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SUMMARY

The object of this research was to synthesise
cycl[3.3.3]azine - a 1217 peripheral-conjugated member of
the cyclaéine series of heterocyclic compounds - and to
investigate its chemical properties. Three approaches to the

ring-system have been investigated.

1. Attempts were made to effect selective fission of the

1l,2-bond of cyclopenta[é,q]cycl[3.3.3]azines using a variety of
- 'double-bond' reagents. Decomposition product was formed from
these reactions which suggested that the reaction intermediates
(possibly cyc1[3.3.3]azines) were more susceptible to attack by

the reagents than the initial cyclazines.

2. A'previously projected synthetic route from diethyl
6-methylquinolizin-4-ylidenemalonate has been attempted. The
latter compound, together with methyl 6-meth§lquinolizin~h-
ylidenecyanoacetate has been synthesised but attempts to convert
them into cyclazines by base-catalysed intramolecular cyclisation
has led, in most instances, to'the formation of decomposition
‘ﬁroduct. |

A reported synthesis of diethyl quinolizin-%+-yliderniemalonate

is shown to be erroneous.

3. Reaction has been effected between electrophilic acetylenes
and several alkyl quinolizin-Y-ylideneacetates.  The latter

compoﬁnds were prepared by selective hydrolysis and decarboxylation
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of one of the ester groups of dialkyl quinolizin-i-
ylidenemalonates. A series of cyclazine derivatives has been
prepared and proof of the ring-system has been obtained.
Structures are proposed for the reaction intermediates.

The parent cyclazine has been prepared by pyrolysis of the
1l,3-di-t-butoxycarbonyl derivative. Although stable under:
nitrogen it decomposes within minutes on exposure to air.

N.m.r. evidence indicates that the system is polyolefinic in
character. The proton resonances are amongst the highest
observed to date for protons joined to trigonal carbon. This is
regarded as evidence of a paramagnetic ringicurrent in the
peripheral, non-aromatic, lZTY—electronAsystem. oC-Orientated
eleqtron-withdrawing substituents exert a stabilising influence |
on the ring—system and, rather remarkably, céuse an increase in
the electron density at the second otposition pf the ring bearihg
the sﬁbstituent. An explanation of this phenomonen has been
advanced. Chemical confirmatory evidence for the polyolefinic
character of the system has been obtained by cycloaddition
reactions conducted on the 1,3-diethoxycarbonyl derivative.
Substitution reactions are also possible with electrophilic
reagents and are regarded as analogous to those of a typical
enamine rather than as evidence of aromaticity.

Cycl[3.3.2]azin—l-one and its 2-ethoxycarbonyl derivative has
been prepared by pyrolysis of diethyyﬁuinolizin—h-ylidenemalonate.
The former has been converted into simple derivatives of the

hitherto unknown cyc1[3.3.2]azinium system.

o



INTRODUCTION




OBJECT _OF__RESEARCH

The continuing investigations directed towards a fundamental
Aunderstanding of the concept of aromaticity have centred during
the past decade on the study of peripherally-conjugated macrocyclic
hydrocarbons. The intense activity current in this field has
resulted from the potential utilisation of these compounds in
investigating the validity of Huckel's (in +-2)1T>e1ectron rule.l
The latter predicts that planar monocyclic conjugated systems
incorporating a closed shell of (4n + 2) TT -electrons should
possess an inherent eiectronic stability.

Systems formally constituted of alternating single and double-
bondé have been termed annulenes% the ring size being indicated by
a number in parenthesis. These compounds may be further |
catggorised according to their ability to satisfy the Huckel
criteria for aromaticity. Thus, planar (4n + 2) TY peripherally-
conjpgated systems are potgntially capable of exhibiting aromatic
properties whereas theirvhnTY' analogues are expected to be
essehtially olefinic in character.

The interpretation of the term "aromatic" has long Beén a
source of contradictory and controversial opinion. According to
the classical Concept, a compound was considered aromatic if it
exhibited benzene-like stability and chemical behaviour.

However; this definition is no longer considered valid, the latter
criteria depending on the free-energy change between the ground-
state of the molecule and the transition-state for the chemical

reaction'involved§



The modern definition considers a compound to be aromatic

if there is a measurable degree of cyclic .delocalisation of the

TY'-electron system in the ground-state of the molecule. A
consequence of such is that carbon - carbon bonds show little
alternation in length and the molecule as a whole possesses a
lower energy content’than would be expected from classical
considérations. Delocalisation in (4n + 2)TY -electron systems
further results in the ability of the molecule to sustain a
diamagnetic ring-current in an applied magnetic-field%’s In the
case of aromatic annulenes this current shields the inner protons
and deshields the outer.5 This property can be readily
in#estigated by nuclear magﬁetic resonance spectroscopy which.
(together with diamagnetic susceptibility measurements) provides
the most convenient means, aﬁ present, of détermining whether a
compound is aromatic or not. '

:Until comparatively recently the 6nly known fully-conjugated
monocyclic systems were benzene (Bﬂ annulene) and cyclooctatetraene
(E{] annulene)? higher vinylogues having resisted classical
methods7of syﬁthesis. However, the discovery8'llin 1956 of
simple methods for the generation of iarge-ring hydrocarbons
 containing l,3-diacetylenic units and their subsequent proto-
tropié reafrangement to fuliy-conjugated cyclic productslzhas
‘resulted in prolific résearches by the Sondheimer group,
| culminatihg to.déﬁe,in-the synthesiél3of an entire series of
annulenes. ~Investigationsl3of the physical characteristics of

‘these compounds have conclusively substantiated the generality

of the Huckel TY -electron rule.
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However, the pursuit of annulene chemistry cannot, within
itself, be considered a wholly integral method for the evaluation
of the unique chemical characteristics associated with (4n + 2)77-
electron delocalisation. An inherent defect in the approach arises
from molecular distortlon consequent on steric interaction of
inwardly-dlrected skeletal protonsl lS’I'hu.s, while[ié]annulene (1)
satisfies the numerical Huckel electron-requirement, realisation
of its potential aromatic property appears, at present, to be
inhibited by the failure of the molecule to attain planar ring-
geometry and hence cyclic delocalisation of the peripheral

TY-electrons. Similar structural consiéerations apply to the

4nTY non-Huckel vinylogue [12] annulene.

(1) (2)
The importance of the steric factor is clearly demonstrated

by the apparent chemical instability of these lower ring- vinylogues.
16-18

Thus, IEQJ annulene (1) has resisted synthetic endeavour and

remains a hypothetical molecule while [ié] annulene (2) is still

19-20 The l:l’:_] Huckel vinylogue cyclotetradeca-

heptaene (3) has, however, been synthesised21and shown to be

probably unknown.
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capable of existencezzin two conformationally isomerie forms

(A)and (B),

C X )

(A) | (B)
| (3)

A preliminary X-ray investigation?3coupled with a low-

2L"has shown at least one of

temperature (-60°C.) n.m.r. study
these conformers (A) to be aromatic in character in spite of its
apparent non-planar structure. The molecule, however, is very

?lundergoing complete decomposition when exposed to

unstéble
light and the atmosphere for a period of one day.

The investigation of the chemical and’physical behaviour of
annulenes of intermediate ring-size thus presents considerable
theoretical and synthetic difficulties. However, the steric
nature of the problem lends‘itself to a readily formulated solution,
viz. the avoidance of repulsive forces between inwardly-directed
hydrogen atoms. This has been accomplished by two basic approaches.

1) Replacement of one or more double-bonds by linear
acetylenic or allenic units.

2) Replacement of inwardly-directed protons with saturated

carbon-bridges or polyvalent hetero atoms.

Considerable success has attended the work of Sondheimer by



X=CH,,0,NH,
NCH3, NCOCH,
(6)

FIG. 1

78\
-y

(5)

X=0,s

(9)
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the.former of these approaches, synthesis of an extensive range of
dehydroannulenes having been accomplished - e. g. 1,8 - bisdehydro-
[14] annulene21 254) ana 1,5,9 -trldehydro[}é]annulene26 112 (),

The second alternative has precipitated prolific researches in
a new, but rapidly developing, field of car%ocyclic and hetero-
cyclic'chemistry, resulting to date in the synthesis of a wide range
of novel and unusual chemical structures. Thus bridge-bonded
systems (6)27-29, (7)30, (8)31232 44 (9)33’3h'are all well authen-
ticated representatives of the (4n + 2)7TY 01555~of annulene deriva-
tives. Their aromatic nature has been amply demonstrated by
physical criteria and no significant perturbation of the peripheral
conjugated systems has been observed.

However, although a large number of (4n + 2)7Y annulene deriva-
tives have been recognised, no bridge—bonded'analogue of the LnTY
class of cyclic polyolefines has been reported. It was the object
of thé present study to synthesise one such system, the 1277 -
peripheral-conjugated nitrogen heterocycle - cycl [3.3.3] azine, (11).




THE CYCLAZINES
Conjugated unsaturated molecules formally derivable from the
annulenes.by replacement of three inwardly-directed valencies by

a central nitrogen atom have been assigned the trivial name 'cycla-

"-'._zines.‘35 " The individual members are distinguished by specifying

the number -of atoms on the peripheral cycle between points of
bonding to the internal nitrogen. Structures (10), (11), (12)
and (13) are thus termed, respectively, cyclE3.2.2] aziﬁe,
cycl[3.3.3] azine, cycl[ﬁ,3,é]azine and cycl[&,#,i] azine. The
nomenclature equally accomodates ionic and partially saturated
structures such aS‘fhe dehydnocycl[3.3.é]azinium ion (15) and the
A3H. - cych.3.2]azine (1%). The systematic terminology for these
compounds, based on 1957 I.U.P.A.C. rules, is derived from the ‘
- largest nitrogen-containing bicyclic nucleus present in the mole-
cule. . Compounds (10) and (11) are thus respectively designated
pyrrolo [é,l,S - cé]indoliéine and.pyrido[?,l,6 - dé]quinolizine
C&claziﬁe chemistry has to date proved a difficult and rela-
tively unproductive field of research. Deépite continuing wide-
spread synthefic endeavour by several research schools fhe iitera-
ture of cyclazine chemistry remains sparsely documented. Interest
in these compounds stems from their relevance to investigations
concerning the validity of current molecular orbital theories of-

35’36and chemical shifﬁ3?’381n heterocyclic

35,36

chemical reactivity
systems. Quantum studies have predicted that structures (10)
and (11) should be stable once formed and possess a resonance

energy higher than that of their monocyclib hydrocarbon counterparts.

Bond orders, TY - electron densities and energies of excited states
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have been evaluated and predictions made regérding the orientation
of substitution following reaction with electrophilic reagents.

| The only known member of the cyclazine series hitherto
available for assessment of the relevance of these conclusions,
cyc1[3.2.2]azine§5’39has consequently formed the object of several
physical38’u2—u7ahd chemical35’38-ulstudies. The tricyclic
structure assigned to the molecule has been amply demonstrated

46 38,42

by X-ray "and n.m.r> investigations and also by unambiguous
chemical synthesis from 1ndoliziﬁe'precursor335’39 '

The X—ray diffraction study%éconducted on .the 1,4%-dibromo
derivative, has shown that the molecule is almost exactly planar,
deviation from the mean plane df the system being estimated at
0.0lOA?‘ While this finding does not remain inconsistent with ,
apparent planarity resultant on rapid inversion of a pyramidal
nitrogen centre, no evidence has been found to support elongation
of the centre perpendicular to the plane of the molecule. The
supposition must thus be considered'remote.f An X-ray analysis
of the pareﬂt system has, unfortunately, not been realised in

47

view of the unusqal nature ‘of the cfystalline structure.:
However, the study of the dibromo-derivative has provided details
of important molecular dimensions, viz. bond-lengths and bond-
angles.

The presence of a plane of symmetry in the molecule is clearly
demonstrated by n.m.r. studies§8’h2 Thus the spectrum of the |
parent system consists of an A2B,multiplet arising from the protons
of the six-membered ring (5,7-protons at 2-14T; 6-proton at 2:417)
and two identical AB quartets arising from the protons of the five

membered rings (1,4%-protons at 2:81T ; 2,3-protons at 2:50T).



The chemical shifts of the latter have been unequivocally
assigned to their appropriafe ring positions.

Synthetic studies confirm the symmetrical nature of the ring
system. Thus cyclodehydration of 5-formylmethyl-2-phenyl-
indolizine (17) and 5-phenacylindolizine (19) under mild
conditions yielded'35 the same 2-phenylcycl[3.2.é]azine (20)

N-C, HqQlLi
e === (17 rh
CH | CHCHO N
(16) (179 'Ph
e
s - GG NP ACOH  (o9) |
~_N_// Ph CONMe, SN
 CHg - CHEOPh
(18) (19)

The parent heterocycle has been synthesised by a similar
sequence from 5-methylindolizine (18) and dimethylformamide.

However, a more convenient approach to the system énd its
derivatives has resulted from the reaction of activated acetylenic
esters with indolizines in the presence of a dehydrogenation
'catalyst.38_u0’u8 These reactions appear to proceed via
zwitterionic intermediates formed as a result of a Michael addition
| ~to the acetylenic bond. The following scheme has been
postulated 39 to account for the reaction products from indolizine'

and dimethyl acetylenedicarboxylate under aprotic conditions.
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o Y~ DMADC.
(21) Toluene

- ®

hAeC%fZ <3C>h4e hAeC)Ci Ct>ﬁ4e

(23) (24)
Alkaline hydrolysis of (23) to the corresponding diacid and

subsequent decarboxylation with copper chromite yiélded the parent
systém (10).

.Although the intermediacy of the zwitterionic species has not
been formally demonstrated, strong support for the concept has been
provided by studies on related systems carried out in this
Department. Thus, reaction of 5—methyl—2-phenylindolizine (16)
with dimethyl acetylenedicarboxylate in methanol as solvent yielded
only the red open-chain adduct (26) while reaction in anhydrous
benzene gave, in addition, the yellow cycloadductu9(25)[fig. 3%]
Formation of the linear adduct as the sole product under protonic
conditions may be accounted for in terms of interception, by
rapid protonation, of a zwitterionic intermediate.

. Dihydrocyclazine formation in an aprotic solvent presumably involves
charge neutralisation of the intermediate by cycllsatlon, the latter

reaction proceeding at a: rate comparable with intra- or
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intermolecular proton transfer.

~Qualitatively similar resultssowere obtained following
reaction of the acetylenic ester with 2-phenylcyclopenta[§]—
quinolizine51(27) EFig.3b] The absence of tetracyclic ester (28)
and the preponderance of open-chain trans-adducts following '
feaction in methanol is most conveniently rationalised in terms
of initial zwitterion formation.

Addition of activated acetylenic esters to indolizine
precursors has been widely adopted in the synthesis of a variety

of cycl[3.2.é]azine derivatives§8—#l’u8‘Thus, the parent indolizine

reaéts with methyl propiolate)fl

and methyl phenylpropiolate39to
yield respectively l-methoxycarbonylcycl[B.Z.é]azine (32) and its

2-phenyl analogue (33) : . '

MeO,C ~ Meog  Ph

(32) | | (33)

An unusual synthesis of l-methylcycl[B.Z.é]azine (34) has
been reportedszfrom pyridine and methyl propiolate in aceténitrile
as solvent. The triester (37), which is the sole product of
reaction, is considered to result from oxidative addition of the
acetylene to an indolizine intermediate (36), the latter being

formed from a 1,2-dihydropyridine precursor (35).
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2 s 0 C H2C02Me C H2C02Me
v Y- C
C02Me
pkxqzc
(35) (36)
(37)

Hydrolysis to the corresponding tricarboxylic acid followed
by decarboxylation with copper chromite in quinoline yielded the
l-methyl derivative.

The unsubstituted parent cycl[B.Q.é]azine is a non-basic)
crystalline, fluorescent yellow compound exhibiting marked
stability towards light, heat and air. Its ultra-violet spectrum
in ethanol remains unaffected by added acid indicating that the
nitrogen lone-pair is cbmpletely involved in the aromatic

7Y -electron system and thus not readily available for bonding.

The observed lack of basicity has been theoretically rationalised39
in terms of the loss of resonance energy consequent on isolation

of the nitrogen atom following quaternisation.

Chemically, the cyclazine behaves as a normal, stable aromatic
system undergoing substitution reactions with a variety of
electrophilic reagents39 [Fig.ﬂ] The orientations of the

41

substituent gréups have been experimentally demonstrated ~and shown

to be consistent with an earlier tentative assignment based on

39

Recent n.m.r. studies have confirmed the greater reactivities

molecular orbital calculations.
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of the 1l- and Y4-positions towards electrophilic species as
evidenced by the formation of a l,#-dideuterocycl[ﬁ.2.é]azine38’h2

and a 2—methyl-h-deuterocycl[3,2.2]azine38(38)

CH

(3%) ; R | (38)
Sevefal'intgresting éycl[BQZ.é]azine systems, (39), (40) and
(41); incorporating one or more nitrogen atoms in the peripheral

skeleton have beeh'the'subject of recent repor’(_',s?u-56 o

!.

: N ' | | N
N S N
. P » '
— | . 1

(3H3

(39) (40) . (%1)
In addition to their novel appeal they are relevant to studies -

of the correlation of molecular orbital calculations with
experimental data on the basicity and electronic spectra of
cyclazines?s
All three systems are typically aromatic, their spectroscopic

properties being closely similar to that of their mono-aza

analogues. However, as opposed to the latter.compounds, they are
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readily soluble in dilute acids [khl) not specified:]thus
suggesting that the lone-pairs of electrons on the peripheral
hetero-atoms are available for bond-formation.

The most recent addition to the.literature of cycl[3.2.2]azine
chemistry deécribes the synthesis of the 4,5-dihydro-5-azacycl-
[3.2.2]azine derivative (42)

(42)

However, attempts to convert it to the corresponding peripheral-

conjugated salt by hydride-ion abstraction have not been realised.

| Although considerable success has attended studiesvin the
cycl[3.2.2]azine series, synthetic endeavour in the field of
cycl[3.3.3]azine chemistry has, despite cohtinued past and present
application by several research schools, resulted in uniform
failure?8-62'Molecular orbital calculations, based on a perinaphthenyl
anion model, have indicated39that cycl[3.3.§]azine (11) should
possess a resonaﬁce energy higher than that of cycl[3.2.2]azine.
Further,.the perinaphthenyl anion63—67(h3) together with the
corresponding cation68-7o(45) and free radica164’7l(44) have been
synthesised and all three entities shown to possess moderate

stability.
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“3) (4k) (45)

Although the latter criterion does not necessarily reflect on
the degree of TY -electron delocalisation inherent in these
systems, it is relevant to record that all three have been
predicted to possess the same resonance energy§8’72’73 This follows
from the presence‘of a zero-energy mdleculaf orbital which can
accommodate electrons in excess of those directly involved in.
bonding. (Respectively 0, 1 and 2 for the cation, radical and
" anion).

Cycl[3.3.3]azine, which is iso-TY -electronic with the
perinaphthenyl anion, might thus be expected‘to show similar
spectral characteristics:and, in particular, possess an -enhanced
stability by virtue of its uncharged nature.

An important consideration regarding the cycl[3.3.3]azine
system arises from its non-conformity with the Huckel (4n + 2)T7 -
electron rule. Possessing twelve, peripheral. TY -electrons
(excluding the lone-pair on the nitrogen atom) the system may be
considered to be a derivative of the 4nTT class.of monocyclic
polyenes. Several of the latter have already been

reported2’3’5’7u-7éand the chemical shifts of their outer
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77’78at abnormally high

peripheral protons shown to occur
field-values. The phenomenom, which appears general for all
han.systems,has been the subjecﬁ of theoretical studies79’80and
is considered to be a consequencé of induced paramagnetic
.4:ring-currents.f“It is therefore interesting tb.speculate on the
nature of the chemiéal shifts in the cyc1[3.3.3]azine'system and,

further, to consider to what extent these shifts are determined

by the pfesence in the molecule of a central hetero atom.

Several attractive routes to the cycl[3.3}i]azine systém have
been envisaged and the outcome'of their attempted implementation
is consideredAbelow.

The first reported approach58describes attempts to generatq a
bicyclic quinolizine precursor (46b). Intramolecular condensation
of the spatially-adjacent methyl and ethoxycarbonyl'functions

would then be expected tolyield the basic cyclazine carbon-skeleton.

MeI CH,(CO, E‘t)
\\ N \\ N /’ EtsN \\ N

E‘tO C CO Et

16)a: R=E 7) | (48) (49)
b: R=Me

A preliminary model experiment to. assess the feasibility of

the projected synthetic route to the methylenequinolizine (49)



utilised the readily accessible quinolizin-b-one (46a) as starting
material. Stepwise conversion to the methylthioquinolizinium ‘
salt (48a) followed by reaction of the latter with diethyl malonate
in the presence of triethylamine was reported to yield the desired
quinolizine (49a) , structural assignment following from ultra-
vidlet-crixeria and elemental analysis of the hydrochloride salt.

A corresponding sequence from 6-methyl-quinolizin-t+-one (46b),

with the object of isolating methylene-base (49b), could not.be
realised since attempts to prepare the intermediate thione (47b)
resulted in the formation of decomposition product.

Although the foregoing approach remains mechanistically
sound, the attempt to demonstrate its experimental practicability,
askwill be shown later, is founded on wholly erroneous conclusions.
The supposed "methylene-base" (49a) consisted in fact of a mixture
of quinolizin-+-one (46a) and quinolozine-Y-thione (47a).

An alternative synthetic approach59’6obased on the elaboration
of 4,6- dimethylquinolizinium salts (50) appeared a particularly
‘promising route to the parent system (11). Thus, treatment of
(50) with triethyl orthoformate or some equivalent molecule was
| expected to yield the parent c¢yclazine following double condensation

with the activated 4,6- dimethyl substituents.

x© x>
[ 1] HCOELy TN _seton
N\ > N
CH, CH, CH3 CH
CH(OEt),

(50) (11)
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However, despite extensive attempts to effect cyclisation
using a wide range of carbonyl compounds and catalytic conditions,
only varying amounts of starting material were recovered. The
failure to effect the desired condensation is probably due to
inhibiting steric repulsion in the transition state of the reaction.
However, had a conversion to the parent cyclazine been aéhieved,
isolation of the system under the prevalent conditions would not
have been possible. (See discussion section).'

A further attemptato generate the cycl[3.3.i]azine system by
reaction of substituted quinolizine derivatives (52) with
activated methylene compounds was not realised in view of the
difficulties encountered in establishing a suitable electronegative

substituent in the 6~ position of the molecule. i

+
N ILCHQ(CN>2 S— |
X 0 NC CN
| NHy

(52) X=OMe, Cl ’ (53)

A recent approach62 from tetrahydroquinolizinium compounds

has met with similar lack of success.

| 4 .
xe xe \ X
~ 7 e
N rxi & ' < |
® NacN N >N
CH2BP CHZCN

(54) (55) (56) o
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Treatment of the salt (5%) with sodium cyanide failed to
cause the expected nucleopﬁilic displacement at the Y-methyl
carbdn-centre, but instead resulted in formation of the 6-methyl-4-
methylene derivative (56) by elimination of hydrogen bromide.
Introduction of the additionél carbon-centre was finally
accomplished by a different route, but attempted base-catalysed
ring-closure yielded only an open-chain lutidine derivative.

Although the last scheme appears rather indirect in method,
it serves to illustrate the varying synthetic approaches that have
been devised to effect construction of the cycl[3.3.j]azine
skeleton.

The continuing .interest in the system, coupledAwith diffi-
culties attendant on its synthesis, has pfqmpteq investigaﬁion8%
of a closely related isoelectronic structure lO-azacycl[3.3.é]

azine (57).

3
H

(57)
A protonated dihydroderivative of the latter has been prepared but
--attempts to cbnvert it to the parent system by dehydrogenation have
proved uniformly unsuccessful. ‘ |
Cycl[3.3.j]azine and its derivatives (except a decahydro -

gompound82) have thus attracted much attention but resisted all
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synthetic endeavour. As will become evident later, the above
methods had little chance of success as synthetic routes to the
cycl[3v3.i]azine system. | |
Cycl[ﬁ.%.i]azine (13), although having formed the subject of
a theoretical study%s has not been reported and, in common with
cycl[&.3.é]azine (12), is unknown. However, both systems are of
considerable interest and efforts are likely to be directed
towards their synthesis in the near future. The latter of these
compounds is isomeric with cycl[§.3.3]azine and its synthesis
will undoubtedly present considerable experimental difficulties.
Recent studies by Acheson83have resulted in the first report
of a derivative of the cycl[3.3.é]azine system. Reaction of
trans-stilbazole with dimethyl acetylenedicarboxylate yielded a’
‘yellow! labile adduct (58) which isomerised'whén heated to form
a 'lst stable' adduct (59) and a '2nd stable' adduct (60).
The iatter has been rigorously identified by spectroscopic and

chemical evidence and shown to possess structure (60).

CO,Me CO,Me
= /I CO,Me + CO,Me
N COzMe ‘ A~ CO,Me
N HCOMe. CO,Me
Ph
.Ph
(58) (59) (60)

Although the chemical properties of the system have been
investigated, its further elaboration with a view to synthesis of

the fully unsaturated cyclazinium analogue has not been reported.
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The transitory existence of the cycl[3.3.ajazinium cation
(15) has been inferred52from the presence in the mass spectrum
of 1- methyleycl[3.2.2]azine (34) of a peak at 15% m/., the
' [3.3.2]system supposedly arising from ring-expansion of (34)
-following loss of an electron and a hydrogen atom. This
interpretation, however, is based solely on speculation and no
further evidence has been forthcoming -to support the suggestion.
Although the‘pafent cyc1[3.3.é]azinium ion is as yet unknown,
ketoﬁic derivatives were recently reportedSHby Leaver et al. .
Thus, reaction of 1,3-diethoxalyl-2-phenyl-5-methylindolizine
(61) with sodium ethoxide in dry ethanol yielded the
hydroxycycl[B;3.é]azinone (63) or (64) together with the
cycl[3.2.g]azine derivative (62) [Fig.é]. Removal of the
l-ethoxalyl function of the former by standa}d degradative
procedures yielded ketone (65) or (66). The latter, a bright
yellow, crystalline compound exhibited spectral characteristics
consistent with the assigned structure.
The literature of cyclazine chemistry includes one further

85

example~“of this tricyeclic class of compounds. Preparation of
1-pheny1-8—azacycl[?.2.é]azihe (69) has been accomplished from

a disubstituted 4,8-diazapentalene (67).

FWerC CCkaa
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However, the chemical characteristics of the system, which
s isoelectroﬂic>With qycl[3.2.é]aéine, have not been documented
and preseﬁﬁ interesﬁ stems frém its potential as a précursor to
" the fully conjugated tetracyclic structur985(70) in which the
peripheral-conjugated carbon-~skeleton (containing 1017’—electrons)-
is held planar by4bonding to two internal adjacent nitrogen atoms.
Interest in the latter compound and the related[}%] annulene
derivative (71) lies in the behaviour of the two nitrogen atoms

located within the conjugated peripheral system.

