X which suggested that a high degree of
resonance was occuring.

Difficulty was experienced in obtaining a nuclear magnetic resonance
spectrum of NI due to its insolubility in normal solvents. A saturated
solution in sulphur dioxide was eventually used and the spectrum showed
the presence of aromatic protons only. These appeared as a complex multiplet

centred at 1.7 ’P °

In an attempt to prepare\an analogue of NI without any halogen
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preSent, 1=hydroxyquinolizinium bromide (XXVII, X = Br) was converted to the
nitrate {XXVII, X = N03)° This was achieved by adding an equivalent amount
of silver nitrate to an aqueous solution of the bromide (XXVII, X = Br),
filtering off the silver bromide and evaporating the filtrate.

When the nitrate (XXVII, X = NO3) was boiled for approximately 15
seconds in 7% nitric acid and then cooled, a third nitration product (NIII)
was isolated. The yield was less than that of Ni and the compound appeared
to be contaminated with a small amount of NII. On further heating in dilute

nitric acid both NI and NIII formed NII.

7% HNO3 / NII
bromide —— > NI 3

1=Hydroxyquinoliziniums

LH
Th HNO, 2
nitrate ————2—> NIII 31, :
OH
\ 2 A\t
: NEN s
+
x-
LVII

‘Although it was diffiicult to get an analytically pure spscimen of NIII
analysis gavé the empirical formula 09H6N203. NII analysed exactly to
C9H5N505. :

When a solution of NI in 80% aqueous ethanol was hydrogenated using
a 10% palladium on charcoal catalyst, 3 molar eéuivalents of hydrogen were
quickly absorbed and then a fourth much more slowly. Isolation of the

product gave a yellow compound m.p. 181° which analysed as an aminohydroxy-
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quinolizinium bromide (LVII, X = Br). This compound (LVII, X = Br) gave a
jade green colour with aqueous ferric chloride solution and could be
diazotised and coupled with alkaline 2-naphthol to give a violet coloured
azo dye. The infrared spectrum was compatible with that of a primary amine,
With aqueous cupric acetate the amino-phenol (IMII, X = Br) gave a deep
red-brown colour which was attributed to complexing of adjacent amino and
hydroxyl groups with a copper atoms With silver nitrate in dilute nitric
acid a precipitate of silver bromide formed indicating the presence of ionic
bromide. The 'compound (LVII, X = Br) was thus assigned the structure
(LVII, X = Br), i.e. 2-amino-1-hydroxyquinolizinium bromide.

The same amino-phemnol (LVII, X = Br) was also formed by reduction
of NIII followed by passage through an Amberlite IRA AOOI(Br) column., In
this case 3 mole equivalents of hydrogen were taken up. An attempt to
hydrogenate NII led to the uptake of 6 moles of hydrogen but the product
isolated was impure and no conclusions could be reached about its nature.

The only plausible explanétion of all the above properties is that
the three compounds NI, NII and NIII have zwitterionic structures. The
least substituted of these is NIII which presumably has the structure (IX).
The nitro group would appear to be in the 2-position because of complexing
of the amino-phenol (LVII, X = Br) with cupric acetate. P& NI in addition |
has a bromine substituted in the ring and in (LVIII) it is shown in the
.4 position., This is probable pecause the 4 position which is adjacent to
the positively charged nitrogen atom would be expected to undergo nucleo-

philic substitution (e.g. with Br") fairly easily. NII which analyses
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as a dinitro compound is represented by structure (LIX).

0 0 0
/I\Noz R NN =yl
NENLZ N SN 2

+Br N% +
LVIII LIX LX

Obviously resonance can occur between the various tautomeric forms as

is shown in the case of NII (LIX).
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v Although NI, NII and NIII all have similar infrared spectra that of NII

differs in that it has a strong absorption at 1655 cm.-1 typical of a

carbonyl stretching. This can be explained if the phenolate form makes only
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a minor contribution to the resonance hybrid and it is significant that
NII absorbs at a lower wavelength than NI in the visible region of the
spectrum. Common to all three infrared spectra (though to a>1esser extent
to NII) is a strong broad absorption at 1260-1265 cm.-1 This is attributed
to C - O(-> stretching which agrees with the work of Parker and Kirschenbaué59)
who have found a shift from 1235 cm.—1 to 1262 cm.“l1 for the C - 0 stretching
absorption in phenol and the phenolate ion.

» The position of the nitro group in NI (LVIII) and NIII (LX) and
presumably one of the groups in NII (LIX)'was confirmed by}their conversion
into 1-hydroxy-2-bromoquinolizinium picrate (. L, X =‘picrate) the preparation

of which has been described previously. The reaction sequence is given

below.
e Wo. OH o 2
0 Xy NH ; NoBr
N\~ ? NS Z 7 SN2
+ 3 oo A
Br Br Br
3H2 LXT
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NI (LVIII) was reduced catalytically to 2-amino=-1-hydroxyquinolizinium

bromide (LVII, X = Br). Diazotisation of this in aqueous solution at -8°C
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gave an orange precipitate of 1=hydroxyquinolizinium-2-diazonium dibromide
(IXI) which was filtered off and dried. This compound was relatively.

stable at room temperature and its infrared spectrum showed a doublet at

2120 cm.” (N = N+). It gave a violet azo dye when added to a solution

of 2-naphthol.vFinally, by heating in pure dry dimethyl formamide, a technique
which is described in greater detail in the next part of this thesis (p. 77)
{=hydroxy-2-bromoquinolizinium picrate (L, X = éicrate) was obtained. This
was identified by its infrared spectrum and a mixed melting point with an
authentic specimen.

As the N.M.R. spectrum gave little help in evaluating the number of '
protons in NI, it was decided to prepare a methyl homologue. The three
protons incorporated could thus be used as a standard in the integration
curve to estimate the number of protonsin the molecule.

6-Methyl-1=-0x0-1,2,3,4=-tetrahydroquinoliziniun bromiae (IXII) was
prepared by the method of Moynehan, Schofield, Jones and.Katritzky.(16) It
‘was then converted to 1-hydroxy-6-methylquinolizinium bromide (IXIII, X = Br)
by an analogous series of reactions as in the preparation of 1-hydroxy-

quinolizinium bromide (XXVII, X = Br).

0 0 5 OH ' OH
r
. Br < Bo  heat: e NYCLUH LA
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However, treatment of the 1-hydroxy-6-methyl compound (IXIII, X = Br) with
nitric acid in the standard manner failed to give any of the expected
product. This indirectly gives confirmation of the L-bromo substituent
in NI since it seems probable that the methyl in position 6 sterically
hinders the attack of the bromide ion on position 4. .

A further attempt fo make a homologue of NI was made using 1-hydroxy-
8-methylquinolizinium bromide (IXV, X = Br) which had been prepared from
8-methyl=1-0x0=1,2,3,4~tetrahydroquinoliziniun bromide (LXIV) by the same
sequence of reactions as the 6-methyl compound (ILXIII). The tetrahydro :

(16)

ketone (ILXIV) was again prepared by the method of Moynehan et al.

0 OH . 0
Me Me~ X+ NO Me 0
4 =z X} HNO 2 e P
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1-Hydroxy—S-methquuinolizinium‘bromide (IXV, X = Br) as expected when
treated with dilute nitric acid formed a homologue of NI (IXVI). On further
heating in nitric acid the equivalent methyl derivative of NII (IXVII) was
isolateds Because of its insoluble nature in all other suitable solvents
the nuclear magnetic resonance spectrum of LXVI had to be done in trifluor-
acetic acid solution. A small amount of  the dinitro compound (XLVII) was

probably present in the sample since not all the solid dissolved in the



solvent.

The spectrum showed an unsplit.aromatic methyl peak at 7.08 7
and a complex multiplet centred at 1.25 7" due to the aromatic protons. A
high resolution spectrum of this multiplet showed a strong single peak
at 1.25 T which presumably was due to the isolated proton on C 3, It was
also possible to assign ( though not definitely) the remaining peaks to the
other protons in the molecule. However, from the integration curve the ratio
methyl:aromatic protons was 3:5 whereas the molecule as depicted (LXVI)
should only have 4 aromatic protons. This extra proton must be due to
protonation of the molecule in the acid solution. Confirmation that
protonation does occur is given by the considerable difference of ultra-
violet spectrum of the compound (LXVI) in neutral and acid solution. In
aqueous solution the longest wavelength absorption was 4440 £ and this
shifted to 3880 £ in concentrated sulphuric acid.

The bromine aton in NI and its methyl analogue (LXVI) should be
fairly easily replaced by nucleophilic reagents. Reactions to this end
have been attempted but have been unsuccessful. In a reéction with silver
acetate in glacial acetic acid,NI was recovered unchanged. However, with
phenyl hydrazine, reduction occured and only the amino-hydroxy compound

(LVII) was isolated.

e) Synthesis and properties of 2-hydroxyquinolizinium bromide (IXIX, X = Br).

The mono-bromo ketone (XLVII) when boiled with acetic anhydride
gave 2-bromoquinolizinium bromide (IXVIII, X = Br) in 75% yield. As
halogen atoms in the 2- and L-positions of pyridine are very prone to

nucleophilic replacement it would be expected that halogens
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in the equivalent positions in a quinolizinium salt might also be replaced.
An attempt was therefore made to replace the bromine atom in the 2-bromo-

quinolizinium system (IXVIII) with a hydroxyl group.

’ ‘
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2-Bromoquinolizinium bromide (IXVIII, X = Br) was boiled with an
equivalent amount of silver acetate in acetic acid for 40 hrs., cooled, -
filtered and treated with acide Working up gave 2-hydroxyquinolizinium
bromide (IXIX, X = Br) in 90% yield. If the reaction time was shortened
to 15 hrs. only approximately 50% conversion occured and the product was a
bmixture of the hydroxy and bromo derivatives. The bromine atom is thus
less readily replaced than might be expected.
2-Hydroxyquinolizinium bromide (IXIX, X = Br) is a stable white
solid unlike the equivalent 4-hydroxyquinolizinium salts. It gave a red
colour with neutral aqueous ferric chloride and its infrared spectrum showed
an absorption at 3350 cm.—1 (hydrogen bonded OH). The pKa was determined
by a spectroscopic method to be approximately 4. ‘The anhydrous picrate
- (IXIX, X = picrate) was obtained by addition of aqueous sodium picrate to

the bromide (LXIX, X = Br).
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The hydroxy compound (IXIX, X = Br) was easily converted to
2-quinolizone (IXX) by treatment with alkali. On adding the bromide to
a saturated solution of potassium carbonate, effervesence occured and
yellow oily droplets formed. The solution was extracted with chloroform
and evaporation of the extracts gave 2-quinolizope (1Xx), a yellow
hygroscopic solid, purified by repeated sublimation. The infrared spectrum
of 2=quinolizone (Lxx) showed strong absorptions at 1635 and 1575 cm._1
In 4=-pyridones and related systems Katritzky and Jonegavhave found that
the lower of these two frequencies is due to carbonyl stretching,the
higher velue being due to ring stretching of the molecule. The low value
of the carbonyl stretching is apparently due to the high contribution of
single bond character in the link. Another absorption at 3350 cma-1

(hydrogen bonded OH) may have been due to the presence of water.
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On heating with phosphorus tribromide 2-quinolizone (ILXX) formed 2-bromo-
quinolizinium bromide (LXVIII, X = Br). This was identified by its spectrum
and melting point. The comparatively low yield (27%) from this reaction
was probably due to the small ;cale of the experiment and the difficulty

of working up, When 2-quinolizone (IXX) was catalytically reduced using
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* Adams' platinum oxide catalyst an uptake of" only 2 mole equivalents

of hydrogen was noted. The product (LXXI) had an infrared spectrum which
showed a strong absorption at 1640 cne” (ring stretching) and another
very strong absorption at 1550 c.xn.“‘l (C=0 stretching). Both these peaks
are characteristic of 4-pyridones and the réduction product is thus
6,7,8,9=tetrahydro-2-quinolizone (LXXI). The ultraviolet spectrum showed
e single peak at 2620 £ shifting to 2390 £ in acid. This may be compared
with N-methyl-h=pyridone which absorbs at 2600 £ shifting to 2370 £ on
acidification;(w)

Treatmert of -2-quinolizone with phosphorus pentasulphide gave a
product which showed a thione (C = S) stretching inthe infrared. This
compound, 2-thioquinolizone (LXXII) s could not be satisfactorily purified
due to its hygroscopic nature. It was therefore treated with methyl
iodide to give 2-methyl-mercaptoquinolizinium iodide (IXXIII, X = I) as a
yellow solid. The ultraviolet spectrum of this substituted mercaptan
(IXXTII, X = I) like that of L-methyl-mercaptoquinolizinium iodide,(;})'
showed a long wavelength absorption (3380 X) chara.ctefistic of simple
quinolizinium salts.

For comparison with 4-hydroxyquinolizinium bromide (XXVII, X = Br),
some electrophilic reacti‘ons were attempted on the 2;-hydroxy isomer.
Bromination of 2-hydroxyquinolizinium bromide (IXIX, X = Br) in hydrobromic
acid gave 1-bromo-2-hydroxyquinolizinium bromide (IXXIV, X = Br) in high
yield. The compound (IXXIV, X =,Br) was identical to that obtained by

another route which is described in Part IT of this thesis.
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With dilute nitrie acid‘the 2-hydroxy compound (IXIX, X = Br)
unexpectedly gave a good yield of 1-bromo-2-hydroxyquinolizinium nitrate
(LXXIV, X = NOB)' However, this is not an unknown situation as Finar and _
Millar(h5) have reported that bromination can occur in high yields in the
presence of nitric acid. .

An attempt to introduce a ¢yano group into the 41-position by
boiling 2-hydroxyquinolizinium bromide (IXIX, X = Br) in nitric acid con-
taining an excess of cyanide failed and only 2-hydroxyquinolizinium nitrate

(IXIX, X = NO3) was recoverede

f) The synthesis of 1,2-dihydroxyquinolizinium bromide (ILXXV, X = Br)

Dehydrobromination of the mono-bromo ketone (XLVII) would %e
expected to giﬁe 1-hydroxyquinolizinium salts (XXVII). Initial attempfs
to form the 1-hydroxy compound (XXVII) were therefore dehydrobromination
reactions on the bromo ketone (XLVII, X = Br). Because of the difficulty
of separating quinolizinium salts from contaminating inorganic materials,
the base used was the strongly basic resin Amberlite IRA 400 (OH)'in
boiling methanol. The methanolic solution gave a deep jade green colour
with neutral ferric chloride solution indicating the presence of a phénol..

This was isolated as the picrate (IXXV, X = Picrate). The analysis of
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this picrate (IXXV, X = Picrate) corresponded with a hydrate of 1-hydroxy-
quinolizinium picrate (XXVII, X = Picrate) and its physical characteristics
were somewhat similar to these of authentic 1-hydroxyquinolizinium picrate
obtained from the diazotisationn of 1- aminoquinolizinium bromide (XXXVI, X=Br).
However, the c;)mpound was subsequently shown to be 1,2-dihydroxyquinolizinium
picrate (LXXV, X = Picrate). The same picrate (IXXV, X = Picrate) was
obtained by treatment of the 2-bromo ketone (XLVII, X = Br) with hot

aqueous ammonia. All attempts to convert this compound to the bromide

(IXXV, X = Br) by ion exchange were unsuccessful, the picrate beﬁg

recovered unchanged.,
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In another reaction the 2-bromo ketone (XLVII, X = Br) was treated
with hot aqueous silver acetate. After passing the filtered solution
through an Amberlite IRA 400 (Br) column, a deliquescent solid was isolated.

This could be obtained in the anhydrous state by refluxing with acetic

anhydride. The compound analysed 'as a dihydroxyquinolizinium salt, presumably
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1,2-dihydroxy quinolizinium bromide (LXXV, X = Br). It gave a very deep
jade green colour with neutral aqueous ferric chloride solution and its
picrate (IXXV, X = Picrate) was found to be identical with the picrates
obtained by treatment of the bromo ketone (XLVII, X = Br) with base.

The ultraviolet spectrum of the dihydroxy compound (LXXV, X = Br) showed

a long wévelength absorption (3250 £) characteristic of the fully aromatic
quinolizinium system.

Final proof of the structure of this compound (IXXV) was given by
the precipitation of a lead salt (LXXVI) on addition of aqueous lead acetate
to a solution of the bromide (IXXV, X = Br). This is characteristic of
ortho dihydroxy phenols.

The first stage in the mechanism of the formation of the dihydroxy
compound (LXXV) would appear to be production of an a=hydroxy ketone (LXXVII),

(46)

A similar situation occurs in the tefralone series since with sodium
acetate 2-bromo-i-tetralone forms the 2-acetoxy compound. (In aqueous solution
this would hydrolyse to give the 2—hydroxylderivative). a-Hydroxy ketones

are very prone to oxidation by a wide variety of oxidising agents, 1,2=
diketones often being formed. The postulation of the 1,2=-dicarbonyl com-
pound (IkXVIII) as an intermediate is thus reasonable. Silver acetate is

an oxidising agent but the oxidation in the case of the alkaline reactions

is assumed to occur by atmospheric oxidation. The final stage will be

enolisation followed by a 1 —> L proton shift.
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The possibility that dehydrobromination to the 1-hydroxy salt (XXVII) was
the first stage, then followed by hydroxylation, was eliminated by treating
41-hydroxyquinoliziniun bromide (XXVII, X = Br) with Amberlite IRA 400 (OH)
in boiling methanol, 4-Hydroxyquinolizinium picrate (XXVII, X = picrate)
was recovered. -

' In early attempts to obtain the dihydroxy bromide (LXXV, X = Br)
the crude methanolic solution from the Amberlite reaction with the bromo
ketone (XIVII) was methylated with diazomethane. A picrate analysing
for C, H, N, 0, (IXXIX, X = picrate) was isolated in 20% yield and this
‘could be converted to the bromide (IXXIX, X = Br) by passage through an
Amberlite IRA 400 (Br) column. The bromide (IXXXIX, X = Br) had an ultra=-
violet spectrum with a single peak at 2630 £ resembling the spectra of
tetrahydroquinolizinium salts. Its infrared spectrum showed a stroné
absorption at 1070 cm.“1 which was interpreted to be the C-0 stretching of
an aliphatic ether.

Stevens, Beereboom and Rutherfordﬁqg) report that treatment of
2-bromo-i-tetralone with sodium methoxide gives an;a-hydroxy ketal, It
seems probable therefore that the product of methylétion is an a-hydroxy-
hemiketal (IXXIX), a conclusion which is supported by the formation of

hemiketals in similar compounds in the pyrido-azepinium series (Part III
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of this thesis).
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When the hemiketal (IXXIX, X =.Br) was heated with aqueous hydro-
bromic acid 1,2-dihydroxyquinolizinium bromide (LXXV, X = Br) was obtained,
identical in melting point and spectra with a specimen from the silver
acetate reaction. It is assumed here that the trace of bromine in the acid
.caused oxidation the mechanism otherwise being as before.

In one reaction with hydrobromic acid another product was isolated.
This gave a Jade green colour with ferric chloride solution but 1ts ultra=-
violet spectra suggested that it was not a fully aromatic quinolizinium
systems Its analysis was concordant with that of 1,2-dihydroxy=-3,4=-dihydro-

quinolizinium bromide (LXXX).

g) The reaction of 2,2-dibromo=-1=-oxo=-1,2,3,4-tetrahydroguinolizinium

bromide (XLVITII, X = Br) with ammonia.

VWhen concentrated aqueous ammonia was added to the dibromo ketone
(XIVIII, X = Br), a vigorous exothermic reaction_occured, the solution
turning a deep brown colour. The ammonium bromide formed during the reaction
was removed by passing the solution through an Amberlite IRA 400 (OH) column

and boiling to expel the liberated ammonia. From the reaction mixture was
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isolated a yellow compound m.pe 18200 which had characteristics of an
aromatic amino-hydroxy compound. Thus it gave a jade ggeen colour with
ferric chloride, and on diazotisation and coupling with 2-naphthol gave a
deep red insoluble azo dye. The infrared spectrum had the characteristic
" primary amine N-H stretching doublet in the 3300 cm. - 3500 cm.-1 frequency
range and the ultraviolet had a long wavelength absorption at 3800 X. No
bromide precipitate was observed when the compound was added to a solution
of silver nitrate, and’uhlike the amine (LVII) obtained from the reduction
of the nitro compound NI, it did not give any colour change with aqueous
cupric acetate.s The analysis coincided with that of an amino-hydroxyquin-
olizinium hydroxide.

On account of the properties listed above,it was first formulated
as 3-amino-1-hydroxyquinolizinium hydroxide (IXXXI, X = OH). In fact this
deduction was wrong and the compound should be written as 1-amino=-2-hydroxy-
quinolizinium hydroxide (IXXXII, X = OH). The proof of this structure is

given in Part II(b).

OH NH,
e mon
N2, N 2
+ "
X X
LXXXT LXXXTT

In order to establish whether 2-bromo-1-hydroxyquinolizinium salts
(I{) were intermediates in the reaction, 2-bromo-1-hydroxyquinolizinium

bromide (L, X = Br) was treated with hot concentrated aqueous ammonia



solution. A yellow solid was immediately precipitated. However, spectro-

scopic and analytical evidence showed this to be 2-bromo-1-hydroxyquinoliz=-

inium hydroxide (L , X = OH).

A suggested mechanism which explains the formation of this amino-

phenol (ILXXXII) is given below.

0 0 %3 %11 NHzOH
) & r 7 BN
NH3 /l base /l OH -2H20
r Br
adie Qs = A = [
+ ST ABh,C8 2
X X X X

LXXXITa LXXXIIb LXXXII

With ammonia the dibromoketone is assumed to form the amino carbinol

(IXXXIIa). In basic solution the bromine atoms should easily be replaced

by hydroxyl groups to give the unstable dihydroxy amino carbinol (LXXXIIb)

which would then lose two molecules of water and form the amino phenol

(IXXXII).



PARTV it T

" EXPERIMENTAL

All melting points were determined on a Kofler block.
Ultraviolet absorption spectra were determined on a Unicam S.P. 700
automatic spectrophotometer and in aqueous solution unless indicated
otherwise. The sym’bofE denotes an inflection in the ultraviolet
curve.

Infrared absorption spectra were carried out on a Perkin Elmer
Infracord spectrophotometer.

The nuclear magnetic resonance spectfa were determined on
"~ a Varian A 60 instrument at the National Institutes of Health,
Maryland, U. S. A.

Micro analyses have been carried out by Drs. G. Weiler

and F. B. Strauss, Oxford. .
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EXPERIMENTAL

1-0%0-1,2,3,4~tetrahydroquinoliziniun Bromide (XIV, X = Br)
This was prepared in 66% yield from 2-<{4'ethoxybutyryl) pyridine by

(12)

the method of Glover and Joﬁes.

2-Bromo=-1=-0x0-1,2,3,4=tetrahydroquinolizinium Bromide (XLVII, X = Br)

(2) To a vigorously stirred solution of 1-ox0-1,2,3,4-tetrahydro=-
quinolizinium bromide (XIV, X = Br) (8.0 g.) in 50% aqueous hydrobromic
acid (50 ml.) was added a solution of bromine (5.8 g.) in hydrobromic
acid (20 ml.). During the addition a yellow solid precipitated. Stirring
was continued for 5 min. after the addition was complete, and the mixture
was heated until all the solid had dissolved. Evaporation under reduced
pressure gave & solid residue which was crystallised from absolute ethanol
to give the bromo-ketone bromide (XLVII, X = Br) as pale yellow needles,
meps 159-60°C (9452 g., 89%).

Found: C, 35.7% ﬁ, 3455 Nyl lpely3 Br,y i 5167

C9H93réN0 Requires: C, 35.25; H, 2.95; N, 4.55; Br, 52.05%

A 2440, 2730, 3450 & (1og,q € 3.6k, 3.83, 3.21)

max
b 1695 cm.”] (C=0 stretching).

The picrate prepared by the addition of saturated methanolic pieric
acid to a methanolic solution of the bromide, recrystallised from methanol
as yellow rhombs m.p. 15300.

Found: C, 39.93 H, 2.5; N, 11.9

C. H BrN O Requires: C, 39.6; H, 2.4s N, 12.5%

15117 74,%



(b) A solution of 2-(4'ethoxybutyryl) pyridine.(1.9 g.) in
chloroform (25 ml.) was treated with bromine (1.7 g.) in chloroform (25 ml.)
and stood for 3 hr., then heated on a boiling water bath. After the chloro-
form had distilled off the residue was taken up in concentrated aqueous
hydroﬁromio acid and boiled under reflux for 1 hr. Cyclisation as described

12)

by Glover and Jones( gave the bromo ketone bromide.

(¢) A solution of the 2=(4'ethoxybutyryl) pyridine (4.5 ge) in
concentrated hydrobroﬁic acid was boiled under reflux for 0.5 hr. The solu-
tion was cooled, and bromine (4 g.) in concentrated hydrobromic acid (10 mi.)
was added with stirring. The mixture was heated, evaporated to dryness
and cyclised.

Specimens from (a) (b) and (c) were identical.

2,2-Dibromo=1=0x0-1,2,3,4~tetrahydroquinolizinium Bromide (XLVIII, X = Br)

To 1=-0x0=1,2,3,4=tetrahydroquinolizinium bromide (XIV, X = Br)
(5.0 g.) in 50% aque&us hydrobromic acid (75 ml.) was added bromine (10 g.)
in hydrobromic acid (20 ml.). Vigorous stirring was maintained for the
addition and for 15 min. subsequently. The mixture was warmed uhtil the
precipitate dissolved and then evaporated to dryness under reduced pressure.
The residual solid was: treated with boiling ethanol and filtered to give
the dibromo ketone bromide (XLVIII, X = Br), m.p. 236-7%C (7.63, 91%).
A portion was recrystallised from absolute ethanol as yellow needles m.p.
236-7%. | |

Found: C, 28.1; H, 2413 N, 3.555 Bf, 61.8

08HSBr3N0 requires: C, 28.0; H, 2,13 N, 3.6 3 Br, 62.1%

Max 2680 R (l0g,, € 3.78) v _ 1720 ca™!
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The Picrate (XLVIII, X = picrate) prepared by addition of saturated
methanolic picric acid to a solution of the bromide in methanol was recrys=-
tallised from methanol as yellow rhombs m.p. 133 C (decs)s -

Found: C, 34.33 H, 2.03 N, 11.0

015}1,10}31'2N1+06 requires: C, 33.7% H, 1.9 N, 10.5%

' 1-Acetoxy=-2-bromoquinolizinium Bromide (XLIX, X = Br)

A suspénsion of the dibromo ketone bromide (XLVIII, X = Br) (10.0 g.)
in acetic anhydride (150 ml.) was boiled under reflux for 1.5 hr. Evap-
oration under reduced pressure gave a solid which was washed with ethyl ;
acetate and then recrystallised from absolute'ethanol:ethyl acetate to give

1=-acetoxy-2-bromoquinolizinium bromide (XLIX, X = Br) as buff rhombs,

mepe 193=5 = 194°C (7.71 g, 86%).
Found: C, 38.23 H, 2.35; N, 3.8
C11H9Br2N02 requires: C, 38.13 H, 2.65 N, 4.0% .
Apae 21305 2330, 2930, 3210, 3360 & (Log,o € 4eb7, 462, 3476, hu32, huk5).

) 1785 cm.! (C=0 stretching) 1180 cma | (C-0 stretching).

max

2-Bromo-1-hydroxyquinolizinium Bromide ( L, X = Br) .

(a) A solution of the dibromo ketone bromide (XLVIII, X = Br)
(0.3 g.) in 50% hydrobromic acid (15 ml.) was boiled under reflux for 4 hrs.
The solution was evaporated to dryness under reduced pressure and the
residual solid suspended in a mixture of ethanol:ethyl acetate, Filtration

gave 2-bromo-1-hydroxyquinolizinium bromide (. L, X = Br), m.p. 226-229° (dec.)

(0.274 &e 70%) which was recrystallised from abéolute ethanol to give a
buff microcrystalline solid m.p. 227.5 - 229.5°<; (dec.) .

Found: C, 35.43 H, 2,253 N, L.1
C9H7Br2NO requires: C, 35.4; H, 2,33 N, L4.6%
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Aoy, 2160, 3830 R (10,5 €  4ek9, 4.09)

The picrate (Ly X = picrate) crystallised from ethanol as yellow needles
m.p. 176-176.5000
Found: C, 40.2; H, 2.2

C15H9Ber‘_Q7 requires: C, 39.75; H, 2.0

(b) The dibromo-ketone bromide (XLVIII, X = Br) (5.00 g.) was
heated at 150-160°C (oil bath) until the evolution of hydrogen bromide
ceased. The product (3.95 g., 100%) was pure 2-bromo-1-hydroxyquinolizinium
bromide mepe 23490. The spectra of the compound were identical to those -
produced in (a) and in the infrared it showed no carbonyl stretching.

(¢) A solution of 1-acetoxy-2-bromoquinolizinium bromide (XLIX,

X = Br) (0.3 g.) in 50% aqueous hydrobromic acid (10 ml,) was boiled under
reflux for 1.5 hr. Evaporation to dryness was followed by solution of the
" residue in water and the solution was again evaporated. The residue after
crystallisation from ethyl acetate:ethanol gave the bromide (0.15 g., 57%)

identical to that produced in (a) and (b).

1-HEydroxyquinolizinium Salts (XXVII)

(a) 41-Acetoxy-2-bromoquinolizinium bromide (XLIX, X = Br) (7.0 ge)
in 95% ethanol (100 ml.) with 10% palladium on charcoal catalyst (1 g.) was
hydrogenated at atmospheric temperature and pressure, one mole of hydrogen
being absorbed. The mixture was filtered and concentrated and on cooling
gave 1-hydroxyquinolizinium bromide (XXVII, X = B¥§ as the monohydrate,
mepe 184=5"C (4.2 g., 86%) (colourless plates).

Found: C, 44e33; Hy Le1y N, 544
CHHgBINO,0 requires: C, k.3; H, Loly Ny 5.7%

Anax. 23705 3450 & (log, € Let5, 4at?) v ___ 3350 cm.™! (OH stretching).
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An aqueous solutiog gave a deep purple colour with neutral aqueous ferric
chloride.
The picrate (xxv1I, X = picrate), obtained by adding aqueous sodium picrate
to a solution of the bromide, crystallised from ethanql as yellow needles
m.p. 218=9°C (dec.).

"Pound: C, 48.33 H, 2.9

C15H10N498 requires: C, 48.15; H, 2.7%
Apay 2370, 3460 )4 (log, o€ 4e39, kek0).

(b) A solution of 2-bromo-1-hydroxyquinolizinium bromide ( L, X = Br)

(0.95 g«) in 95% ethanol (50 ml.) was hydrogenated using 10% palladium on
charcoal catalyst. One mole equivalent of hydrogen was absorbed. Isolation
as described above gave 1-hydroxyquinolizinium bromide me.pe. 183-500
(0.65 g., 86%).

' (¢) The dibromo-ketone (XLVIII, X = Br) (2.0 g.) in dimethyl aniline
(30 ml.) was refluxed for 4.5 hr. givigg a deep red solution. The amine
was distilled off under reduced pressure and the residue treated three
times with water which was successively distilled off. The residue was
dissolved in water and the remaining amine was removed by extraction from
the aqueous solution with ether. The aqueous layer was evéporated to dry=-
ness under reduced pressure and 50% hydrobromic acid (éo ml.) added. After
refluxing the mixture for 1.5 hr. the acid was removed by evaporation to
dryness under reduced pressure. The residue was taken up in water and
again evaporated to dryness. The residual ;olid'was dissolved in methanol
and the solution treated with decolourising charcoal. After filtering, the

methanol was boiled off and the residue taken up in water. Treatment of



this solution with aqueous sodium picrate gave 1-hydroxyquinolizinium
picrate (1.4 g.) recrystallised from acetone as yellow plates m.p. 221 -3°C
(dec.) identical to that produced previously.

Found: C, 48.55; H, 2.85; N, 14.85

Calculated for C15H10N1+08: C, 4Be15y Hy, 2473 N, 14.95%

3-Methoxy Pyridine was prepared from 3-hydroxypyridine by the method of

Prins.(#1)

3-Methoxy=-2=-Nitrooyridine was prepared as described by Bernstein et al.(l"z?

from 3-methoxy-pyridine. The yield was 81%.

2=-Bromo=3-methoxypyridine

3-Methoxy-2-nitropyridine (5 g.) in a saturated solution of hydrogen
bromide in glacial acetic acid (15 ml.) was put in a sealed tube and heated
in a furnace at 125o for three hours. The resulting solution was evaporated
to approximately a third bulk under reduced pressure and basified with 50%
aqueous potassium hydroxide. The free amine was extracted with ether which

was dried over sodium sulphate, filtered and distilled. 2-Bromo=-3-methoxy-

pyridine was collected at 130%/10 mm. (1.85 g., 30%) . The hydrobromide
was prepared by the addition of cold 50% é.queous hydrobromic acid to a
portion of the bromide. Recrystallised from .acetone as very small colourless
needles m.p. 191%.

Found: C, 26.5; H, 2.4y N, 5.75

C6H7Br2NO requires: C, 26.75; H, 2.6; N, 5.2%

Attempted preparation of 2-cyano-3-methoxypyridine

2-Bromo~3-nethoxy-pyridine (5.5 g«) and cuprous cyanide (2.5 g.)
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were heated until fusion occured. The apparatus was fitted up for
reduced pressure distillation and the mixture again heated. A vigorous
reaction occured, the solid mass charring before the nitrile could be

distilled over.

Bromination of 1-hydroxyquinolizinium Bromide (XXVII, X = Br)

‘A solution of bromine (0.20 ge) in 50% aqueous hydrobromic acid
(5 ml.,) was added to a stirred solution of the 41-hydroxyquinolizinium
bromide (XXVII, X = Br) (0.24 g.)« A yellow solid separated but this
dissolved on heating the mixture on a water bath. The solution was
evaporated under reduced pressure, water added, and the solution again
evaporated to give a solid. The solid was dissolved in absolute alcohol
~and precipitated with ethyi acetate, giving 2-bromo-i-hydroxyquinolizinium
bromide ( L, X = Br) m.p. 228°% (dec.) (0.245 g.; 80%) identical with that

obtained by the methods previously described.

1-Acetoxyquinolizinium Bromide (LIII, X = Br)

A solution of 1-hydroxyquinolizinium bromide (XXVII, X = Br)
(0.30 g.) in acetic anhydride (10 ml.) with one drop of concentrated
sulphuric acid was heated under reflux for 2.5 hr., The acetic anhydride
was distilled off under reduced pressure, the residue dissolved in absolute
.alcohol and cleaned with decolourising charcoal. Precipitation with ethyl

acetate gave 1-acetoxyquinolizinium bromide (LIII, X = Br) (0.12 g., 36%).

Recrystallised from ethyl alcohol:ethyl acetate as colourless needles
MePe 185-7000



Found: c, #900; H’ 3.9; N, 50&-

c NOBr requires: C, 49.25; H, 3.753 N, 5.2%

11710
% 2090, 2300, 2900, 3160, 3290 & (1og10 é boSley 426, 3456, 4.00, 1+.20)

max 4
-’ =
Y 1785 cm.  (C=0), 1180 cm. (C-0).

Reaction of 1-hydroxyquinolizinium Bromide (XXVII, X = Br) and diazotised

aniline. v

A solution of diazotised aniline (0.100 g.) in dilute (3N) hydro-
chloric acid (4 ml.) was added to a solution of the phenol (0,105 g.) in
20% aqueous potassium hydroxide (3 ml.) A deep red solid was precipitated

(0-097 80) .