‘ (70) (71) (72).

86

An early attempt” "to synthesise 10b, 10c- diazépyrene (71)

85

proved unsuccessful and present calculations “suggest that further
synthetic effort will probably yield the more energetically
favourable valence-tautomer (72). Although this difficulty is
obviated in the'potentially‘aromatic heterécycle (70), no report
of its synthesis has been recorded. '

| At present, only one fullyQunsaturated heterocyclic structure
incorporafing an internal nitrogen atom has been reported.
Reaction of Y- substituted cyclopenta[p]quinolizinessl(27) with
activated acetylenic esters (71) in boiling nitrobenzene has
resulted in the synthesis of a series of cyclopenta[p,@]— |
cycl[3.3.3]azine derivatives87[?ig.6] Confirmation of the

structural assignments has been amply provided by chemical and
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physical evidence. Thus hydrolysis and decarboxylation of the
two different monoesters (72a) and (72b) yielded the same
3-methyl-9—phenylcyclopenta[?,@]cycl[3.3.i]azine (73)

The symmetry of the ring-system is apparent from the n.m.r.
spectrum of the 3,9-dimethyl derivative (74). The latter shows
an- AB, multiplet at 2-90 - 3-467 attributable to the 5-, 6- and
7-protons, and two singlets at 3-:047 and 3-71T attributable to,
respectively, the 1,2- and 4,8-protons.

Although electrophilic substitution reactions have met with
limited success, the .system must be considered aromatic by
physical criterisa. Thus the chemical shifts of the peripheral
protons occur at relatively low ’T-valﬁes and the ultra—violet
spectrum resembles that of the 14 TY -electron systems 1,8- !
bis}iehydro[lujannulene (4) and trans -10b, 10c- dimethyldinhydro-
pyrene (8). It appears probable, and consistenf with spectral
evidénce, that a charge-separated formulation (75) makes a

significant contribution to the resonance hybrid.

(75)

Finally, the isomeric tetracyclic compound (76) has been
88

synthesised “within this Department and shown to be aromatic on

the basis of n.m.r. criterion. Chemical transformations have not to



date' been investigated.

@

(76)
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The u.v. spectra referred to throughout the text
are collectively represented in diagrammatic form at the
end of each sub-section (i.e. following pp.61, 118 and 124).
~Nem.r. spectral data is listed on pp.198 - 208.
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ATTEMPTS TO SYNTHESISE CYCLJB.Koi]AZINES BY SELECTIVE CLEAVAGE

OF THE 1,2-BOND OF cYCLOPENTA[c,d]cycn[3.3.3]azINES

In view of the failure of several synthetic approaches to the
cy§1[3.3.j]azine system from bicyclic precursors, it appeared
expedient to investigate the possibility of a degradative approach
from cyclopenta[_—c,d:]cycl[:}.3.3]azines° Ihe latter87are tﬁe only

-known compounds which incorporate a cycl[3.3.j]azine nucleus.

. | &l _
> R; R, |
| Ry Ry

(74)

It seemed possible that selective degradation of the 1,2-bond

might be accomplished by initial treatment of the heterocycle (74%)
with an oxidising species such és osmium tetroxide, potassium
permanganate or ozone. These reagents are characterised by their
ability to attack double-bonds. | They have consequently been -
termed 'double-bond' reagents. Although normally applied to
simple ethylenic molecules, muth use has been made of their
oxidative properties in the elucidation of the bond-structure of
aromatic systems.

Osmium tetroxide appeared particularly appropriate to the
present investiéation since it has been shown to attack aromatic

systems very slowly, and only at the most reactive double-bond.
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89

Thus reaction “with phenanthrene, followed by hydrolysis of the
intermediate cyclic osmate ester, yields cis -9,10- dihydroxy -
9,10 - dihydrophenanthrene. A similar sequence with the
cyclopenta Ec ’ d] cycl [3 .3 .3] azine (74%) might conceivably have
yielded the vicinal diol (76) which on further reaction with

periodate should cleave to give the tetrasubstituted

cycl[3.3.3]azine (77).

OsOy4

- IO

Mé Q Me M€ Me MEN N "Me Me~A NI Me
| CHO CHO
O, O OH OH |
R , '
‘ (75) (76)

90

iHowever, reaction’ of (74) wifh a molar proportion of osmium
tetroxide in pyridine at room temperature yielded only a small
amount of decomposition product. The starting material was
returned largely unreacted.

A second attempt to effect bond degradation was made using
the permanganate-catalysed periodate oxidation method9ldeveloped
by Lemieux and von Rudloff. This method involves initial
hydroxylation of a double-hond, followed by periodate cleavage of

the resultant glycol. Catalytic quantities of permanganate are

sufficient because periodate oxidises manganese in its lower
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valence states back to the permanganate ion, thus regenerating
the hydroxylating reagent. However, when a solution of the
cyclopentacyclazine (74) in dioxane was treated with a solution
of potassium permanganate - sodium ?:Sate (1:25) in water over a
period of 24 hours only black amorphous solid was formed. No
starting material remained.

The formation of decomposition product from both of these
‘attempted hydroxylation reactions, together with the recovery of
unreacted cyclazine from only the former, can best be rationalised
in terms of the reactivity of the initially-formed adducts. '

[é.g. (75)]. It appears probable that decomposition of the ring-
system is due to further attack by the 'double-bond' reagent on
these adducts, which, as subseduent work has shown, would possess
a greater degree of bond localisation, and hénce affinity for‘the
attacking species, than the parent heterocycle. The molar
equivélent of osmium tetroxide would thus be completely destroyed
by further attack on the osmate ester intermediate (75). The
permanganate hydroxylating reagent, however, would undergo
continuous regeneration by the large excess of periodate
co-oxidant and thus progressively degrade the cyclazine system.

Although the above interpretation suggésted that the
degradative approach was futile, it was considered desirable to
substantiate this view by investigating the behaviour of the
system with several other ‘*double~-bond! reagents. One such
reagent that has been frequently utilised92’93in aromatic
degradative studies is ozone. Reaction with the tetracyclic

cyclazine carboxylic ester (76) might conceivably yield a
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1,2- mono-ozonide (77) which would be expected to undergo reductive

fission to yield the cycl[3.3.j]azine (78)..

Eto.C
2 O3 5 Nal , EtOCy
P e 2
h g Ph Ph Ph Ph
CHO CHO
(76) ‘ (78)

(77)

However, since it was appreciated that initial attack of the
ozone might yield a system which was comparable in reactivity to
the pafent,(76), it was considered essential to limit the amount
6f reagent to one molar proportion. This was accompliéhed by ,

allowing a solution of.the cyclazine (76) in’ dichloromethane to
~react with a measured volume of a solution of ozone in
dichibromethane, the concentratibn of the latter having been
accurately determined by stan&ard volumetric titration procedures.
" However, a dark amorphous solid was again isolated from the
reaction mixture together with unreacted cyclazine.

A final attempt té evaluate the mode of reaction of
cyciopentaEé,d]cycl[3.3.i]azines with ‘'double~bond' reagents was
made using substituted éarbenes. Attack on the electron-rich
heterocycle can be envisaged at the 1,2~ position to yield an

"intermedlate adduct such as (79) which, on further elaboration,

mlght isomerise via ring-expansion to y1e1d the hypothetlcal

10b - azoniapyrene'(80)
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(74)
(79) (80)
The latter compound (80) is of obvious appeal as a potential
precursor to the peripheral-conjugated [1%] annuleﬁe derivative
(81), the synthesis of which has become especially desirable in

view of the recently reported trans - 10b,10¢ - dialkyldihydropyrene
system (8).

H

O

(81) | - - (8)

However, once again, only amorphous carbon-like residue could be
isolated from the reaction mixture together with unreacted
. cyclazine, the latter despite having used a three-fold molar
excess of the éarbene-generating reagents.
Reaction with ethyldiazoacetate under thermal conditions
yielded equally disappointing, if not wholly unpredictable,

results. However, an attempted photochemically-induced
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decomposition of the diazoacetic ester in a cooled solution of

tetrahydrofuran containing the cyclopenta[pd]cycl[3.3.3]azine

(7%) was apparently without effect, the cyclazine being recovered

unchanged. This result is best rationalised by inspection of

the ultra-violet absorption spectra of the individual reagents
(Fig.7).

40

30 (74)

(thE

2:0

1-0

N2CH COQE't

200 250 300 350 400 450
Aot
(FIG 7)

The 300 - 450 mp. absorption band which normally effects
photolytic decomposition of the diazoacetic ester is vastly

overshadowed by a strong c&clopentacyclazine absorption in the

same'wavelength region. The protecting effect of the latter

band apparently inhibits radiation-induced decomposition of the

ester, thus preventing formation of the carbene.
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The approach to the cycl[3.3.3]azine system Qia selective
bond-fission of cyclopenta[c,@]cycl[}.3.j]azines thus appeared
invalid. The recurring incidence of decomposition product
together with unreacted starting material (with one exception)
indicates, as already suggésted, the formation of an intermediate
species more susceptible to attack by the 'double-bond' reagent
than the parent compound. Attempts to generate the'cyclazine
by the above route were thus discontinued.

In view of the failure of the foregoing degradative approach
to the cycl[3.3.3]azine system, it was decided to investigate the
feasibility of a synthetic approach from a suitably substituted
quinolizine. The chemistry of the latter class of heterocycles
will be briefly reviewed. i

'QUINOLIZINES, QUINOLIZINONES AND QUINOLIZINIUM SALTS

‘The parent quinolizine ring-system, formerly known as
pyridocoline, can theoretically exist in three possible
tautomeric forms: 2H - quinolizine (82), 4H - quinolizine (83),
and 9aH - quinolizine (84) '

| .y ho
N K //I 2 N
XN N~ ~ N ~ N~
' H H

(82) - (83) | (8%)

However, none of these isomers is as yet known and present evidence

oL

suggests’ that attempts to prepare (83) will result in ring-fission
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with the formation of open-chain pyridine derivatives, i.e.

~ /\ﬁl -5 /l N
~ U ND¢ ~ N~
H M

In any event aromatic properties cannot be associated with
both rings of the bicyclic systeh becauée the presence of the
fetrahedral carbon-centre prevents complete delocalisation of
~ the peripheral TY-electrons. '

Derivatives of both the 4H~ and 9aH- qulnollzines, (83) and
(8#), were prepared95by Diels and Alder in 1932, during their
inveﬁtigation into the adducts from the reaction of pyridine with
dimethylIaCetylenedicarboxylate. -However, these workers
assigned erroneous structures to'the productsy, and it was not
until 1960'tha£tthe true nature of these adducts was rigorously
establlshed96 The two major products, a '"red" labile énd a

"yellow" stable adduct have been shown to possess structures

(85) and (86) respectively.

|, COMe CO,Me
Z \COMe 2 / COMe
>NZAcoMe N Co,Me

COMe HCOMe

(85) | | (86)

The former of these compounds, the 9aH- isomer, undergoes rapid
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tautomeric conversion to the W4H- analogue when treated with hot
polar solvents. It has been suggested,97 on the basis of n.m.r.
evidence, that even the latter may not exist wholly in the

bicyclic form (86), but as an equilibrium mixture in which the

o - _open-chain”valency—tautomer predominates.

Aromatisation of the quinolizine system can be achieved by
conversion, via hydride ion abstraction, to the quinolizinium 60
(or, more correctly dehydquuinolizinium) cation whicH is

isoelectfonic with napthalene.

e N
>~ N~
(4]

(88) ,

Although the synthesis of the perent cation (88) cannot, at

present, be achieved by'this route, hydride ion abstraction 95,96
has been demonstrated for several substituted 4H- and

9aH- quinolizines, e.g.

BrS
COQMe COzMe
~ /| COoMe - pr, S NIy COaMe
KNS A co,Me | X FA coMe
H COQMe ‘ COQMe
" | HCIOg4
ciog
CO,Me COsMe
Yy Co,Me < (YN COMe
N A CO-Me TR N Aco,Me
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The parent quinolizinium system (88) has been synthesised

by a variety of procedures from 2- substituted pyridines. The
98
most convenient of these is probably that due to Glover and Jones

i.e.
o
. Br o
CN N
Sl # EtO(CHy) MgBr—» [T 1L Zpe ——=— [T 1
OEt ~ lACQO
(88)

The aromatic nature of the ring system is evident from the

similarity of its ultra-violet sSpectrum to that of quinoline and

isoquinoline.

Modification of the parent quinolizine with resultant

i

aromatisation of thé bicyclic ring system can be achieved in a
different manner by replacement of the saturated carbon-centres
in (82) and (83) by carbonyl groups. Quinolizin-#-onegg’lou

(89),and'quinolizin-Z-one190(9O):have both been synthesised and

shown to exhilbit spectral cbdra¢teristics reminiscent of the

' 5quinolizinium:EYStem

R C ' =)
. @) @)
v 72} /l'\ o o (N
= CO—qY
(0] ' e
(b) © ) ‘

(a (b)

(89) : (90)

(a)

Their ultra-violet spectra remain essentially unchanged in acidic

media thus stfongly suggesting that these molecules are resonance
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hybrids to which dipolar structures (89b) and (90b) are major
contributors. The observed lack of ketonic reactivity of the
4- oxo function in (89) remains consistent with this interpre-
tation. '

Attempts to utilise quinolizine derivatives as potential
precursors of the cycl[3.3.j]aziné system and the lack of success
attendant on fhese endeavours have already been descriﬁed..
Although further elaboration of these methods can be considered
in devising a synthetic route to the tricyclic system, their
appeal is limited by fhe restricted scope for suitable modification
of the initial quinolizines. A new approach to the system thus
appeared desirable.

The possibility of a synthetic route from 4%- methylene-
quinolizines seemed particularly attractive.,6 Dipolar addition |
of anlelectrophilic acetylene to a methylene base of type (91),
followed by déhydrogenation of the resultant adduct (92) might be

expected to yield the required system (93)

v v’ - n o , -oH
D
/ R ,
R. R L H RN, R
R

(91) : (92) - (93)

58of 4-(diethoxycarbonyl-

However, except for a reported synthesis
~methylene)quinolizine, no account has been given in the
literature of methylene-bases derived from 4H- quinolizines. The

synthesis of such a system thus constituted a prime objective.
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ATTEMPTED SYNTHESIS OF METHYLENEQUINOLIZINES
101

Schénberg and Frese have shown that a number of thiones
on treatment with diazoacetic esters, in the presence of copper
powder or copper sulphide, yield intermediate episulphides which
extrude sulphur with the formation of the corresponding doubly-
bonded compounds.
C=s 4+ NyCHCOgEt CU;ZZUS> :c’—s—‘CHco'QEt + N
J

\ w—
/C—CH COQE‘t + S

2

A similar sequence from quinolizine-Y-thione might conceivably

yield the required base (95)

N N
SN U+ N,CH-R a/cy y &N
S R=COJEt or Ph R
(94) ' (95)

Boekelheide and Gall have reported 99 the synthesis of (9%)
by sulphurisation of quinolizin-4-one with phosphorus pentasulphide.

However, a more convenient and reproducible method has been

developed 102 by van Allan and Reynolds
e
ClOy4
- //I 1) POCl3 N Na»S '
S 2 7 Y7
N 2) HCIO4 S S: l

(89) | (96) (94)
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- Treatment of the ketone (89) with phosphoryl chloride,
followed by perchldric.acid, gave an almost quantitative yield
of 4=-chloroquinolizinium perchlorate (96) which was converted to
the thione (94) in 72% yield with sodium sulphide.

With the required product in hand, reaction with the
diazoacetic ester and phenyl diazomethane was attempted.
However, despite employing a wide variety of conditions which
.could not have failed to generate the intermediate carbenes,
only unchanged thione was recovered from these’reactions.

In view of the failure to syntheSise the methyleneduinolizine
by the aboﬁe prOCedure, an alterﬁative routé was envisaged using

the Witﬁig'reagentvbenzylidenetriphenyl phosphorane (98).

® =) ‘ ® o |
PhyP CH,Ph X~ Base *  PhgP=CHPh ¢ PhP—CHPh
(97) o (98)

It séemed feasibie that the phosphorane might effect a
hucleophilic displacement of the chloride ion from h—chloroduin-
olizinium perchlorate to yield, following proton abstractioh, the
quaternary-phosphonium salt (99). Decomposition of the latter

with strong base should yield the benzylidenequinolizine (100).

e ciog
cio =
" CHPh i 1"
ZA) _PhPcHPh - ) 2
. NN —_—
NPANA T RN —HCI
Cl '
CH
/ \9®
Ph PPh_
- ' —
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clof cioy »
) 7 N 7 Y -
N g ~J) E _ ? ~ N
Ph PPh3 Ph PPh3 : OH
(99) - |
~Ph,P=0
e
_ _X
SN 7 N 7 NN
| R - CH,Ph
Ph - 2 d Ph

(100)

Reécfion was first'attempted in ethanol as solveﬁt using(
sodium ethoxide to generate the yellow phosphorane. However, |
these conditions gave a 70% yield of 4- ethoxyquinolizinium
percﬁlorate which was identified from its n.m.r. spectrum. ' In
an attempt to circumvent this difficulty, the phosphonium salt
was cbnverted<irreversibly into the phosphorane by treatment with
methyllithium in ether. Reaction with the chloroquinolizinium
salt resulted, however, in progressive formation of a blaék
amorphous solid. No starting material was recovered. It
seemed probable, and consistent with later findings, that the
reaction héd taken the expected course and that the product was
unstable under the reaction coﬁditions.

A new approach to the required system was envisaged based on

analogy with the formationi®3

of B-ketoesters from alkyl magnesium
malonates. Whem acetyl chloride is added at 0°C. to the

chelated magnesium salt of ethyl hydrogen methylmalonate a rapid
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evolution of carbon dioxide occurs and a new magnesium chelate
is formed. On hydrolysis)the latter gives rise to ethyl
KL-methylacetoacetate. |

Me g , Me l\ - Me_ k\e
fi YoH s OH Mg(OEt)s o
| e ———Em oD
/}3\\ o Mg
eto” Yo, Etd OH EtO
: Me COClI
Me Me
Me
Me\CH)%O < Hydr‘Olysis ’ Oee.
/J§ | N\ .Mgcl
EtO o | | ~ EtO "o

A similar sequence can be envisaged from ethyl hydrogen

malonate and h—chloroquinolizinium perchlorate

S e )( b B
—co.
EtO 2 \ N / \ N
, OEt ‘

However, when a solution of the perchlorate in dimethylformamide
was added to a solution of the magnesium chelate in tetrahydrofuran,
the expected evolution of carbon dioxide did not occur. |
Subsequent warming of the reaction mixture to room temperature
followed by reflux for 2% hours yielded only unreacted starting
material. The result is best rationalised in terms of the vastly

reduced susceptibility of the h-chloroquinolizinium salt to
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nucleophilic attack relative to that of the acid chlorides
employed in the original experiments. |

The failure of the foregoing approaches to the synthesis of
methylenequinolizines prompted an attempted extension, and
subsequent reinvestigation, of the méthod previously used for a
reported synthesis of 4-(diethoxycarbonylmethylene)quinolizine
(102).  Boekelheide and Ga1158claimed to have obtained this
compound by reaction of ﬁ—methylthioquinolizinium iodide (101)

withAdiethyl malonate, in the presence of triethylamine.

1 e
Z CH/CO Et)y, = Ny~ | HCI | NN
N EtgN in EtoH ~ QN =HCI QN
SMe EtO,C COjfEt CH(CO.E),
(101) . ) (102) S (103)

- . By analogy, reaction of the quinolizinium salt (101) with
ethyl phenylacetate might be expected to yield the quinolizine
(10%)." Hydrolysis to the corresponding carboxylic acid (105),

- followed by decarboxylation and treatment of the resulting

benzquulnoll71n1um salt (106) with base, mlght then provide the
required system. (101)

—C02
\\ N \\ N //' \\ N
CH Ph

E'tOC Ph HOQC Ph
(104) (105) (106) (101)

However, when the reaction was attempted under the conditions
of Boekelheide and Gali, no product consistent with the expected

structure could be detected. The quinolizinium salt, which had
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remained largely unreacted, was removed by filtration and a
portion of the ethanolic solution was subjected to thin layer
chromatography.(t.l.c.) on silica. The presence of two reaction
products was evident, thesé being identified as quinolizin-Y4-one
and quinolizin-%-thiohe by comparison with.authentic specimens.

In an attempt to circumvent difficulties caused by
demethylation of the methylthio-group and simultaneously to
effect'more facile elimination of the leaving-substituent, the
reaction was repeated using #-chloroquinblizinium perchlorate.
Ho&ever, the latter was returned unchanged after 5 hours reflux.
A further modification of the reaction conditions utilised the
stronger base sodium ethoxide in place of triethylamine.
Although a slight red colour was initially imparted to the j
reaction mixture, it gradually gave way to iight—green during
subééquent reflux. The residue obtained by evaporatiop of the
solvént was recrystallised from ethanol and identified, from its
n.m.r. spectrum as 4-ethoxyquinolizinium perchlorate.

The failure to generate the methylene-base (104) by the
foregoing procedures prompted a.reinvestigation of the reported
synthesis of methylene-base (102).  The reaction conditions
described by Boekelheide and Gall were exactly dupliéated and
the resultant product, a yellow oil, was subjected to t.l.c. on
silica. Two closely-moving components were discernible on
'development with ether; a minor pale—yellow band followed by a
similar faintly—coloured major band. Trace amounts of a third
yellow component were observed on the baseline. Chromatographic

'comparisoﬁ‘of the'ﬁwo,main products'with authentic samples of -
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quinolizin-%-thione and quiholizin—#-one suggested identity with
these compounds. Treatment of an ethereal solution of the
yellow oil with anhydrous hydrogen chloride precipitated a
white solid. After recrystallisatien from etheg/methanol this
product possessed physical characteristics (m.p., u.v. spectrum)
identical with that attributed by Boekelheide and Gall58 to
4-(diethoxycarbonylmethyl)quinolizinium chloride (103).

Likewise the product proved unstable in air and reverted to a
yellow compound with loss of hydrogen chloride.” This property

is characteristic of Y-hydroxyquinolizinium chloride (107).

ci®
Z _Hel QA
N ~hci XN l |
OH , : ’ 'e) !
(107) ' | ' (89)

i

The yellow oil was separated into its main components by
chromatography on silica using ether as eluent and the initial
tentafive identifications were verified by mixed melting point
and i.re spectroscopy. A ﬁ.v.Aspectrum of the major componeht,
quinolizin-l+-one, in acidic‘ethanol was closely similar [Fig.BJ
to that reported for the quinolizinium salt (103). The third
component, which was present 1n only minute yleld, was later

identlfied, by comparlson w1th an authentic sample, as the

"wlsupposed product (102) However, its presence leaves the u.v.

spectral properties of the mixture of quinolizin—#—one‘and
quinolizin-4-thione hydrbchlorides apparehtly completely unaffected.
The evidence leaves little doubt that the original authors' '

conclusions were ill-founded; later findings conclusively
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established this fact. Although, in the absence of rigorous
spectral evidence, the error should have been revealed by
elemental analyses data this was not so, primarily because the
authors omitted the nitrogen and chlorine analyses but also
because they miscalcalculated the required hydrogen percentage.

In order to effect the desired condensation, modification
‘of the reaction conditions was attempted. Because of the
 extremely low solubility of the quinolizinium iodide (101) in
ethanol, acetonitrile was substituted as reaction medium.
T.l.c. of the product on silica again revealed the presence of a
large proportion of quinolizine-4-thione with a smaller amount
of the ketone. Traces of the required methylene-base were
discernible. |

The reaction was finally attempted usiﬁg potassium
t-butoxide as base, in t-butanol. Under these conditions,
convérsion of the malonic diester to its conjugate-base shouid
be almost complete and participation of bulky solvent nucleophile
in the displacement reaction should be negligible. However, in
keeping with previous results, the thione and ketone were the
only significant products. |

The thione is presumably formed via anFSN2 mechanism

involving attaék by the malonyl anion at the methyl—cérbon atom

S
e R>\~I @ e
Sn & No  —> [N + MeCH(CO Et), + Nal
D o -
Ove € Ruco Et)y S

Alternatively, but less: probably, a similar displacement may

be initiated by the iodide ion. Elimination of methanethiole,
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detectable by its odour, during these reactions is in keeping
with some displacement at the W4-position of the nucleus. The
formation of the ketone as the major product during reaction in
ethanol suggests that the attacking nucleophile must be the .
hydroxide ion. Under anhydrous conditions only minute yields
of 'this product were obtained. That attack by hydroxide ion is
favoured rather than by the more strongly nucleophilic malonyl
anion must be attributed to steric hindrance in the latter case.

In subéequent attempts to synthesise methylene-bases,

k- chloroquinolizinium perchlorate (96) was used as starting
material. As mentioned previously this system is not susceptible
to any competing type of nucleophilic dispiacement and has the
advantage of possessing a more electronegative hjsubstituent than,
its methylthio-counterpart (101). ~Many attempts involving a wide
variety of conditions were made to bring the salt inte reaction
with,diethyl malonate and in several instances the desired
product was obtained. However, most of these approaches suffered
~from limitations which seriously inconvenienced their extension

to large scale preparations. The nature of these difficulties
will be considered at a later stage; at present the most convenient
synthesis of the methylene-base (102) will be considered.

In order to eliminate interference from competing solvent
nucleophile, a second mole of the malonyl anion was used as proton
abstracting base [the initial product is the conjugate acid of
(102)]. The anion was generated in anhydrous tetrahydrofuran by
using sodium hydride. Addition of. the quinolizinium salt

resulted in an immediate exothermic reaction with formation of a
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yellow solution. After 24 hours at 30°C., the yellow
crystalline product was isolated in 78% yield; that it possessed
structure (102) was amply demonstrated by physical and chemical
methods.

The n.m.r. spectrum of the product in deuterochloroform [Figﬂﬁﬂ
showed, in addition to the signals attributable to the ten ethyl-
protons, a six-proton complex multiplet in the aromatic region
(185 - 2:70T) consistent with that expected for the 1-, 2-, 3-,
7-, 8-, and 9- protons of the quinolizine nucleus. In addition,
a low-field doublet (split by ortho-coupling) at 0.9%T was
typical of‘an L-pyridine proton absorption and was assigned to
the 6-position of the molecule. Its slightly low-field value
relative to the K-protons of pyridine (1°57) may be attributéd;
A t6 long-range deshielding by the spatially adjacent ethoxycarbonyl
group 4 | |

$he i.r. spectrum showed a strong absorption band at 1700
cm-l.~ This value is somewhat lower than expected for an aiﬁ-
unsaturated ester (1715-173Ocm—1) and suggests that the carbonyl
groups are more polarised than normal. However, the discrepancy
can readily be accounted for 'in terms of dipolar structures

(102b) and (lOZc)‘which'contributed to the resonance hybrid.