Reduction of 1-hydroxyquinolizinium bromide (XXVII, X = Br).

A solution of 1-hydroxyquinolizinium bromide (XXVII, X = Br) (2.3 g.)
in 95% ethanol (100 ml.) was hydrogenated using Adams' catalyst (75 mg.) at
atmospheric temperature ahd pressure. Two mole equivalents of hydrogen
were rapidly absorbed and a further three moles much more slowly. The
mixture was filtered and evaporated to dryness. The residual solid
(hydrobromide) was basified with an ice cold saturated solution of sodium
carbonate and extracted with chloroform. The chloroform extracts were
dried (K2C°3) and evaporated, the lAst traces of chloroform being removed
by blowing a stream of air over the solution. The residue was sublimed

giving 1-hydroxyquinolizidine (LIV) (0.47 g.) as a colourless solid

M.Pe 75=77°C. Repeated sublimation gave & mep. 76-7800. Swan(hs) gives
a mep. of 80°C for the trans isomer of 1-hydroxyquinolizidine.

| Found: C, 69.1; H, 10.7
Calculated for 09H1fN0: C, 69.65 H, 11.0%
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1-Ketoquinolizidine (LV)

1-Hydroxyquinolizidine (LIV) (0.45 g.) in ether (10 ml.) was
added to a mixture of sodium dichromate (0.6 g.) and sulphuric acid (0.5 g.).
After the initial vigorous reaction the ether was evaporated and the
residual mixture heated on a béiling water bath for 30 min,

On basification with saturated aqueous sodium carbonate and
extraction with chloroform a product was obtainéd which showed strong
absorption in the -0H stretching region of the infrared (3450 cm.-1). This
was reoxidised for periods of 2 and 3 hours until the appearance of a
strong carbonyl stretching absorption at 1730 cm.-1 showed the oxidation
to be subséantially completé. The isolated material after basification
and extraction with chloroform was distilled on to a cold finger condenser.

1-Ketoquinolizidine was a colourless liquid which rapidly turned brown in

air. A portion with saturated methanolic picric acid gave an impure

picrate.

Blicherer reaction on 4{~hydroxyquinolizinium Bromide

To the phenol (0.500 g.) in an unsealed Carius tube was added a
solution of ammonia (s.g. 0:88) ( 5 ml,) in which sulphur dioxide (0.5 g.)
had been dissolved. The tube was then sealed and heated at 180° for 20 hrs.
The resulting solution was evaporated to dryness under reduced pressure,
water added and evaporated again to dryness. After dissolving the
resultant solid in water the solution was passed through an Amberlite IRA
400 (OH) colunn. The ammonia liberated was removed by evaporation, the
solution then being taken to dryneSS. The residue was taken up in ethanol

and passed through an Amberlite IRA 400 (Br) column. Evaporation of the



effluent gave a solid consisting mainly of inorganic material which gave

a red colour with neutral aqueous ferric chloride.

1-Hydroxyquinolizinium nitrate (XXVII, X = NO3)

1-Hydroxyquinolizinium bromide (XVII, X = Br) (0.500 g.) dissolved
in water was treated with silver nitrate (0.360 g.) in water (5 ml.).
The silver bromide was filtered off and the.filtrate evaporated to dryness

under reduced pressure. The white solid residue remaining was suspended

in an ethanol:ethyl acetate solution and filtered. 1-Hydroxyquinolizinium
nitrate (XVII, X = NOB) was a whi%e solid purified from ethanol:ethyl »
acetate as a white amorphous solid mepe. 170-10.

The nitrate (XXVII, X = NOB) gave a red colour with neutral fefric
chloride solution and its infrared spectrum showed a strong broaé absor-
ption at 1400-1260 oma (NO}.),

: Found: C, 52.05; H, 3.9

C9H8N20# requires: C, 51.9y H, 3.85%

Nitration of 1-hydroxyquinolizinium bronide (XXVII, X = Br)

1) The phenol (1.00 g.) was dissolved in 7% aqueous nitric
acid (20 ml.) and the solution boiled for 15-20 seconds. The hot solution
was cooled in ice cold water and a red solid NI (LVIII) precipitated. This
was filtered off and washed with water (0.625 g., 57%) m.p. 232o (dec.).
Recrystallised from 80% aqueous ethanol as small red needles m.p. 234° (dec.) .

Found: C, 40.253 H, 2.2; N, 10,3

C9H5BIN203 requires: G, 40.153 H, 1.9; N, 10.4%
Agay 2070, 2680, 3230, 4570 § (10g,o € 4e55, ke33, 3.86, 4.4B).

Y .. 1580, 1330 (NO,) 1260 (C-0")..
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2)a The phenol (0.50 g.) was dissolved in 107% nitric acid
(10 ml.) and bpiled under reflux for 5 mins, On cooling in ice a yellow
crystalline solid was obtained (0.086 g.,18%). The compound, NII (LIX),
was recrystallised from acetone as pale orange rhombs me.pe. 292o (dece)e
Found: C, 45.955 H, 2.153 N, 17.55
Co5M305
A, 2080, 2540, 4200 2 (log,q € 4+25, 3.98, Le33).

N,0. requires: C, 45.95; H, 2.1; N, 17.85%

Vg 1655 en.”' (C=0) 1585, 1385 cm.”' (N0,) 1255 (C-07 ).

2)b 1-Hydroxyquinolizinium Bromide (0.45 g.) was suspended in
acetic anhydride (10 ml.) at 0°C. A solution containing concentrated
nitric acid (s.g. 1.43) (1.5 nl.), glacial acetic acid (3.5 ml.) and acetic
anhydride (5 ml.) was added to the stirred suspension over 20 mins. During
the addition the phenol dissolved giving an orange solution and towards the
end of the addition a yellow solid precipitated. This was filtered off and

washed with ether giving 0.045 g. of NII (LIX) m.p. 292°C.

Nitration of 1-hydrcxvouinolizinium nitrate (XXVII, X = NO3)

The phenol nitrate (XXVII, X = NOB) (0.25 g.) in 7% nitric acid
(5 ml.) was bolled for 15 seconds and immediately cooled in ice water.
The deep orange coloured crystals of NITI (LX) which formed were filtered
and washed with water. (0.070 g. 31%). Recrystallisation from 80% aqueous
ethanol gave orange rhombs which charred at temperatures greater than

300°C. but did not melt under 340°.
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Found: C, 56.15; H, 2.85; N, 14.8

C4igN,05 requires: C, 564853 H, 325 N, 14.7%

3®E el
Maxe 2120, 2290, 2570, 4290 A (logip€ 421, 410, 4.03, L.2)

Yo 4510 em”" (¥o,) 1260 em.”V (c-07).

"2-Amino-1-Hydroxyouinolizinium Bromide (LVII, X = Br)

(a) The nitration product NI (LVIII) (0.75 g.) was dissolved in
80% aqueous ethanol (200 ml.) and hydrogenated using 10% palladium on
charcoal catalyst (0.75 g.). The solution quickly took up three mole equiv-
alents of hydrogen and then a fourth much more slowly.- The solution was
filtered and evaporated leaving an oily residﬁe. Trituration with acetone
gave 2-amino-1-hydroxyquinolizinium bromide (LVII, X = Br) as a yellow
solid which was then filtered. (0.515 g., 77%). Recrystallisation from
absolute ethanol:ethyl acetate gave a m.p. 180-1°C.

Found: C, 44e45y H, 3.95 N, 1141

C9H§BrN20 requires: C, 44.8; H, 3.75; N, 11.6%

.. 2160, 2345, 3230, 3570 A (log,f 4.30, 4.25, 3.88, 3.89)

max

The compound (LVII, sz Br) gave a jade green colour with neutral aqueous
ferric chloride. With aqueous cuprous acetate a deep red-brown colour was
obtained, Diazotisation of an aqueous solution of the amino compound with
nitrous acid and subsequent coupling with alkaline 2-naphthol gave a
violet insoluble azo dye. Treatment with silver nitratesnitric acid
solution gave a precipitate of silver bromide. .

The picrate (LVII, X = picrate) prepared by the addition of aqueous sodium

picrate to an aqueSus solution of the amine recrystallised from ethanol as

/
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yellow needles .m.p. 211-300.
Found: C, 46.3; H, 3ely N, 1843

C1SHA1N508 requires: C, 46.3; H, 2.85; N, 18.0%

(b) The nitro compound NITII (IX) (0.225 g.) dissolved in 75% ethanol
(100 ml.) was hydrogenated using 10% palladium charcoal catalyst. Three
mole equivalents of hydrogen were absorbed. After filtering, the solution
was passed down an Amberlite IRA 400 (Br) column., Evaporation followed by
trituration with acetone gave a yéllow solid (0.142 g., 456) identical in

spectra and properties to that prepared in (a) above.

Attempted reduction of NII (LIX)

NII (LIX) (0.35 g.) suspended in 75% aqueous ethanol (130 ml.) was
hydrogenated using 10% palladium charcoal catalyst (0.300 g.). Six mole
equivalents of hydrogen were absorbed in 10 hrs., the uptake then ceasinge.
Filtration followed by evaporation to dryness gave an oily residue which could
be solidified by trituration with acetone (0.085 g.). This gave a very

indistinct melting point and infrared spectrum and was not further purified.

1-Hydroxyquinolizinium-2-diazoniun Dibromide (IXI, X = Br)

2-Amino-1=-hydroxyquinolizinium bromide (LVII, X = Br) (0.50 g.)_in
15% aqueous‘hydrobromic acid (12 ml.) was cooled to -8°C and treated drop-
wise with sodium nitrite solution until the nitrite was in excess. The
orange solid which came out of solution was filtered and dried in a vacuum
desiccator at room temperature. (0.38 g., 55%).
V. 2130, 2095 cn.”' (N= N*)._

The compound (IXI, X = Br) darkened on standing in sunlight and when added



to alkaline 2-naphthol gave a violet azo dye. On standing in water at
room temperature a deep violet coloured precipitate was formed. This was

presumably due to some type of azo coupling.

Replacement of the diazo group in (IXI) by bromine

'The diazonium compound (IXI) (0.345 g.) suspended in pure dry
dimethyl formamide (5 ml.) was heated to 120°C (oil bath) at which temper-
ature the solid dissolved (giving a jade green solution) and nitrogep was
evolved. »When the evolution of nitrogen had subsided the solution was
cooled and the dimethyl formamide removed by distillation at reduced
pressure. The residue was dissolved in ethanol, treated with charcoal and
re-evaporated leaving a semi-solid residue. This was dissolved in water
and a picrate precipitated by addition of aqueous sodium picrate. The
picrate (L, X = picrate) was identified as 2- bromo-1-hydroxyquinolizinium
picrate by its m.p. (170.5 - 3.50) and infrared spectrum. A mixed melting

point with an authentic specimen gave no depression.

6-Methyl-1-0x0=1,2,3,4-tetrahydroquinolizinium bromide (IXII) was prepared

from 5-methyl-2-(4!ethoxybutyryl) pyridine by the method of Moynehan,

Schofield, Jones and Katritzky.(16) The yield was 65.5%.

242-Dibromo=6=nethyl=1-oxo-1,2,3,4=-tetrahydroquinolizinium bronide

To the ketone (3.5 g.) dissolved in 50% aqueous hydrobromic acid
. was added bromine (6,0 g.) in hydrobromic acid (25 ml.). The solution was
stirred during the addition and for 15 mins, subsequently. After heating
on a water bath for 15 mins. the solution was evaporated to dryness

under reduced pressure. Water was added to the residue and the solution
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again evaporated leaving a pale yellow soiid which was suspended in a cetone
and filtered (4.96 g., 85%). Recrystallisation from ethanol gave micro-
crystalline yellow needles, m.p. 228?229.500.

Found: G 30257 Hiy 3,05

N R i - (
C1OH10Br5nO requires: C, 30.03 H, 2.50%

Apas, 2760 R (log,q € 3.83).

2-Bromo=-1=hydroxy-6-methylouinolizinium Bromide.

The 22-dibromo-6-methyl ketone (4.00 g.) was heated to 160°
(0il bath) at which temperature copious fumes of hydrogen bromide were
evolved. Heating was continued until the evolution of hydrogen bromide
ceased. The solid remaining was pure 2-bromo-1-hydroxy-6-methylquinoliz-
inium bromide (3.16 g., 100%). It crystallised from ethanol as white
‘microcrystalline needles m.p. 228-2290.
Found: C, 36.13; H, 3.0

C1OH9Br2I\IO.H20 requires: C, 35.65; H, 3.3%
A, 2160, 3680 & (log,q € Uekby het2).

The compound gave a deep violet colour with neutral ferric chloride solu-

tion.

1-Hydroxy-6-methylquinolizinium bromide (IXIII, X = Br)

2-Bromo-1-hydroxy-6-methylquinolizinium bromide (2.75 g.) in
95% ethanol was hydrogenated using 10% palladium charcoal catalyst (0.75 g.).
One mole equivalent of hydrogen was absorbed. Filtration followed by

evaporation gave an oily residue which crystallised on cooling (1.98 g. 92%)
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as hemihydrate). It recrystallised from ethanol as white platelets
m.Pe 281-3o (with c harring) .
Found: C, 1-&-7095'1 'H, 1—!—.5', N, 5.7

2 C1OH1OBrNO'H20 requires: C, 48.23 H, L.b4s N, 5.6%

(]
Aoy 20505 2400, 3L40 & (10310 € kB L 07 s 1k) s

The picrate (IXIII, X = Br) crystallised from ethanol as yellow rhombs
mepe 232-%".
Found: C, 49.5; H, 3.2

0, requires: C, 49.5; H, 3.1%

Cletly N0

Attempted nitration of 1-hydroxy=-6-methylquinolizinium bromide (IXIII,

X = Br).

The phenol (0.25 g.) in 7% aqueous nitric acid (5 ml.) was boiled
for 15 seconds and cooled in ice cold water. A small amount (5 mg.) of an
impure orange solid came out of solution and was filtered off. The filtrate

was boiled for longer periods but no other product was isolated.

8-Methy1-1—oxo-1,2,3;u-tetrahydroquinolizinium bromide (LXIV) was prepared

by the method of Moynehan, Schofield, Jones and Katritzky from 4-methyl-
2-(L4-ethoxybutyryl) pyridine. The yield was 80%. The 2-cyano-l-methyl-
pyridine used in the preparation of the ethoxy butyryl pyridine was

([~
itself prepared from L4-picoline by the method of Feely and Beavers.(Jo)

2,2-Dibromo=-8-nethyl-i-ox0-1,2, 3,4=tetrahydroquinolizinium Bromide was

prepared in an identical manner to the 6-methyl derivative but using the
8-methyl ketone (IXIV) (41 8.)e .6.1 g« (90%) of the 8-methyl dibromo

ketone was obtained. It was recrystallised from ethanol as small yellow
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blunt needles m.p. 221—30.
Found:*'C,430.755 H;i 3.0

C BerO requires: C, 30.03 H, 2.5

1OH1O

Reos 2600 (log108 3.74)

2-Bromo=-1-hydroxy=-8-methylquinolizinium Bromide was prepared in 100% yield

by heating the 8-methyl dibromo ketone at 16000 until evoiution o hydrogen .
bromide ceased. It was purified from ethanol as a white amorphous solid
m.p. 225-6° (with charring).

Pounds C, 37.9; H, 3.2

C1OH9BréNO requires: C, 37.65; H, 2.85%

Apay 2160, 3650 (105108 Le61, L4.18).

1-Hydroxy-8-methylquinolizinium Bromide (IXV, X = Br)

2-Bromo=-1-hydroxy-8-methylquinolizinium bromide (4.00 g.) in
ethanol (100 ml.) was hydrogenated using palladium charcoal catalyst (0.7 g.).
Working up in a similar manner to the 6-methyl analogue (IXIII, X = Br)
gave the phenol (IXV, X = Br) as colourless rhombs m.p. 210-11.5C
(2.72 g., 85% as monohydrate).
Found: C, 47.03 H, L4.65; N, 5.8

C10H10BrN0'H20 requires: C, 46.55; H, 4.7; N, 57#
Ay, 2070, 2300, 3370 ) (10g,5 € 4.65; 4.18, 4.19).

The picrate (IXV, X = Picrate) recrystallised from ethanol as blunt yellow
needles m.p. 228-32°.
Found: c; #9-5', H, 3.3

C16H12N1+08 requires: C, 49.53 H, 3.1%
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Nitration of 1-hvdroxy-8-methylquinolizinium bromide (LXV, X = Br)

(a) The phenol (0.5 g.) in 7% nitric acid (10 ml,) was heated
to boiling. The solution became deep red and a solid precipitated af'ter
boiling for approximately 5 seconds. The solution was cooled in ice

water and filtered giving the zwitterion form of the L=bromo=-1-hydroxy-

8-methyl=2-nitroguinolizinium cation (IXVI) (0.505 ey 55%). This recrys-

tallised from 80% aqueous ethanol giving feathery red crystals which
charrchbut did not melt below 3#00.
Found: C, 43.0 3 H, 2,455 N, 10.1

C1OH7BrN203 requires: C, 42.45; H, 2.4; N, 9.9%

Ay, 2100, 2410, 3250, 37907 10 & (log, € keb5, 419, 3.66, 3.9, ku31)

Apyy (H,80,) 2600, 3440, 3980 2
(b) The filtrate from the above reaction was boiled for a further
3 mins, and cooled. " A yellow solid (0.05 ge.) which came out of solution
was the methyl analogue of NII (IXVII). It recrystallised from acetone as
microcrystalline yellow needles. It did not melt below 3&00.
Found: C, 48.2; H, 2.9 3 N, {7-1

C1OH7N3O5 requires: C, 48.20; Hf 2.85; N, 16,85%

A,y (75% EtOH) 2150, 2570, 4320 (log, € 4.33, 3.99, L.k2)

€40

v__ 1560, 1330 om.”' (0,) 1250 em.™! (c07)

Action of silver acetate on NI (LVIII)

The nitro compound NI (LVIII) (1.00 g.) and silver acetate (0.75 g.)

suspended in glacial acetic acid (200 ml.) were stirred and boiled under
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reflux for 48 hrs. The suspension was cooled and filtered and the filtrate
evaporated to dryness. The residue was dissolved in water and heated on a
boiling water bath for 0.25 hr. Evaporation to dryness gave a residue of

unchanged NI identified by its inf'rared spectrum.

Action of phenyl hydrazine on NI (LVIII)

A solution of NI (ILVIII) (0.28 g.) in redistilled phenyl hydrazine
(10. ml.) was warmed on a water bath for 0.5 hr. The phenyl.hydrazinc was
removed by distillation under reduced pressure and the residue taken up in
water. This was boiled down to a third bulk which removed the last traces of
the hydrazine. The solution was evaporated to dryneés under. reduced pressure.
The oily residue solidif'ied on treatuent with acetone., This was filtered and
identified as 2-amino-1-hydroxyquinolizinium bromide (LVII, X = Br) by its

infrared spectrum (0.07 ge, 28%).

2-Bromoguinolizinium Bromide (IXVIII, X = Br)

2-Bromo=1-0x0-1,2,3,4=tetrahydroquinoliziniun bromide (XLVII, X = Br)
(5.0 g.) and acetic anhydride (150 ml.) were refluxed for 2 hr. The solu-
tion was evaporated to dryness under reduced pressure, crystals Qf 2~bromo=-
quinolizinium bromide (ILXVIII, X = Br) coming out of solution during the
evaporation. The residue was suspended in a little acetic anhydride,
filtered and washed with a small amount of absolute alcohol (34 g., 75%).
It recrystallised from ethanol as colourless needles m.p. 257-900.

Found: C, 37.43 H, 2.45

C9H7Br2N requires: C, 37.55; H, 2.3%

Auax 2800, 2905, 3050, 3170, 320; 3310 & (log, o€ 3.50, 3.56, 3.79, k.10,
#.09: 14'038).
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The picrate (LXVIII, X = picrate) was obtained by adding saturated ethanolic
picric acid to an alcoholic solution of the bromide. Recrystallised from -
methanol as yellow needles mepe 185.5 = 186.500.

Found: C, 41.335 H, 2.1

C, HoBxIY 0, requires: C, 41.153 H, 2.250

2-Hydroxyquinolizinium Bromide (IXIX, X = Br)

A suspension of silver acetate (3.25 g.) in glacial acetic acid
(100 ml.) was added to 2-bromoquinolizinium bromide (LXVIII, X = Br) (2.50 g.)
in acetic acid (50 ml.) and the mixture stirred and boiled under reflux for
L0 hr. After cooling in ice water the mixture was filtered and the filtrate
evaporated to dryness under reduced pressuree The residue was dissolved in
50% aqueous hydrobromic acid and warmed on a water bath for 0.25 hr. The
solution was then evaporated to dryness under reduced pressure, water added
and the solution again evaporated to give a solid. The solid residue was
suspended in absolute ethanol, cooled in ice water and filtered. MNore solid
was obtained by addition of ethyl acetate to the filtrate. The yield of

almost pure 2-hydroxyquinolizinium bromide hemi-hydrate (IXIX, X = Br) was

1.76 g..(90%). Recrystallisation from ethanol: ethylvacetate gave white
blunt needles m.p. 258-6300.
Found: C, 45.753 H, 3.7; N, 6.05
2 C9H8BrNO'H20 requires: C, 46.0; H, 3.85; N, 5.95%
A 2250, 2980, 32L0% R (log '€ 4.55, 4.05, 3.86)

N 3250 cm.'-’I (hydrogen bonded OH), 1650 c:m.m.l (cyclic amide C=0).

The picrate (LXIX, X = picrate) was prepared by addition of aqueous sodium

picrate to an aqueous solution of the hydroxy bromide (ILXIX, X = Br) and
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crystallised from acetonec as small yellow prisms,
Found: C, 14805; H’ 2.7', N’ 1500

C15H10Nh98 requires: C, 48.15; H, 2.7; N, 15.9%

The bromide (IXIX, X = Br) gave a deep red colour with aqueous ferric

chloridee.

2-Quinolizidone (IXX)

2-Hydroxyquinolizinium bromide (LXIx, X = Br) (4.50 g.) was treated
with cold saturated aqueous potassium carbonate solution (20 ml.). Effer-
vescence occured andyellow oily droplets were formed. The solution was
extracted several times with chloroform and the chloroform extracts dried
(NaZSOh)’ Evaporation of the chloroform gave a residue which sublimed +to
give 1.325 g. (49%) of 2-guinolizone (IXX) as thick yellow crystals m.p.
127.5° (change of crystal form at 65-670). After two more sublimations the
m.Pe Was 128-129.5° (65-670). {

Found: N, 9.7 =

C9H7N0 requires: N, 9.65%
Mpay 2260, 2990, 3250% R (log, ) € 450, 4.00, 3.75)

I
Arax (HpS0, comc.) 2160, 28707, 3130, 3210 & (log, ) € 450, 3.8, 44075 L4.06)

Yoy 1634 cm.-1. The pKR determined spectrophotometrically was &4 (+ 0.5) o

6,7,8,9-Tetrahydro-2-Quinolizone (LXXI)

2-Quinolizone (0.35 g.) in 95% ethanol (25 ml.) was hydrogenated at
atmospheric pressure using Adams' platinum oxide catalyst (0.100 g.). Two
molar equivalents of hydrogen were quickly (0.5 hr.) absorbed, absorption
then ceasing. The solution was filtered and the filtrate‘evaporated to

dryness. The oily residue crystallised on treatment with petroleum ether
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- [40-60] and was filtered to give 0.324 g. (93%) of 6,7,8,9-tetrahydro-2-
quinolizone. Sublimation'gave colourless blunt needles m.p. 135-50 (Changc
of crystal form 55-70).

Found: N, 9.05
09H11N0 requires: N, 9..%
Ay, (MeOH) 2600 R (log,, € Let7). _
Amax (MeOH + 1 drop concentrated aqueous HC1l) 2390 2 (logﬂas 3.98)

Vil 1645 cmy ! (C=C stretching), 1550 om.”! (pyridone C=0 stretching).

2-Methyl mercaptoquinolizinium iodide (LXXIII, X = I)

2-Quinolizone (IXX) (0.60 g.) and phosphorus pentas;lphide (0.29 g.)
were heated for 0;75 hr. in a sublimation apparatus at 150°C (0il bath). The
temperature was then raised to 170o and the pressure reduced to 0.2 mm., a
small amount of oily material subliming., The residue was extracted several
times with chloroform and evaporated leaving an oily residue which had the
same infrared spectrum as the sublimate and showed a strong absorption at
1080 cm.-1 (C=S stretching). The residue was taken up in the minimum quantity
of absolute ethanol and warmed with methyl iodide. On evaporation ahd cooling,

2-nethyl mercaptoguinolizinium iodide (IXXIII, X = I) was obtained. This was

suspended in ethanol:acetone and filtered. Purification from ethanol:ethyl
acetate gave a yellow amorphous solid m.pe. 196-2010.

Found: C, 39.63 H, 3.3; N, L.k
CgH, oINS requires: C, 39.4; H, 3:6; N, L.hdk

Apax 2130, 2580, 3380 £ (log, € 4.5, 4.25, b.33).

max

The picrate (IXXIII, X = picrate) orystallised from ethanol as yellow rhombs
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M.Pe 183-7o (softening at 1700).
Found: C, 47.35; H, 3.05; N, 14.2

C15H1207N4§ requires: C, 47.553 H, 3.43 N, 13.85

Reaction of 2-Quinolizone with phosphorus tribromide.

Phosphorus tribromide (2 ml.) and 2-quinolizone (IXX) (0.300 g.) were
boiled under reflux for 2 hr., After cooling the excess phosphorus tribromide
was decanted and the brown solid residue washed with dry ether and dissolved in
absolute ethanol. Partial evaporation of the ethanolic solution gave on coo}ing,
crystals of 2-bromoquinolizinium bromide (IXVIII, X = Br) (0.17 g., 27%)

MeDPe 2570. The infrared spectrum of this sample was identical with that

produced as described previously.

1-Bromo-2-hydroxyquinolizinium Bromide (IXXIV, X = Br)

Bromine (0.25 g.) in 50% aqueous hydrobromic acid was added to a
stirred solution of 2-hydroxyquinolizinium bromide (LXIX, X = Br) (0.250 g.).
During the addition a solid yellow perbromide came out of solution. The
mixture was stirred for 1 hr., heated on a yater bath until all the solid had
dissolved and then evaporated to dryness under reduced pfessure. The solid
residue was suspended in an ethanol:ethyl acetate mixture and filtered giving
1=bromo-2=-hydroxyquinoli zinium bromide.(0.207 ges 67%). Recrystallisation
from ethanol gave small colourless rhombs mepe. 295-'-7° dec. (charring above
270°).

Found: Q, 3533 H, 24553 N, 4.95
C9H7Br2NO requires: C, 35.45; H, 2.3; N, L. 6%
Apax 2360, 3050, 3520 £ (log, € 4.49, 413, 3.89).

pist
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The infrared spectrum was identical with that of a sample prepared by

another route (part IIb. p. 87)

1=Bromo=-2=hydroxyquinolizinium nitrate (IXXIV, X = N03)
2-Hydroxyquinolizinium bromide (IXIX, X = Br) (0.25 g.) in 7% nitric
acid (5 ml.) was boiled for 15 seconds and immediately cooled in ice cold
water. The pale yellow solid which came out of solution was filtered (0.225 g.,
79%)« Recrystallisation from ethanol gave small colourless needles m.p.
158-159°.
Found: C, 38.23 H, 2.43 N, 9.85

C9H?BrN20# requires: C, 37.9; H, 2.5 N, 9.5%

- Q. - -
V. 1400-1340 em. ", &15 cn. (No3 e

On passing an agueous solution of the nitrate (IXXIV, X = N05) through a

column of Amberlite IRA 400 (Br) exchange resin,the bromide (IXXIV, X = Br)

was obtained.

Attempted formation of 1-cyvano=2-hydroxyouinolizinium salts.

2-Hydroxyquinolizinium bromide (LXIX, X = Br) (0.25 g.) and sodium
cyanide (0.35 g.) in 7% nitric acid (5 ml.) were boiled for 15 seconds and
cooled in water. The ‘solid which came out of solution was filtered off

(0,107 8., 49%) and was identified as 2-hydroxyquinolizinium nitrate

(IXIX, X = NO3)' It recrystallised from ethanol as colourless rhombs
M.Pe 188-920.

Found: C, 51.755 H, 4.3
CgHg,0, requires: C, 51.9; H, 3.85%

1,2-Dihydroxyquinolizinium szlts (IXXV)

(2) A solution of the bromo ketone bromide (XLVII, X = Br) (1.0 g.)
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in methanol (50 ml.) was stirred and boiled under reflux with Amberlite

IRA 400 (OH) (15 ml.) for 1.5 hr. The cooled mixture was filtered and
evaporated to small bulk. A small portion when treated with aqueous neutral
ferric chloride solution gave a deep Jjade green colour,

Pipric acid (0.75 g.) in methanol (5 ml.) was added to tﬂe remainder.
Concentration of the resulting solution to 2.5 ml. followed by the addition
of ether gave an oily solid which was washed several times with ether by
decantation. The crude picrate was dissolved in methanol, heated with
decolourising charéoal, filtered and evaporated to dryness. The residue
crystallised from water as orange prisms m.p. 180° (hydrated). Recrystalli-

sation from acetone gave 1,2-dihvdroxvouinolizinium picrate (LXXV, X =

picrate) mep. 223-5°C (dec.) (0435 g, 20%).
Found: C, 46.53 H, 2.55
c151-11én409 requires: C, 46.25; H, 2.55
Ay 2130, 2350, 3310, 3500 & (log,q € 4e59, 452, 4.28, 4.29).

(b) A solution of the bromo ketone bromide (XLVII, X = Br) (0.500 g.)
in water (10 ml.) was treated with aqueous ammonia (s.g. 0.88) (10 ml.),.the
solution turning deep red in colour. The mixture was heated on a water bath
for 0.5 hr., then boiled to remove ammonia. The aqueous solution was passed’
down a column of Amberlite IRA 400 (OH) and boiled to remove liberated ammonia.
Evaporation to dryness under reduced pressure gave a solid which was dissolved
in absolute ethanol and precipitated by careful addition of ethyl acetate as an
extremely hygroscopic brown solid. Purification 6f this proved impossible.

The picrate was formed by addition of aqueous sodium picrate and recrystallised
from acetone to give orange prisms m.p. 226=-8°C (dec.) identical to that

produced in method (a) above.
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(¢) The mono-bromo ketone bromide (XIVII, X = Br) (1.0 g.) in water
(20 ml.) was mixed with a solutionof silver acetate (2.0 g.) in water (130 ml.)
and the mixture stirred and boiled under reflux for 2 hours. The cooled
nmixture was filtered, evaporated under reduced pressure and the residue
dissolved in water. The aqueous solution was passed through a column
of Amberlite IRA 400 (Br) and again evaporated. The picrate (ILXXV, X =
picrate), préparcd from the residue (A) by treatment with aqueous sodium
picrate, was crystallised from absolute ethanol as yellow needles m.p.
223-7°C (dec.) .

The residue (A) was hygroscopic and could not be crystallised but
after treatment with boiling acetic anhydride (2.5 hr.) a solid bromide
(IXXV, X = Br) was isolated and recrystallised (using decolourising char= ‘
coal) from absolute ethanol:ethyl acetate as flesh coloured cubes m.p.
227°C (dec.) (0.20 g., 25%).

Found: C, 475 H, 3475 N, 5.3

09H8BrN02 requires: C, 44.65; H, 3.355 N, 5.8%

Mo 2120, 2354, 3250 X (log,g € kb, 4e35, 4a01).

max
With a neutral solution of ferric chloride the bromide (IXXV, X = Br) gave

a very intense jade green colour,:

The picrate (LXXV, X = picrate) was prepared by adding saturated aqueous

sodium picrate to the bromide. Recrystallised from ethanol as yellow

needles mepe. 225-700 identical to that préducedlbcfore treatment of the

residue (4) with acetic anhydride and with that in methods (a) and (b).
Found: C, 46.2; H, 2.8; N, 13.9 |

C15H10th9 requires: C, 46.25; H, 2.55; N, 1415
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The lead salt of 1,2-dihydroxyquinolizinium bromide (LXXVI) was prepared

by addition of an aqueous solution of lead acetate to a solution of the
bromide (IXXV, X = Br) in water. Recrystallised from water as yellow
needles m.p. 339—&200.

Found:=iCly " 2L s i Hy R s s N3 525
CflBINO,Pb requires: C, 24.2; H, 1.35; N, 3156

Apay 2140, 2340, 3410, 3700 R (Lo, € 4275 4e17, 3.75, 3.53).

1,2=-Dihydroxy=-1-methoxy-1,2,3,4=tetrahydroquinolizinium salts (IXXIX)

2-Bromo=1-0x0=1,2,3,4=tetrahydroquinoliziniun bromide (XIVII, X = Bi)
(1.0 g.) in methanol (50 ml.) was stirred and boiled under reflux with
Amberlite IRA 400 (OH) (15 ml.) for 1 hr. The cooled mixture was filtered
and further cooled to between 0 and 5°C. To this methanolic solution was
added an ethereal solution of diazo methane (from 1.5 g. of nitroso
dimethyl urea) and the resulting solution left for 0.3 hr. After concen-
tratisn to small bulk,methanolic picric acid was added and the picrate
so obtained recrystallised from methanél to give orange rhombs me.p. 191 5=
192.5°, The yield of unrecrystallised picrate (LXXIX, X = picrate) was
0.3k g.) (25%) - '

Found: C, 45.45 H, L.13 N, 13.3

C16H16th10 requires: C, 45.45 H, 3.8; N, 13.2%

Agaxe 2550, 3570 % (1og,, € 4.37, L.38).

i
The bromide (LXXIX, X = Br) was prepared by passing an ethandlic solution
of the picrate through an Amberlite IRA 400 (Br) column, Recrystallisation

from ethanol:ethyl acetate gave colourless needles m.p. 158—600-
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Found: C, 42.15; H, 4.9

2 C10H1h§rN03'H2

: -1
Mgy 2630 2 (0g,, € 3.81) v ___ 1070 em.”" (C-0).

0 requires: C, 42.25; H, 5.3%

No colour was obtained with neutral aqueous ferric chloride.

Reaction of 1,2-dihydroxyv-1-methoxy-1,2,3,4-tetrahydroguineclizinium

bromide (IXXIX, X = Br) with aqueous hydrobromic acid.

(2) The hemi-ketal bromide (0.1 g.) in 25% aqueous hydrobromic
acid (10 ml.) was boiled under reflux for 4 hours. The solution was evap-
orated under reduced pressure, the residue dissolved in water and again
evaporated. The residual solid was crystallised from absolute ethanol:
ethyl acetate (charcoal) to give 1,2-dihydroxyquinolizinium bromide (IXXV,
X = Br) MePe 219—22300 characterised by melting point, infrared and ultra-
violet spectra.

(v) Experiment (a) repeated but the solution reflux;d for 2.5 hrs.
Crystallisation from absolute ethanol:ethyl acetate gave a solid presumed
to be 1,2-dihydroxy-3k-dihydroquinolizinium bromide (IXXX) (0.06 g.).
Further recrystallisation from absolute ethanol:ethyl acetate gave mePe
192-4.°C. _

Found: C, 44.053 H, 4.3

C§H1OBrN02 requires: C, 44.35 H, L4.15%

The bromide (LXXX) gave a jade green colour with neutral aqueous ferric

chloride

Aoy 2650, 3330 2 (log,o € 3.82, 3.25).