~ N 4__), N g ) e/ ~ N ~
o) o) Q. AN o° / eoea O
QQ: C§> Qt{*\gf X gﬁf
Oet OEt - OEt OEt OEt OEt

(a) (c)

(102)
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The ready availability of the lone-pair of electrons on the
nitrogen atom was demonstrated by the ease with which the compound
became protonated in dilute acids. Basification of the
resultant colourless solutions regenerated the yellow methylene~-
base. The u.v. spectrum éf the perchlorate salt in ethanol was
closély similar to that of the parent quinolizinium ion (88) in
aqueous solution [Fig.10:], showing but a short bathochromic
shift of 6-7 mp. The spectrum attributed to the corresponding
hydrochloride salt by Boekelheide and Gall was quite different
but strongly resembled that of the h-hydroxyduinolizinium ion
(107) [Fig.8] |

" A final irreconcilable difference between the product of
Boekelheide and Gall and the present compound concerns the nature
of their hydrochloride salts. Treatment of a solution of (102)
in dry benzene with.anhydrous hydrogen chloride deposited not
a white solid as previously reported, but a colourless mobile
oil. ' The perchlorate salt exhibited similar characteristiecs.
When refluxed in 6N hydrochloric acid, the quinolizine was
converted into a crystalline salt which showed strong carboxyl
i.r. absorption bands at 1725 em:® (C=0) and 2750-3500 cm-t (0H).
The u.v. spectrum remained typical of a quinolizinium system.

The n.m.r. spectrum exhibited the expected aromatic muliiplet
(135 - 1°957) and low-field doublet (0°777) attributable to the
~ seven nuclear-protons. In addition, a two-proton singlet at
5.18T indicated the presence in the molecule of deshielded
methylene-protons. Thermolysis of the salt at 200°C., caused

- brisk evolution of a gas with the formation of a product which
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was shown, following treatment with perchloric acid, to be
identical with an authentic specimen of L-methylquinolizinium
perchlorate (109). - The foregoing evidence‘leaves no doubt that
the compound in question is #-(carboxymethyl)quinolizinium
chloride (108) and that the compound from which it is derived
is' the methylene-base (102).

c1® - cief
Z 1) A200°C AN
N 2) h >
NI ) HCIO4 NN~
CHCOH CH,
(108) ' | (109)

Although several other reaction conditions produced
measurable yields of (103) these proved inferior to the proceduée
alreédy described. Thus triethylamine as base, in ‘ethanol or
acetenitrile, gave only a 30% yield of the methylene-base after
5 hours reflux. Sodium ethoxide in ethanol yielded 36% of
H-ethoxyquinolizinium perchlorate in addition to the methylene-
base. - Potassium t—butoxide in t-butanol yielded large amounts
of decompositlon product together with unidentified by-products..
- .The use of. dlmethylsulphox1de as solvent with 1ts conjugate anion

. as base presented con51derable practical difficulties,
purification of the product requiring tedious chromatographic.
procedures. Similar difficulties were encountered following
addition of a solution of the quinolizinium salt in dimethyl-
formamide to a suspension of diethylsodiomalonate in benzene.

Although high yields of product were obtained (~80%) the

removal of residual solvent proved exceptionally difficult.
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It appears that the methylene—bése readily forms stable,
non-crystalline solvates with high boiling solvents such as
dimethylsulphoxide and dimethylformamide. Purification cannot
be accomplished by normal procedures (e.g. extraction,
evaporation) and chromatographic purification is severely
hindered by the comparable rates of elution of the respective
components. The initial product obtained from the reaction in
tetrahydrofuran appears to be of a similar nature. Evaporation
of solvent yielded a yellow viscous residue from which the last
traces of diethyl malénate could not be removed even by brolongéd
evaporation in vacuo. 'However, the pure crystalline methylene~-.
~ base was readily obtained after'chromatography of the initial
solvate on deactivated alumina.

Having successfully developed a practicable synthesis of
the methylene-base (102) it appeared of interest to attempt
preparation of the 6-methyl analogue (110) and thus investigaﬁe
the feasibility of Boekelheide's projected route58to the
cyc1[3.3.3]azine system (111). i.e.

\ N Base \ N OEt \ N
CH3 JU ' H% C‘ ‘
0 C{)Et (x3 Et

EtOC CO Et EtO—-C CO N

O

(110) ' - (111)
Synthesis of the requisite starting material,
6-methquuinolizin-4-one, was accomplished according to the

-methodsaof Boekelheide and Gall.
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 CO.Et
& CH, EtO A A 2
S + JL | N CO.E
t
G, EtO,C” “COSEt - &n, B >
" NOHT  (M2)
2)H* l
, COLH
Y% /I p — 2CO»o <N/,
AN - | | COH
CH, O CH; O
(114) | ~ (113)

However; the method resulted in yields of the diester (112)
much inferior to that claimed by these authors. The initial |
prodyct from the thermally—indﬁced reaction contained a large
amount of decomposition product and subsequent purification pfoved
extremely difficult. The same workers have reported an analogous
synthesis of quinolizin-%-one from ethyl 2- pyridylacetate, but
later workerslm+ have obtained much improved yields by catalysis
of the reaction with sodium ethoxide at room temperature.
Although this procedure was not used in the pfeéent instance it
would have undoubtedly obviated the practical difficulties
inherent in the thermally-induced reaction.

Treatment of the quinolizoéne (114) with phosphoryl chloride
followed by perchloric acid yielded the required 4-chloro-6-
methylquinolizinium chloride as colourless needles. Its identity

was confirmed by spectral evidence [u.v.,Fig.14J and elemental
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analyses. Addition of the salt to a solution of diethyl
sodiomalonate in tetrahydrofuran caused immediate formation of
a yeliow product. However, the solution dafkened~as the
reaction progressed, assuming eventually a deep-brown colour.
The yellow product isolated by chromatography on alumina was
thermally unstable and required purification by low-temperature
recrystallisation. The n.m.r. spectrum was very similar to that
" of the methylene-base (102) but showed the absence of the
‘c(-pyridine low-field doublet. Instead, a three-proton singlet
at 7.477T confirmed the presence of the 6-methyl substituent.
Although various attempts were madé to effect the desired
intramolecular condensation, no product corresponding to the

éyclazine‘could be isolated from these reactions. Thus, treat-

© .. ment with Sodium}hydride in warm anhydrous benzene returned

unchanged starting material together with a substantial .amount
of decbmposition product. - Sodium ethoxide in ethanol or

potassium t-butoxide in t-butanol yielded a dark amorphdus product

which appeared to be polymeric in nature.

In view of the instability of the methylene-base (110)
(presumably a consequence of steric interaction between the 4-
and 6- substituént groups), an attempt was made to synthesise

the cyclazine nucleus by an analogous route from the related

base (115).

Base

>N

CHs
NC COMe {~ coMe

NH,
(116)

-

(115)
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(115) was obtained in 80% yield as a stable orange solid
by reaction of the quinolizinium salt with methyl cyanoacetate.
Although two stfuctureS'may be considered for the product
because of the possibility of geometrical isomerism about the
exocyclic double-bond, that represented is expected to be
favoured because of the réduced steric interaction between the
more compact linear cyano group and the 6-methyl substituent.
Furthermore, this factor can account for the enhanced stability
of the system relative to that of methylene-base (110).

. (Although a factor of probably equal importance, in this context,
is the greater ability of the cyano group than the ethoxycarbonyl
group to stabilise negative charge). The n.m.r. spectrum was
entirely consistent with the assigned structure and showed no i
evidence (in common with other spectral and ﬁhysical properties)
for the presence of a second geometrical isomer.

Attempted intramolecular cyclisation of the product, however,
yielded products similar to that obtained from the preceding
methylene—base (110). Nothing corresponding to the désired
cyclazine could be isolated. Tﬁe amorphous; polymeric-like
nature of the products suggeéted that either an intermolecular
condensation reaction had occurred instead of the expécted
intramolecular cyclisation, or, that the cyclazine had been
formed but was unstable under the reaction conditions. By
either 1nterpretatlon the approach lacked promlse and was

abandoned in favour of alternatlve ‘methods:.
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During the progress of the work directed towards a synthesis
of monosubstituted methylenequinolizines, the possibility of an
approach to the cyclazine system via suitably disubstituted
methylenequinolizines was considered. A reasonable choice of
starting material for this purpose appeared to be the readily
available methylene-base (117). Thus 1,3~ dipolar addition of
dimethyl acetylenedicarboxylate might yield the tricyclic
intermediate (118) which, by loss of hydrogen cyahide, would
lead to the cyclazine system (119)

N .
~_ N ‘ DAAAI)C.> : .:lﬁ;ﬂ.;
NG comM " cOMe
€ MeOC CN - Meo.C” COMe
- COMe - 2 coMe
(117) (118) (119)

IReaction of (117), in boiling anhydrous toluene, with a
two-fold excess of the acetylenic estef resulted in a gradual
colour-change of the solution from light-yellow to dark-blue.
After‘30'hoﬁrs,‘the”concentrated redction-mixture was
'_~,chromatographed-op alumina to yield, as major product, a compound
'which forméd inﬁenéelyfblue solutioﬁs.» Recrystallisation from
benzene/light—petroleUm yielded lustrous greeh plates. However,
these proved not fo be the desired cyclazine.. A sharp absorption
in the i.r. spectfum af 2190 cm:'l indicated the présence in the
molecule of a cyano-group. The possibility that a simple i:l
linear-adduct (i.e. a substituted maleate or fumarate ester) had

been formed as a result of electrophilic substitution on the
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bieyclic nucleus was inconsistent with the intense colour of
the compound. Further, the resistance of the compound to
protohation in dilute acids could not be reconciled with such
én interpretation. An indication of the complexity of the
transformation was obtained from mass spectral evidence. The
m/é value of the parent molecular ion was two mass units less
than the value expected fqr a true 1:1 adduct of the individual
reactants. This inferred that dehydrogenation had accompanied
reaction. The n.m.r. spectrum showed three singlets (at
5:96T, 6+00T and 6:12T) attributable to the methoxy protons
(thus confirming that only one‘mole of acetylenic ester was
involved in reaction), together with four doublets and-a
triplet, corresponding to a total of five nuclear-protons, in
the region 0+3 - 2:27%7

*Superficially, it would appear that elucidation of the
structure should readily follow from the evidence available.
Thus dehydrogenation, unless it leads to an’ acetylenic linkage,
for which there is no evidence, must necessarily involve a
cyclisation reaction and consequently ﬁhe formation of a
triéyclic System. The problem would appear to be further
simplified by the fact that the elemental constitution of the
product (allowing for the loss of hydrogen) corresponds to a
1:1 molar combination of the reactants. That the cyano gréup
and ester groups remain intact, would appear to further limit
speculation regarding the nature of the product. However, in
spite of these factors, the physical and chemical evidence cannot
réadily be accounted for in terms of any simple structure.

Future work on this compound will require a more elaborate
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spectral and chemical investigation.

Wheh reaction was attempted between 4-(diethoxycarbonyl-
methylene)quinolizine (102) and the acetylenic ester, with a
view to elucidating the structure of the preceding adduct, a
mixture of eight different products was formed. However,
because of the small yield of each individual product and the
considerable difficultieslexperienced in effecting their

separation, the reaction was not further investigated.

Synthesis of alkyl quinolizin -4- yvlideneacetates

An obvious route to monosubstituted methylenequinolizines
involves selective hydrolysis and decarboxylation of the

methylene-base (102).

QN o QN
| l
EtOC CO.Et | - COEt
(102) \ (120)

However, conditions cannot be readily devised that result in
specific.attack by the reagent at only one of the carbonyl
centres. Hydrolysis of.(102) with 2N hydrochloric acid yielded
the Y4-(carboxymethyl)quinolizinium salt '(108). Attempted
_aikaline hydrolysis with ethanolic potassium hydroxide returned
the quinolizine unchanged. However, a promising means of

resolving the problem seemed possible by utilising the lability
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of t-butyl esters under mild acidic conditions. It has been
shown105 that acetylated ethyl t-butyl malonates, when refluxed
in toluene in the presence of 42—toluenesulphonic,acid, eliminate

isobutene and carbon dioxide to yield the corresponding ﬁrketo

esters. i.e.

/COzEt He

R-CO-CH ———> RCO-CH.CO.Et + (CH_).C=CH. + CO
\ ‘ 2-v27 T 3T T2 T2
CC%;BU

The t-butoxycarbonyl group of the di(alkoxycarbonyl)-
methylquinolizinium salt (122).should, under appropriate
conditions, undergo a similar facile cleavage to yield the
monoalkoxycarbonyl analogue (123). Treatment of the latter with
a suitable base would then liberate the '

ethoxycarbonylmethylenequinolizine (120).

% 2 G o = 0

CH
E'tO C CO Bu 2
Etozc COQBu CO Et Co Et
(121) (122) (123) (120)

The t-butyl ethyl ester (121) was obtained from t-butyl
ethyl malonate and Y-chloroquinolizinium perchlorate by the

procedure described previously for the diethyl ester (102).
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The conditions under which cleavage of the t-butoxycarbonyl
group is normally effected, viz. with catalytic quantities of
4;—toluenesulphonic acid, are not ideally suited to the
methylenequinolizine system because of its basic nature.
'Instead, it was found convenient to treat a solution of the
quinolizine in anhydrous benzene with dry hydrogen chloride.

The quinolizinium salt separated as a dense, mobile, colourless
oil which rapidly effervesced when heated on a water bath to
60°C. The residual product, a similar colourless oil, liberated
a bright orange-red compound when treated in the cold, under a
nitrogen atmosphere, with an aqueous solution of 6N sodium
hydroxide. The product, however, proved extremely unstable.
Extraction with carbon tetrachloride yielded intensely coloured |
solutions which rapidly darkened on standing; finally depositing
a dark tar-like .residue. Evaporation of a freshly extracted
solution in the cold yielded a viscous o0il which solidified
afte:-proldnged agitation. Orange-red plates were obtained by
low-temperature recrystallisation.’ Althouéh the compound was
more stable in the solid state, exposure to the atmosphere over
several days caused formation of a large amount of decomposition
product. However, the incidence of the latter was considerably
reduced by storing the product under a nitrogen atmosphere at a
low temperature (-15°C.). Samples thus preserved femained
comparatively free of resinous product for periods of several
weeks. |

That the product was indeed the ethoxycarbonylmethylene-

quinolizine (120) was confirmed by physical and chemical evidence.



FIG. 16

fr= Sem et wb - - - =1 PO et U TER S 14 H - > N
P I LI OO [ i 0 I ! >%] o3 !
. ! RO JRCE B U OO W S ) ety :
S IR R SO : : s ‘
e F— I YO A N I
P O 3 it L i : I S W
i : T 1 T i 3 T i T {
I g T v 1 K i | : ' k) L
o TR e b i i T ' £ !
i ! LN LSS 1) ' i . Lt i [ f H
i T v T R I - TN < ©
- - e &
‘ 1 T 1 1 pi ' : T T : 1] '
H ' 1 [ 1 { 1 i { 1
: . : l - el
= R S NI A S S B S I ot i i
PN : S - I ! AR !
1 ) [ E ) S T A ! 1 : ] w !
i ¥ . 7 N i v H Y H . 1 [
v v g B H B : . B N -
. ! . : : ! . ' 1 ! e,
T : Fg s ; : T i T <
! ] i N ( | . 7 : : - i H
i f ' i g ) 1 : ] N . . N R !
! [ w ST L N D |..."MH
' T T | . ) T Y
. : [ : NN I D : i
! N i 4 ] T B Fiet : -
| i i t i . i v ¢ i j ,
1 T ] 1 H 1 ! ] H v | ! | .
i ] H i T T H g g N - o !
ot ! l : ! : [ SRR BUCH J ™o
; i - 7 T i T T i $ i
N ! : !
' R . N [N P | i 1 - v
i ! i 1 ! | i [EEE] H : i i -3 _
i ! v i 5 I IS I S j : |
H J : : 1 ) ; S i
T g ; Y .| : : i 3
1T 1™ ! [ i i B m _
{ i H 0 | i ] H ;i :
= - — i . ) ”
: j : ‘ . . ) 1
“ d , - 3 : i _ T .| - IM( ——— = .
) T 1 3 p Y . H . . K [ i -
' : [ ¢ i R R T
! : i R + T : H \ T T
: : \ H : i i v R T,
. T T. v 1 T i T T FOE N T
: ! . : 1 ' . [ - R ! {
; ; i : H [ . : . : T .
! : H . : 3 cdo ! P f it | )
; f T L i ) R ) : s ] i . "
f ; ; [ : i H ! ! R [ i
H N N . ) ) 1 [ i 3 v H HEER ! <
: 1 ! H i H RN A H - b T
! H : ! ' | [ H s i [} !
. H ¢ . i 1 s i i i g |
' > * - + > * * 0
. A ] t X g H ; B e X
: ! i : “ ; H ; i :
: : ] LI I M : K -9 S
: p R Ly ) O M
N G T - T, BN B i
- : e Pl LR ! R SR,
: : 1 I | : N it s H ¥
: ; 1! s H i : PR
T i T f B T . 1
I I ; R N S } +
¢ . 1 1 ! ! H
B ! Y H [} N 1 . ]
1 i T i T i
v : ' ' 1 T L { [ .
H . y H Tt . - . ]
T H i N v A T H B H
£ : H ! i ] : : !
- + T T H H )
H ! i i . H
. ! ' i | H T 1 T
: | . f | i i
H B . ] $ t i
S IR i I N T
v ] T 1 s 1 !
\ 1 T ) 4 ! ! H
i 1 H | i 1 1 3 i
™ ! H 1 ! vl !
T 11 : ' i B o
i 4 : v 7 . . . :
T i ' : ' : 1 t .
§ N . ] i : . X
! ! ! H 1 !
} v H i
L : ;
+ 1
| H
| )
} ! ] ! .
i T H |
JELIRE I 1 B} 1 .

Ethyl quinolizin-Y-ylideneacetate



-56 -

The n.m.r. sﬁectrum [Fig.16] in carbon tetrachloride
revealed the presence of only one ester group, the absorption
attributable to the methyl protons of the t-butoxycarbonyl group
in the precursor compound having completely disappeared.
Instead,'the spectrum showed a singlet at 5:20T attributable to
the proton joined to the double-bond. Although this chemical
shift is somewhat higher than might be expected for a vinylic
proton o« to a double-bond, the displacement can be accounted for
in terms of shielding of the proton consequent on the significant
contribution of dipolar structure (120c¢c) (see below) to the
resonance hybrid. Allowing for solvent effects (a displacement

of approximately + O°+1T in changing from CDCl, to CCly, ), the
HE 47y M

3
principal aromatic absorptiops (2°7 - 3+67) showed a general i
upfield shift relative to those of the parent compound |
(18 = 2:77) and were dispersed over a greater freduency range.
This difference is consistent with the reduced degree of
charge-separation that is expeeted to ensue within the molecule -
. after removal of the t-butoxycarbonyl group.

A feature of interest in the spectrum éf (120) was -the
appeafance'of two)low—field,‘one-proton doublets (each split by
further coupling) which were centred at 1-5%T and §;§é73

, . 2.27
respectively. The doublet at 38217 was assigned to the
KL-pyridine proton since its coupling-constant (J=Zc/s.) was
the same as that of the corresponding proton in the parent

compound. Although this assignment implies a considerably large

upfield shift (1-31T) for the o-pyridine proton resonance, a
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shift of this magnitude is consistent with the elimination of
the long-range deshielding influence of the t-butoxycarbonyl
group. The remaining low-field signal (J;?c/s.) was assigned
to the 3-proton. The downfield displacement can then be
accounted for in terms of deshielding of the proton by the
sbatially-adjacent ester group. Although a similar
displacement was evident in the spectra of several other
similarly constituted quinolizines, it is significant that this
was not apparent in the spectra of di(alkoxycarbonyl)-
methylenequinolizines. The discrepancy is best rationalised
in terms of the conformational orientation of the ester |
substituents in the latter compounds. It appears that as a
result of steric interaction between the alkoxyl groups that -

the ester substituent anti to the ring—system exists

preferentially in the conformation shown below.

1

1 Y
| Q O | Q (OR
| O

OR OR OR

The long-range deshielding influence of this group on the 3-proton
is thus minimised.

The unusually high-field, one-proton doublet which appears
in the spectrum of (120) was asigned to the l-proton.
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This assignment may be rationalised from a consideration of the

principal contributing structures to the resonance hybrid.

/| l /| ~N / N N
~ N N e N N~ ~ N _~
® ® ® ® e
O O e o
(a) . (b) (c) (d4)
(120)

4The significance of each of these structures relative to the
corresponding structures in the parent compopnd is expected to
be increased since only four principal dipolar structures are
now possible as‘opposed to five with the latter compound.  The
1- and 3-protons will be corresﬁondingly shielded. However, aé
indicated previously, the 3-proton is also subject to the counter_
deshielding influence of the adjacent ester group. This latter
influence overwhelmingly dominates the direction of the
displacement of the resonancé signal. [:The strong deshielding
influence of an ester substituent on a peri-situated proton is
evident in the spectrum of compound (145). Here, no ambiguity
arises in the assignment of the low-field resonance to the
appropriate ring-protod].

The i.r. spectrum of‘(120) showed a low-frequency carbonyl

absorption band at 1655 ems'  This indicates a greater degree
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of carbonyl-group polarisation than that which exists in the
parent compound. This may be rationalised from a consideration
of dipolar structure (1204). Although the degree of .
charge-separation is less than that which exists in the parent
compound the negative charge is now localised on a single oxygen
atom rather than shared between two such atoms. The carbonyl’
group thus assumes a greater degree of single-bond character.
The u.v. spectrum of the product in acidie ethanol [Fig.13]
was virtually superimposable on that of the protonated diester
(103) thus indicating that a quinolizinium salt had been formed.
A significant chemical feature of
ethoxycarbonylmethylenequinolizine is its strongly Basic
character. The compound readily dissolves in water to'forﬁ y
colourless solutions from which the free-base cannot be regenerated
'even‘by addition of strong alkali. In this connection the
formation of the systeﬁ via. proton abstraction from the corresponding
'hydrochloride_salt can only be satisfactorily accomplished by
N direct additiéﬁ df'alkali. Initial solution of the salt in water
4followed.by addition of alkali gives only a minimal yield of
product. This behaviour is rather anomalous but must be a
consequence of the stfongly basic nature of the system; hence
the ease with which 1t reverts to the quinolizinium salt in
protonic media. When apﬁlied to silica or alumina, the
quinolizine was immediately decolourised thus preventing
purification by chromatography. Treatment of the adsorbent with
alkali regenerated the product, thus indicating the reversible

nature of the transformation.
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The strongly basic character of the molecule is further
demonstrated by its ready protonation in neutral ethanol. Thus
the u.v. spectrum in the latter solvent was changed only
slightly by addition of perchloric acid. An authentic spectrum
of the methylenequinolizine was obtained by using cyclohexane
[Fig.12:] in place of ethanol. Although the short wavelength
(220-350 mp.) absorption bands strongly resembled those of the
protonated system (but displayed a hyposchromic shift of.8 mp.),
a significant difference was the appearance of a strong visible
absorption at 450 mp. The latter band showed a moderate
solvent sensitivity, undergoing a blue-shift of 5 mp. in
acetonitrile. This evidence, taken in conjunction with the
n.m.r. and i.r. properties, strongly supports the view that i
ethoxycarbonylmethylenequinolizine is stabiiised by- dipolar
. resonance interactién in the ground state.

:A,similar sequence of reactions, starting from t-butyl

" methyl malonate, gave methoxycarbonylmethylenequinolizine (124).

v //I
N
S - COMe
(124)
It is notéﬁorthy that when treatment with hydrogen chloride

in benzene was prolonged.the protonated forms of these monoesters
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were converted into the corresponding carboxylic acid (108).

Although it is possiblé that traces of water might have

- promoted partial hydrolysis, complete conversion suggests
alkyl-oxygen cleavage, possibly initiated by SN2 displacement,
~at the alkyl group, by a chloride ion.
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SYNTHESIS OF CYCL[3.3.3 ] AZINES

With the required monoalkoxycarbonylmethylenequinolizines
available, reaction with dimethyl acetylenedicarboxylate was
attempted with a view to generating the cy91[3.3.3]azine system.
The e;pected course of reaction involves initial attack by the
acetylenic ester at the electron-rich ‘exocyclic carbon atom of
the quinolizine. Cyclisation of the resultant zwitterionic
species (125) should yield an intermediate adduct (126) which,
by loss of hydrogen, should lead to the fully unsaturated
cyc1[3.3.3]azine (127).

The ease with which oxidative dipolar addition of acetylenic

esters to nitrogen-containing heterocycles can be accomplished
varies widely depending on the nature of both reactants. Thus,
while extended reflux periods in the presence of a dehydrogen-
ating metal catalyst are soﬁetimes=necessary, several oxidative
additions have been reported which proceed.spontaneously in

the cold. Leaver et al. have thus found87that cyclopenta[}]-
quinolizines (128) react with dimethyl acetylenedicarboxylate
at room-temperature to yield fully unsaturated

cyclopenta[éd]cycl[3.3.3]azines (130).
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MeQ I\\‘ H

2 MeO,C

é “ R MeOC > g R MeOC g R
MeO2 .

(128) . (129) (130)

Oxidation of the initially-formed adduct (129) probably
occurs by disproportionation or by hydrogen-transfer to a
molecule of the acetylenic ester.

When methoxycarbonylmethylenequinolizine (124) was treated
with dimethyl acetylenedicarboxylate under conditions similar
to the above, an immediate reaction ensued- as evidenced by:a
colour change of the solution from bright-red to dark-brown.
After 12 hours at room-temperature the reaction products were
separéted by chromatography to yield, as major products;'a red
cry;talline solid and a yellow viscous oil. Neither of these
products, however, proved consistent with the expected
. structure. The former product, a true 1l:1 adduct, was shown
from its n.m.r. spectrum, to contain two saturated carbon-centres.
Dehydrogenation, thus, coul@ not have occurred. The latter
product, which appeared to have been formed from the reaction
of fhe quinolizine with two molecules of the acetylenic diestef,
yielded a complex n.m.r. spectrum which proved difficult to
interpret. Although the nature of these products was further =
elucidated by a chemical and spectral investigation, the
evidence is best considered in conjunction with the properties
of similarly—constitutéd compounds and will be presented at a

later stage.
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In view of the apparent failure of the dehydrogenation stage
in this reaction scheme and the formation of a 1:2 adduct, it
was considered desirable to use a more weakly electrophilic
acetylenic ester. Conditions might then be devised under which
addition could be effected in the presence of an active
dehydrogenating reagent.