.
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Action of Amberlite IRA 400 (0H) on 1-hydroxyquinolizinium bromide (XXVII,

X = Br).

The phenol bromide (XXVII, X = Br) (0.5 g.) in methanol (30 ml.) was
refluxed with Amberlite IRA 400 (OH) (10 ml.) for 0.75 hr. The solution
was then cooled, filtered and evaporated to dryness. The residue was
dissolved in water and aqueous sodium picrate added precipitating only

1=hydroxyquinolizinium picrate m.p. 219-21°C.

1-Amino-2-hydroxyquinolizinium Hydroxide (IXXXII, X = OH).

The dibromo ketone (XLVIII, X = Br) (1.0 g.) reacted exothermicalxy
with aqueous ammonia (s.g. 0.88) (15 ml.) to give a deep brown solution.
After the initial violent reaction was over the solution was heated on a

water bath for 0.5 hr., and then evaporated to dryness. After dissolving
. the residuc.in a small amount of water the solution was passed down a column
of Amberlite IRA 400 (OH) and boiled to remove liberated ammonia. The
solution was evaporated to dryness under reduced pressure, the residue
dissolved in absolute ethanol, and the ethanolic solution treated with

decolourising charcoal. On concentration of the solution 41-amino=-2-hydroxy=

quinolizinium hydroxide (IXXXII, X = OH) (0.125 g., 48%) crystallised as

yellow needles. Recrystallisation from acetone gave m.p. 179-82°C.
Found: C, 60.8; H, 5.8; N, 15.7
c9H9N202 requires: C, 60.65; H, 5.65; N, 15.7%

A, 2160, 3330 & (10g,o € 4eli3, 4.03).

The hydroxide (IXXXII, X = OH) gave a green colour with ferric

chloride and after treatment with pentyl nitrite and HC1l at 0°C gave a
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deep red insoluble azo compound with alkaline 2-naphthol. No colouration
was observed with agueous cupric acetate and the compound did not give a
precipitate with aqueous silver nitrate and nitric acid.
The picrate (ILXXXII, X = picrate) crystallised from methanol as yellow
needles m.p. 215-7°C.

Found: C, 45.355 H, 3.15

C15H12N508.CH30H requires: C, 45.63 H, 3.6%

Action of ammonia on 2-bromo-1i-hydroxyguinolizinium bromide (L, X = Brﬁ.

To the bromo-hydroxy bromide (0.75 g.) dissolved in water (2 ml.) ‘
was added ammonia (5 ml., s.g. 0.88). A yellow precipitate formed. The
mixture was heated on a water bath for 0.5 hr. and cooled. The yellow
‘solid was filtered off and crystallised from acetone to give yellow needles
of 2-bromo-1-hydroxyquinolizinium hydroxide (L, X = OH), m.p. 220.5-221°,
(0.49 8o, 83%).

Found: C, 45.15 H, 3.3; N, 5.75

CgHgBINO0, requires: C, 44.653 H, 3.3 N, 5.8% °

Apay, 2160, 3800 £ (log g€ “keli, 4.06).



PART 1II

The Rearrangements of 1-Oximino-1,2,3,4-tetrahydro-

quinolizinium Bromide
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Discussion

(a) The Beckmann rearrangement,

In one of the Wolff aromatisation reactions carrlcd out by Collicut
and Jom::s.(3 ) on 1-oximino-1,2,3,4-tetrahydroquinoliziniun bromide (XXXIII,
X = Br) an isomer of the oxime was isolated. As the conditions used for
this reaction (boiling in an acetic anhydride=-sulphuric acid mixture) were
known to favour Beckmann rearrangements, the product was assumed to be one

of the two possible rearrangement products. (IXXXIII or LXXXIV).

NOH H 0
AR S S B
LN > N
A S S
T Br Xi
XXXIII LXXXIII LXXXIV LXXXV

An attempt by the same authors to prepare the lactam (IXXXIII) by
cyclisation of the substituted amide (LXXXV) was unsuccessful because of the
ready hydrolysis of the amide group under acid conditions. In this section
the preparation of both cyclic amides (IXXXIII and LXXXIV),is reported and
an account of their behaviour on hydrolysis is given.

Initially it was proposed to synthesise IXXXIII by formation 6f
ethyl N-2-pyridyl succinimete (LOX(VI) followed by its reduction with lithium
aluminium hydride to the hydroxy amide (LXXXVIII). Conversion of this to
the bromo compound with phosphorus tribromide and subseqﬁent cyclisation

should then give the required product.
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NH, NHCOCH,CH,COOEt NHCOCHQCHzCHZOH
[::;J "“‘> ————-LlAlHLf-5

\\\\v u////’ LXXXVT LXXXVIII
B

QO?HZ A= HOOCCHzCH2COOEt
e
[::}JNCOCH2 B = HOOCCH,CH,CO0H
NS

LXXXVIT

Heating 2-aminopyridine with mono ethyl succinate at 130°C gave the
required ester (IXXXVI), At higher temperatures a considerable amount of
. the succinimide (LXXXVII) was obtained. This compound (LXXXVII) was also

formed by heating 2-aminopyridine and succinic acid.

All attenpts to reduce the ester (LXXXVI) to the hydroxy-anide
failed because of hydrolysis of the amide link. Only 2-aminopyridine was
recovered. ‘

A direct method of preparation of the bromo-amide (LXXXIX) was
eventually used. y-Bromobutyryl bromide prepared by reaction of y=bromo-
butyric acid and phosphorus tribromide was added to 2-aminopyridine. The
bromo-amide which formed was not isolated, but instead, the crude material

‘was heated in order to induce cyclisation. The product, as expected, was

the lactam (ILXXXIII). However, if an excess of 2-aminopyridine was used

in the reaction, a quaternary salt could be isolated which from its analysis

and infrared spectrum had the structure XC.
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Hydrolysis of the cyclic amide (IXXXIII) gave the quaternary salt
XCI which was isolated as the picrate (X = picrate). For comparison, this
compound (XCI, X = picrate) was also prepared by direct quaternisation of
2-amino-pyridine with ethyl y-bromobutyrate. The two specimens obtained
were identical.

The other possible Beckmann product (LXXIV, X = Br) was prepared
from the hydroxy-amide (XCII). This had been prepared by Jones(51) b
direct heating of 2-picolinic acid and 3-amino-propanol. Treatment of the
hydroxy-amide (XCII) with phosphorus tribromide gave the bromo-amide (XCIII)

which again was not isolated, but was heated under anhydrous conditions to

give the cyclic amide (IXXXIV, X = Br).

7 CONHCH,CH,GH , OF 7\ {CONHCH 0K, CH,Br %
N gt} I-IBr—) —— heat—> I \
N

XCII XCIII y ) &7 LXXXTV
3 NHp
N )
+ -
X
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When this compound (LXXXIV) was hydrolysed under alkaline conditions,
hydrolysis was followed by decarboxylation and the quaternary salt (xcIv)
was isolated as the dipicrate.

Both of the cyclic amides (LXXXIII and LXXXIV) showed strong amide
C=0 stretching absorptions in the infrared (at 1680 cm.-1). However, the
ultraviolet spectrum of compound IXXXIII was almost identical to that
reportcd(31) for the Beckmann rearrangement product whereas the spcctruﬁ of
the amide LXXXIV was completely different. The melting point of LXXXIII
was 20° higher than that reported but even so the available evidence
indicates that, contrary to the prediction of Bauer and.Hewitson,(52) the
Beckmann product has structure LXXXIII.

In order to finalise the position several attempts have been made
to isolate a Beckmann product from the oxime (XXXIV, X = Br). Although
rearrangements have occured in acid solutions (see next section), it has

proved impossible to repeat the Beckmann rearrangement.

(b) Acid catalysed rearrangements.

The reaction of the oxime (XXXIII, X = Br) with acetic anhydride
containing a trace of sulphuric acid has been repeated many times in an
attempt to isolate the Beckmann product. All were unsuccessful and only
acetamido quinolizinium salts were isolated. Collicut and Joncs(31)
obtained mainly 1-acetamido salts from this reaction but when this was
repeated 1-acetamido-quinolizinium bromide (XXXV, X = Br) formed only the
minor fraction. The main product was found to be a mixture of two insep-
arable hydroxy-acetamido salts (XCV and XCVI, X = Br). On hydrolysis with

aqueous hydrobromic acid, these formed the equivalent amino-hydroxyquinolizinium
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salts as the hydrobromides. The two amino compounds had different solubil=-
ities in ethanol and consequently it was possible to separate the mixture
into its two components. The infrared spectrum of both compounds showed the
characteristic fine structure of amine salts between 3000 - 2500 cm.-1 and
a medium intensity band at about 2000 cm. . (This last absorption is

(53)

mentioned as being present in amino acid hydrochlorides and it has been
found to oceur in all quinolizinium amine salts described in this work). The
two compounds were also found to give coléurs with neutral ferric chloride
solution indicating a phenolic hydroxyl group.

A very small yield of one of these compounds (XCVII, X = Br) was
obtained when the oxime (XXXII, X = Br) was heated with polyphosphoric
acid. It is assumed that the major product was the other (more soluble)
hydroxy-amine but that it could not be isolated.

On treating the oxime (XXXIII, X = Br) with hot sulphuric acid a

good yield of the more soluble hydroxy-amino-quinolizinium salt (ILXXXII, X=3Br)

NOH
7 | .
<3 N XXXIII Rgagents
it
X (a) Aczo/HZS%
NHAc NHo (b) H,S0,
OH. (a) OH
2
a5 (a) —_— ’,l = (¢) Polyphosphoric acid.
NN g ~ NN 2
= e (d) HBr
XCV LXXXITI
NHAc NHp
AN () 2N
Nz i NN 2
OH - OH
x- e
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was obtained. Comparison of the picrates showed this to be the same
compound as was obtained in the reaction of 22-&ibromo-1-oxo-1,2,},#—
tetrahydroquinolizinium bromide (XLVIII, X = Br) with ammonia (see p. 39)
From the nature of the formation of these compounds (under Wolff
aromatisation conditions) it would appear that the amine group is in
position 1. It therefore remained to deduce the position of the hydroxyl
group in the molecules. Using the reaction sequence shown below the
product from the sulphuric acid reaction was identified as 1-amino-2-
hydroxyquinolizinium bromide hydrobromide (IXXXII, X = Br as hydrobromide);
The other amino-hydroxy compound (XCVII) is considered to be the
L-hydroxy derivative because of its similarity to LXXXII (X = Br) and
because its infrared spectrum shows the hydroxyl group to have amide

character. (A strong peak at 1650 om. T corresponds to amide C=0 stretching).

o+
NzBI‘

NHp Br
20 AN OH Xy OH X
I HNO | DMF. [ H O
@———2—)\N/ ——>\N/_2'—>\{\1/
+ - g =y e
X X X X
LXXXII XCVIII

When 1-amino-2-hydroxyquinolizinium bromide hydrobromide (IXXXII, X = Br

as hydrobromide) was diazotised with nitrous acid in aqueous solution at

-8°C 2 yellow precipitate of the diazonium compound (XCVIII, X = Br) came
out of the solution. The yield was almost 85%. Diazotisation of the

amino-hydroxy compound obteined from the dibromo. ketons (XIVIII, X = Br)
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also gave the same diazonium salt.
Tﬁe product (XCVIII, X = Br) showed a doublet in the infrared at
2150, 2179 c:m.’-1 Gisslf+ stretching) and on addition to alkaline 2-naphthol
it precipitated a violet azo dye. It was also remarkably stable and only
started to decompose above 130°C. It had a definite melting point (272°C)
and it could be recrystallised from boiling methanol or hot water with only
slight change in its infrared spectrum.

Several attempts were made to convert the diazonium compound
(XCVIII, X = Br) into the bromo-hydroxy derivative (IXXXIV, X = Bz"). These
included Gatterman recactions and reactions with‘hydrobromiC-acid. All gave
mixtures of products which could not be separated. In one reaction the
diazonium compound (XCVIII, X = Br)‘was boiled with hydriodic acid in an
attempt to obtain the iodo analogue. However, reduction took place and
only the amino-hydroxy compound (LXXXII, X = I as hydriodide) was isolated.

It has been found(5h) that when diazonium compounds are heated with
dimethyl formamide the diazo group is replaced by a hydrogen atom. This
was tried on the quinolizinium diazonium compound (XCVIII, X = Br). During
the reaction the evolution of nitrogen was noted. The product was not the
expected hydroxy salt (IXIX, X = Br) but the bromo-hydroxy compound (IXXIV,
X = Br) and was identical with the product from the bromination of
2-hydroxyquinolizinium bromide (IXXIV , X = Br) (p. 33).

Reduction to the 2-hydroxy compound (IXIX, X = Br) by catalytic

hydrogenation was rather slow and the product was a mixture of the bromo-

1

hydroxy (ILXXIV, X = Br) and hydroxy (IXIX, X = Br) compounds. These were

separated by fractional crystalliéation from ethanol and 2-hydroxyquinoliziniunm
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bromide (IXIX, X = Br) identified by analysis, melting point and spectra.

The mechanism of formation of the amino-hydroxy compounds (IXXXII
and XCVII) from the oxime (XXXIII, X = Br) is somewhat difficult to explain.
It is possible that the first stage is a Wolff aromatisation to the 4-amino
derivative followed by substitution in the 2- or 4-=position of the ring
system. In the case of the sulphuric acid reaction the hydroxyl group
would be formed by replacement in the working up, but in the acetic anhydride
reaction such a replacement sccﬁs very unlikely.

Other attempts to get the oxime (XXXII, X = Br) to undergo a
Beckmann reagent have included reactions with acetic acid and sulphur dioxide.

In both only the unchanged oxime was recovered. |

|



PART 1L

EXPERIMENTAL
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N-2-Pyridylsuccinimide (LXXXVII)

A mixture of 2-aminopyridine (L4.7 g.) and succinic acid (6.4 g.)
was heated under reflux at 200° (oil bath) for 4O min. The mixture was
then distilled at 15 mm. to a bath temperature of 220° and the residue
crystallised from methanol, giving colourless needles of N-2-pyridyl-
succinimide (IXXXVII). m.p. 138° (lit.(55) 1370) (645 8oy 73%)

Found: C, 60.853 H, 4.65; N, 15.8 V

Calculated for C9H8N202 C, 61.353 H, 4e55; N, 15.9

A 2580 £ (log, € 3.51) v __ 1700 om. B (anide’CO) .

Ethyl N-2-Pyridylsuccinimate (IXXXVI).

A mixture of 2-aminopyridine (4.7 g.) and ethyl hydrogen succinate
(11.0 g.) was heated at 130° (oil bath) for 5 hr., cooled, and distilled
under reduced pressure. Ethyl N-2-pyridyl succinamate (IXXXVI) was collected
at 95-105?/0.1 mm, and was recrystallised from ethanol:ethyl acetate as
colourless needles mepe 715 = 72°. (8.8 geoy 7%%).
Found: C, 55.1; H, 6.6; N, 11.8

CyqHy 005 H 0 requires: C, 55.03 H, 6.7y N, 11.7%

Apy  (95% EioH) 2330, 2940 & (10g, € 3.98, 3.50).

Vopax 1740 ots (ester CO), 1685 cm.-1(amide c0.)
On heating 2-aminopyridine and the succinic ester at higher temperatures

than 13000 the product was mainly the succinimide (IXXXVII).

Attempted reduction of Ethyl N-2€Byridylsuccinimate.

To a stirred solution of the ester (IXXXVI) (5.5 g.) in ether (300 ml.)

was added a slurry of lithium aluminium hydride (0.55 g.) in ether (4100 =l.)

R e e et



at a rate sufficient to maintain gentle boiling. After the addition the

mixture was stirred for 0.5 hr. and then water (30 ml.) was added slowly.
~ The mixture was filtered, the ether layer separated, dried (Nazsob), and

evaporated. The residue was distilled under nitrogen and had b.pe. 72?/

2.5 mm, The infrared spectrum and m.p. showed it to be 2-aminopyridine.

y=-Bromobutyryl Bromide

y-Bromobutyric acid (10.0 g.) and phosphorus.tribromide (10.0 g.)
were heated together at 130° for 4 hr. After cooling, the liquid was
decanted and.distilled, giving y-bromobutyryl bromide, b.p. 1OAPBQ/15 mm _
(10.2 g., 74%). ]

21959—1,3,hds-tetrahydro-ZHepyrido[1,2—a][1,3]-diazepinium Bromide (LXXXIII)

y-Bromobutyryl bromide (13.8 g.) was added to 2-aminopyridine
(2.8 g.) and an exothermic reaction with copious evolution of hydrogen
bromide occurred. After the initial reaction, the mixture was heated on a
water bath for 1 hr., cooled, and basified with saturated aqueous sodium
carbonate solution. The alkaline mixture was extracted with chloroform,
the chloroform solution dried (Nazsoh) and evaporated. The residue was
heated at 140° (oil bath) for 0.5 hr., cooled, and triturated with
absolute alcohol, giving the cyclic amide bromide (LXXXIII) (0.48 goy 73%)
(mepe 225-2280), recrystallised from ethanol as colourless prisms MePe.,
232-233°C.

Found: C, 45.05; H, 4.853 N, 11.2

CH, BIN,0 requires: C, 4h.65; H, 4a55; N, 11.55%

Apax. 2310, 2900 & (log,q € 4.02, 4.0L)
(95% EtoH) 2360, 2950 & (iog10 € 3.98, L.0)

}‘ma.x.

-1
V .y, 1690 cm. " (lactam CO).
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2-Amino=1,3"' -ethoxvcarbonyloropylpyridinium Picrate (XCI, X = picrate)

a) The cyclic amide (LXXXIII) (0.25 g.) in 50% hydrobromic acid
(15 ml.) was boiled for 2 hr., the solution becoming bright red. The
solution was evaporated to dryness under reduced pressure, the residue
dissolved in water and again evaporated. Several repetitions of this
process using absolute ethanol gave a yellow hygrosoopic solid which was
suspended in ethyl acetate and filtered (0.224 g.). A picrate (XCI, X.=
picrate) was prepared by adding an aqueous solution of the crude solid to
saturated sodium picrate solution and recrystallised from absolute alcohol
as yellow needles m.p. 1&7—1510.

Found: C, 46.65; H, 4.40.

C17H19N509 requires: C, 46.65; H, 4.35

# 0 : ;
A, 2320, 3140,% 3550 & (log, (€ 14435, 4.03, §.20).
vr:;ax 3450 cm.” (NH) 1715 omy (ester CO).

b) A solution of 2-aminopyridine (1.94 g.) and ethyl y=bromo-
butyrate (4.0 g.) in tetremethylene sulphone (5 ml.) was kept at 40° for
5 days. The viscous oil was triturated with ether (50 ml.) and twice with
ethyl acetate (50 ml.). The oil was dissolved in water and converted
into the picrate (XCI, X = picrate) by addition of aqueous sodium picrate
(679 8oy 75%). A sample recrystallised from ethanol showed no depression
in a mixed me.p. determination with that obtained by method (a), and the

infrared spectra were identical.

2-Anino=4=y=[N-2' -pyridyl Joutramidopyridinium Bromide (XC)

2-Aninopyridine (6.0 g.) and y-bromobutyryl bromide (9.2 g.) were

mixed and heated as described in the preparation of the cyclic amide
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(IXXXIII). The residue from the chloroform extraction was dissolved in
95% ethanol and boiled for 15 hr., the ethanol distilled off, and the
residue dissolved in the minimum quantity of methanol. After cooling,
small colourless crystals were obtained m.p. 214~216°C. Recrystallisation

from ethanol gave colourless rhombs of the pyridinium bromide (XC) (1.0 g.,

10%) m.p. 216-247°C.
Found: C, 50.3; H, 5.15; N’ 16.3

C1 H,-BrN,0 requires: C, 49.9; H, 5.05; N, 16.6%

L7k
}‘max. 2300’ 2750’ 2970 X (10{5108 14"15: 3-833 3086)
Ve a0 en.”! (1H), 1660 cm.” (amide CO).

N-2-Hydroxypropylpicolinamide (XCII)

3-Aminopropanol (10.0 g.) and picolinic acid (8 g.) were mixed and
the mixture boiled for 1 hr. Distillation under reduced pressure gave the
picolinamide (XCII) b.p. 147-153°/0.1 mm., (11 g., 92%)
Found: C, 60.33 H, 6.75

LI o 5 7
C9H12N202 requires: C, 60.03 H, 6.7%

Apag, 2170, 2630 £ (log, €' 3.99, 3.73).
Vo D390 il (H bonded OH), 1665 cm, ™ (emide I), 1527 c:m.-1

amide II 1055 cm.—1 (CO stretching primary acyclic alcohol).

1-0x0-2,3 ,4,5-tetrahydiro-pyrido[1,2-a][1,4]-diazepinium Bromide (LXXXIV,

x = BI‘).
Phosphorus tribromide (2.1 g.) was added to the hydroxyamide (XCII)

(3.5 g.) in benzene (30 ml.) with stirring. The mixture was boiled for
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L hr., cooled, and the benzene evaporated. The residue was treated with

a saturated aqueous solution of sodium carbonate, and extracted several
times with chloroform. The chloroform extracts were dried (NaZSOA) and
the chloroform removed. The residue was heated at 150-140o (0il bath) for
1 hr., cooled, dissolved in the minimum quantity of absolute ethanol, and
kept at f5° overnight, giving a crystalline solide. Recrystallised from

ethanol this gave colourless rhombs of the cyclic amide bromide, (IXXXIV,

X = Br), m.p. 218-219° (1.03 g., 22%).
Found: C, L|-1 06" H, 4.85" N, 10.3

C.H BI'N20.H20 I‘equires: C; 1+1 o)+; H, 5.0; N’ 1007%

914
A 2760 )1 (log,n € 3.56) in 95% EtOH
v 1680 om.”™ (lactam CO).

maxe.

The picrate (LXXXIV) was recrystallised from acetone:ethanol to give
microcrystalline yellow . necdles, m.p. 206.5-109°
Found: C, 45.85; H, 3.5 N, 17.6

C15H13N508 requires: C, 46.05: H, 3.35; N, 17.9%

y-Aminopropylpyridinium Dipicrate (XCIV, X = picrate)

The amide (LXXXIV, X = Br) (0.45 g.) in 95% ethanol (25 ml.) and
50% aqueous sodium hydroxide (five drops) was boiled overnight, the
solution turning dark red. The mixture was cooled, neutralised with 50%
aqueous hydrobromic acid and evaporated to dryness under reduced pressure.
The residue was dissolved in water and treated with a queous sodium picrate.

The picrate obtained (0.230 g.) recrystallised from acetone as yellow

rhoubs m.p. 206-209°C.
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Found: C, 40.8; H, 3.153 N, 19.0

C20H18N801h requires: C, 40.4y H, 3.05; N, 18.85%

A, 2100, 2480, 3530 R (10g,5 € bobT, 4.32, k).

1-0ximino=1,2,3,4-tetrehydroquinolizinium Bromide (XXXIII, X = Br) was
prepared from 1-oxo=-1,2,3,4-tetrahydroquinolizinium bromide (XIV) by the

method of Collicut and Jones.(31)

1-Aming-2-hydroxyquinolizinium salts (IXXXII)

A solution of the oxime bromide (XXXIII, X = Br) (2.0 g.) in
" concentrated sulphuric acid (25 ml.) was heated at 130-140° (oil bath) for
30 min., cooled, and carefully poured into dry ether (300 ml.) at -10°.
The precipitated solid was filtered off, dissolved in water, and.passed
through a column of Amberlite IRA 400 (Br). Evaporation under reduced
pressure gave a yellow solid, which was suspended in absolute ethanol and
filtered (1.46 g., 556). Recrystallisation from absolute ethanol:ethyl
acetate containing a drop of hydrobromic acid gave pale yellow plates of
the hydroxyamine hydrobromide (LXXXII, X = Br as hydrobromide), m.p.
205-215° (dec.).

Found: C, 34.35;'H, 3.05; N, 9.2
C§H1dBr2NO requires: C, 33.63 H, 3.15; N, 8,7%

A 3320, 3610 £ (log, o € 3.0, 3.93)

maxXxe

S 2000 cm.™ (M),

maxe.

An aqueous solution of the hydrobromide gave a deep green colour with

neutral aqueous ferric chloride.
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The picrate (IXXXII, X = picrate) crystallised from ethanol as yellow
needles, Me.Pe 21 50.
Found: C, 45.75 H, 2.35

Calculated for C15H11N508 s C, 46,255 . H, 2.85

A mixed melting point with a sample prepared from the dibromo-ketone

(XLVIII, X = Br) showed no depression.

1=-Amino=l-hydroxyquinolizinium bromide Hydrobromide (XCVII, X = Br as

Qxdrobromide.)

The oxime bromide.(XXXIII, X = Br) (1.0 g.) was heated with poly-
phosphoric acid (6 g.) for 15 min. at 120-130° (0il bath). The mixture
was cooled, and 95% ethanol (100 ml.,) was added. An insoluble oil formed
and was separated, dissolved in water, and percolated through a column
of Amberlite IRA 400 (Br). The effluent was evaporated under reduced
pressure and the residué purified from ethyl acetate:absolute ethanol as
a pale yellow amorphous powder m.pP. > 340°C (with charring) .

Found:»C5133.93 H39359; N5:9:05

09H10Br2N20 requires: C, 33.63 H, 3.15; N, 8.7

Hydroxy-1-acetamidoguinolizinium salts (XCV and XCVI).

The oxime bromide (XXXIII, X = Br) (2.0 g.) in acetic anhydride
(220 ml.) containing 4 drops of concentrated sulphuric acid was boiled for
4 hours. The solution was cooled and evaporated under reduced pressure.
The oily residue was triturated with acetone giving a solid mixture of
2- and 4-hydroxy-1-acetamidoquinolizinium bromides (XCV and XCVI, X = Br)

which was then filtered (0.92 g.-39%). Evaporation of the filtrate gave
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0417 go (8%) of 1-acetamidoquinolizinium bromide (XXXV, X = Br).
The mixture of hydroxy-acetamidoquinolizinium salts was purified
with ethanol:ethyl acetate before analysis.
Found: C, 46.653 H, 4.45

C11H11BrN202 requires: C, 46.65; H, 3.95%

M e 13150 ens™} (H bonded OH), 1655 cm.”' (amide I), 1520 cm.” (amide

IT)%

Hydrolysis of the hydroxy-1-acetamidoquinolizinium salts

The mixture of the two hydroxy-acetamido salts (XCV and XCVI)

(0455 g.) was boiled with 50% aqueous hydrobromic acid for 1 hr. The
solution was then evaporated to dryness under reduced pressure, dissolved
in water and re-evaporated. The solid residue was suspended in acetone
and filtered (0.38 g., 56%).

Separation of the two constituents of the product was achieved by
fractional crystallisation from ethanol. The more soluble component was
2-hydroxy=-1-aminoquinolizinium bromide hydrobromide (LXXXII, X = Br as
hydrobromide) and the other was 4-hydroxy-1-aminoquinolizinium bromide
hydrobromide (XCVII, X = Br as hydrobromide). Both were identified by their

infrared spectra.

2-Hydroxyquinoliziniun-{-diazonium Dibromide (XCVIII, X= Br).

a) The hydrobromide (ILXXXII, X = Br as hydrobromide) (1.25 g.)
in 25% hydrobromic acid (17 ml.) was cooled to -8°0% Aqueous sodium
nitrite was added until in excess when a yellow solid precipitated. The

mixture was left for 1 hr. and then filtered. The diazonium salt (XCVIII,
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X = Br) (1.07 g., 83%) showed signs of decomposition above 130°, but
melted at 270-2°.
Found: N, 12.2

T 2 3 (74
69H7Br2k30 requires: N, 12.6%

A (95% EOH) 2310, 2480,% 2780, 3600 £ (log,, € 4e16, 3.99, 3.70, 3.75)

max.
-1
Vpay, 2150, 21735 cm. (N=N).

b) 1-Amino-2-hydroxyquinolizinium hydroxide (LXXXII, X = OH)
prepared from the dibromo ketone (XLVIII, X = Br) was dissolved in 25%
hydrobromic acid and treated as above. The diazonium salt (0.173 g., 71%)

was identical in spectra and in melting point with that prepared as in a).

Action of Hydriodic acid on the Diazonium salt (XCVIII, X = Br)

The diazonium salt (XCVIII, X = Br) (0.62 g.) was dissolved in
556 hydriodic acid (20 ml.) and the solution boiled for 1.5 hr. Evaporation
to dryness and treatment of the residue with ethanol;ethyl acetate gave an
. orange solid (0.1 g.). The infrared spectrum of this solid was identical
with that of 4-amino-2-hydroxyquinolizinium bromide hydrobromide (LXXXII,

X = Br as hydrobromide) and it is assumed to be the hydriodide.

{=Bromo=2-hydroxyquinolizinium Bromide. (LXXIV, X = Br)

The diazonium compound (XCVIII, X = Br) (0.755 g.) was dissolved
in dry redistilled dimethyl formemide (10 ml.) and heated to 130° (oil bath)
at which.temperature nitrogen was evolved. After the nitrogen evolution
was complete the solution was cooled, .and evaporated under reduced pressure.

The residue was suspended in a small amount of absolute ethanol and filtered

(0.40 ge, 56%). Recrystallisatién from ethanol gave the bromohydroxy
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bromide (IXXIV, X = Br) m.p. 266-272° (dec.), identical in infrared
absorption spectrum with the compound obtained from bromination of

2-hydroxyquinolizinium bromide.

Reduction of 1-Bromo-2-hydroxyquinolizinium Bromide ( LXXIV, X = Br)

The bromide ( LXXIV, X = Br) (0.47 g.) in 95% ethanol (100 ml.)
~ was hydrogenated at atmospheric pressure with 10% palladium charcoal
(0.25 g.). Uptake of hydrogen was slow, but approximately 1 mole of
hydrogen was absorbed. The mixture was filtered, and the filtrate evap-
orated. The solid residue was separated by fractional crystallisation
from absolute ethanol, the less soluble fraction being unchanged bromo-
hydroxy bromide ( LXXIV, X = Br). The major (more soluble) product was
2-hydroxyquinoliziniun bromide (IXIX, X = Br), showing no depression
in a mixed melting point determination with a sample prepared from
2-bromoquinolizinium bromide (ILXIX, X = Br). The infrared spectra of.the
two samples were identical.

Found: C, 44.35; H, 3.8, N, 5.2

Calculated for C9HSBrN0'H20: C, 4.3 H, L.153 N, 5.75%

Lttempted Beckamnn Rearrangement of 1-oximino-1,2,3,4-tetrahydroquinoliz=-

inium salts.
a) To the oxime chloride (XXXII, X = C1) (1.0 g.) in liguid
50, (100 ml.) thionyl chloride (3 g.) was added. The sulphur dioxide

was allowed to evaporate, and the residue was unchanged oxime (XXXIII,

X = Cl). i
XXXIII

b) The oxime bromide (§é’x =.Br) (1.0 g.) was dissolved in

hot glacial acetic acid containing 5 drops of concentrated sulphuric acid
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and the solution boiled for 4 hr. After evaporation of the acetic acid

under reduced pressure the residue was dissolved in ethanol and percolated

through an Amberlite IRA 400 (Br) column, to give the oxime bromide
(XXX, X = Br).



PART III

The Synthesis of Pyrido[1,2a]ezepinium Salts

=
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Discussion
The 4- and 3-oxo pyrido[1,2a]azepinium systems can be represented
either by the classical structures (XCIXa and Ca) or by the pseudo-

aromatic structures (XCIXb and Cb).

XCIXa XCIXb Ca Cb

Oxo-pyrido[1,2a]azepinium salts could thus have considerable
aromatic character. However, the properties of the equivalent benzo-

(CI)(56,57)

tropone show it to behave rather as a conjugated dienone
system (CIa) than as an aromatic compound (represented by CIb). It is'
thus of considerable interest to prepare the pyrido-azepinium derivatives

(XCIX and C) and to examine their properties for evidence of aromaticity.

0

: 0;
4@
Cla CIb

Only one bicyclic pyrido[4,2a]azepinium salt has been reported in the
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literature. 2H-1,3,4,5-Tetrahydropyrido[1,2a Jazepiniun bromide (CV) has
been synthesised from 2-picoline (CII) by Morikava(58) in 10% overall

yield. The reaction sequence is given below.

/

i .
-\ CH CHpLi N, (CH)50Ph S
'N 3———:? @ Ii\I 2t ‘—'Br(CHz)l._OPh? Il“ —=-HBr —> 7= | (CH2)5

NS NS : NS N
CII s CITL heat CIV
Ho e
N, < ~ U UN
) +
ovT oV Br

2-Picoline was converted to 2-picol&l lithium and then treated with
1-bromo-4-phenoxybutane to give 2-(5' phenoxypentyl)pyridine (CIII).

This was boiled with aqueous hydrobromic acid and the bromo compound (CIV)
which formed was cyclised to the pyridoazepinium salt (CV). Catalytic
hydrogenation gave the decehydro derivative (CVI).

(59)

Bradsher and Hoser have synthesised a number of substituted
12 H-pyridobenzazepiniun salts (CVIII) by cyclisation of 1-acetonyl-2-

~ benzylpyridines (CVII). Because of the relation of the system (CVIII) to
morphanthridine(eo) the name morphanthridizinium has been proposed. The
isomeric €H-(isomorphanthridizinium) system (CIX) has also been Synthesiseé61)
by quaternisation of 2-acetonylpyridine and the appropriate benzyl halide

followed by cyclisation of the product.
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s R
2z | =LA R'
J \ g "
§ + % 7 R
X
CVII CVIII ‘ CIX

Several derivatives of decahydro-pyrido[1,2,ajazepine (CVI) are

(62,63,6L)

known. Leonard et al. have prepared the 1- and 3-0x0 and
hydroxy compounds as well as the unsubstituted azepine (CVI). Other
syntheses of the 3-oxo and hydroxy compounds have also been reported by
i SPAT A A i e e A e L)

The following two sections of' this work describe attempts to
synthesisethe unsubstituted 1- and 3-oxo pyrido[1,2,a]azepinium systems

(XCIX and CI).

a) The preparation of 1-0xo-ovrido[1,2,a]achihium derivatives

The route envisaged for the preparation of the 1-o0xo compound i
(XCIX) was somewhat similar to that of the preparation of {-hydroxyquin-
olizinium salts (XXVII) (p. 17 ). 2-(5' Ethoxy-valeryl)pyridine (CXI)
was prepared by the reaction of the Grignard reagent of L-bromo-1-ethoxy
butane and 2-cyanopyridine (CX) under the same conditions used in the

preparation of 2(4'-ethoxybutyryl)pyridinc.(1h) The yield was 54%.
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0 (5
il ‘Brig(CHy), 0Bt (7 ) HBp 4 22
N e N basifyidk it BUNS §
OEt Cyclise if
CX CXI Br CXII
e HBr
0 ; 0
B r
Zh \ ¥ heat Ca Br
>N -HBr N
+
S5 < o
HBr CXIII
0 0 B 0
e ne e o P2
| \ ___llﬁﬂ;__? A[::Ei:jizg reduce [::}E:i:s
X o ~HBr ST TS
- L
o RR + e Br A '
X X X

Cyclisation to the ketone (CXII, X = Br) proved moré gifficult‘
than expected. The usual method of boiling the bromo ketone ;;?) in
chloroform gave mainly an oily product which would not crystallise.
However, if' this oil was heated for approximately 30 minutes at 130-140o
the cyclic ketone (CXII, X = Br) could be isolated in 55% yield.