However, when a solution of the quinolizine (124) in benzene.
was refluxed with methyl phenylpropiolate in the presence of 10%
palladium-charcoal (a catalyst used in the related syn’thesis39 of
cycl[3.2.2]azines from indolizines), the desired reaction did
not occur. Continued reflux caused progressive decomposition
: of the quinolizine. The use of toluene, as higher boiling
solvent, in place of benzene met with similar lack of success. ,
However, when the reaction-medium was concentrated by evaporation,
a colour-change from red to dark-brown occurred. T.lec. of a
sample.of the solution on silica revealed the presence of a
complex mixture of components. However, in view of the
complexity of this mixture and the small yield of each individual
component no further investigation of the reaction was attempted.

An oxidising solvent that has proved particularly convenient
in effecting dehydrogenation reaections is nitrobenzene. Thus,
several hydroaromatic products prepared by the Diels-Alder
reaction have been oxidised in this medium. However, an example

106 -

morevappropriate to the present work is the preparation
cyclopenta[?q]cycl[3.3.j]azines (131) from cyclopenta[fj—

o
quinolizines (128) and “"-acetylenic esters.
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‘ \\ }
Etoz? | -
, m N PhNO2 . Et02C
AL 7 .
R Reflux /
A aee
(128)

€131)

The formation of water during this reaction is consistent
with the interpretation that the solvent acts as the effective
oxidising agent. Thus, if reduction to aniline is complete,

two molecules of water are produced during the conversion

] |
PhNO, —2 3 PANO + H.0

H
L3—> PANHOH —12, PANH. + HO

2 2

By analogy with the above reaction, the use of nitrobenzene
as an oxidising solvent appeared a suitable means of promoting
the desired course of reaction between methoxycarbonyl-

methylenequinolizine (124) and methyl phenylpropiolate. 1i.e.

< N/ | PhNOo
-2H
MeO,.C ) COMe
2N
A COMe MeOLC H MeO,C CoMe
~ Ph PR 2
Ph
(124) (132) | (133)

When a solution of the quinolizine in nitrobenzene was

refluxed for several minutes with a slight molar excess of the
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acetylenic ester a progressive colour-change of the reaction
medium from deep-red to dark-brown occurred. During this
period globules of water formed on the inner walls of the
condenser and returned to the refluxing solution with vigorous
effervescence and splashing. After 6 minqtes the reaction
product was chromatographed on alumina to give, in 36% yield,
a glistening dark-purple compound. When dissolved in aprotic
solvents this compound yielded clear translucent yellow
solutions.

‘'The n.m.r. spectrum of the compound LFig.24] was entirely
consistent with the expected structure. Significantly, the
low-field absorption attributable to the oC-pyridine proton of
the quinolizine (124) was absent thus indicating that the proton
had participated in the overall reaction. Apart from a
five-proton complex multiplet at 2-7 - 3.37T, which was assigned
to the protons of the phenyl substituent, the low-field.region
‘of the spectrum consisted of two doublets (J=8c/s ; each
~two protons) centred at 4°997 and 5-44T, each of which were
spiit by further coupling, and a lower-field triplet (J=8c/s;
two protons) centred at 4:43T.

The highest-field doublet was assigned to the 6- and
7-protons, primary splitting being attributed to gg&hg-coupling,
and secondary fine-splitting to meta-coupling. The
lower-field doublet, which showed identical subsidiary
sélitting,’was assigned'to the 4- and 9-protons. The
displacement of the chemical éhift of the latter resonance to

"”iower-field values can then be attribqted to long-range
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deshielding by the peri-methoxycarbonyl groups. The remaining
low-field triplet was assigned to the 5- aﬁd 8-protons. The
coupling-constant was the same as fhat of the ortho-coupled
4,9- and 6,7-protons; this explains the triplet splitting of"
the resonance signal.

The presence in the spectruﬁ’of a six-proton singlet at
7°097 is in keeping with the presence in the molecule of two
methoxycarbonyl substituents. The chemical shift of this
resonance, however, is unusually high, being displaced
upfield of that typical of a normal methoxycarbonyl group.

This anomalous shift is best pationalised in terms of the steric

geometry of the molecule.

It appears that the 1- and 3- methoxycarbonyl groups overlap
with the ortho-hydrogen atoms of the 2-phenyl substituent in a

manner analogous.to that of~0,01-subst1tuents in biphenyls.

Relief of steric interaction can be achieved by rotation of

the phenyl substituent out of the plane of the cyclazine nucleus.

' The two methoxyl groups may thus be considered to lie on either

side of the plane of the phenyl gfoup with the result that they

are shielded by the diamagnetic ring-current in that group.
Although the n.m.r. spectrum is fully consistent with the

proposed structure (133) it was considered desirable to gain
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conclusive chemical evidence for the cyclazine system by

synthesising the diester (134) by the following different routes.

N N
SN —_— S N~
2" 8. NCOft  Meo Y NCoft  Meogc” zT 2
“Ph Ph Ph
(120) (134) Coa24)

When quinolizine (120) was reacted with methyl phenyl-
propiolate, a product was obtained which was identical (n.m.r.,
i.r., u.v., m.p., and m.m.p) with that obtained from the reaction
of'quinolizine (12%) with ethyl phenylpropiolate. The identity

of these products can only be. rationalised in terms of a single ,

‘5‘_:structure, viz,f(13¥). The n.m.r. spectruﬁ'of (13%) was almost

identical -with that of the dimethyl analogue (133), but the
doubiets attributable to the 4- and 9-protons were no longer
coincidental. The slight difference in chemical'shift

(4%+95T, 4+98T) must be due to the slightly different chemical
environments of these protons conseduent on their close prokimity
to the 1- and 3-ester groups.

In order'to investigate further the origin of the anomalous
shielding of the ester protons, it was decided to attémpt the
preparation of a cyclazine diester which contained no substituent
in the 2- position and then compare 1ts n.m.r. spectrum with
that of the phenyl compouﬁd. The diethoxycarbonyl derivative

(135) was chosen for this purpose.
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~_N + - HCSCCOEt —s
CO.Et
2
| | EthC CQQEt
(120) . (135)

When quinolizine (120) wés reacted with ethyl propiolate
in boiling nitrobenzene a. blue solution was initially formed
which gradually changed to yellow as reflux continued. After
6 minutes the product was chromatographed on alumina to give a
yellow solid (75%), which crystallised as purple needles with
a metallic lustre, together with'a second, blue solid (8%)
which erystallised as dark-blue prisms. That the major
product was indeed the reduired cyclazine was apparent from
its n.m.r. spectrum[lFig.ZS] . In addition to the expected
two doublets and a triplet, the assignment of which follows from
the arguhment presented for the 2-phenyl compound, a‘one—proton
singlet was present at a comparatively low'field (2.84T).
The presence of this singlet is in keeping with the absence of
a substituent in the 2-position of thé molecule.l The displace-~-
meﬁt of the chemical shift is obviously due to the deshielding
influence of the adjacent ethoxycarbonyl groups. |

-The interesting features of the spectrum relative to that

of the phenyl compound were a) the nuclear=proton resonances
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had undergone a general downfield displacement and, b) the
sequence of the chemical shifts of the 4,9- and 5,8—prqtoné

had been reversed. These observations strongly suggest that not
only the phenyl group is twisted out of the plane of the cyclazine
nucleus in (133) but also; to some extent, the 1- and 3-ester
groups. This view allows a rational interpretation of the
differences in chemical shift between the two systems. Since
(135) does not contain a 2—subétituent, the ethoxycarbonyl_groups
can become coplanar with the cyclazine nucleus and hence exercise
a more effective withdrawal of electrons from the conjugated system.
The nuclear-protons are consequently deshielded relative to those
of cyclazine (133) and hence résonate at lower-fields. A further
consequence of thé planarity of the system is that long-range |
deshielding of the 4- and 9-protons by the peri-ester substituents
i1s rendered more effective than in the phenyl compound. Thus,
while the 4,9- and 6,7-proton doublets show a difference in
chemiﬁal shift of 045 p.p.m., in the latter compound, the
separation is increased to 1:47 p.p.m., in cyclazine (135). The
overall effect is that the intrinsically high-field 4,9-proton
doublet is displaced to a lower-field value than the intrinéically
low-field 5,8-proton triplet. A final difference between the
spectra of the two compounds was that the alkoxyl protons in (135)
resonated as expected at normal T -values. The essential
differences between the chemical shifts of " corresponding protons in
compounds (133) and (135) are thus well-accounted for in terms of
the difference in steric orientation of the substituent groups.

While the foregoing considerations rationalise relative
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differences in the shielding and deshielding of individual
protons in terms of steric and electronic displacements within
the molecule, perhaps the most singularly interesting feature of
these spectra is that, despite the deshielding effect of the two
ester substituents, the chemical shifts of the nuclear-protons
are more typical of an olefinic rather than an aromatic system.
By nem.r. criteria, therefore, the cycl[3.3.3]azine system must
be considered polyolefinic in character.

A recently advanced quantum mechanical theory79’800f
induced ring-currents predicts paramagnetic electron-circulation
in conjugated monocyclic systems containing 4nTfelectrons.

Under these circumstances the usual diamagnetic rules for
(4n+2)TY systems have to be reversed. The n.m.r. signals of 3
protons outside the ring are thus predicted to be displaced to
high ' field-values, and those of protons inside the ring to
low-field values. These predictions have been verified by
.examination of a number of annulenes and dehydroannulenes.79
Thus, the low-temperature (-110°C) spectrum77of [i6]annulene

consists of a triplet at ~0°437 due to the four inner protons

.and a multiplet at 4+60 T'due to the twelve outer-protons.

N

(136)
At room-temperature these protons give rise to a single absorption
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centred at 3-29T, because of rapid conformational inversion of
the ring-system. Similar observations78 have been made for
the higher 4nTY vinylogue, [2#] annulene.

A further interesting example of paramagnetic shielding is

apparent in the 121Y -electron system heptalene,107 (137).

: X B
K0
X B

(137)

The proton absorptions fall in the vinylic region of the spectrum
with the X-protons of the AB2X2 system>giving rise to a multiplet
centred at ~ 50T This represents'én upfieid displacement of
0+6 p.p.m. relative to the olefinic protons in cyclohexene |
(uekoM). | |

However, the presence of paramagnetic ring-currents in the
cyclazine systems (133) and (135) cannot readily be demonstrated
because it 1s difficult to assess quantitatively the deshielding
effect of the ester substituents.- An unequivocal demonstration
of paramagnetic shielding in the cycl[3.3.3]azine series requires
synthesis of the unsubstituted parent compound (11).

The i.r. spectra of cyclazines (133) and (13%) showed
carbonyl absorption bands at, respectively, 1660 cmf} and
1680 cm'.'l This difference is in keeping with the ester groups
being out-of-plane in the 2-phenyl compound. However, both of
these absorptiohs are much lower than expected for normal OC)P-

unsaturated ester groups; this indicates a high degree of
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carbonyl-group polarisation which in turn reflects on the
strongly electron-donating character of the cyclazine system.
The u.v. and visible spectra of compounds (133) and (135)
[Fig.17] showed a marked similarity although that of the phenyl
compound possessed less fine-structure and was shifted ~ 20 mpu.
to longer wavelengths. The latter observation indicates that
some conjugation occurs with the phenyl-group despite the non-
planarity of the molecule. It is noteworthy that these u.v.
and ﬁisible spectra were quite different from those of the
methylenequinolizine precursor compounds. The cycl[3.3.§]azine
system cannot therefore be regarded as: simply a vinylogue of the
- methylenequinolizine system but rather as a fundamentally
different molecular species. i
Chemically, both cyclazines proved stable in the solid state,
remaining unchanged over a period of several months. However,
in solution decompoéition was evident, the change being
accelerated in protonic media. Ethanolic solutions thus yielded
dark-brown amorphous prqducts after standing 24 hours at roomF

tempeféture. Rather surprisingly, these cyclazines did not

'..,possess strongly basic characteristics, as evidenced by their

resistance to protbnation when shaken in solution with dilute
mineral acids. In concentrated acids, protonation occurred
readily to give colourless solutions from which the free-base
could be regenerated b& addition of an excess of alkali. The
n.m.r. spectrum of the diethoxycarbonyl compound in trifluoro-
" acetic acid showed that protonation had occurred at the

l-position to'yield the vinylquinolizinium cation (138).
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H® o v ' N
= ~
H® H\ 5
' CO.Et
EtOC
EtOC CO,Et O, 2
(135) (138)

The presence of a one-proton doublet at 4317, cogpled
to a lower-field one-proton doublet at 2-35T, cannot be reconciled
with any structure other than‘(l38). The former absorption was
assigned to the saturated proton at the l-position of the
molecule. The signal is shiffed to a low-field because of the
deshielding influence of the gem-ethoxycarbonyl group and the
presence of the formal positive charge on the nitrogen atom.

The second absorption was assigned to the adjacent vinylic
2-proton. The remaining absorptionsg othef than those
attributable to the two non-equivalent ester groups, were a
sixépfoton multiplet in the. aromatic region:of the spectrum
' which'was:obv;ously dUé.tO”the protons of the quinolizinium
nuCleus,.  -

The behaviour of cyclazine (135) under acidic conditions
indicates that the system cannot be regarded as a normal
tertiary base with thé lone-pair of electrons localised on the
nitrogen atom, but rather as a cyclic polyeneamine in which these
electrons are delocalised around the unsaturated carbon-

perimeter. 'The extended delocalisation of these electrons and
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their interaction with the two ethoxycarbonyl substituents can
account for the weakly basic character of the molecule. A
further analogy with enamines arises from the site of
protonation at a/3-cafbon atom rather than directly on the
nitrogen atom. This leads to formation of an aromatic éystem
rather than retention of the polyene system which would resulﬁ
from protonation at the latter site and is thus more favoured

on a steric basis. Direct protonation on the nitrogen atom
would result in the molecule assuming a tetrahedral configuration
thus increasing the degree of bond-strain within the system.

By comparison, protonation at .the l-position relieves»steric‘
interacfion between the l-ethoxycarbonyl group and the W4-hydrogen
atom. - .i

The precise orientation of addition at the carbon periphery
is probably controlled by an electronic as well as a éteric
effeét. Thus, of the three structures that are theoretically
possible for the conjugate acid, structure (138) is expected to
be the most stable since the incorporated Auinolizinium nucleus
does not, as opposed to the alternative structures, contain
electron-withdrawing substituents.

The second product from the reaction of ethoxycarbonyl-
methylenequinolizine (120) with ethyl propiolate, isolated in
low yield as dark blue prisms, proved to be the major product
when the reaction was carried out at 160°C . for one minute.
Elemental analysis indicated the product to be a trué 1:1
adduct. Its intermediacy in the formation of (135), which

was verified by independent reflux in nitrobenzene, suggested
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~either a dihydrocyclazine structure or, less probably, an
open-chain methylenequinblizine structure formed by linear
addition at the exocycliévéarbon atom. However, this second
alternative was eliminated by.u.v. and n.m.r. spectral evidence.
The possibility that the product was thé'initially—formed

tricyclic adduct (139) was discounted on similar grounds.

H7] H
EtC&{: CCEFR
(139)

Thus, the presence in the n.m.r. spectrum of a sharp
one-proton singlet at 2:097 cannot be reconciled with structure
(139). This absorption, by virtue of itsniow chemical shift,
appeéred to correspond to that of the 2-proton in the fully
unsaturated cyclaziﬁé (135). This interpretation leaves only

one possible structure, (140), fully consistent with the

remaining distribution of absorptions.

-

8 I\\~‘h4e
9 N ,H
| CO,Me
3
hAeC%g:: 2 <:Cbh4e
CCbhAe
(140) (14+1)

A low-field one-proton doublet (split by further coﬁpling)
at 1°26T can then be assigned to the deshielded 9-proton, and a

~ higher-field one-proton quartet at 2:76T to the adjacent 8-proton.
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« The chemical shifts of these absorptions are similar to those
of the 9- and 8-protons (respectively 1:33T and 2:56T ) of
6-methyl-4+H-quinolizine~-1,2,3 ,l+—tetratcarboxylatelo8 (141).

A poorly resolved three-proton multiplet in the vinylic region
of the spectrum (3:20 - 3-977 ) {fas assigned to the 7—,[:c.f |
(141), 7H. = 3’22’7’]6- and 5-protons. However, the most
revealing feature of the spectrum was the presence of a one-
proton doublet, split by further coupling, at 4%-407 together
with two, one-proton multiplets at~6:6T and~7-6T
reépectively, [Fig.26]

4p
40C
3aB
_ Jbee 1
J_sap ot | Jup,s | Jie, 1p
3¢LP) LB 330.13, b :E-;QP) fhot
| lll’r l 57 6‘1’ 7'1" L7qv gq:'

FIG. 26
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The first of these absorptions was assigned to the aliphatic
proton at the 3a-bridgehead position of the molecule. The
upfield shift (0-86 p.p.m.) relative to that of the Y-proton in
(141) is consistent with the absence of a methoxycarbonyl group
joined to the 3a-carbon atom; The primary splitting (J = 12¢/s)
was attributed to'coupling with the trans 4«-proton and
secondary splitting (J = 3¢/s.) to coupling with the cis
4B -proton. The observed J-values are consistent with the
corresponding dihedral angles of ~/lBQ° and~50O suggested from
a study of Dreiding models. The multiplet centred at 6°6T
was assigned to the HP—proton<since~it possessed subsidiary
splitting (J = 3e¢/s.) edual to that of the c¢is 3a-proton doublet.'
The very large primary splitting (J = 18c¢c/s.) must arise from |
coupling to a second proton at the same carbon atom (the L4%);
this provides confirmatory evidence for the presence of a

methylene group within the molecule. The coupling-constant of

| '5'_¢18c/s.'suggests;that the angle between the methylene protons is

approximately 106° - The secondary splitting (J = 7¢/s.) must

be due to'coupling.to'the adjacent 5-proton; unfortunately,

this cannot be rigorously verified because of the complexity

of the vinylic region of the spectrum. Finally, the high-field
multiplet centred at 7-6T was attributed to the 4«-proton.

The absorption consisted essentially of a quartet produced by
further splitting (J = 12¢/s.) of the primary doublet (J = 18c¢c/s.)
[}he initial splitting is due to coupling to the 4P —protoé].

This subsidiary splitﬁing'was.the same as the ma jor splitting of

the 3a-proton signal, thus confirming the 1l2c¢/s coupling of
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these two protons. A degree of very fine-splitting (J = i-2
c/s,) which was also evident was attributed to weak coupling
to the 5- and 6-protons.
| The n.m.r. spectrum is thus fully consistent with the
assigned structure and cannot be rationalised in terms of any
alternative structure. The formation of 3a, 4-dihydrocyclazine
presumably results from pfototropid rearrangement of the

initially formed adduct (139).

H
H2 H - i
EtO2C COzEt EtO2C CO2Et |
| 9 ~ (140) |

.. .The driving force for the rearrangement is probably provided by

the gfeater stability achieved by the system in‘adopting
struéture (140). Thﬁs; the primary adduct is expected to be
extremely labile since the inéorporated 4H—quinoliziné system
(rings B and C) contains no stabilising substituents. By'
comparison, the WH-quinolizine system of structure (140) (rings
A and C) is stabilised by the two ethoxycarbonyl substituents'
on the partially-saturated ring, and further by conjugation
with the vinyl group. This represents the most stable arrange-
ment possible. '

When hydrogenated in ethanol over a platinipm éatalyst the
adduct absorbed a 0°7 molér proportion of hydrogen and the
solution underwent a concomitant colour change from deep-blue to‘

bright-red. Chromatography of the product on alumina_gave a
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forerunner yellow band in 16% yield which was identified as the
fully-unsaturated cyclazine (135), together with a second, red
band, isolated as red prisms, in 81% yield. Direct
hydrogenation of cyclazine (139) by a similar procedure resulted
in uptake of two molar proportions of hydrogen with formation of
a red solid (the sole product) which was identical to the second
solid obtained from the preceding reaction. The n.m.r; spectrum
of this'solid was closely similar to that of the dihydrocyclazine
(140) except that the three-proton multiplet in the vinylic
region of the latter spectrum was now replaced by a one-proton
doublet (7H; 3°66T) while a complex six-proton multiplet was
present in the 6-8T region. The visible spéctrum showed a close
resemblanée [Fig.18] to that of the dihydro-compound but was
hypsochromically shifted ~ 25 mp. This is consistent with a
shortening of the conjugated system such as would result from

the absence of the 5,6- double-bond; it also explains the
striking difference in'colour between these two compounds. An

' interesting observation was that the u.v; spectrum showed a
striking similarity [Fig.18]to t‘hat83gf the cycl[3.3.2]azine
system (142) thus providing convincing evidence that the

molecule contained a YH-quinolizine system.

CCbh«e
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The foregoing evidence, together with the elemental analysis

data, leaves little doubt that the product possesses structure

(143). .

" H '
L <«2Ha

E
Et02C CO2Et - EtOC COQEt Et02c COEt

(140) (143) ' (135)
The formation of the cyclazine (135), in addition to its

tetrahydro derivative (143), during the hydrogenation of the

dihydrocyclazine (140) can only be accounted for in terms of a

competing disproportionation reaction, i.e.

2 —

COEt EtOL CO.Et

EtOC COQEt EtOL
The moderate yield of cyclazine (16% ; max. 50%) [?he latter
is much more resistant to hydrogenation (~7 hours) than the
dinydro-compound (~0°5 hoursZ] y suggests that disproportionation
occurs to a significant extent. The difference in the suscepti-
biiity of these compounds to hydrogenation is further exemplified
by the fact that direct reduction of the cyclazinerproduced no

detectable.yield of intermediate dihydro-product. Although the

latter is presumably the first product of hydrogenation, it must
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possess only a transient existence before undergoing rapid’

addition of a second molecule of hydrogen.

The uniquely characteristic spectral properfies of cyclazines
(133) and (135) provides scope for a discussion of the adducts
obtained from the reaction of methoxycarbonylmethylenequinolizine
(124) and dimethyl acetylenedicarboxylate. The two major
products, é red crystalline solid and a yellow viscous oil,
proved extremely difficult to separate, complete resolution being
achieved only by dry-column chromatography on silica.

The crystalline compound analysed as a true 1:1 adduct thus
indicating that the expected course of reaction had not occurred.
The u.v. spectrum [Fig.12:]in both neutral and acidic ethanol
‘resembled ihat of the methylenequinolizine (124%) thus suggesting
the presence of a similar structural unit in the molecule.
Absorption bands at 1645 emst and 1730 cm,_l in the i.r.

. spectrum indicated the presencé of both séturated and DC) ﬁ-
unsaturated ester groups. The n.m.r. spectruml:Fig.27], in
addition to confirming the 1l:1 nature of the adduct, showed a
broad similarity to that of the methyleﬁequinolizine system,
although a significant difference was the absence of fhe
absorptions attributable to the 6-proton and to the exocyclic
methylene-proton. These were replaced by two coupled (T = 25
c/s) one-proton doublets at 5°157 and 5:65T respectively.

The foregoing evidence clearly indicates that the adduct
possesses structure (145). Its formation can be accounted for

by rearrangement of the initially formed adduct (1i4).
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(14) - (145)

This mode of rearrangement is presumably more favourable
than that observed for the related adduct (139) because it
results in less steric interaction between the
methoxycarbonyl substituents. i

The small coupling between the two saturated protons
suggests that they are cis-orientated with respect to each other.
The alternative trans-configuration, although more sterically
favoured, cannot be considered since the large dihedral angle
('Vl70°) would result in a substantially greater degree of
coupling (J~1lec/s.) .

In order to obtain confirmatory chemical evidence for the
assigned structure, the adduct was refluxed in nitrobenzene with
a view to generating the corresbonding 1,2,3-

trimethoxycarbonylcyclazine (119).




FIG.28

D PPM.
100 UNIT!

d

+ ¥ | I T 7 >,
ul: ’Illm - - b - H..l m« e e - Bt e pibet -&
Y T T T . ]
e S ot o B S R SR B B A R R
T i O o i - _
—t e b e 7 =i !
o : J S SR SO D S JRPRES RFUUS RPN ERUUNY B I .
.h ” T n i
i i SR TN DUV ORI RO DU VU SEDUNS I WP DU, — B
' . [ B [ o
PR A | I ™ vl B |
S St Al R S T '
- =N |
Tt T
' ] T
T ,“ .1_ - V.h.l; - ‘A
I ; | S I K. ¢
. P s o S
o f : v H I =
g g i H - i i 8
b et
. T q + : |
- PN ~ 3 B s T e el et e e :
N }oemt = - HIT *'o N 4 T Y R P |
VT T i ) ) ‘
v i
_— N : -4 R
4 - - ™
— 1 + IS uAm, Q
] . ] L N ! 9
FR S i 1 I
' v i I 1
: ! y : | Hi i
i 4 “ ; “ <
1 i H : 1 ! p :
[~ T L ? 1 |
! ] ! L1 !
. v H ) + Ty °
) PR T T 1 T =
[ t b i | i ol !
' : 1 ] | H VL
I ! [ A i T~
N | [ i i ; v N i i b
| BN T T : [ N R | 1 |
T " T T I v g ™ T H 1
) SR A R SO B U S S

Trimethyl Cycl[3 3 .3] azine-l,2,3-tricarboxylate



-8l -

Chromatography of the reaction product on alumina yielded two
minor bands, respectively yellow and red, together with a further
yellow band as the majér product. The first of these products,
isolated in 8% yield as brown flakes, was identified as
l,3-di(methoxycarbonyl)cycl[3.3.5]azine by comparison of its u.v.
and n.m.r. spectra with that of the diethyl analogue (135).

The formation of this product must be due to elimination of the
elements of methyl formate from the adduct.

The second product from the reaction, red needles, was
isolated in only 2% yield and, as a consequence, it was not
possible to investigate its structure. Although the mass
| spectrum indicated a molecular welght of 3%1.(this value
corresponding to loss of two hydrogen atoms from the adduct) no
conclusions could be dnawn from the evidence since an identical
~molecular weight was recorded for the final major product of'
the réaction. The latter, isoléted in 57% yield as brown needles,
was ldentified as the expected triester (119). The u.v.
'spectrum of the product showed a marked resemblance [Fig.17]‘
to that of 1,3-dimethoxycarbonyl-2-phenylcyclazine (133) thus
conclusively establishing the presence'of a cyclazine nucleus.