Bromination of the ketone (CXII, X = Br) with bromine in
hydrobronic acid to form the dibromo ketone (CXIII, X = Br) appeared to go
well, and the product was obtained in 90% yield. Une:fpectedly, the

infrared spectrum showed no carbonyl absorption. There was however, a

broad indistinct band at 3100 cms™! and very strong bands at 1150 and 1045cm”
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(C-O‘vibration and stretching). When the compound was recrystallised
from ethanol:ethyl acetate a considerable change occured both in melting
point and in the infrared spectrum. The absorption at 3100 cm.'-1 gave
place to a very sharp peak at 3350 cm.—1 which was attributed to 0-H
stretching of a hyirogen bonded hydroxyl group, and a new absorption
appeared at 1065 cm.“1 A similar effect was also noted when the bromo
compound was recrystallised from methanol and ethyl acetate. Analysis
of specimens purified from water and ethanol gave the expected value -
but with the addition of d molecule of water or ethanol respectively.
This 'rather unusual behéviour can be explained if the product from fhe
bromination is a dihydroxy compound (CXIV, X = Br), which on recrystal-

lisation from alcohol forms a hemi-ketal (CXV, X = Br).

OH OH OH OR
Br Br
7 | Br ROH e o | Br
N ~ > N
+ +
X X
CXIV ' CXv

If the bromo-hydroxy compound (CXIV, X = Br) was heated at 140-150°
vigorous evolution of hydrogen bromide occured accompanied by consiéerable
charring-of the solid. At the end of evolution all that remained was
2 black charred solid from which nothing could be isolated.

In another attenpt to dehydrobrominate CXIV (X = Br) the bromo

compound was boiled with acetic anhydride. Working up gave a product
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which had a fairly long wavelength absorption iﬂ the ultraviolet region
of the spectrum, and which showed absorption at 1780 Fevtal (acetyl C=0)
.and 1170vcm.-1 (C-0 stretching) in the infrared. This product could

be purified by crystallisation from ethanol:acetone but only with
considerable loss. The analysis indicated that it was the di acetoxy

~ compound (CXVI, X = Br).

OAc_ OAc 0 OH
Br 2 i Br . Br
H /Hy0 e \ Bry 2l
by e e G EHEc . RN,
g + + :
a, - e Br
X X

CXVI CXVII CXVIII

When a small amount of the diacetoxy compound (CXVI, X = Br) was
treated with acid, the ultraviolet spectrum showed'hydrolysis to be
complete after about 10 mins. The new spectrum had a longer wavelength
than the original compound (3530 £) and this was taken to mean that an
extension of the conjugated system had occured, presumably.to the ketone
(CXVII). The reaction was repeated on a larger scale but only oily
residues were isolated. It was therefore decided to brominate the product
of hydrol&sis in situ.

The bromination was carried out in hydrobromic acid solution and

the product which formed was isolated fairly readily and purified from
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ethanol as a yellow crystalline solid. Although sufficient bromine was
added for dibromination to have occured, analysis indicated that only one
bromine atom had entered the ring and gave the empirical fbrmula.
C1OH8Br3NO. The compound (CXVIII, X = Br) gave a deep jade green
colour with neutral ferric chloride solution characﬁeristic of an enolic
or phenolic hydroxyl group and also had a very long wavelength absorption
in the visible spectrum (4130 X). Its structure was shown to be CXVIII
(X = Br) from its N.M.R. spectrum which was run in D,0. The spectrum
contained aromatic protons as a multiplet (centred at 1.5 T ),-an olefinic
proton (2.9 T ) end methylene protons (4.7 T ) in the ratio 4:1:2.
Fu;ther, the peaks due to the ethyf;nic and methylene protons were singlets
which could only be explained if there were no adjacent protons available
to cause splitting. The bthef proton, the hydroxyl proton, was not
détected in the spectrum and it was assumed that either deuterium exchange
had occured or that the absorption was coincident with that of HDO.

Other evidence as to the structure of the molecule (CXVIII,
X = Br) was given by its reduction to 1=hydroxy-2-H-1,3,k,5-tetrahydro-
pyrido[1,2a]azepiniun bromide (CXIX, X = Br). On hydrogenation,4 mole
4equiva1ents of hydrogen were taken up,and these corresponded to reduction
of two double bonds (1-2 and 3-4) and replacemeht of the two bromine
atoms on positions 2 and 4. The same compound (CXIX, X = Br) was also
formed by ﬁydrogenation of the diacetoxy-bromo compound (CXVI, X = Br)
and the cyclic ketone (CXII, X = Br) with uptakes of 3- and 1 mole

equivalents of hydrogen respectively.



97

OH OH 0 0
7 | - | ~ Br o \ \BI‘ 2 ’ \Br
N NS Y, SN ‘\.N,._.B
+ = + _ Br + _ Br G
X X X X
CXIX ' CXX CXXI

An ultraviolet spectrum of the bromo-hydroxy compound
(CXVIII, X = Br) in concentrated sulphuric acid showed a shift to shorter
wavelengths, the compound presumably existing as the keto tautomer (CXX).
Elimination of hydrogen bromide from this should give the fully aroﬁatic
pyrido [1,2a] azepinium derivative (CXXI). Several attempts at achieving
this have been carried out.

When heated at 160°C the bromo-hydroxy bompound (CXVIII, X = Br)
lost hydrogen bromide. The solid remaining after heating was, however,
very charred and was insoluble in all fhe usual polar solvents. The same

- thing occured when the compound was boiled in acetic anhydride or heated
with concentrated sulphuric acid. Heating with Amberlite IRA 400 (OH)
suspended in methanol gave a deep red solution but on working up only oily
residues were obtained., A reaction with silvqr acetate on boiling acetic
acid also failed to give any identif}éblc product.

The final stage to the fully aromatic system has thus not been

achieved. As hydrogen bromide is evolved from the bromo-hydroxy compound

(CXVIII, X = Br) on heating, it is evident that the pyrido-azepinium salt

which presumably first forms, is somewhat unstable. Indeed, the probability
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that such a system can exist is open to doubt, particularly in view of

the positive charge carried by the ring system. Nucleophilic substitution
would be expected to occur very readily and this could conceivably be
accompanied by ring opening or contraction.

A few other reactions have been carried out on compounds in this
series. When the cyclic ketone (CXII, X = Br) was monobrominated the
monobromo derivative’(CXXII, X = Br) was obtained. On boiling with
acetic anhydride this gave the diacetoxy compound (CXXIII,: X = Br). A
similar compound (CXXIV, X = Br) also formed when the unsubstituted

ketone (CXII, X = Br) was treated with acetic anhydride.

0H OH OAc OAc OAc OAc
Z : Br 7 l Br . /,|
N N N\
+ = + +
X X Xl

CXXII CXXTII CXXIV



Summary of reactions in the 1-oxo pyrido[1,2alazepinium series

0 (i) HBr 0 OAc OAc
Al (ii)basif'y> 3 Acy0 S 2
S ik (iii)heat NN SN
i 1 + =
OEt E s
Ho
B
r2 HBr
OAc_OAc OH OH - OH
Z : Br Aco0 7 Br R
e i
SUN N SN
o T T % o
X Br X : it 0 ¢ '
HEr _
OH OR OH OH 0Ac OAc OH
“; A ROH z = Acp0 = \Br (i)hydrolyse AN BF -
1 L, e RO - | Br S | S '
N N N (ii)Br /HBr =~ N / - ,
T T i 2 -+ B
3 g X X X
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b) Attempted synthesis of 3-oxo pyrido[1,2a]azepinium compounds.

The preparation proposed for the 3-oxo compound (C) is outlined
below. This involved quaternisation of the 2-pyridine acetal (CXXV) with
the ethylidene ketal of 1-bromo-3-butanone (CXXVI) followed by cyclisation
in acid solution to the ketone (CXXVII). Bromination, dehydrobromination
and reduction should then give 3-oxo-pyrido[1,2a]azepinium broﬁide
(C,'X'= Br)s - In the preparation it was considered more convenient to
use the pyridine acctal (CXXV) rather than the free aldehyde because of

the comparitive instability of the latter.

OCH2
o
0
CHzCH, : SN CH20}12 _C CHz
] Br 080
CXXV CXXVT CH, CH,
HBr
heat o
0‘6—————- 0
= Br Br
X x'
C CXXVII

Quaternisation of the acetal (CXXV) in the usual solvents was
rather unsuccessful and only uncrystallisable oils were formed. Eventually,
tetramethylene sulphone which has been recommended by Bradsher and Parhaé67)
for 'difficult' quaternisations was used. By careful working up a crystal-

line quaternary salt was obtained but in rather poof yield. The product



101
\

had an infrared spectrum which showed both a carbonyl (1740 cm.-1) and an

acetal (C-O) (1120 cm.-1) stretching, the last in the same position as. the
~acetal stretching in 2-pyridine acetal (CXXV). Analysis gave the formula

C12H1GBrNO3 which would indicate that hydrolysis of either the acetal

or ketal. group had occured. Because of the extreme ease of hydrolysis
- of the bromo ketal (CXXVI) the pyridinium salt was assigned structure
CXXVIII. This was later confirmed by preparing it directly from the

acetal (CXXV) and bromo-butan-2-one.

OCH2
/

= IQHI
~ N OCH2

BN
+
CH2CHZCOCH3

Br

CXXVIII

When the pyridinium salt (CXXVIII) was boiled with 50% aqueous hydrobromic
acid, the solution became very dark and on evaporation gave a black
hygroscopic solid which could not be purified. Other attempts at

cyclisation ended similarly.



PART III

EXPERIMENTAL
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4=Ethoxybutyl bromide was obtained from tetramethylene glycol in 48%

yield by an analagous procedure to that described for 3-ethoxypropyl
] bromide.(ss) Bep. 167-72o (lit(69) 1690).

2-(5' -Ethoxyvaleryl) pyridine (CXI).(70)

The Grignard recagent from l4-ethoxybutyl bromide (70 g.) and
megnesium (12 g.) in ecther (650 ml.) was added slowly to 2-cyanopyridine
(40 ge) in ether (300 ml.) under an atmosphere of nitrogen. Vigorous
stirring was maintained throughout the addition. After leaving overnight
the complex waé hydrolysed by the addition of 5 N. aqueous hydrochloric
acid and then made alkaline with ammonia (s.g. 0.88). The ether layer
was separated, d£ied (NaZSOA) and the excess ether distilled. The
residue was distilled under reduced pressure under nifrogen. B.p. 158-620/
10 mm. Yield 42.6 g (54%).

Found: C, 69.63 H, 8.4 N, 6.8

C12H17N02 requires: C, 69.5; H, 8,33 N, 6.7%

A
max.,

(95% EtOE) 2300, 2700 & (log,; € 3.94 3.68)

) 1710 em.” (C = 0) 1115 cn.” (c -0).

maxe

1-0x0=2-H=1,3,4,5-tetrahydropyrido[1,2a Jazepinium bromide (CXII, X = Br)

2-(5'-Ethoxyvaleryl) pyridine (CXI) (20.0 g.) in 50% aqueous
hydrobronic acid (200 ml.) was boiled under reflux for 1 hr. (The ethyl
bromide which formed was periodically allowed to e scape by removal of the
condenser). Evaporation under reduced pressure gave a residue which was
dissolved in water and treated dropwise with aqueous sodium carbonate,

the liberated bromo-amine being extracted with chloroform. The chloroform
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extract was dried (Nazsoh) and distilled. The residue was, then heated
“for 41 hr. at 130-1&00 (0il bath), cooled, and the viscous solid dissolved
in ethanol. Evaporation of the solution to small bulk followed by cooling
gave a crystalline solid which was suspended in acetone and filtered
(12.75 8.5 54%) mep. 151=4C. Recrystallisation from ethanol:acetone
gave flesh coloured rhombs m.p. 154-6"C.
Found: C, 49.43 H, 5.13 N, 6.2

C, oH, B0 requires: C, 49.63 Hy, 5.03 N, 5.8%

My, 2680 R (logw €  3.83)

-1
nax, 1700 cm. (c=:0)%

The picrate (CXII, X = picrate) prepared by addition of aqueous sodium
picrate to the bromide (CXII, X = Br) recrystallised from ethanol as
yellow needles me.p. 116-117°C.

Found: C, 48.95 H, 3.7; H, 143
C16H

1hyh98 requires: C, 49.25; H, 3.65 N, 14.35%

2,2-Dibromo-1,1-dihydroxy-2 H=1,3,k,5=tetrahydro pyrido[1,2a]azepinium
bronide (CXIV, X = Br). ‘

To a stirred solution of the ketone bromide (CXII, X = Br) (10.0 g.)
in 50% aqueous hydrobromic acid (100 ml.) was added bromine (15.0 g.) in
hydrobromic acid (40 ml.). An oily yellow solid came out of solution during
the addition. Stirring was continued for 15 min. after the bromine had
been added and then the mixture was warmed on a boiling water bath for
20 min. Evaporation under reduced pressure gave a fawn solid which was

treated with water and re-evaporated. The solid was suspended in a 50:50
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acetone:water mixture and filtered. (13.85 ge, 80%)« mep. 165° (dec.).
A portion recrystallised from water for analysis gave colourless micro-

crystalline needles m.p. 163.5 = A.SO (dec.).
Found: C, 28.63 H, 2.8, N, 3.65

C10H12Br3N02 requires: C, 28.7; H, 2.85; N, 3.4%

e 2670 & (1og,, € 3.88)

meXe

e 3100 cm._1 (0H) 1150 cm."1 and 1045 cm..-1 (CO stretching and

vibration?).

The picrate (CXIV, X = picrate) crystallised from acetone as yellow needles,
o
MePe 13905"'1’4‘0 .
Found: C, 35.35; H, 2.353 N, 9.85

C16H12Br2NO8 requires: C, 35.05; H; 2.2 N, 10.2%

- s
Vit 1695 cme = (C=0 stretching).

Recrystallisation of the bromide (CXIV, X = Br) from ethanol:ethyl acetate

gave 2,2-dibromo-1-ethoxy-1-hydroxy-2 H=1,3,4,5~tetrahydropyrido[1,2a]-

azepinium bromide (CXV, X = Br, R.= Et) as small colourless rhombs m.p.

110-111°C.
Found: C’ 30055; H’ 3.6; N, 3010-

€, of4gBT3N05H 0 requires: C, 31.15; H, 3.9; N, 3.0

Dorel) 27008(1031()& 3.90)

D e 1200 vl (OH) 1070 ome ! (aryl ether -0 stretching).

The methoxy derivative (CXV, X = Br, R = Me) was similarly prepared by

recrystallisation from methanol:ethyl acetate, m.p. 107-9°C (colourless
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rhombs) «
Found: C, 29.23 H, 4153 N, 2.8

C11H1A§r3NQZH20 requires: C, 29.35; H, 3.6; N, 3.1

Ay, 2650 2 (10g,,€ 3.76)

&Xe

. 2=Bromo=1 ,1-diacetoxy-1 H-hq5~dihydronyrido[1,2a]azepinium bromide

(CXVI, X = Br).

The dibromo hydroxy compound (CXIV, X = Br) (5.00 g.) was boiled
with acetic anhydride (100 ml.) for 0.75 hr. and the acetic anhydride
distilled off under reduced pressure. The dark solid residue (4.24 g., 85%)
was purified from ethanol:acetone with the use of charcoal, giving a flesh
coloured amorphous solid m.p. 17{0 (234 g., UED).

Found: C, 40.35; H, 3.55% N, 3.3

C1I+H1513r2N01+ requires: C, 39.95; H, 3.6; N, 3.%

v

u{o 9 r
Amax. 240, 3170 A (10510 € 4.02, 4.07)
- oy
V... 1780 cnm. ' (acetyl €=0) 1165 cn. (Cf-O).

On heating a small amount of the diacetoxy compound (CXIV, X = Br) for
10 mins. with hydrobromic acid on a water bath the ultraviolet spectrum of

the solution had A_ 2530 and 3530 £, Attempts at isolation of a

product at this stage gave only oily residues.

2,4-Dibromo=-1-hydroxy-5 H-pyrido[1,2aJazepiniun bromide (CXVIII, X = Br)

The crude diacetoxy compound (CXVI, X = Br) (4.00 g.) in 50%
aqueous hydrobromic acid (80 ml.) was heated on a.boiling water bath for 1 hr.

and cooled. To the stirred solution was added bromine (6 g.) in hydrobromic
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acid (20 ml.). During the addition a yellow perbromide separated. The
mixture was heated on a water bath for 15 min. and then evaporated to
dryness under reduced pressure. The residue was taken up in water and
re-evaporated. Several repetitioné of this process gave a solid which was
suspen@ed in ethyl acetate and filtered. Thé crude material was recrystal-
‘lised from ethanol (charcoal) as yellow green rhombs m.p. 183-5o (1.72 8«5
L5%) « ' '

Found:: C, 30.23 H, 255 "Ny 3.45

C1OH8Br3NO requires: C, 30.15; H, 2.053 N, 3.5% °

Ajay, 2580, 3110, 4100 R (log,y € 3.98, 3.78, 3.74)

(conc. H2S°h>257°’ 3540 £

A
max.

The compound (CXVIII, X = Br) gave a deep jade green c olour ﬁith neutral
aqueous ferric chloride.
The picrate (CXVIII, X = picrate) recrystallised from acetone as yellow
rhombs mep. 146-8°,

Found: C, 36.35; H, 2.2

016H10Br2Nh98 requires: C, 35.85; H, 1.9%

1=Hydroxy-2 H-1,3,4,5-tetrahydropyrido[1,2aJazepinium bromide (CXIX, X = Br)

a) 2,4-Dibromo-1-hydroxy-5 H-pyrido[1,2aJazepinium bronide
(CXVIII, X = Br) (0.50 g.) in 95% ethanol (100 ml.) was hydrogenated at
atmospheric temperature and pressure using.1q% palladium charcoal catalfst
(0.3 g¢)« The absorption was equivalent to L-mole equivalents of hydrogen.