- The i.r.'spectrum exhibited carbonyl absérption bands at
1670 c¢m>t ana 1730 cmfllthus indicating the presence of two
types of estervgroups. Since the high-frequency absorption was
.hot present'in the'épectrum of the phenyl compound (133) it is
probably due to the 2-ester group. However, despite the
consistency of these properties with those observed for the

2-phenyl compound, the n.m.r. spectrum [Fig.28{]was anomalous.
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In addition to the absorptions attributable to thethree ester
groups the spectrum consisted of a four-proton doublet centred
at 3:777T (J = 5¢/s.) together with a higher-field two-proton
triplet centred at 4+57T (J ="5¢/s.).  Although the presence

of these absorptions in the vinylic region of the spectrum and
the.molecular symmetry implied by their multiplicity are
consistent with the assigned structure, the relative chemical
shifts of the individual protons are completely unexpected.
Thus, the magnetic equivalence of the 4~-, 6-, 7- and 9-protons,
as implied by the four-proton doublet, cannot be reconciled with
the previously observed long-range deshielding of the Y- and 9-
protons by 1l- and 3- ethoxycarbonyl substituents. The anomaly
cannot be resolved by assuming that, in this instance, the i
methoxycarbonyl groups are perpendicuiar-to'the plane of the
molecule, because the resulting decrease in long-range and

conjdgétive deshielding would be expected to shift the 4,9-

' ..proton'doublet}to a posi£ion upfield, rather than downfield, of

A

the 5,8-proton triblet‘at L5770 The presence of a four-proton
doublet downfield of the triplet clearly infers that the 6- and
7-protons, in common with the'H- and 9-protons, are sﬁbject to

a deshielding influence. However, the origin of such remains
obscure. The reduced coupling (5¢/s.) between the nucleaf—
protons relative to that observed for a wide variety of
cyclazine systems (8c/s.) is equally anomalous. Although this
effect presumably has a common origin with the displaced
resonances of the 6,7-protons and is, in some way, associated

with the presence of the ester substituent in the 2-position of
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the molecule no rational explanation fof its existence can be
advanced.

The non-crystalline product from the reaction of
methoxycarbonylmethylenequinolizine and the acetylenic ester
proved extremely difficult to characterise. Although its
u.ve. and i.r. spectrum élosely resembled that of the triester
(119), thus confirming that it was a cyclazine containing two
types of ester groups, the n.m.r. spectrum was complex and could
not readily be reconciled with any simple structure. "However,
the intensity ratios of the methyl ester and vinylic proton _
resonances indicated that the product had been formed by reaction
of two molecules of the acetylenic ester with one of the
quinolizine. Unfortunately, further analysis of the spectrum
was not possible and in view of the difficﬁlfies involved in
isolating appreciable quantities of the product no further

inveét;gation of its structure was attempted.
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In the ensuing discussion of the chemistry of the cyclazine
ring-system the carbon-positions adjacent to the pefimeterrﬂ -
- ring-junctions will, for convenience, be referred to as the
OC-positions and the carbon positions sub-adjacent to the ring-

junctions as: the /3-positions. i.e.

i

The most obvious route to the parent gyclazine (11) appeared
to be by hydrolysis and decarboxylation of the 1,3-diethoxy-
carbonyl derivative (135). '

EtO,C CO,Et I I

(135) | (146) o

However, attempted acidic hydrolysis under a variety of
conditions (dil. and conc. hydrochloric acid, dil. fluoroboric
acid, hydrogen chloride in benzené), caused decomposition'of
the cyclaziné system, the rate of decomposition increaéing'with
the severity of the reaction conditions. This behéviour,

together with the observed lability of the cyclazine in neutral
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hydroxylic solvents, leaves little doubt that the molecule is
inherently unstable in protonic media and suggests that
attempted acid-catalysed conversion in the cyclazine series is
unlikely to be successful.

Al though more favourable ;esults were expected by the use of
basic reagents, the cyclazine was recovered unchanged after
treatment with alcoholic potassium hydroxide in the cold.
Attempts to force the reaction caused decoéposition of the
cyclazine. The use of sodium hydroxide in dimethylsulphoxide,

a reagent that has been reported109

to hydrolyse ethyl benzoate
quantitatively at room temperature in two minutes, was similarly
without effect. Forcing conditions again ied<to decompositioﬁ
of the system. The failure of the cyclazine to undergo i
hydrolysis under basic conditions is possibly due to the
comparatively large degree of charge-separation within the
moledule, the ester carbonyl groups thus assuming a high degree
of single-bond character.

A convenient means of circumventing the foregoing

difficulties appeared possible by exploiting the lability of

t-butoxycarbonyl groups under thermal conditions.

o o~ ¥ Ja) . _
R-COBUT —=2> RH+ COp + (CH3)2C_CH2

200°C

With this object in mind, synthesis of cyciazine (147) was
undertaken. Treatment of methoxycarbonylmethylenequinolizine

(124) with t-butyl propiolate in boiling nitrobenzene yielded the

desired product in 62% yield, its identity as (147) being

established from the close similarity of its spectral properties
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to those of the diethyl anaiogue (135).

A .
N + H-Cc=C coBu  ——
coMe Bd‘ozc COMe
(124) | (147)

Pyrolysis of (lﬁ?) in a sublimation apparatus, under an

. inert atmosphere at 220°C., caused slow evolution .of a gaseous
'product. When the temperature was further increased to 250°C.,
a more vigorous effervescence occurred, while a dark violet
vapour condensed as a viscous oil on the surface of the cold-
finger. Careful resublimatioh of the pioduct yielded a-

dark-brown crystalline solid which was identified from its n.m.r.

spectrum as the required methoxycarbonyleyclazine (148).

hAerF

(148)
The u.v. spectrum in cyclohexane [Fig.l?] was similar to that

of the diethyl ester (135). The n.m.r. spectrum [ Fig.29]

"' ‘consisted of.a ﬁhree-proton Singléf'at 6.61’éttributable to the

methoxyihprotons, together with six, one-proton doublets and two,
one-proton triplets, in the region 3.8 - 6.47, attributable to
the‘protons of.the cyclazine ring-system.  The absorption

attributable to the t-butoxyl protons of the precursor

!
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compound was completely absent. Apart from the general upfield4
shift of the nuclear-proton resonances, which results from the
removal of one of the deshielding ester substituents, the most
interesting feature of the spectrum was the presence of one of
the doublets at the unexpectedly high T -value of 6°37 . This
value is, in fact, only slightly downfield from that of the
methoxyl proton resonance at 6:607T . Since the absorption
'possessed only primary splitting (J = 9-5¢/s.), in common with

a second lower-field absorption at 4-35%¥(J = 9-5¢/s.), it
obviously formed part of the AB system attributable to the protons
at the 2- and 3-positions of the molecule.

The A signal can only be assigned to the 2-proton, which is
relatively deshielded as a result of its situation P»to a *
ring-junction and ortho - to the ester substituent. This lea&es
the high-field absorption attributable to the 3-proton.

However, the displacement of the resonance signal to a higher
field than those of, say, the 6- and 7-protons, which are
relatively remote from the ester substituent, is completely
unexpected. The only logical explanation of these observations
isAthat the high chemical shift of the 3-proton must be a
-consequence of the electron-withdrawing infiuence of the ester
group.

This apparently anomalous conclusion is bést rationalised
in terms of the stabilisation of the ring-system by the significant
contribution of quinolizinium ylide structures (148a) and (148b)
l}hich may be collectively represented by structure (lh8ci] to

the resonance hybrid.
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NI\~ NN~
el ~ , ' AL
(148a) (1%8b) (148¢)

The direction of charge-separation within the molecule, which
is largely determined by the electron-withdrawing influence of
the ester substituent, must result in an increased localisation
of negative charge‘at both the 1- and 3-carbon atoms. The
magnitude of the resultant shielding of the 3-proton must be such
as to completely over-ride the conjugatlve deshleldlng influence
of the l-ester group. .

As an extension of this principle, the apparently paradoxical
situation arises whereby increasing the electronegativity of the
- 1l-substituent shéuld cause an igcrease in the shielding of the
3-proton. Although this prediction was not verified for mono;
substituted cyclazines, it seemed possible that expe:imental
verification might be gained from a study of the n.m.r. spectra
of suitably substituted azulenes. l-Acetylated derivatives of

4,6,8-trimethylazulene were chosen for this purpose since the

resonance signals of the 3-proton in the corresponding

110

l-substituted parent compounds are generally obscured by the

. complexity -of the spectra. - .The 'dipolar contrlbutlng structures
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to the resonance hybrid of 4,6,8-trimethylazulene may be

collectively represented as follows:

The 1~ and 3-proton resonances appear as a doublet at 2 811'
with the 2-proton giving rise to a triplet at 2.50T.
Introduction of a l-acetyl substituent (R = COCH3) causes an
upfield shift of the 3«proton resonance to 3:067T while that of
- the 2-proton undergoes a downward shift to 2:28T.  The more
strongly electron-withdrawing ethoxalyl substituent !
(R = CO-COZEt) causes an evén greater separafion of chemicai
| shift, the 3- and 2-protons resonating at 3.14T and 2:21T,
respeétively. Undoubtedly then, this evidence provides strong
confirmatory support for the precéding'hypothesis. Although
it is probably premature to assume ‘the generality of the concept
for aii systems that can achieve resonance stabilisation of the
- type shown, it appears likely that electronegative substituents
which enhance the degree of charge separation within such
systems will cause shielding, rather than deshielding, of the
B-proton. | -

Chemically, the l-methoxycarbonylcyclazine proved very
unstable, undergoing decomposition within 'a few hours on |
exposure to air with formation of a black amorphous surface-

residue.
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In solution, and especially with hydroxylic solvents,
décomposition occurred much more rapidly, the initially-clear,
yellow solutions darkening within a few minutes. When applied-
to either alumina or silica a dark, intractable residue formed
within seconds. Although chromatographic purification could
not be attempted,vthe product was obtained in a satisfactory
state of purity by resublimation.

The ready susceptibility of the cyclazine to oxidative
degradation reflects on the importance of electron-withdrawing
substituents in stabilising the electron-rich nuclear system.
The parent cyclazine, which cannot achieve stabilisation in such
ménner, is thus expected to be highly labile in characterf
Conventional synthetic methods, such as those used by previous
workers, would thus appear to be inapplicabﬂé. However, the
observed thermal stability of the methoxycarbonyl derivative
(148) (as inferred by its method of preparation) suggested that
extenéioﬁ of the pyrolytic approach might provide a feasible
route to the parent compound.‘ The synthesis of the

1,3-di-t-butyl ester (149) was thus attempted.

2
(149)

-An immediate obstacle in realising this aim was presented by

BJO.C CﬂquuX*
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the difficulties encountered in synthesising the reduisite
precursor compound, Y4-t-butoxycarbonylmethylenequinolizine (150).
The route by which the'corresponding ethyl and methyl analogues
were obtained appeared to be of doubtful value in view of the
susceptibility to acid-catalysed cleavage of both t-butyl ester
gfoups in the quinolizine (151). An attempt to synthesise the
product via esterification of Y-carboxymethylquinolizinium
chloride (108) was thwarted by the low solubility of the salt in
a wide range of solvents. A further experiment to determine
the feasibility of condensing ethyl lithioacetate with
Y4 -chloroquinolizinium perchlorate resulted in recovery of
starting material. .
Synthesis of the required product was eventually achieved .
by refluxing di-(t-butoxycarbonyl)methylenequinolizine (151) in
glacial acetic acid containing a trace of.p-toluenesulphonic'acid.
By extracting samples of the solution at 1 minufe intervals it
was found that conversion to the monosubstituted
methylquinolizinium salt (152) was complete in 6 minutes.
Liberation of the free base (150) was accomplished by addition

- of sodium hydroxide.

<)
O-COCH,
7~ /I CH,CO,H - /| N NaOH N
N CHéchgsosH RN g ~ > QN |
, .
CHLCO.BuU y
Buo,c” “co,Bu? | 2% | copu’
(151) (152) _ ' (150)

When the reflux period was extended,loss of the second

t-butyl group occurred as expected.
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Treatment of the quinolizine (150) with t-butyl propiolate
in boiling nitrobenzene for‘6 minutes gave a 64% yield of the
reduired'diester (lh9) 'isolated‘as glistening brown plates,
together with a 6% yield of the 3a #-dihydro derivative.

- 'These products were identifled by the close similarlty of their

spectral properties to those of the ethyl analogues (135) and
(140) respectively. '

Pyrolysis of the cyclazine under condiﬁions similar to those
empldyed in the preparation of the monomethoxycarbonyl derivative
(148) . yielded an unstable product, the n.m.r.'spectrum of which
showed it to be the mono-t-butyl ester (153). '

L8 4

BUO,C > COBu BUO ¢~

(149 S | (153)

When subjected to further pyrolysis with a view to removing
the remaining ester group the system underwent extensive
decompositioh; only a small amount of unchanged materiél wés
recovered. An attempt to generate the parent cyclazine directly
by introducing a benzene solution of the diester (lh9),dropwise,
into a vertical tube packed with glass beads at a series of
temperatures in the range 250 - 40000., was: also without effect,
the cyglazine being recovered unchanged from the final condensate.
This appeared‘a rather incredible result because, at the higher

temperatures in this range, some of the benzene was converted

into biphenyl. Presumably, the rapid volatilisation of the
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solvent carries the cyclazine through the system too rapidly for
efficient heat-transfer. Further attempts to generate the
parent cyclazine by subjecting the diester to vigorous pyrolysis
conditions in a sublimation apparatus yielded a product which,
although containing a second highly labile component, consisted
mainly of the mono-t-butyl ester (153). In order to avoid this
latter complication, it appeared necessary to conduct further
pyrolysis reactions in a sealed vessel so that the initially-
formed product would nof volatize from the heated zone. lThis
was achieved by sealing the diester in a strong-walled, evacgated
glass-tube and immersing the tube in a molten-metal bath at 300°C.,
for 5 minutes. The tube was then opened and the product was
sublimed directly from it. A dark-brown crystalline solid was
obtained. Although this solid was quite stéble ﬁnder a dry
nitrogen atmosphere, extensive decomposition occurred within a
few minutes on exposure to the atmosphere. WhenAdissolved in
either tetrachloride or chloroform, the inftially—clear, yvellow
solution darkened within 1 minute with deposition of an amorphous
black solid. As a consequence, a satisfactory n.m.r. spectrum-
of the product could not be obtained in these solvents. A

While a slightly enhanced stability was evident in ether,'
this solvent proved unsuitable for spectroscopy because of'
interference from the methyl resonances. However, a satisfactory
spectrum was eventually obtained in bis(trimethylsilyl) ether
(i.e. Me3Si'0'Sidﬂe3) [although the product was of limited

solubility in this mediuﬁj. Two main absorptions were evident;
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a triplet centred at 6:357 (J = 8c/s.) together with a higher
field doublet of twice the intensity centred at 7-937T (J = 8c/s.)
. A further weak absorption at 8:757T indicated slight contamination
by ‘the mono{;-butyl ester (153). The symmetry of the system,
as implied by the simplicity of the spectrﬁm, together with its
physiéal and chemical characteristics (colour, instability)
left no doubt that it was'indeed the parent cyclazine.

Although the pattern of n.m.r. absorptions is as anticipated
with the doublet and triplet being assigned.respectively to the
protons OC- and ﬁ— to the perimeter ring-junctions, the
chemical shifts are displaced to extremely high field~-values.
These values are, in fact, the highest observed to date for any
peripheral-conjugated system containing 4LnTY electrons. The
shielding of the nuclear-protons may be attributed to two main
factors. The most important of these is undoubtedly an induced
paraﬁagnetic ring-current, the presence of which may be inferred

lllé

from a comparison of the proton chemical shifts with those f

the cyclic dienamine system, N-phenyl-l,2-dihydropyridine (154).

b
5 \ 3

Ph

(154%)
The Y%-proton of (154) gives rise to a multiplet centred at
4+12T while the 3- and 5-protons yield higher-field multiplets
centred at 4°79T and 5°06T, respectively. These absorptions
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are 2-3 p.p.m., downfield from those of the corresponding protons
in the cyclazine. However, in addition to the paramagnetic
ring-current, the shielding must also be due, in part, to the
high electron-density carbon-perimeter consequent on delocalisation
of the lone=-pailr of electrons on the nitrogen atom. Thus
tridehydro[12]annulene, in which the displacement of the chemical
shift is solely due to an induced paramagnetic ring-current,

gives112

a resonance signal at 5:557; this value is considerably
downfield from that observed for the cyclazine. The unusually
high chemical shift of the cyclazine resonances may thus be
attributed to the combined effect of these shielding influences.
It is interesting to compare the spectrum of the parent
cyclazine with that reported66for the isoelectrqnic phenalenyl |
anion (53). The spectrum of the latter consists of a triplet
at 4:09Y together with a higher-field doublet at 4837 .
: These chemical shifts differ considerably from that of the
.¢yclazine and quite clearly indicate that the anion does not
sustain an induced paramagnetic ring-current. It is also
notewdrthy that the latter shifts are lower than those observed
for tridehydro[l2]annulene (5:55T7) despite the fact that the
phenalenyl anion possesses a negative charge. The triplet
absorption is, in fact, even lower than that of a typical
olefinic proton (4-40T). It may well be that the phenalenyl.

anion is more adeduately represented67by structure (155) in which

14T -electrons are delocalised around the  carbon-perimeter.
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(155)

In view of the considerable development stages involved in
the synthesis of the cyclazine it is unfortunate that lack of time
has prevented an investigation of the physical and chemiecal
properties of the system. |

To conclude this section of the discussion,it may- be .
inferred that, since molecular orbital theory predicts79 i
bond-alternation as an intrinsic property of systems containing
L4n periﬁéralTT-electrons, the cycl[3.3.3]azine system is best
représented by rapidly interconverting valency tautomeric

7

structures.
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CHEMICAL REACTIONS OF 1,3-DI(ETHOXYCARBONYL)CYCL[3.3.3] AZINE

In order to gain chemical confirmatory evidence for the
olefinic character of the cyclazine system, it was of interest to
attempt a reaction between the diethyl ester (135) and dimethyl
acefylenedicarboxylate and further, if successful, to compare fhe_
nature of the product(s) with that obtained from a similar reaction
with the related .aromatic system cyclopenta @d] cycl E) 3 3] azine.

- A special interest in the reactipn with the cyclazine arises because
the expected cyclo-addition can occur in several different ways.

When the cyclazine was refluxed in benzene for 24 hours with
the acetylenic ester, the initial yellow solution turned deep-red'
in colour. The single product, isolated iﬁ 96% yield as red i
prisms, analysed as a true 1l:1 adduct. - This was further :
vsubStantiated by mass spectral'evidénce which indicated a
molecuiar weight of 453. The u.v. and visible spectrum in
ethanolﬁ[Fig.19]‘showed'a strong resemblance to that of the
tetrahydrocyclaziné (1%3), thus indicating the presence, in the
molecule, of a WH-quinolizine system. The presence, in the
n.m.r. spectrum [Fig.3§i] of a low-field doublet and singlet
(each one proton) at 1:777 and 1°55T, respectively, supported
this inference since these absorptions, by analogy with the‘
tetrahydro-compound, can then be assigned to the deshielded
protons at the 2- and 9- positions of the cyclazine skeleton.

On the basis of this evidence alone, four possible structures

may be considered for the adduct.
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oo D o

EtO2C CO Et EtO C CO Et EtO C CO Et E‘tO C CO Et

X= COQM e

(156) - (157) (158) (159)
However, structures (158) and (159) appeared very unlikely since
the incorporated Y4H-quinolizine systems .contain no stabilising
substituents in the ring bearing the tetrahedral carbon-centre.
Further, these molecules are expected to protonate at either the
7- or 9- position with retention of the n.m.r. singlet‘ i
. attributable to the 2-proton. ._This singletlwas not evident
when ‘the spectrum was measured in trifluoroacetic acid.
Strucfure (157) was also considered unlikely since it possesses
a  conjugated system similar to-the 3a,4-dihydrocyclazine (140)
and, by analogy with such, is expected to be intensely blue in
colour. This leaves gtructure (156) as that most consistent
with the observed colour and stability of the adduct. On this
basis, the remaining absorptions in the n.m.r. spectrum were
provisionally assigned as:i follows:- a multiplet (three protons)
at 2«7 - 3+*37 to the 8-proton together with the two etheno
bridge-protons (the latter are deshielded by the adjacent ester
groups); a doublet (one proton) at 3-557, further split by
m-coupling, to the 7-proton; a quartet (one proton) at.S-OOT'to
the saturated bridgehead proton. The multiplicity of the latter

absorption arises from coupling to both of the etheno protons.
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The only additional absorptions present were those attributable
to the alkoxyl protons of the four ester groups.

When the reaction was repeated using di-t-butyl acetylene-
dicarboxylate instead of the dimethyl analogue, a similar red
product was obtained. The n.m.r. spectrum proved, as expected,
almost identical with that of the preceding adduct except that
the methoxyl resonances were replaced by a higher-field
absorption attributable to the t-butoxyl protons. Treatment
of the adduct with anhydrous hydrogen chloride in benzene yielded
a red solid which was identified, from its n.m.r. spectrum in
trifluoroacetic acid, as the dicarboxylic acid (161) derived by
loss of both t-butyl groups from the adduct (160). When the
diacid was sublimed under reduced pressure, a 25% vield of the
cyclazine (135) was obtained. '

.

CC)Pi

EiC)C C)Ei EiCbp CCEEt

(161) (135)

Although the structureé given above appear most consistent
with the u.v. and n.m.r. evidence, alternative structures
derived by addition of the acetylenic ester to the 3a,4-positions
of the cyclazine (e.g. 157) might possess similar spectral
characteristics and cannot therefore be eliminated with certainty.
The‘chemical evidence provides no critéria for structural

assignment since all four structural types are potentially
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capable of undergoing a cyclo-elimination reaction with
regeneration of the original cyclazine. It seemed possible that
confirmatory evidence for the supposed mode of addition might be

gained by attempting the following conversions.

CO.Me co Me _
[ 2 "h . -COMe
C02Me ? CO Me C02Me

EtOC C02Et~ EtO,C co Et EtO.C CO,Et

(156) (161) (162)

Thus, addition of hydrogen‘to the adduc%, which is expected
to occur preferentially at the non-conjugated etheno bridge-bond,l
should yield the ethano analogue (161) which, on pyrolysis, might
lose qthylene by a reverse Diels-Alder reaction to give the
tetrasubstituted cyclézine (162). Treatment of .the adduct with a
molar proportion ofbhydrogen over a platinum catalyst yielded a
red crystalline product which appeared physically Similar to the
starfing material. " The u.v. spectrum [Fig.19 ] was almost
superimposable with that of the latter thus indicating that the
conjugated system had remained unchanged. The identity of the
product as (161) was confirmed from its n.m.r. spectrum [Fig.31J
which differed significantly from that of (156) only in the respect
that the three-proton muitiplet‘at 2.7 = 3.37 (8-proton and etheno
bridge-protons) together with the .bridgehead proton at 5.07 in
the spectrum of the latter were.now replaced by a one-proton
absorption at 2.86T (8-proton) together with a five-proton multiplet
in the region 6.9 - 8.27 (bridgehead proton and ethano bridge-protons).
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When the product was pyrolysed at 29OOC., under a nitrogen
atmosphere, a vigorous evolution of gas occurred and the molten
residue changed colour from red to light-brown. After
chromatography on alumina, a brown crystalline product was obtained
in 68%-yield, together with a second, lighter-coloured product in
3% yield. The u.v. spectrum of the major product EFig.QC)] was
similar to that of the diester (135) thus indicating that the
product was a cyclazine derivative. This was confirmed from the
n.m.r. spectrum [Fig.32‘] which identified the product as the
expected tetracarboxylic ester (162). Apart from the four ester
resonances the spectrum consisted of a singlet (2.577), a doublet
(4+.427), a triplet (3.457) and a further doublet (2.73T) which
were assigned to, respectively, the 2-, 7-, 8- and 9-protons; a ,
higher-field singlet at %.637 was assigned to the 6-proton. The
-presence of the methoxycarbonyl groups in the 4- and 5- positions
of the mélecule follows from the.high chemical shift of the latter
resonance since the only possible alternative arrangement, viz.,

- with these groups in the 5- and 6- positions, would lead to a
much lower shift for the singlet (which would then be attribﬁtable
to the Y-proton) because of the long-range deshielding influence
of the 3-ethoxycarbonyl group. The high chemical shift of the
singlet (it‘is, in fact, the highest-field absorption in the
vinylic region Qf the spectrum despite the fact that the é-proton
lies adjacént fd.é:deshielding group) is undoubtedly due to the
strong shielding influence of the 4-methoxycarbonyl group. The
spectrum thus provides a further illustration of the remarkable'
shielding.influénce of o(-orientated electron-withdrawing

substituents, in the cycl[3.3.3]aziné system, on‘the proton
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. attached to the second KX-position of the same ring.

The formation of the cyclazine (162) from the pyrolysis
reactibn‘leaves the structure of the hydrogenated adduct
completely unambiguous and, in turn, firmly establishes the
orientation of the addition as that represented in structure (156).

The second component from the pyrolysis reaction, which was
obtained in only minute yield, was identified as a cyclazine from
the similarity of its u.v. spectrum LFig.20:]to that of the major
compohent (162). The mass spectrum indicated a molecular weightA
of 369, this value suggesting that the moleéule contained only
one methoxycarbonyl group. This was confirmed from the n.m.r.

spectrum which identified the product as (163).

CC%?Ae

EtOLC CCbEt
(163)

The nuélear-protons gave rise to a pattern of absorptions similar
to that 6f the correéponding protons in the diethyl ester (135)

~ except for the 4- and 6-protons, each of which gave rise to
singlet absorptions (split by m-coupling) which were slightly
dowﬁfield, because of deshielding by the 5-methoxycarbonyl
substituent, from the doublets attributable to, respectively, the
9-~and 7-protons. Although the mode of formation of the product
is not clear, the driving forcé for the elimination of the
methoxycarbonyl group may be provided by the relief in steric

interaction that ensues between the remaining substituent groups.
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The structure of the adduct from dimethyl
.":acetylenedicafboxylate‘and the cyclazine having been established,
reaction Qés attempfed between the acetylenic ester aﬁd
3,9-dimethylcyclopenta [cd] cyclB.3.3:] azine. The latter
compoundll3has been shown by n.m.r. criteria to be aromatic in
character, the resonance of the nuclear-protons (2°9 - 3+77)
falling within the range expected of an electron-rich aromatic
heterocycle. Attempted electrophilic substitution,bhowever,
has met with limited success,; the system undergoing decomposition
under a variety Qf reaction conditions. Such behaviour does not,
of course, reflect on the aromatic character of the .system but
merely indicates that suitable experimental conditions have not
been achieved. , . |
A 1-benzoyl derivative haé, in fact, béen preparedll3by
reaction with benzoyl chloride in the presence of sodium
bicarbonate. When reaction was attempted with the acetylenic
ester in refluxing benzene a considerable amount of decomposition
material was‘produCed together with a dark-brown product, the
1atter being isolated in 40% yield after chromatography on
alumina. The identity of the product as the linear adduct (164)

was apparent from its n.m.r. spectrﬁm.

| > ~
N \ DoM.A-D-C.
'/ / in benzene

HjC CH3
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Thus, the low-field region remained similar to that of the
precursor compound except that a two-proton singlet at 3°04T°
(1- and 2-protons) in the spectrum of the latter was now
replaced by a one-proton singlet at 2°877 (2-proton) and a
. further one-proton singlet at 4-127T (maleoyl proton). The
configuration of the exocyclic double-bond is probably that shown
since the alternative trans-configuration would be expected to
lead to a lower chemical shift for the terminal proton (because
of long-range deshielding by the spatially-proximate ester group).