The solution was filtered and evaporated. Cooling gave crystals of
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1=hydroxy=-2 H—1:3,4,5-tetrahy§ropyrido[1,2a]aquinium bromide (CXIX, X = Br)

which was suspended in ethyl acetate and filtered (0.225 g., 745%) .
Crystallisation from ethanol:ethyl acetate gave flesh coloured rhombs
mep. 172=3.5C.

Found: C, 49.35 H, 5.75% N, 5475

1on.BrNO requires: C, 49.23 H, 5.75; N, 5.7%

Koo 2680 £ (log10.5 3479)

¢

-1
Vs 3250 cme = (CH).

b) The cyclic ketone (1.00 g.) (CXII, X = Br) in 95% ethanol
(100 nl.) with 10% palladium charcoal (0.5 g.)‘was hydrogenated. One mole
equivalent of hydrogen was absorbed. Working up as above gave the 1-hydroxy
compound (CXIX,-X = Br) (0.8 g., 80%) m.p. 171°. The spectra were identical

with those of the compound prepared from the bromo-hydroxy derivative

(CXVIII, X = Br).

;) The diacetoxy compound (CXVI, X = Br) (0.40 g.) in 95% ethanol
(100 ml.) was hydrogenated with the use of 10% palladium charcoal catalyst
(0.30 g.). The upteke of three mole equivalents of hydrogen was noted. .
After filtration and evaporation a product was isolated by careful addition
df ethyl acetate followed by filtration of the precipitated solid. The

infrared spectrum showed it to be the 1-hydroxy compound (CXIX, X = Br).

Attempted dehydrobromination of 2,4=dibromo=1-hydroxy=->5 H-erid0[1:23]-

. azepinium bromide (CXVIII, X = Br) : !

a) The bromo compound (CXVIII, X = Br) (0.40 g.) was heated at

160°¢ (0il bath) for two hours during which hydrogen bromide was given off,
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The solid remaining after the evolution was charred and would not dissolve

in polar solvents,

b) The compound (CXVIII, X = Br) (0.50 g.) in acetic anhydride
(30 ml.) was boiled under reflux for two hours. After evaporation under
reduced pressure there remained a black solid residue which could not be

purified, and which was not soluble in the normal polar solvents.

c) The bromo compound (CXVIII, X = Br) in methanol (50 ml.) and
Amberlite IRA 400 (OH) (20 ml.) was boiled with stirring for 0.75 hr.,
the solution turning deep red. After cooling and filtration the solution

was evaporated to dryness leaving a black uncrystallisable oil.

d) The compound (CXVIII, X = Br) (1.5 g.) and silver acetate
(2.25 g.) in glacial acetic acid (125 ml.) was boiled under reflux for 40 hrs.
The mixture was then cooled, filtered and evaporated to dryness under
reduced pressure. 50% Aqueous hydrobromic acid (50 ml.) was added to
the residue and the solution heated on a boiling water bath for 0.25 hr,
Evaporation to dryness under reduced pressure gave a black solid residue

which could not be purified.

2-Bromo-1,1-dihydroxy-2 H-1,3,4,5-tetrahydropyrido[1,2aJazepinium bromide

(CXXII,- X = Br).

To a stirred solution of the cyclic ketone (CXII, X = Br) (1.0 g.)
in 50% aqueous hydrobromic acid (25 ml.) was added bromine (0.68 g.) in
hydrobromic acid (10 ml.) . Working up as in the case of the dibromo-
dihydroxy compound (CXIV, X = Br) gave the mono-bromo compound (CXXII, X = Br)

(1.2 g., 85%). It recrystallised from an 80% acetone:water solution
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as flesh coloured blunt needles m.p. 135.5-60.
Found: C, 35.55; H, 3.955 N, L.6

C10H133r2N02 requires: C, 35.43 H, 3.85; N, L4.15%

Apay, 2670 2 (log,g € 3.72)

-1
Yoax, 5250 cm. (H bonded OH).

2-Bromo=-1 ,1-diacetoxy=-2 H=1,3,4,5-tetrahydropyrido[1,2a]azepinium bromide

(CXXIII, X = Br).

A solution of the bromo-dihydroxy bromide (CXXII, X = Br) in acetic
anhydride (120 ml.) was boiled under reflux for 1 hr. Cooling followed by
evaeporation to dryness gave an oily residue which could be crystallised by
trituration with acetone (0.62 g., 49%). Crystallisation from ethanol:
acetone gave flesh coloured microcrystalline rhombs m.p. 183-3.50.

Found: C, 39.9; H, 3.8; N, 3.85

: . e} r s 74
Cw_HWBrZNOZ+ requiress C, 39.75; H, 4.053 N, 3.30%

A 2670 R (log,, € 3467)

Viasbiu 780 co.”! (acetyl €=0) 1175 el (C=0 stretching).

1,1=Diacetoxy-2 H=1,3,k4,5=-tetrahydropyrido[1,2a Jazepiniun bromide (CXXIV,

X = Br).

The cyclic ketone (CXII, X = Br) (0.50 g.) in acetic anhydride
(25 nl.) was boiled under reflux for 2 hr., cooled and then evaporated
to dryness. The oily residue ﬁas taken up in absolute ethanol (charcoal)
and a solid precipitated by careful addition of ethyl acetate (0.165 g.,

24%). Crystallisation from ethanol: ethyl acetate gave small colourless:
rhombs m.p. 158-60°,
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Found: C, 48.7; H, 5.35; N, L.k

C,M_H,‘SBrNO4 requiress C, 48.85; H, 5.253 N, 4.05%

A pax. %ﬂh3%0§(haog 3488, 4.07)

Y oo 41760 cn. ™ (acetyl C=0) 1210 o (CO stretching).

L=Bromo-butan-2-one ethvlene ketal (CXXVI) was prepared according to Jones'

modification(71) of the method of Schinz and Williman(Yz) from ethyl
acetoacetate except that the final basification stage was carried out with
sodium bicarbonate instead of pyridine. The product consisted of the ketal
(b.p. 88-94 /47 mm.) (19% overall yield) and 4~bromo-butan-2-one (b.p.
84-8°C/17 mn. (10% overall yield). The ketal (CXXVI) was very prone to

hydrolysis and was kept over calcium chloride.

2-(1,3-Dioxolan-2-yl)pyridine (CXXV) was prepared by the method of Bradsher

and Parham(és) from 2-pyridine aldehyde and ethylene glycol. The yield was

69% based on the aldehyde.

1=(3' =oxo0)butyl-2-(1,3-dioxolan-2-yl) pyridinium bromide (CXXVIII)

a) The pyridine acetal (CXXV) (6.00 g.) and the ethylene ketal
of L4-bromo-butan-2-one (CXXVI) (8.1 g.) in tetramethylene sulphone (10 ml.)
were heated on a water bath for 2.5 hr, giving a viscous red oil. This
was poured into ethyl acetate (150 ml.) and the excess ester decanted off.
The oily residue was washed with ethyl acetate (50 ml.) and then three times
with dry ether (50 ml. portions). Trituration with acetone followed by
careful addition of absolute alcohol gave a colourless crystalline solid
m.De 127-9o which recrystallised from ethanol:ethyl acetate as blunt needles

m‘p‘ 1290. (2.20 go, 1%).
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Found: C, 47.63 H, 5¢45; Ny 495

C_“g{%BrNO3 requires: C, 47.7; H, 5.35; N, L.65%
Ay, 2650 2 (log,, € 3.83)

Vi 1710 cm..-1 (c=0) 1120 cm.-1, 1040 cm.m1 (CO stretching and vibration)

b) The acetal (CXXV) (6.00 g.) and L-bromo-buten-2-one (6.8 g.) in
tetramethylene sulphone (10 ml.) heated on water bath for 2.5 hr. Working
up as described above gave the pyridinium salt (CXXVIII) (1.2 g., 10%)

identical to that obtained previously.

Attempted cyclisation of the pyridinium salt (CXXVIII)

a) The quaternary compound (CXXVIII)(0.50 g.) in 50% hydrobromic
acid (10 ml.) was boiled under reflux for 2 hr. during which the solution
turned a deep brown colour. Cooling followed by evaporation gave a

hygroscopic black solid which could not be crystallised.

b) The salt (CXXVIII)(0.40 g.) dissolved in acetic anhydride (10 ml.)
to which concentrated sulphuric acid (5 drops) had been added was boiled
under reflux for 3 hr. Cooling and then addition of ethyl acetate

precipitated a black intractable solid.

¢) The pyridinium saelt (CXXVIII) (0.5 g.) in concentrated sulphuric
acid (7.5 ml.) was heated for 2 hr. at 80-90° (oil bath). The solution
was cooled and poured into dry ether (100 ml.) at -10°. A black solid

precipitated.
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INDEX OF COMPOUNDS DESCRIBED IN THE

EXPERIMENTAL SECTIONS

Page No.
1-Acetanido~2-hydroxyquinolizinium Bromide e.. O e'e's 85
1=Acetamido=4~hydroxycuinolizinium Bromide e.. ecn ee vt '85
1-Acetamidoquinolizinium Bromide SO iy S R R SR .86.
1-Acetoxy-2-bromoquinolizinium Bromide = esee  «ee eoe L3
1-Acetoxyquinolizinium Bromide ... .o eee cee cee L7
2-Amino=-1,3'-ethoxycarbonylpropylpyridinium Picrate eee 81
1-Amino-2-hydroxyquinolizinium Bromide Hydrobromide ee 8..,86
1-Anino-2-hydroxyquinolizinium Hydroxide 69
1=-Amino-2-hydroxyquinolizinium Iodide Hydriodide e.. cee 87
1-Amino-2-hydroxyquinolizinium Picrate Sol ;. LeseiEsa 69,85
1=-Anino-l=hydroxyquinolizinium Bromide Hydrobromide cee 85,86
2quino-1-hydroxyquinoliéinium Bromide e sve  see 52,59
2-Amino=-1-hydroxyquinolizinium Picrate cee oo ves 52 :
y Aminopropylpyridinium Dipicrate R R co’s 83
2-Anino-1 y=[N 2 pyridyl]-butramidopyridinium Bromide es. 81
y-Bromobutyryl Bromide Y A TOn SR s 0oe 80
U=BYOmMOBULaRi=2 OBl et iiats s v, To.0.0s Daleisteta ke brahramsoioon, ! o oo : 116
4=-Bromobutan-2-one ethylene ketal ceos eve ooe voe 110
2-Bromo=-1,1-diacetoxy-1 H-4,5-dihydropyrido[1,2a]azepiniun 105
Bromide
2-Bromo-1,1-diacetoxy-2 H-1,3,4;5-tetrahydropyrido[1,2a]- 109

azepinium Bromide
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2-Bromo-1,1=-dihydroxy-2 H=1,3 ,4,5-tetrahydropyrido[1,2a]-
azepinium Bromide

4=Bromo=1=hydroxy-8-methyl=-2-nitroquinoliziniun ion von
(zwitterion form) :

2-Bromo=1=hydroxy-6=methylquinolizinium Bromide eee  ees

2-Bromo-1-hydroxy-8-methylquinolizinium Bromide ... ooe

A-Bromo-1-hydroxy-Z-nltroqu1n011z1n1um ion (zwitterion form)

(NI)

1=Bromo=-2-hydroxyquinolizinium Bromide Slorw i iy e gtaly
1=-Bromo~-2-hydroxycuinolizinium Nitrate cee ves ees
2-Bromo-1-hydroxyguinolizinium Bromide vee oee coe

2-Bromo-1-hydroxyquinolizinium Hydroxide ees o eoe

2-Bromo=-1-hydroxycuinclizinium Picrate coe coe cce
2—Brom0-3-methoxy'pyri dine “oe eve cee so .o
2-Br0m0quinoli2inilm Bromide eee ce e eee oo oo

2-Bromoquinoliziniun Picrate oo coe oo ) ese
2-Bromo=1=0x0=1,2,3,4-tetrahydroquinolizinium Bromide ese
2-Bromo=1=-0x0=1,2,3,4-tetrahydroquinoliziniun Picrate eee
2-Cyano=3-methoxypyridine oee cee oo 0o 0o

1,1-Diacetoxy-2 H~1,3,4,5~-tetrahydropyrido[1,2a]azepinium
Bromide

2,2=Dibromo-1,1-dihydroxy=-2 H=1,3,4,5=-tetrahydropyrido-
[1 Za]“zeplnlum Bromide

2 42=Dibromo-1-ethoxy~1-hydroxy=2 H=1,3,4 »S=tetrahydropyrido-

[1 22 ]azepinium Bromide

2 2-D1bromo—1-hydroxy—1-methoxy—ZH-1,3,4,5-tetrahydropyrido-

[1 »2a]azepinium Bromide

Page No.

108
58

55
57
50

63,87 -
64
L3, 47, 5h

70

4

16
59,63
60

1

1

109
103

104

104
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2 ,4=Dibromo=-1-hydroxy-5H-pyrido[1,2a]azepinium Bromide ...
2,4=-Dibromo=1-hydroxy-5H=-pyrido[1,2a]azepinium Picrate ...

2,2=Dibromo=-6-methyl-1-0x%0-1,2,3,k-tetrahydroquinolizinium
Bromide

2,2-Dibromo-8-methyl-1-oxo-1,2,3,L-tetrahydroquinolizinium
Bromide

2,2=Dibromo=1-0x0=2H~1,3 4 5=tetrahydropyrido[1,2a Jazepinium
Bromide

2,2=Dibromo-1-0x0-1,2,3,4=tetrahydroquinoliziniun Bromide
2,2=Dibromo=-1=0x0-1,2,3,k-tetrahydroquinoliziniun Picrate
1,2=-Dihydroxy=3,4-dihydroquinoliziniun Bronide oee cee

1,2=Dihydroxy=1-nethoxy=1,2,3,4-tetrahydroquinolizinium
Bromide J

'1,2=Dihydroxy=-1-methoxy=-1,2,3,4-tetrahydroquinolizinium
Picrate

1 ,2-Dihydr0xyquinOli zinium Bromide co e e e coe
1,2=Dihydroxyquinolizinium Bromide lead salt ae o vee
1,2-Dihydroxyquinolizinium Picrate cee cee cee vee

2y4=Dinitro-1-hydroxy-8-methylquinolizinium ion eee  oos
(zwitterion form)

2,4=Dinitro=-1-hydroxyquinolizinium ion (zwitterion form)(NII)
2-(1 ,B-Dioxolan-Z-yl) pyridine o cee “v e oo o

A-Ethoxybutyl Bromide coe coe veow

Ethyl-N2-pyridylsuccininate o P iy e AL ARSI IC
2-(4' Bthoxyvaleryl)pyridine  eee  eee  vae  eee  ves
1-Hydroxy=-6-methylquinolizinium Bromide s P Ne'e
1-Hydroxy-6-methquuinoliziniuA Picrate see " lene fileese

Page No.

105
106

56

104

43
67
67

67

66,68
67
65,66
58

51

110

79
102

55
56
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1-Hydroxy-8-methylquinolizinium Bromide oo cee eee
1-Hydroxy=-8-methylquinolizinium Picrate so ol Heoio s ifide oo
1-Hydroxy-2=-nitroquinolizinium ion (zwitterion form) (NIII)
N=2=Hydroxypropyl picolinamide .. cee cee cee cee
1-Hydroxyquinolizidine ces oo’ ose coe cee cee
1-Hydroxyquinolizinium Bromide eee oee ooe  oee  sse
1-Hydroxyquinolizinium Nitrate ... s cee cee eee
1-Hydroxyquinolizinium Picrate ... cee coe coe coe
2-Hydroxyquinolizinium Bromide eee oee coo oee  see
2-Hydroxyquinoliziniun Nitrate os coe o oie L fite o/ Rie o0

2—Hydr0xyquin°]j. zinium Picrate e o vee s v

1-Hydroxyquinolizinium Bromide adduct with diazotised aniline

1-Hydroxyquinolizinium-2-diazonium Dibromide cee ces
2-Hydroxyquinolizinium-1-diazonium Dibromide ees  ses
1=Hydroxy=-2H=-1, 3,4,5~-tetrahydropyrido[1,2a Jazepiniun Bromide
1-Ketoquinolizidine ...‘ S T s ool fiioe e coslilone
3=Methoxy=-2=nitropyridine eee  see  eee ces vee
3-Methoxypyridine ... o005 (1o ool iiige e Bice's o MiN Cqieertiitle's s
2-Methy1mercaptoquinolizinium.Iodide ese 1l seeittioeel tiicee
2=Methylmercaptoquinolizinium Picrate «es eee see oo
6-Methyl-1-oxo-1,2,3,4-tetrahydroquinoliziniun Bromide ...
8-Methyl=-1-ox0-1,2,3,4~tetrahydroquinolizinium Bromide «..
1-0ximino-1,2,3,a-tetrahydroquinolizinium Bromide cee

1=(3' =0xo0)butyl-2—-(1,3-dioxolan-2-y1l)pyridiniun Bromide ..

Page No,
57
57
51
82

Ll 45
50

45
60

6l
60
48
53
86,87
106,107
49
L6
46
62
62
Sk
56
8l
110
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1=0x0=1,2,3 4=tetrahydroquinolizinium Bromide cos coe
1=0x0=2H=1,3,4,5=-tetrahydropyrido[1,2a]azepinium Bromide
1-0%0=2H=1 , 3,4 ,5-tetrahydropyrido[1,2a Jazepiniun Picrate
1-Oxo-2,B,A,S-tetrahy&ropyrido[1,2a][1,h]diazepinium Bromide
1=0%0-2, 3 )by 5=tetrahydropyrido[1,2a][1,4]diazepiniun Picrate
2-0%0=1,3,4,5=tetrahydropyrido[1,2a][1,3]diazepinium Bromide
N=2-Pyridyl succinimide oee osoe ece cee ece coe
2=Quinolizone +.. cee oo'® o o0 ATl e e oo cse ) soe

6,7,8,9=Tetrahydro-2-quinolizone IR = A A e

Page No.
LA

102
103
82
83
80
79
61
61
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