The different modes of reaction of the cyclazine and
cyclopentacyclazine with dimethyl acetylenedicarboxylate undef
similar conditions reflects on the fundamentally different
character of the two systems. The fact that the cyclazine, as:
opposed to the tetracyclic compound, exhibiﬁs no tendency to form
a linear adduct but, instead, yields a cycloadduct as the sole
prodﬁct of reaction correlates{well with the olefinic character

of the system as indicated by n.m.r. critefia.
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ELECTROPHILIC SUBSTITUTION REACTIONS OF

1,3-DI (ETHOXYCARBONYL)CYCL[3.3.3]AZINE

When treated with electrophilic reagents cyclic enamines
normally uundergo attack at the ﬁ-carbon atom to yield immonium
salts. Frequently, these eliminate a proton with formation of
the corresponding conjugate base such that the overall sequence

constitutes an electrophilic substitution reaction. e.g.

<N CH.COCI
N

Reaction of the cyclazine (135) with N,N-dimethylformamide i

=
" cHECo H] © COCH,

v

and phosphoryl chloride (Vilsmeier reagent) yielded two products
which' were isolated in 12% and 51% yield, respectively, after
chrométography on alumina. The major product, obtained as brown-
needles, was identified from its n.m.r. spectrum [Fig.33] as

" the 4-formyl derivaﬁive (166).

CHO
EtObC’ CCbEt ;

(166)
‘The formyl proton gave rise to a singlet at 1-607 while the
2-, 7-y 8- and . 9-protons gave rise, respectively, to a singlet
(2:23T7), a doublet (4-07T), a triplet (3-23T) and a doublet (2-60T).

The only other absorptions present in the vinylic region of the
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spectrum were two doublets, each possessing the same coupling
cdnstant (9¢/s.), at 3°10T and 4°337, these obviously constituting
the AX system attributable to the protons at the 5- and 6- p051t10ns
of the molecule. Two diagnostic features allow an unequivocal
assignment of the orientation of the formyl group to be made.
Firstly, the high-field resonance of the X part of the -AX
spectrum can only be ihterpreted in terms of shielding of the
6-proton by the 4-formyl substituent. The only possible
alternative arrangement, with the formyl substituent in the
6-position of the molecule)would lead to a much ‘lower chemical
shift for the X resonance, because the shielding influence of the
formyl substituent on the 4-proton would then be offset by the
long-range deshielding influence of the 3-ethoxycarbonyl group. '
Secondly, the high-field resonance of the doublet attributable

to the 7-proton is inconsistent with the presence of the formyl
group in the 6-position of the molecule. Such an arrangement
‘would lead, because of long-range deshielding, to a much lower
chemical shift fof the doublet.

The expected effects of a 6-formyl group, which, as detailed
above, were absent in the spéctrum of the major product, were
clearly apparent in that of the minor product [Fig.34]

Thus the AX system now appeared as: an AB. system (the chemical

shifts of the constituent doublets were closely similar) while

the doublet attributable to the 7-proton occurred at a lower
field than any of the remaining nuclear-proton resonances.
The formyl proton gave rise to a singlet at 1.057% Since the

spectrum was otherwise similar to that of (166) the product can
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be assigned structure (167).

CHO
EtOC CO,Et
(167) 2 2

A feature of interest in the n.m.r. spectra of compounds
(166) and (167) is the unusually high-field position of the
resonance signal attributable to the formyl'protons. It is
unlikely that this effect is due to electron-release from the
nitrogen atom since the formyl resonance ole-dimethylamino~
acrolein is not unusuélly high. Again the effect is probably
due to the paramagnetic ring-current; this is particularly.
interGSting as it seems to be the first observation of a
paramagnetic ring-current effect other than on protons attached
directly toTf-electron systems.

Although the formation of both the 4%- and 6-formyl
derivatives is consistent with the enamine character of the
cyclazine system, the relative proportion of these isomers cannot
be readily accounted for. ‘In order to'determihe whether the
system exhibited any consistency in the pattern of electrophilic
substitution, an acetylation reaction was attempted using the
Vilsmeier reagent derived from N,N-dimethylacetamide and
phosphoryl chloride. However, in contrast to the preceding
reaction, only one product was obtained in significant yield,
~this being separated from minute amounts of several other

products by preparative t.l.c. on silica. The identity of the
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product as the 6-acetyl derivative (168) was apparent from the
similarity of its n.m.r; spectrum to that of the 6-formyl
compound- (167).

.CO'CH3
EtObC CCbEt

(168)

The only significant difference from the.spectrum of the
latter, apart from that attributable to the different ‘
6-substituent group (—COCH3= 7+84T), was that the 4- and 5-protons
now gave rise to a triplet absorption comprising an intense \
inner band and two almost indiscernible outer bands. This
difference, which represents a transition from an AB,to an
approximately A2 spectrum; 1s consistent with the reduced
electron-withdrawing ability of the 6-substituent; the shielding
influence of the latter on the HQproton is correspondingly |
reduced thus tending to bring the chemical shifts of the 4- and
S5-protons into coincidence. °

The absence of the Y4-acetyl derivative is anomalous,
especially considéring that the Y4-formyl derivative is the major
product in the preceding reaction. No explanation can be
offered for this apparent discrepancy and, correspondingly, no
conclusions can be drawn regarding the preferred brientation

of electrophilic substitution.

Although a further attempt was made to prepare a Y4-acetyl
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derivative by heating the cyclazine with acetyl chloride in the
presence of sodium bicarbonate, only decomposition material
together with minute amounts of two reaction products were forméd.
The yields of the latter were insufficient for the reaction to
merit further investigation. When the cyclazine was treated

" with benzoyl chloride, with a view to aroylating the system, an
immediate reaction ensued to yield a complex mixture of products.
Telec. of a sample of the mixture on alumina revealed the
presence of niné components. Unfortunately, these were poorly
resolved and attempts to effect a large-scale separation were
not successful.,. Bécause of this difficulty and the relatively
small yield of each individual component, no further
invesfigation of the reaction was undertaken. 4

Nitrationﬂof_the system was next attempted. Although
coppér'nitrate in acetic anhydride is frequently used35’lluto
nitréte acid-labile sjstems, the application of the reagent to
the cyclazine is severely inconvenienced by the fact that trace
amounts of coppef caused a collapse of the n.m.r. signals
attributable to the oC ring-protons. This phenomenon has been
observedllSWith several other heterocyclic systems and has been
theoretically interpreted in terms of the formation of loose
compleies with the paramagnetic ion.

In order to avoid this complication, tetranitromethane was
~employed as the nitrating reagent. When reaction was carried
out in pyridine as solvenﬁ, the latter also serving to
neutralise liberated trinitromethane, a complex mixture of

variously coloured products was obtained. Although attempts to
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separate these by alumina and silica chromatography were
unsuccessful, a separation was eventually achieved by preparative
t.lec. on silica.-[Fig.BGJ Five major products wefe isolated
and these were characterised on the basis qf their n.m.r. and
mass Spectral properties. The evidence for the structure of
each of the compounds, presented in the order of their elution

on the t.l.c. plates, is considered below.

Fraction 2 ' Yield = 17%

NO2

NO:2

EthC CCbEt

(169)

The mass spectrum indicated a molecular weight of %01,
this value corresponding to the introduction of two nitro-
substituents into the molecule. These were assigned to the 4~
and 7-positions on the basis of the presence of a four-proton,
six-line multiplet in the 228 - 2:757 region of the n.m.r.
spectrum [Fig.37j The multiplicity of this absorption may be
rationalised in terms of the partial superimposition of two |
different AB systems, these arising from the protons at the 5~
- and 6-, and the 8- and 9- positions of the molecule.

!
58 6,9

The AB character of these spebtra is due to the fact that

AB i ! I i | | ll
|

—_—
AE, |,
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the tendency of the 6- and 9-proton resonances to be displaced to

.'“7higher fields than those of the 54 and 8—proton§ by the shielding

influenée'df the eléctron-withdrawing, meta-situated nitro-groups
is offset by the presence of peri-situated electron-withdrawing
groups which exert a deshielding influence. The net result is
that.all four protons possess a similar chemical shift. The
only remaining low-field absorption, a sing}et at 2:03T, was

assigned to the 2-proton.

Fraction 3 | Yield = 5%

(170)

The mass spectrum showed a molecular weight of 401 thus
indicating that the product was a dinitro derivative. The
symmetry of the m&lecule was apparent from its n.m.r. spectrum
[Fig. 38] The low-field region consisted ‘of a one-proton
singlet at 2°027 attributable to the 2-proton, together with
a four-proton quartet (the latter représenting two superimposed
ABﬁéystems) in the region 2°28 - 2:777, attributable to the 4-
and 5-, and 8- and 9-protons.. The assignment of the nitro-
constituents to the 6- and 7- positions of the molecule follows
from the close similarity of the chemical shifts of the |
constituent doublets of the quartet. The only possible
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alternative arrangement, with the nitro-sﬁbstituents in the

4- and 9-positions of the molecule, would be expected to lead

to a much larger difference in the chemical shift of the
doublets since the shielding influence of the nitro-substituents
on the m-protons would then no longer be offset by the long- 4

range deshielding influence of the ester groups. -

Fraction 4 Yield = 18%
NC):2
NC%?
Et0,C" T ot
(171) |

i

The mass;ébeC£rumishowed a molécular weight of LO1, thus
indicatiﬁé-the prodﬁct to Dbe yet another dinitro=deri§ative.

The n.m.r. spectrum [:Fig.3€i] consisted of two one-proton -
Singletsvat 1-397 and 1-84%T, these being assigned, respectively,
to the 5- and 2-protons, together with two partially super-
imposed doublets (each further split by m—coupling) in thé

region 1°85 - 2-007T, and a one-proton triplet at 2:62T, these.

being assigned to the 7- and 9-protons and to the 8-proton,

respectively.
Fraction § _ Yield = 10%
. . hKDQ
EtCEfI CCbEt

(172)
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The mass spectrum indicated a molecular weight of 356,
this value corresponding to the introduction of one
nitro-substituent into the molecule.  The n.m.r Spectrum
[Figu4OJvms qualitatively similar to that of the 6-formyl
compound (166) [See p.llQJ thus establishing the identity of
the product as (172).

Fraction 6 Yield = 9%
Et02C C 02Et
(173)

Although a mass spectrum was not obtained for the product,
its identity as the 4,9-dinitro derivative was obvious from the
n.m.r-spectrum[:Fig.41:].' Apart from a low-field resonance at
1917 attributable to fhe 2-proton, this consistéd of a
four-profon AX spectrum in which the constituent doublets were
centred at 2:437T and 4°087T. These doublets were assigned,
respectively, to the 5- and 8-, and the 6- and 7-protons. The
high chemical shift of the latter is due to the shielding

influence of the nitro-substituents.

The products from the nitration reaction thus include all
four possible dinitro-isomers that can result from substitution
in the K-positions of the molecule, together with one of the two
such possible mononitro-isomers. Although it seems possible ‘

that the second mononitro-isomer was the forerunner pink-fraction
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on the chromatogram, this was. not confirmed since the product,
in common with several other minor fractions,was present in
insufficient yield for characterisation.

Perhaps the most interesting feature of the nitration
reaction was the formation of the W4,6-dinitro-derivative as the
major characterisable product. This pattern of substitution
"1s in direct contrast to that normal for polycyclic aromatic
- systems where the introduction of an electron-withdrawing |
substituent into one of the constituent rings tends to inhibit
further substitution in that ring. The formation of the
L,6-dinitro isomer as the major product of reaction is, however,
expected.since the introduction of.the first nitro-group into
either the 4- or 6-position of the molecule will lead, as has |,
been demonstrated from n.m.r. evidence, to an increase in the'
electron-density at the meta-carbon centre thus rendering it

readily susceptible to further attack by the reagent.

o, H CbN H Ncb
Nl NE Yo H®
N® : 2, | ® -
NO,, 2N NO, T 7 NO,
~ U
EtO.C CO Et EtO.C CO.Et COLE%

Since a slight excess of the nitrating reagent was used in the
reaction this latter consideration probably accounts for the low

incidence of mononitro-product.

- SUMMARY

Cycl[3.3.3]azine has been synthesised and shown by n.m.r.

.evidence to be polyolefiniec in character. The chemical shift of
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the proton resonances are the highest observed to date for any
peripheral-conjugated system. Although stable to heat,
cycl[3,3;§]azine undergoes complete decomposition within a few

minutes on exposure to air. o-orientated electron-withdrawing

'”stubstituents exert a stabilising influence on the ring-system

and, rather remarkably, cause an incréase in the electron-density
at the second o-position of the ring bearing the substituent.
Chemical confirmatory evidence for the polyolefinic character
of the system has been obtained from cyclo-addition reactions
éonducted on the 1,3-diethoxycarbonyl derivatiye. Substitution
reactions are also possible and are regardedbas the reactions of

an enamine rather than eviﬂence of aromaticity.
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SYNTHESIS OF CYCL[3.3.2]AZIN-1-ONE AND SOME SIMPLE

DERIVATIVES OF THE CYCL[3.3.2] AZINIUM SYSTEM

When heated under reflux with nitrobenzene for 1 hour,
h—(diethoxycarbonylmethylene)quinolizine was converted into two
products which were isolated; after chromatography on alumina,
as a yellow solid (81%) and a red solid (9%).

Although the first of these products, the yellow solid,
appeared physically similar to the starting material, it differed
markedly from fhe latter in its chemical and spectral properties.
Thus, while the starting material dissolved in aqueous acids to
yield colourless solutions, the product. under similar conditions
yielded solutions which were intensely yellow in colour.
Furthermore, the product, as opposed to the starting material, !
dissolved readily in water to yield, as in acidic media, yellow
solutions.

The u.v. spectra of the product in both neutral and acidic
ethaﬁol [Figsnig]were quite different from those of the starting
material and no well-defined resemblance was evident to any
previously synthesised systgm containing a methylenequinolizine
nucleus. The mass spectruﬁ indicated an M/e value of 241 for
the pérent molecular ion, this value suggesting that the product
had been derived from the precursor compound by the loss of one
molecule of ethanol. The n.m.r. spectrum supported thié
inference, since the only significant difference from that of
the precursor‘compound was that the absorptions attributable to

one of the ethoxyl groups and the oG-pyridyl proton in the
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latter were now absent.

The only structure which is fully consistent with the

foregoing spectral evidence is. (174%).

N> Z
~ N < > QY
o J—
o COEt o) CO,Et
(a) (174) (b)

The system is best regarded as a resonance hybrid to which the
dipolar cyclazinium structure (174a) makes a very large .
contribution. This view is supported by the fact that the i.r.
absorption band attributable to the l-keto group occurs at a
comparatively low frequency (1610 cm:l), thus indicating that '
the group is considerably polarised. The réady solubility in
water is further consistent with the view that the molecule
exists in a highly polarised ground state. Although the system
"almost certainly protonates at the carbonyl-oxygen atom this was
not directly apparent from the n.m.r. spectrum measured in
trifluoroacetic acid, because the hydroxylic proton resonance
was not, as expected, obsér#able. (The proton undergoes rapid
exchange with the solvent so that its resonance signal merges
with that of the carboxyl protons). However, since the spectrum
in trifluoroacetic: acid was similar to that measured in
deuterochloroform the possibility that the molecule protonates at
any alternative site can be discounted.

- Although the spectral evidence leaves the structure of the

product unambiguous, the experimental elemental‘analysis figureé
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were in rather poor agreement with those required for structure
(174).  However, a much closer concordancy was obtained by
assuming that the product exists as: a monohydrate. This indeed,
appears quite probable considering that the product is strongly
basic in character.

Although the‘mode of formation of the product presumably
involves an intramolecular cyclisation reaction with the
elimination of ethanol, the mechanistic sequence by which this
pfocess-usually occurs (involving electrophilic attack by
carbonyl-carbon) cannot be readily accommodated within the 7
electronic framework of the quinolizine. This difficulty arises
because the most acceptable reaction scheme involves the non-
participation of the lone-pair of electrons on the nitrogen atom,
a condition which is contrary to the normal brerequisite for
electrophilic attack in the quinolizine series. Notwithstanding
this factor, it appears the the o(-pyridyl carbon atom is
sufficiently nucleophilic to enter into bond-formation with the
carbonyl~-carbon of the spatially-adjacent ester group.

The second product from the reaction, a red solid, was even
more strongly basic in character than the first product. Thus
it dissolved readily in water to yield intensely yellow solutions
from which the free-base could not be readily recovered by
-extraction into organic solvents. Its u.v. spectra in neutral
and acidic ethanol was similar [Figs.42 and 43]1:0 the
corresponding spectra of the first product thus indicating that

the system contained a cycl[§.3.é]azin-l-one nucleus.
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The i.r. spectrum differed significantly from that of the
first product in two main respects: a) the carbonyl absorption
attributable to the ester group was no longer present and
b) a new absorption appeared at 2800 - 3500 cm:'l (thus indicating
the presence of a hydroxyl group). Since considerable diffi-
culty had been experienced in purifying the product by
recrystallisation (samples melted over a wide temperature-range
despite the apparent purity of the original fraction on alumina),
tﬁe evidence strongly suggested that the product was in fact a
mixture of the parent cycl[3.3.é1azin-l-one (175) and a
hydroxycyclazinium salt (176), the latter being derived by
protonation of the free-base, presumably by water, at the

carbonyl-oxygen atom. |

(175) (176)

These conclusions are consistent with the n.m.r. spectrum
of the product measured in both deuterochloroform and
trifluoroacetic acid. The former spectrum consisted of a
six-proton multiplet in the region 1l<41 - 2°60T which was
-assigned to the protons of the two six-membered rings, together
with two singlets at 3987 and 6+477T which were assigned to,
respectively, the five-membered ring-proton and the hydroxyl’
proton. [&he spectium represents an averagé of the individual

spectra of structures (175) and (176), these being weighted in
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proportion to the relative amount of either product]. The
spectrum in trifluoroacetic acid was qualitatively similar to
that in deuterochloroform (six-proton multiplet at 0.80 - 1-48T;
one-proton singlet at 2°60T) except that the resonance signal
attributable to the hydroxyl proton was, as expected, no longer
present.. ‘

Conclusive evidence for the assigned structure (175) was
obtained by establishing‘thé relationship of the product to the
2-ethoxycarbonyl derivative (174). Reflux of the latter with
dilute hydrochloric acid followed by evaporation of the solution
yielded a pale yellow solid which was identified from its
spectral properties [é.m.r. as (175) in T.F;Atlas
1-hydroxycycl[3.3.2]azinium chloride (177) \
| c1® |

(177)
Treatment of an aqueous solution of (177) with base followed by

exhaustive extraction with chloroform yielded a red solid which
possessed spectral properties qualitatively identical to those
of the second product from the pyrolysis reaction. (Slight
quantitative differences which were apparent were obviously due
to a difference in the proportion of cyclazinium ion contaminent
in the respective samples). However, while the identity of the
product as (175) is apparent, its mode of formation from the
pyrolysis reaction, although presumably involving’the loss of the

ester group from (174), has not been established.
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The 1-hydroxycyc1[3.3.2]azinium salt (177) is the first
known derivative of the fully-unsaturated cycl[3.3.é]azinium~
systen. A further defivative of this system,
l-ethoxycycl[3.3.é]azinium perchlorate (178), was prepared by
treating cyc1[3.3.é]azin-l-one (175) with triethyloxonium
fluoroborate followed by perchloric acid.

©
Cio
2 i 4

49
EtO
(178) '

Both of these compounds were obtained as stable, yellow,
crystalline solids. Unfortunately, it was not found possible %n
the time évailable to invesfigate the chemical and physical
properties of these compounds. However,; in conclusion, it is
worthy of mention thét an attempt to hydrogenate the former salt
(177) over a metal catalyst was completely without effect.‘

This behaviour’is in contrast to that of the quinolizinium ion
which is readily reduced53under such conditions and suggests
that the.cyclazinium ion is.not to be regarded as simply a
vinylogue of the latter but rather as a fundamentally different

system, the T7 1,2-bonding electrons of which are intimately

involved in determining its physical and chemical properties.
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GENERAL NOTES

1) Melting points were recorded on a Kofler hot-stage

apparatus and, with the exception of the dialkyl
‘quinoliéin-#-ylidénemalonate compounds, are corrected.
Boiling points are uncorrected.

.12) Microanalyses were determined by Weiler and Strauss Ltd.,
Oxford, by Andrew H. Baird Ltd., Edinburgh and by Alfred
Bernhardt, Elbach uber Engelskirchen, West Germany.

3) Infra-red spectra were recorded on a Unicam SP 200
Spectrophotometer. Unless otherwise stated nujol pastes
were used. |

L) Ultra-violet and visible spectra were reéorded on a
Unicam SP 200 Specfrophotometer. The abbreviations 's! and
'1* refer to shoulders and inflections, respectively, on the.
curves.

5) Nuclear magnetic resonance -spectra were recorded on a
Perkin Elmer R10 (60 mc./sec.) spectrometer using
tetramethylsilane as internal standard. Unless otherwise
statéd, deuterochloroform was used as solvent. The spectra
of compounds (135) and (140) were also recorded on a Varian
-Associates HA.100 spectrometer (100 mc./sec.).

6)  Mass spectra were recorded on an A.E.I. M.5.902
double-focussing mass spectrometer.

7) Alumina for chromatography was Spence grade ‘'H' and,
unless otherwise stated, Qas deactivated by shaking, for lé hours,

with 10% aqueous acetic acid.
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8) Thin layer plates for non-preparative chromatography

were prepared using Keiselgel G (Merck) or Spence grade H

alumina (deactivated).

9) Solutions were dried over anhydrous magnesium sulphate.
10) - Light petroleum refers to the fraction boiling between
60 - 80°cC.
ll). Nitrobenzene was dried over Linde molecular sieve

(Type 4A).
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ATTEMPTS _TO EFFECT SELECTIVE FISSION OF THE

1,2-EOND OF CYCLOPENTA[ c,d]CYCL[3.3.3] AZINES

1. Reaction of 2.9—dimethylcvclopenta[c,dlqycl[§.2t31azinell3

with potassium permanganate / sodium periodate reagent.9l.

The cyclazine (0*42 g.) was dissolved in purified116 dioxane
(15 m1.) and treated with a solution of potassium permanganate
(0-10 g.), sodium periodate (1:71 g.) and potassium carbonate
(0°42 g.) in water (5 ml.); The reaction mixture was shaken
24 hours at room temperature then filtered to yield a colourless
solution together with a dark amorphous intractible solid. No ,
unreacted cyclazine was recovefedf

i

2. i Reaction of 2,9—dinhenyl-4-ethoxycarbonleYCIODenta[é,d]
113

cxcl[3.3.j]azine with ozone

A solution of the cyclazine (0.5g. ) in dichloromethane (50ml.)
was cooled in an 1ce-acetone bath and treated, with rapid stirring
under a nitrogen atmosphere, with a cold (—78°C), saturated

117 of ozone (O'OOBOSM) in dichloromethane (180m1.).

solution
After gradual warming to —30°C.. over a period of 30 minutes, the
reaction mixture was shaken with a solution of sodium iodide

(0+6g.) in methanol (10ml.) / acetic acid (2ml.). After further

warming to room temperature the mixture was shaken with a solution

of sodium thiosulphate to remove any liberated iodine. Finally,
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after neutralisation with sodium bicarbonate the mixture was
filtered to yield dark amorphous decomposition product. The

filtrate contained only unreacted cyclazine.

ATTEMPTS TO EXPAND THE FIVE-MEMBERED RING OF CYCLOPENTA[c.d]
cycL[3.3.3 | AZINES . ‘

1. Reaction of 2.9-dimethylcyclopen§§Lc.d]cyclr§.%.i]azinell3

with monochlorocarbene.
The cyclazine (0.4g.) in dichloromethane (15ml.) was

treated,'over a period of 2_hours, with a solution of methyl-

lithiumlls,(O.IZg.) in ‘ether (25ml.). The addition was carried
'v:out under'a df&rnitrogen atmosphere at 25 - 3090., with vigorous
stirring{»v Filtration'of the reaction mixture, howevér, vielded

i

only decomposition product together with unreacted cyclazine.

2. ¢ Reaction of 2,9-dimethylcyclopenta[b,dlcyclr§.3.§]azine113
119 : ‘

with ethyl diazoacetate

a) - A solution of the cyclazine (1.0g.) in diethyleneglycol
dimethyl ethef (10ml.), stirred at 140°C., was treated dropwise
over a period of 3 hours with a solution of ethyl diazoacetate
(0.15g.) in the same solvent (10ml.). The reaction mixture was
then diluted with acetone, cooled and filtered. A‘yield of
decomposition product was‘obtained together with unreacted
cyclazine.

A modification of the aboye'procedure involving addition of
a solution of the'diazo-ester.in ether to the molten c&claéine

at 145°C., gave a similar result.
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b) A solution of the cyclazine (0.3g.) and ethyl diazoacetate
(0.045g.) in tetrahydrofuran (30ml.) was irradiated by a
mercury-vapour lamp for a period of 2% hours. However,
chromatography of the evaporated solution returned the cyclazine

unchanged.

PREPARATION OF QUINOLIZIN-4-ONE, QUINOLIZINE-L4-THIONE

. 4-CHLOROQUINOLIZINIUM PERCHLORATE AND H—METHYLMERCAPTO—

QUINOLIZINIUM IODIDE

Diethylethoxymethylenemalonate

A Organic Syntheses 28, 60
Quinolizin-%-one " _ ' |

Prepared py hydrolysis- of the.products of the reaction of
.'methyl~2rpjridyiaéétate-and diethylethoxymethylenemalonate.

Since a modification of the literature methods99’lon was used,
the experimental procedure will be described in detail.

Sodium (9g.) was dissolved in ethanol (220ml.) and methyl
2-pyridylacetate (45g.) was added. The solution was then treated
with diethyl ethoxymethylenemalonate (75g.) in ethanol (220ml.)
and the mixture was allowed to stand 2% hours at room temperature
in a stoppered vessel. The resultant purple semi-crystalline
mass, which consisted of a ' mixture of l-methoxycarbonyl-3-
ethoxycarbonylquinolizip-#—one and the sodium salt .of the
corresponding l-carboxy compound, was treated with water (500m1.),

and the cooled (lOOC.), rapidly. stirred, viscous solution was
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neutralised by the dropwise addition of concentrated hydrochloric
acid. The mixture of ester and carboxylic acid was filtered
off énd washed with ice-cold ethanol ( 60 ml.), and dried under
feduced pressure in a vacuum desiccator to give 70g. of a pale-
yellow solid.. The mixed product was boiled under reflux with
concentrated hydrochloric acid.(lOOO ml.) for 1 hour, after which
time the solution was transferred to a 5 litre beaker, cooled to
0°C. in an ice-salt bath and néutralised by the addition of
powdered potassium carbonate. The resultant pale-yellow solution
was filtered to remove precipitated salts and decomposition
product, and then exhaustively.extracted with chloroform
(200 ml. portions) until the organic layer was no ionger coloured.
The combined extracts were drieg‘and evaporated’to yield pale
yellow needles of highly hygroscopic quinolizin-%-one. The

product was purified by distillation under reduced pressure.
Yield = 27g. (60%) b.p. = 180°C. / 0+02mm.

Ruinolizine-4+-thione

Prepared according to the methodl02 of Van Allen and

Reynolds.

4-Chloroquinolizinium percnlorate

Prepared from quinolizin-lYt-one according to the method102
of Van Allen and Reynolds

L4L-Methylmercaptogquinolizinium iodide

Prepared from quinolizine-l+-thione by the methodgu of
Boekleheide and Gall. . .
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ATTEMPTED SYNTHESIS OF METHYLENEQUINOLIZINES

1. Attempted reaction of quinolizine-4%-thione
120

with phenyldiazomethane

a) The thione (0.27g.) was dissolved in light-petroleum
(100/120°C.), copper bronze (0-48g.) and phenyldiazomethane
(0+42g.) were added, and the solution was heated under reflux for
30'minutes. The reaction mixture was then filtered whilst hot,
and the filtrate was concentrated and chromatographed on alumina
to yield unchanged thione.

Similar experiments with longer reaction times were edually

unsuccessful.

b) The thione (0.2g.) was fused with copper-bronze (0-02g.)
at a temperature of lhOOC., and maintained constant at this
temperature while phenyldiazomethane (0.17g.) was added dropwise,
under a nitrogen atmosphere, over a period of 1 hour. The
temperature was then increased to 200°C., over a 5 hour period.
When cool,the reaction mixture was chromatographed on alumina to

yield unchanged thione.

2. Attempted reaction of 4-chloroguinolizinium

perchlorate with benzylidenetripnenylphosphorane
a) 4Benzyltriphenylphosphonium chloride121 (0*74g.) in
ethanol (5 ml.) was treated, under a dry, oxygen-free, nitrogen
atmosphere, with a solution of sodium ethoxide (0:18g.) in
ethanol (3ml.). The resultant mixture turned a deep-yellow
“indicating formation of the phosphorane. The quinolizinium salt

(0+5g.) in ethanol (5ml.) was then added and the reaction mixture
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was refluxed for 2 houré. The residue obtained on evaporation
of solvent was recrystallised from ethanol to yield colourless
needies which were identified, by comparison with an authentic
sample, as 4-ethoxyquinolizinium perchlorate.

Yield = 3.6g. (70%)
b) Benzyltriphenylphosphonium chloridel?d (0.6g.), in
dimethylformamide (Sml.),'was shaken at room temperature over a
period of 1 hour with a solution of methyl—lithiuml;8 (0.037g.)
in ether (2ml.). The quinolizinium salt (0.4lg.) in
dimethylformamide (5ml.) was then added to the yellow phosphorane
and the solution was refluxed 2 hours under a dry, oxygen-free,
nitrogen atmosphere. The reaction mixture progressively
darkened during this period, eventually becoming brown-black in
colour. Evaporation of solvent yielded an intractable amorphous

residue.

3. Attempted reaction of Y-chlorogquinolizinium

perchlorate with ethvl magnesium malonate

Ethyl hydrogen malonatel 22 (0.51g.) was added to a
solution of magnesium turnings (0.19¢.) in dry ethanol (5ml.) and
the mixture was shaken for 1 hour at room-temperature. The
solvent was then removed under reduced pressure and the residue
of magnesium chelate was taken up in benzene (10ml.) and
re-evaporated. The product was then dissolved in the minimum
amount of tetrahydrofuran and the solution was cooled‘to OOC., and

treated with a solution of the quinolizinium salt (1lg.) in
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dimethylformamide (5ml.). However, no reaction was apparent.
Subsequent reflux periods of up to 24 hours returned the

quinolizinium salt unchanged.

4, Attempted reaction of 4-methylmercaptoguinolizinium

iodide94 with ethyl phenvlacetate

A suspension of the quinolizinium salt (0.5g) in ethanol
(10 ml.) was treated with ethyl phenylacetate (0.27 g.) and
triethylamine (0.4 g.) and the reaction mixture was heated under
reflux for 5 hours. Methanethiol, detectable by its odour, was
steadily evolved during this period. Unreacted quinolizinium
salt (0.29g.) was filtered off, and the residual solution was
evaporated to yield a pale-yellow oil. The latter was taken up
in ether and a sample of the solution was subjected to thin layer
chromatography on silica. A minor, pale-yellow forerunner band
was evident followed by a similar faintly coloured major band,
these showing rates of elution identical-with thése of authentic
samples of quinolizine;H—thione and quinolizin-Y-one, respectively.
| Since the same products were obtained from related reactions
involving h—methylmercapthuinolizinium iodide and were
rigorously identified in one such instance, no attempt was made

.to effect their isolation from the present reaction.

5. Attempted reaction of Y-chlorocuinolizinium

‘perchlorate with ethyl Dhen&lacetate

a) The quinolizinium salt (0.5g.) was added to a solution

- . of ethyl phenylacetate (0.32g.) and triethylamine (0.4g.) in

‘ethanol (ldml.) and the reaction mixture was refluxed for % hours.

The salt was returned ‘unchanged.
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b) The preceding reaction was repeated using sodium
ethoxide.(0-26g.) in place of triethylamine as base. The initial,
slightly red, solution gradually turned light-green as reflux
continued. After 1 hour, the solvent was evaporated and the
residue was recrystallised, after a hot filtration, from ethanol.
Greenish-tinged needles were collected and identified,by
comparison with an authentic specimen, as t-ethoxyquinolizinium

perchlorate.

6. Reaction of 4—methjlmercaptoquinolizinium

iodide with diethyl malonate -

a) h—hethylmercaptoquinoliZinium iodide (0-46 g.) was
suspended in'ethanol (3 ml.) and boiled under reflux fdr 5'hours
with diethyl malonate (0-35g.) and triethylamine (3 drops). |
During this period a sfrong,odour of methanethiol was evident.
The solution was then evaporated and the vyellow residue was taken
up in the minimum of chloroform and chromatographed on a column
of alumina using ether as eluent. The first yellow fraction,
which was found by t.l.c. on silica to-consist of a mixture of
two' components, was rechromatographed on a column of silica
(Hopkins and Williams, M.F.C.) using benzene / ether (1/1) as
eluent. The first, major component, which was obtained as a
hygroscopic yellow solid, was identified, by comparison (i.r.
spectrum; i.r. and u.v. spectra of the derived hydrochloride
salt) with an authentic sample,as quinolizin-%-one. The second,
minor, component which was obtained as a stable vellow solid was

identified (i.r., m.p.) as quinolizine-Y%-thione.
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Elution of the original alumina column with chloroform
Yielded a minute amount of a yellow product. Although present
in insufficient yield for independent characterisatioﬁ, it was
later identified, by comparison (i.r., m.p.) with an authentic

sample, as h-(diethoxycarbonylmethylene)quinolizine.

b) The reéction was repeated using acetonitrile (6 ml.),
in place of ethanoi, as solvent. The quinolizinium salt went
into solution readily on warming and the homogeneous reaction
mixture was refluxed for 6 hours. Thin layer chromatography of
a Sample of the product revealed the presence of a large
proportion of quinolizine-4-thione togéther‘with a small amount
of quinolizin-Y-one. Only a trace of the required product was

evident.

c) The reaction was repeated using potassium L—butoxidelzs

(027 g.) as base, in t-butanol (10 ml.) as solvent. Work-up of
the reaction mixture after 16 hours at SOOC., yielded a
distribution of products similar to that obtained from the

preceding reaction.

SYNTHESIS OF METHYLENEQUINQOLIZINES

Reaction of 4-chloroguinolizinium perchlorate

with diethyl malonate

The malonate (12-1 g.) [dried over a molecular sievq]was
added to tetrahydrofuran (150 ml.) [freshly distilled over sodium-
hydride:] contained in a 500 ml., three-necked flask equipped

with a magnetic-stirrer, a nitrogen inlet and a condenser and
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calcium chloride drying-tube. Powdered sodium hydride (1-82 g.)
was then added to the rapidly stirred solution in small quantities
such that the evolution of hydrogen did not become too vigorous.
When addition was complete, the clear solution was maintained at
50°C., for 1 hour to ensure complete conversion to the sodium
salt. The flask.was then surrounded by an ice-bath and the
quinolizinium salt (10 g;) was added in approximately 1 g.
portions such that the temperature of the reaction mixture did
not exceed 20°C. When addition was complete and the initial
‘exothermic reaction had subsided, the ice-bath was removed and

" the yellow suspension was stirred for 24 hours at ~30°C. The
tetrahydrofuran was then removed on a rotary evaporator and the
viscous yellow residue was shakenlwith chloroform (100 ml.) and;
‘then filtered to remove insoluble salts. The salts were
thoroughly washed with chloroform and recrystallised from the
minimum amount of boiling water to yield unreacted 4-chloro-
quinolizinium perchlorate (1.0 g.). The combined filtrate was
concentrated and.loaded onto a column (15" x 12") of alumina
which had been made up in benzene. After elution of excess
malonate with benzene, the methylene-base was eluted as a single
yellow band with chloroform. Evaporation of the eluate yielded

a pale solid which crystallised from ethanol as yellow needles.

' Yield

8+5 g. (78% ; or 88% based on unrecovered perchlorate)
m.p. = 179 - 180°cC.
ADiethquuinolizin—k—ylidenemalonéte

Cl6H17N0# requires: C = 66°89% ; H

5:96% ; N = 4.88%
6-24% ;3 N = 4+88%

found: C = 6684% ; H
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I.R. ¥ (c=0) = 1700 cm. L
U.V. EtOH : 211(4-54), 250 (%°39), 310 (3-89), 422 (3°73)
EtOH / HCth(O-S%) 2 213 (-b4h), 236(%-3%), 290(3+53), 316(3.97)
322s (3+95), 330 (4-17).

Isobutene

ﬁ—butanol (1000 ml.) , contained in‘a 2 litre flask equipped
with a condenser, was treated with concentrated sulphuric acid
(30 ml.). A few boiling chips were then added and the solqtion
was heated to 90 - 100°C. on a water-bath. The liberated
isﬁbutene was passed througp a calcium chloride drying-tube to
remove traces of water and t-butanol and then condensed in a dry-—

ice/acetone cooled (-78°C.) trap. The required amount of

isobutene was collected.

Methyl t-butyl malonate

The product was prepared by the procedure describediZ? for

-ethyl t-butyl malonate except that dimethyl malonate and methanol

were used in place of diethyl malonate and ethanol

Yield = 54% b.p. = 7%°C / 3 mm.

Reaction of Y-chloroquinolizinium perchlorate with

methyl t-butyl malonate

The experimental procedure was exactly analogous to that of

the corresponding reaction with diethyl malonate (p.135).
However, as opposed to the latter, the sodium salt of methyl
t-butyl malonate was only sparingly soluble in tetrahydrofuran

a
and separated out as/thick white suspension.
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Reagents
Methyl t-butyl malonate . 13-2 g.
Sodium hydride 1-82 g.
4-Chloroquinolizinium perchlorate 10°0 g.
Tetrahydréfuran 150 ml.

The product was obtained as yellow prisms after recrystallisation
from methanol

* »*
Yield = 84 g.(74%; 87% ) Recovered perchlorate = 1-5g.

mcpl = 192 - 193000
Methyl t-butyl quinolizin-Y-ylidenemalonate

MOy requires: C=67-76%; H=6-36%; Nelt-66%

found : C=67+29%; H=6-28%; N= 4%.77%
I.R. Y (C =0) = 1695 cmot
U.V. | EtoH: 212(4-5D, 227(4.36), 250(+.38), 310(3.90),429(3.79).
| © EtOH/HCL0), (0.5%): 213(4.4%), 236(4.34), 290(3.67)
| 318(3.99),,331(4.15).

Cl7H19

Ethyl t-butyl malonate

Organic Snytheses 37, 34

Reaction of Y-chloroguinolizinium perchlorate with
ethyl t-butyl malonate. u | |

The exberimental procedure wés'exactly analogous to that
described for the correéponding reaction with diéthyl malonate
(p.135 ). The sodium‘salt of ethyl t-butyl malonate was

entirely soluble in tetrahydrofuran.
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Reagents
Ethyl t-butyl malonate' 14.3 g.
Sodium hydride ) 1.82 g.
4-Chloroquinolizinium perchlorate 10.0 g.
Tetrahydrofuran | 150 ml..

The product was obtained as yellow prisms after recrystallisation
from methanol.

®*

' =
9.2 g.(77%; 86% )  Recovered perchlorate = 1.0g.
187 - 188°C. |

Yield

M.Pe |
Ethyl t-butyl quinolizin~4eylideﬁemalonate

6.71%; N = 4.449
6.95%; N = 4.70%

“"018H21ng:.requifés; C = 68.55%; H
68.46%; H
I.R. Y (c=0) =169 emit ,
U.V. EtOH: 212(4.48), 2305(4+.27), 251(4.28), 312(3.72),428(3.66)
| EtOH/HC10), (0.5%): 212(4.41), 237 (+.%1), 237(%.29), 291(3.53),
317(3.93), 330(%.11).

found : C

Rl
i
"

Di-t-butyl malonate .

Organic Syntheses 34, 26

Reaction of H-Chloroquinolizinium perchlorate with

di-t-butyl malonate.

The procedure adopted involved a slight modification of the
corresponding reaction with diethyl malonate (p.135). The sodium
salt of di-t- butyl malonate was soluble in tetrahydrofuran.
Reagents

Di~-t-butyl malonate 16.4 g.
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Sodium Hydride - - 1.82 g.
' h-Chlofoqﬁinolizinium perchlorate 10.0 g.
Tetrahydrofuran 150 ml.

After reaction for 24% hours at 30°C., and evaporation of
solvent, the residue was shaken repeatedly with water and
chloroform until dissolution of the methylene-base and unreacted
4-chloroquinolizinium perchlorate was complete. The combined
aqueous layers were shaken once with chloroform and the combined
organic extracts were concentrated, and then trituratgd with
ether to remove unreacted malonate. The precipitated solid was
recrystallised from methanol to yield orange-yellow prisms.

The residue obtained by evaporation of the aqueous layer was

recrystallised from water to give unreacted Y4-chloroquinolizinium

perchlorate.
‘ , % *
Yield = 11.2g. (86%; 92% ) Recovered perchlorate = 0.6g.
m.p. = 209°C. (decomposes)

Di-t-butyl quinolizin-Y-ylidenemalonate

C20 ZSNOH requires: C = 69.95%; H = 7.34%; N = 4.084.
found ': C = 69.79%; H = 7.26%; N = 4,247
I.R. P (C= = 1695 em:1

U.V. EtoH; 209(4.48), 225i(%+.29), 253(%.31), 312(3.87),43%(3.80)
EtQH/HC10y (1%) : 210(4+.%0), 235(4.29), 290(3.59),318(%.00)
331(%.17).

Reaction of 4-chloroguinolizinium perchlorate with

methyl cyanoacetate.

The experimental procedure was exactly analogous to that
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described for the corresponding reaction with di-t-butyl malonate

(p.139)

Reagents
Methyl cyanoacetate 3.0 g.
Sodium hydride ' 0.73g.
k~Chloroquinolizinium perchlorate 4.0g.
Tetrahydrofuran 60 ml.

The product was obtained as yellow needles after recrystallisation

from ethanol.

P

.
Yield = 3.9g.(85% ; 895% ) Recovered perchlorate = 0.2g.

m.p. = 198 - 199°C.
Methyl quinolizin-4—ylidenecyanoacetate.
69.02%; H = 4.46%; N
68.64%; H = 4+.61%; N
I.R. Y (C=0) =1630 em’d;  (C=N)' = 2130 emT

U.V. EtoH: 213(4.%45), 223(4.40), 297(3+96), L437(4.06)

12.38%.

Cl3H10N202 requires : C

found : C

12.36%.
1

EtOH/HCLOy, (3.5%) = 214 (%.40), 234%(%.30), 293(3.59)
315(3.75), 329(4.03), 435(3.19).

6- Methylquinolizin-%-one

- The product was prepared according to the method9u of
Boekelheide and Gall. Purification was achieved by diétillatioh
under reduced pressure.

b.p. = 165°C./0.03 mm.

6-Methyl-t-chloroquinolizinium perchlorate

The quinolizinone (8.7g.) was dissolved in phosphoryl

chloride (16 ml.) and heated for 30 minutes on a steam bath
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( 100°C.). The solid which was deposited on cooling was
filtered off using a sintered glass funnel and then dissolved in
water and treated with perchloric acid. The prebiégted product
was recrystallised from water to yield white needles

Yield = 8.2g. (54%)

m.p. = 316°C. (decomposes)
43.19%; H = 3.26%; N = 5.04%; Cl=25.51%
43.17%; H
U.V. EtoH : 222(%.29), 249(%.29), 307(3.61), 340s7(3.96), 35%(4.15)

C

lOH9NC120,+ requires : C

it
I

found : C 4.30%; N=5.21%; Cl= 25.80%

Reaction of 6-methyl—#-chloroquinolizinium perchlorate

with diethyl malonate .

Diethyl malonate (2.3g.), in tetrahydrofuran (40 ml.), was
converted into its .sodium salt by the addition of sodium hydride
(0.35g.) according to the procedure described on p.135 . When
treated with the perchlorate (2.0g.) the solution immediately
turned yellow indicating formation of the quinolizine. However;
as reaction proceeded the solution gradually darkened suggesting
that the product was decomposing. After 2% hours at room
temperature the solvent was evaporated and the dark brown residue
was taken up in chloroform and filtered to remove insoluble salts
together with amorphous decomposition product. The concentrated
filtrate was then applied to a column of alumina and eluted,
first with benzene to remove residual diethyl malonate, and then
with chloroform to remove the quinolizine. The latter separated
out as a single yellow band leaving a residue of dark tar-like

material at the head of the column. The product, however, was
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unstable in solution, the initial clear-yellow eluate gradually
darkening on standing. At elevated temperatures, decomposition
occurred much more rapidly, a dark intractable residue being
deposited. In order to minimise decomposition, the solvent was

" evaporated under reduced pressﬁre at~20 - éSOC., and the

residual pale-yellow solid was recrystallised from tetrahydrofuran/
light-petroleum by cooling a saturated solution in a dry-ice /

acetone bath at v ;ZOOC.

Yield = 1.28g. (56%).

114-115°C. (Kofler block preheated to 112°C.)

 m.p.

Diethyl é-methylquinolizin-k-ylidenemalonate

Cl7H19NOh requires: C = 67.76%; H =.6.36%; N = 4.65%
| found : C = 64.70%; H = 6.48%; N = L.727 ,
I.R. 1) (¢=0) = 1680 cmt _
U.V. EtOH : 214(4.%2), 238(%.29), 257i(k.24), 316(3.93),
455(3.96).

EtOH /H0104(0.5%): 218(%+.32), 2#7(%.30),303(3.65),346(4.06).

Reaction of 6-methyl-4-chloroguinolizinium perchlorate

with methyl cyanocacetate

Methyl cyanoacetate (Ol93g.) in tetrahydrofuran (20 ml.) was
converted into its sodium salt by the addition of sodium hydride
(0.23g.) according to the procedure described on p.135 . The
perchlorate (1.3g.) was then added and the reaction mixture was
stirred for 24 hours at room-temperature. The yellow residue
obtained by evaporation of tetrahydrofuran was shaken thoroughly

with chloroform (50 ml.) and water (25 ml.), and the organic
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layer was dried and concentrated and loaded onto a column of
alumina. After initial elution with benzene to remove unreacted
cyanoacetate, the quinolizine was removed as a single orange-
yellow band with chloroform. Evaporation of solvent yielded an

orange solid which recrystallised from benzene / light-petroleum

as orange plates.

Yield

0.85 g. (75%)
197 - 198°c.

mopo

Methyl 6—methquuinolizin—4—y1idenecyanoacetate

Cln1oN20  requires : ¢ = 69.99%; H = 5.03%; § = 11.669%
4.83%; N = 11.72%

N) = 2180 cmit

| found = : C = 69.78%; H
I.R. VY (c=0) = 1660 enll ; (C
U.V. EtOH : 217(4.52), 225s(4+.49), 306 (4.22), 457(%.27)

EtOH /H0104(28%): 220 (4.41), 245(4.%0), 305(3.75),

335s (4.06), 343(%.16)

Attempted alkaline hydrolysis of diethyl

quinolizin-4-ylidenemalonate

The quinolizine (O.3g.) in ethanol (3 ml.) ‘was treated with’
a solution of potassium hydroxide (0.06 g.) in ethanol (2ml.)
and the mixture was allowed to stand 24 hours at room-temperature.
The solvent was then evaporated and the residue was shaken with
chloroform and water. The dried organic layer was evaporated to

vyield unchanged quinolizine.

"Acidic hydrolysis of diethyl guinolizin-4-ylidenemalonate

The quinolizine (1.0 g.) was dissolved in 2N hydrochloric
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acid (20 ml.) and the solution was heated under reflux for 1 hour.
Evaporation of the solvent yielded a white residue which was
recrystallised from methanol /.ether.

0.63g. (81%)

168°C. (effervesces)

Yield

m.p.
An identical product was obtained when the hydrolysis was

effected with either 6N or 12N hydrochloric acid.

4-(Carboxymethyl)quinolizinium .chloride

011H1001N°6 requires: C = 45.92%; H = 3.50%; N = 4.87%
found : C = 45.92%; H = 3.80%; N = 4.83%
1.R. Y (C=0) = 1705 em>t; (0H) = 2400-3200 cmo>

U.V. EtOH : 213(%+.43), 234%(%.35), 289(3.63), 306i(3.72)
318(4.08), 325(4+.07), 332(4+.28). !

Decarboxylation of 4-carboxymethvlquinolizinium chloride.

The quinolizinium salt (0.57g.) was placed in a 6" x 1" test-
tube and the tube was heated, slowly, to ZOOOC., on an oil-bath.
A vigorous effervescence of gas occurred in the 165-17S°C.,
temperature range. The tube was then cooled and the white
residue was taken up in ethanol and a few drops of perchloric.
acid were added. Treatment of the soluti;n with ether precipitated
a white solid which was identified, by compafison(m.p., i.r.
spectrum) with an authentic sample, as 4-methylquinolizinium
perchlorate.

Yield = 0.%8g. (94%)

Ethyl quinolizin-4-yvlideneacetate

Ethyl t-butyl quinolizin-k-ylidenemalonate (5.0g.) was added
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to sodium-dried benzene (200ml.) contained in a 500 ml.

R.B. flask equipped with a stirrer, gas inlet-tube and calcium
chloride drying-tube. Anhydrous hydrogen chloride was then
passed into the rapidly-stirred suspension (Note 1) over a
period of 30 minutes. During this time the quinolizine
gradually went into solution and was converted into its
colourless hydrochloride salt. The latter separated out as a
dense, colourless, mobile oil. When conversion to the salt
was complete, as evidenced by the absence of the orange
quinolizine, the flask was detached from the stirrer and the
hydrogén chloride source, and then, suitably stoppered, and
equipped with a condenser and calcium chloride drying-tube, it
was immersed in a water-bath at 50°C. On addition of a few
small pieces of porous pot a vigorous evolution of gas occurred
which continued, with progressive abatement, over a period of
50 minutes. (Note 2) « During this time the system was

- occasionally agitated by gentle shaking.

When the effervescence had ceased, the contents of the flask
were cooled to Y 6OC., on an ice-bath and the supernatant
benzene was carefully decanted from the colourless, mobile,
lower-layer. Carbon tetrachloride (150 ml.) was then added and
the flask was immersed in an ice-salt bath. Wnen the internal
temperature had reached 500,, the contents of the flask were
vigorously stirred under a nitrogen atmosphere and a chilled AN
aqueous solution of sodium hydroxide (~10 ml.) was added
dropwise over a period of 15 minutes. (Note 3). When liberation

of the bright orange-red base was complete (Note %), the organic
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layer was separated and the residual aqueous layer was washed
twice with 50 ml. portions of carbon tetrachloride (Note 5).
The organic extracts were combined,.dried, and evaporated on a
rotary evaporator at a temperature of 25-3000. (Note 6). The
residuél dark-red oil solidified on prolonged agitation. The
product was dried for 24 hours over concentrated sulphuric acid

in a vacuum desiccator and was used for subsequent reaction

"'-_,withouﬁ fufther.purification. (Notes 7 and 8). Low—temperatufe

recrystallisation of a sample of the product from benzene / light
petroleum yielded orahge-red plates (Note 6)
2.%g. (718

80-81°¢. (decomposes; Kofler oPlock
preheated to 78°C.)

Yield

m.p.

013H13N°2 requires: C = 72.54%; H

\ found : C = 72.64%; H
I.R. ¥ (C=0) = 1655 cm:t
U.V. . Cyclohexane: 210(4.27),'233s(3.91), 276(3.93), 286(3.97)

311(%.10), 322(%.16), 453(4%.06)

6.09%; N = 6.51%
5.91%; N = 6.27%

Note 1 The qulnollzlne exhlblts only a limited solubility in
benzene (~1g./200ml.) and remains largely undissolved.

Although complete solution can be achieved by using a large
quantity of bénzene, this procedure is préctically inconvenient
and results in an increased loss of product during the subsequent
decantation stage.

Note 2 »Prolonged heating or further increase in temperature

causes hydrolysis of the second ester group/with formation of
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4-(carboxymethylquinolizinium chloride.

Note 3 The hydrochloride salt must be treated directly.with
alkali in order to liberate the free-base. Only a small yield
of product is obtained if the salt is initially dissolved in
water.

Note 4 h - A large excess of sodium hydrox1de is employed; the

aqueous layer should be strongly basic at this stage.

.:'a;Note p) . The solution may requlre filtration to remove

decomposition product.

Note 6 The quinolizine is thermally unstable and must be
maintained at a low temperature in order to avoid decomposition.
Note 7 The conventional methods of purification, viz.
fecrystallisation and chromatography are, respéctively, i
unsatisfactory and'inapplicable. Thus low;temperature
recrystallisation yields a severely diminished return of product
while attempted chromatography on either alumina or silica
causes immediate decolourisation of the quinolizine (Treatment of
the adsorbent with aqueous alkali regenerates the free-base)
Note 8 Although the quinolizine is more stable in the 'solid
state, extensive decomposition occurs in a few days on exposure
to the atmosphere. However, wheh maintained under. a nitrqgen
atmosphere in the cold (-15°C.), the product remains

comparatively free of decomposition material for several weeks.

Methyl quinolizin-4-vlideneacetate

The product was prepared from methyl t-butyl quinolizin-l-

ylidenemalonate (5.0g) by a prdcedure identical with that
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employed in the preparation of the ethy}énalogue. (See preceding
experiment) Low-temperature recrystallisation of a sample of
the product from a benzene / light-petroleum solution yielded
orange-red plates.

Yield = 2.4g. (72%)

lO3-thOC.(decomposes; Kofler block
preheated to 101°C.)

71.63%; H = 5.90%; N = 6.96%
71.83%; H = 5.90%; N = 7.20%
I.R. Y (¢ =0) = 1655 cmt

‘Mmep.

C,oH11N0,  requires: q
found ¢ C

U.V. Cyclohexane: 211(4.27), 233s(3.91), 276(3.93), 286(3.98),
311(%.11), 322(%.18), 451(%.08)
EtOH:  212(%.39), 234 (%.22), 286(3.74), 317(%+.07),
330 (4.00), 448(3.74) |
EtOH/HClOu(O.S%):'235(h.33), 290(3.6%4), 317(%+.03), 324i(%+.01)
| 330(%.21)

Attempted condensation of ethyl lithioacetate with

" Y-chloroquinolizinium perchlorate

Ethyl bromoacetate (0.63g.) in sodium-dried ether (7ml.j was
added, over 2 minutes, to a cold (-78°C.) solution of
n-butyllithiumn®>3 (0.24g.) in ether (7ml.). The mixture was
stirred 8 minutes and then the perchlorate (0.35g.) was added.
However, no. reaction was’evident.: After warming to room
.”femperaturéy the féagtion was filtered.to give a quantitative

return of unchanged perchlorate.
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t-Butyl quinolizin-4-ylideneacetate

Di-t-butyl quinol1zin—§-ylidenemalonate (5.6g.) and
g-toiuenesulphonic acid (0.015g.) were dissolved in glacial
acetic acid (50ml.) and the solution was heated under reflux
for 6 minutes (Note 1). The solution was transferred to a
500 millilitre three-necked flask, then cooled tof\'ﬁoc., in
an ice-bath and neutralised; under a nitrogen atmosphere and
with rapid-stirring, by the dropwise addition of a chilled 6N
aqueous solution of sodium hydroxide ( 160ml.) (Note 2).
During this time the temperaturerf the solution was maintained
at ~ 10°c. The liberated orange-red base was extragted with
successive portions of carbon tetrachloride (lOOml.,_lOOml., |
50ml., %Oml.) (Note 3) and the combined organic extracts were
dried, and evaporated at a temperature of 25F3OOC.7 on a rotary
evaporator (Note 4). The residual red oil solidified on
agitation. The product was dried for 24 hours over concentrated
sulphuric acid in a vacuum desiccator and was used for subseduent
reaction without further purification (Notes 5 and 6). Low-
temperature recrystallisation of‘a sample of the producf from
benzene / light-petroleum erIded orange-red plates.

Yield = 3.3g. (83%)

m.p. = 111-112°C. (decomposes: Kofler block
preheated to 110°C.)
 Cp4HyoNO, requires : C = 74.05%; H = 7.04%; N = 5.76%
found : C = 74.24%; H = 7.00%; N = 5.35%

I.R. Y (€=0) = 1650 cm L
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U.V. Cyclohexane: 211(4.26), 235s5(3.88), 2771(3.96), 282(3.96)
312(%.12), 323(4.18), 455(4.06)
(EtoH . : 210(4.42), 235(%.29), 288(3.63), 318(%.02),
o ""3241(4.01), 331(%.15), 445(3.13)
Etoﬁ / ﬁc1og(1.5%): 211(&.#2); 235(%.31), 288(3.59), 318(%.01),
B S 325i(3.99); 331(418)

Note 1 The course of reaction was followed by extracting
samples at 1 minute intervals. These samples were neutralised
with aqueous sodium hydroxide and the liberated base was extracted
with chloroform and subjected to t.l.c. on alumina using
chloroform / methanol (98/2) as eluent. After 6 minutes no
unreacted diester was evident. The presence of the monoester,
which decolourises on alumina, was aoccrtained by treating the '
baseline of the developed chromatogram with one drop of aqueous
sodium hydroxide. The bnight red free-base was immediately
regenerated. When the reflux period was continued beyond 6
minutes the monoester was.progressively converted to the
corresponding carboxylic acid.

Note 2 A large amount of sodium hydroxide ie required to
neutralise the acetic acid. Frequently sodium acetate separates
out and has to be removed by filtration. In a subsequent
experiment the solﬁpion was concentrated (at 30°C. and 0.01 mm.)
to approximately one-third of its volume before neutralisation

with alkali. A 78% yield of product was obtained.

Notes 3,4,5 and 6 See respectively notes 5,6,7 and 8, page 148.
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ATTEMPTED SYNTHESIS OF CYCL[3.3.3]AZINE DERIVATIVES

. Reaction of methyl quinolizin—%-ylideneqyaﬁoacetate.

with dimethy;:acetylenedicarboxylatel2L+

The quinolizine (1.8g.) and dimethyl acetylenedicarboxylate
(2.3g.) were dissolved in anhydrous toluene (50ml.) and the
solution-was heated under reflux for 30 hours. During this
period-a gradual colour change from pale-yellow to deep-blue
':occurred.’ Thé.s6lgtion was then concentrated, and
chromatogréphed on alumina using benzene / ether (1/15 as eluent.
The initial dark-blue band, which was the major product of reaction,
was‘gollécted. Several secondary minor bands were ignored.

The alumina remained heavily stained suggesting that substantial
decomposition of the product had occurred. Evaporation of the
eluent yielded a dark-blue residue which crystallised from
benzene / light-petroleum as lustrous green plates.
| 0.56g. (19%)

206 - 207°c.

Yield .

MePe
Mass spectrum: m/f (parent) = 366

62.30%; H = 3.85%; N = 7.65%
61.28%; H = 3.47%; N = 7.86%

I.R. P (C=0) = 1690 cm:¥, 1725 emTl; " (C=N) = 2190 cmit

Cl9thN206 requires: C
found : C

Il
il

U.V. EtOH: 208, 248, 290, 586
C.HCL : 212(%,33), 241(4.47), 357(4%.16)

Reaction of diethyl guinolizin-Y%-vlidenemalonate with
124

dimethyl acetylenedicarboxylate

/

The quinolizine (0.5g.) was dissolved in warm anhydrous
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toluene (30ml.), dimethyl acetylenedicarboxylate (0.5g.) was
added, and the solution was heated under refl ux for 6 hours.
The concentrated reaction mixture was then chromatographed on
alumina using ether / chloroform as eluent. However, the
distribution of products proved extremely complex (eight bands:
respectively blue, lilac, yellow, orange, yellow, green, red

and yellow) and their complete resolution could not be achieved.

Attempted intramolecular cyclisation of diethyl

6-methylguinolizin-4-vlidenemalonate

a) With sodium hydride

The quinolizine (0.2g.) was dissolved in anhydrous

benzene (5ml.) and powdered sodium hydride (8mg.) was added.
No reaction was evident. On warming the quinolizine
progressively decomposed.

b) With sodium ethoxide

The quinolizine (0.4g.) was dissolved in ethanol (3ml.)
and a solution of sodium (30mg.) in ethanol (2ml.) was added.
The feaction mixture progressively darkened on warming. . After.
15 minutes at ROOC., the solvent was evaporated to yield

amorphous decomposition' product.

¢) With potassium t -butoxidet2?

The quinolizine (0.4g.) was dissolved in t-butanol (10ml.)

" and a solution of potassium t-butoxide (0.16g.) in t

-butanol (3ml.)
was added. The reaction mixture immediately darkened and a ‘
dark-brown solid was deposited. The latter was filtered off but

proved to consist of amorphous decomposition product.
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Attempted intramolecular cyclisation of methyl

6-methquuinolizin—h-ylidenecyanoacetate

a) With sodium hydride

The quinolizine (0.2g.) was dissolved in anhydrous
benzene (5ml) and the solution was heated under reflux for 2
hours with powdered sodium hydride (20 mg.). A quantitative

return of unchanged quinolizine was obtained.

"~ b) With sodium ethoxide

The quinolizine (0.26g.) was dissolved in ethanol kSml.)
and a solution of sodium (21 mg.) in ethanol (2ml.) was added.
On standing at room-temperaturé the solution gradually darkened.
Evaporation'of the solvent afterr2 hours yielded a dark solid
which consistedlof decomposition<ﬁroduct, together with some
-Hﬁnchqnged.QuinéliZing.. ‘

c) With potassium t—butoxidel25

The quinolizine (0.36g.) was dissolved in t-butanol
(10ml.) and a solution of potassium L-butoxide (0.17g.) in
t-butanol (5ml.) was added. The brown amorphous solid which was
deposited was filtered off but proved to consist of decomposition

product.

Attempted formation of 1,3-di(methoxycarbonyl)-2-phenyl

cycl[ﬁg3.3]azine from methyl guinolizin-4-ylideneacetate

and methyl ghenxlgrogioiate

a) The quinolizine (lg.) was dissolved in dry benzene (25ml.)
and a solution of methyl phenylpropiolate'(0.9g.) in dry benzene

(5ml.) was added. No reaction was apparent. Palladium-charcoal
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(0.15g.) was then added and the solution was refluxed, with
stirring, under a nitrogen atmosphere. However, this resulted

only in progressive decomposition of the quinolizine.

b) When the reaction was repeated using dry toluene as solvent
in place of benzene a similar result was obtained. When the.
éolution was concentrated under atmospheric pressure to a volume
.of 5-6ml., a colour change from red to dark brown occurred.

Thin layer chromatography of a sample of the solution fevealed

the presence of six different components (respectively yellow,'red,
brown, orange, mauve and yellow). However, these remained poorly
resolved on a variety of silica andcalumina adsorbents. In view
of the complexity of the'product diétribution,,no further

investigation.of_the reaction was éﬁtempted.

SYNTHESIS OF CYCL[3.3.3]AZINES

Reaction of methyl guinolizin-Y-ylideneacetate with

dimethyl acetylenedicarboxylatet2?

A solution of the quinolizine (2.3g.) in anhydrous bengzene
(80 ml.) was cooled to 10°C., on an ice-bath and a solution of
dimethyl acetylenedicarboxylate (1.8g.) in anhydrous benzene (20ml.)
was added, quickly, with rapid stirring. The initial orange-red
reaction mixture’immeq1ately.turned dark-brown in colour. After
standing for 2 hours at room temperature, the solution was
filtered to remove decompoéition product and was then concentrated,
and chromatographed on alumina (18" b'e 1%" column) using benzene as

eluent. A forerunner light-brown band separated readily,



..]_5’6...

leaving several overlapping yellow and browp bands at the head of
the column. Despite prolonged development (12 hours) with
benzene, the latter could not be successfully resolved. The
'first band from the column was obtained as a red viscous oil and
was shown, by t.l.c., on silica, to contain two components - a
forerunner(band together with a second red band. However, when
applied to a full-scale column of silica (Hopkins and Williams,
M.F.C) these bands were eluted together. A partial separation
of the red component was achieved by dissolving the residue in
hot petroleum containing a little benzene, and allowing the
solution to stand for 24 hours.at room-temperature. A red
crystalline solid (0.6g.) was deposited. The residue obtained
by -evaporation of the mother liquor was resolved into its !
individual components using a dry column chrbmatography '
technique. A portion of the mixture (200 mg.) was dissolved in
ether‘(3ml.) and applied to a column (12" x 2") of pure
precipitated silica (B.D.A.). A constant level of ether (3cm.)
was maintained at the'head of the column while elution was
continued. When the forerunner yellow band had completely
separated from the slower-moving red band the column was extruded
and cut, and the individual components were extracted with
chloroform. This procedure was repeated with successive portions
.of the mixture until complete separation of the cbmponents had
been achieved.
Red coﬁgonent

The product was recrystallised from benzene / light-petroleum

to yield red prisms. On exposure to the atmosphere over a period
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of several months these formed a surface-residue of decpmposition
product.
| Total yield = 0.93g. (23%)
158-159°C.
Trimethyl l,2-dihydrocycl[3.3.3]azine—l,2,3-tri¢arboxylate
NO, requires: C = 62.97%; H = %.99%; N = 4.08%
found : C = 62.64%; H = 5.12%; N = 4.16%
I.R. (CHCl,) Y (c=0) = 1645 cm:t, 1735 cmit
U.V. EtOH : 212(4.41), 235s(4+.00), 283s(3.98), 292(3.04),
‘ 326(3.97), 452(k.1k4)
EtOH/HClOk(O.S%) : 216(4.36), 243(4.39), 296(3.62).
324(3.95), 332s5(3.94), 337(%.19)

IT'l.p. )

Ci8H17

Yellow component

The viscous yellow residue obtained by evaporation of the
chlorofbrﬁ extracts resisted.all attempts at crystallisation.
Samples for spectroscopy were freédzof residual solvent by drying

.them~under vacuum (C.Olmm.) for 24 hours.

Yield = 0.47 g.
I.R. (CHCl;) ¥ (C=0) = 1670 cm’', 1730 cm:’
U.V. - EtOH s 207, 247, 290, 410i, 457

EtOH/HC10, (2%) : 208, 245, 265s, 303i, 331s, 338.

Trimethyl 1L2-dihxdrocycl[§.3,31azine—l,2,3-tricarboxylate

with boiling nitrobenzene

The dihydrocyclazine (250mg.) was dissolved in nitrobenzene

(25ml1.) and the solution was heated under reflux for 10 minutes.
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The nitrobenzene was then evaporated under reduced pressure and
the residual dark-brown oil was taken. up in benzene, filtered
to remove decomposition product, .and then chromatographed on
alumina (10" x 1") using, initially, light-petroleum as eluent
- to remove residual nitrobenzene and then light-petroleum /
benzene (1/1), with an increasing proportion of benzene, to
remove the products.

The first fraction (yellow) ylelded a brown solid which
crystallised from ethanol as brown needles. The compound was

identifled from n.m.r. and mass spectral ev1dence as dimethyl

- cyc1[3 3 3]azine-l 3~dicarboxylate.

1% mg. (8%)

‘Yield =
m.p. = 220-221°C. ,
Mass spectrum: mg (parent) = 283

The sécond fraction (red) yielded a red solid which crystallised

ffom ethanol as needles. This compound was not identified

Yield = 5 mg. (2%)
m.p. = 175-176°C.
Mass spectrum : M/ (parent) = - 34l.

The final fraction (greenish-yellow), which was the ma jor product
of reaction, was obtained as light-brown needles after
recrystallisation from ethanol.‘ The compound was identified as
trimethyl cycl[3.3.3jazine - 1,2,3~-tricarboxylate.

‘ 141 mg. (57%)

183-184°c.

Yield

1l

m.p.
018H15N°6 requires : C = 63.34%; H = 4.43%; N = 4,10%

found = : C = 63.18%; H = 4%.27%; N = 4.204
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1 1 1

I.R. ’))(céo) = 1670 cm.~, 1695 cm.~, 1715 cm.
U.V. ~EtOH: 209(4.43), 250(%.16), 288(4+.47), L07(4.29),450 (4.35)
EtOH/HC10, (3.5%) 210 (4.47), 261(%.40), 318i(3.73),334(3.78),
370(3.78).

Reaction of ethyl guinolizin-4-vlideneacetate with

ethyl grogiolatel26

a) The quinolizine (1.0g.) [Note l] was dissolved in freshly

distilled nitrobenzene (25 ml.) contained in a 100 millilitre
three-necked R.B. flask equipped with a stirrer, nitrogen inlet
and condenser. Ethyl .propiolate (0.6g.), which had been freshly
. distilled from anhydrous potassium carbonate [Note 2] , was then
added together with anhydrous pofassium carbonate (0.5g.) i
[Note 2] and the stirred -solution was purged with nitrogen for a
' few minutes. While stirring, and with a continued flow of
nitrogen,the solution was brought rapidly to the boil and refluxed
for 6 minutes. [Note i]. During this time the solution changed
colour, first to“deep—blue.and then to brownish-yellow, thle
water droplets formed iﬁ thé,oondenser and returned to the
solution with vigorous splashing.‘ The nitrobenzene was then
”evaporatedfundef féduced pressure on an oil-pump and the
dark—browﬁ residue was taken up in chloroform and filtered
through a short column of alumina (4" x 13") to remove potassium
carbonate and intractaole decomposition product. .The: residue
obtained by evaporation of:the chloroform eluate was dried in a
vacuum-oven at 0.01 mm./ 80°C., for 2% hours to remove remaining

nitrobenzene[?Note #]. The product was then taken up in the
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minimum of benzene and was chromatographed on a column of alumina
(20" x 1"), which had been made up in light-petroleum, using
initially a 1/%,benzene / light-petroleum mixture as eluent.

This was progressively changed to a 1/1 mixture as development .
continued over an approximately 7 hour period.[Note 5].

The first fraction, which was yellow on the column, was
evaporated to give a brownish-purple solid. Recrystallisation
from tetrahydrofuran (or benzene / light-petroleum) yielded
brownish-purple needles. |

Yield

1.1 g. (75%)
145-146°cC.

m.p.

Mass spectrum : M/g (parent) = 311

Diethyl cyel[3.3.3]azine - 1,3~ dicarboxylate | :
Cl8H17Noh require§ : C = 69.44%; H = 5.50%; N = L4.50%

. . found : C = 69.69%; H = 5.36%; N = 4.499

CL.R. DV (C=0) = 1660 cmil

- U.V. . EtOH: 240(4.00), 285(4.53), 316(3.81), 331(3.81),
| 399(4.40), 4301 (%.31), %53 (4.48). |

The second fractién, which was dark-blue on the‘column, was
obtained as a dark-blue 0il after evaporation of solvent. The
product solidified on prolonged agitation and was recrystallised
from Iight-pétroleum'to yield blue-black prisms.

' 1 0.12 g. (8%) |
m.p. = 99-100°C.

. Yield

Diethyl 3a,b - dihydrocycl[3.3.§]azine - 1;3- dicarboxylate
69.00%; H = 6.11%; N = L.477
68.85%; H = 6.00%; N = 4.40%

018H19N04~ ‘requires:'C

found C

..
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1.R. Y (C=0). = 1655 cmL, 1675 cm7t |
‘U.V.  EtOH : 210(4.31), 247i(3.97), 302(4.47), 398(4.05),
| 4531(3.65), 530(3.81)
EtOH/HC10, (3.5%): 218(%.22), 261(3.98), 361(3.80)

Note 1 Larger scale reactions ( 3g. quinolizine) required
longer reflux peribds (7-8 minutes) and gave reduced ‘yields of
product (60-65%).

Note 2 The reaction is sensitive to acidic impurities.

The precaution is more important in the synthesis of éyclazines
containing t-butoxycarbonyl substituents.

Note 3 ‘The course of the reaction was followed by extrécting
samples at 1 minute intervals and subjecting these to t.l.c. on
alumina using ether as eluent. ' As reaction continued the !
proportion of blue intermediate-product progfessively decreased,
while that of the yellow product correspondingly increased.
Longer reaction periods gave reduced yields of product.

Note U4 When this treatment was omitted én inadequate
separation of the two products was obtained on alumina and these
products remained heavily contaminated with nitrobenzene.

Note 5 bThe rates of elution of the two fractions are closely
similar. Prolonged development is necessary to effect a |

separation.

b) When the preceding reaction was carried out at a temperature
of'l60°C., for 1 minute the same two products were obtained, but

“the relative proportion of these was reveréed.

0.20 g.(14%)
1.05 g.(72%)

Yield of cyclazine

Yield of dihydrocyclazine
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Reaction of diethyl 1,2-dihydrocyclazine-1,3-dicarboxylate

with boiling nitrobenzene

The dihydrocyclazine (O.4g.) was dissolved in nitrobenzene
10ml.) and the solution was refluxed under a nitrogen atmosphere,
with stirring, for 6 minutes. The solution was then evaporated
and chromatographed (according to the procedure outlined for the
previous experiment). A 73% (0.29g.) yield of cyclazine was
obtained together with 8% (0.03g.) yield of unchanged starting

material.

Preparation of t-butyl propiolate

A heavy-walled pressure véssel was charged with ether (130ml.)
and concentrated sulphuric acid (5ml.). The solution was cooled |
to —SOC., on an ice-salt baph and propiolic acid (40g.) and |
isobutene (9Oml.) were added. The vessel was then sealed and
shaken mechanically for 15 hours. After recooling in an ice-
salt bath for 30 minutes, the vessel was opened and the solution
was poured into a one litre beaker containing sodium hydroxide
(50g.) in water (200ml.) and ice (200g.). The mixture was
shaken, the layers separated, and the aqueous layer was extracted
three-times with 79 millitre portions of ether. The ethereal
extracts were combined, dried and concentrated. The product was-
distilled over anhydrous potassium carbonate in a distillation
apparatus that had been previously washed with sodium hydroxide
solution, rinsed with water and thoroughly dried. The product
was collected in a flask immersed in a salt-ice bath
40 g. (59%)
30-32°C. / 0.2 mm.-

Yield

1l

bopc
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Reaction of methyl quinolizin-%+-vlideneacetate with

t-butyl propiolate

The experimental procedure was exactly the same as that
for the corresponding reaction.with the ethyl analogues (page 159)

The reaction mixture was refluxed for 6 minutes.

Reagents
Quinolizine . 1.0g.
t-butyl propiolate 0.7g.
Nitrobenzene 25ml.

Anhydrous potassium carbonate 0.5g.

The first fraction from the column, whigh was yellow in
colour, was evaporated to give a dark purple—brown solid.
Recrystallisation from ethanol yielded dark-purple needles
1.0g. (62%)
156-157°C.

‘Yield

mepe.
t-Butyl methyl cycl[3.3.j]azine-l,3-dicarboxylate
ClgﬂléNol+ requires: C = 70.14%; H = 5.89%; N = 4.30%
found : C = 70.02%; H = 6.09%; N = 4.02%
I.R. Y (C=0) = 1655 cm:t o
U.V. EtOH : 240(%.00), 286 (%.55), 317(3.83), 332(3.83), 400 (4.k4k)
| | 431(4.35), 45k (k. 51)
EtOH/HC10), (30%): 217(4.26), 247(%.31), 279s(4+.04), 360(3.97).

Two further fractions, respectively red and yvellow, were also
evident but these prbved inseparable even on prolonged -

development (Total yield = 0.26g.)
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Reaction of t-butyl quinolizin-Y-ylideneacetate with
t-butyl propiolate

a) The experimental procedure was the same as that
described for the corresponding reaction with the ethyl

analogues (page 159). The solution was refluxed for 6 minutes.

Reagents
Quinolizine 1.0g.
t-Butyl propiolate 0.6¢g.
Nitrobenzene 25 ml.

Anhydrous potassium carbonate 0.5g.

The first fraction (yellow) from the column yielded a brown
solid which crystallised from light-petroleum (b.p. 60-80°¢.)
as glistening brown plates. '
Yield = 0.97g. (64%)
166-167°C.

m.p.
Di - t - butyl cycl[3.3.3]azine-1,3-dicarboxylate
71.91%; H = 6.86%; N = 3.81%
6.72%; N = 4.12%

C22H25N0k requiress C

I
I}

found ¢ C = 72.30%; H
I.R. Y (C=0) = 1660 cm.*
U.V. EtOH: 240(3.97), 287(4%.54%), 318(3.80), 333(3.80), 401 (%t.4k4)
‘ | 434 (4.33), 156 (4. 52)
EtOH / HC10, (18%) : 219(4;3o>, 249(%.30), 281s(3.99), 370(3.84).
The second fraction (dark-blue) yielded a viscous oil which
solidified on prolonged agitation. Crystallisation from

light-petroleum yielded dark blue-black prisms.
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Yield 0.09g. (6%)
m.p. = 14h-145°%,

Di-t-butyl 3a,h-dihydrocycl[3.3.3]azine—l,3-dicarboxylate

71.52%; H = 7.37%; N = 3.79%

C22H27N0h requires : C

found : C = 71.60%; H=7.21%; N = 3.95%
I.R. VY (c=0) = 1680 cmt
U.V. EtOH : 206(4.30), 245s5(3.93), 303 (4+.45), 406(3.94)
535(3.74)

EtOH / HC10) (1.8%) : 205(4.22), 219(%.24), 260(%.02), 363(3.88).

b) When the reaction was carried out at 150°C., for 1

minute the following yields of ‘product were obtained.

0.20g. (13%)'
. 0.99g. (66%) . i

Cyclazine

Dihydrocyclazine

Phenyl propiolic acid

Organic Syntheses 12, 60 (1932)

Methyl phenylpropiolate

Phenylpropiolic acid (120g.) was dissolved in methanol
(170ml.) and concentrated sulphuric acid (18g.) was added. The
solution was allowed to stand two days at room temperature, then
- poured into ice-water (600 ml.) and extracted with ether (3 x
150ml.). The combined extracts were washed with sodium
bicarbonate solution to remove unreacted phenylpropiolic acid,
then dried and concentrated and the product distilled. |
- 77g. (59%)

128°C / 1% mm.

Yield

b.p.
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Reaction of methyl guinolizin-4-ylideneacetate with

.methyl phenylpropiolate
Reagents

Quinolizine 1.0g.
Methyl phenylpropiolate 1.0g.
Nitrobenzene ' 25ml

]

The experimental procedure was identical with that described

" for the synthesis of the diethyl l 3-dlcarboxylate (Page 159 ).

The solution was refluxed 5 minutes during whlch time its colour
gradually changed from red to dark-brown. Thin layer
chromatography of a portion of the solution revealed the presenee
of an intermediate orange product which gradually disappeared as
reaction progressed. . ,
~ The major product of reaction, which was eluted from the
alumina column as a forerunner yellow fraction, was obtained as
a dark-brown solid which crystallised from tetrahydrofuran (or
ethanol) as dark-purple needles
Yield = 0.46g. (26%)
m.p. 215-216°c¢.
Dimethyl 2-phenylcycl[3.3.3]azine-l,3—dicarboxylate
73.53%; H = 4.77%; N = 3.90%

C22H17N0u requires : C

found ¢ C = 73.44%; H = %.60%; N = 4.04%
I.R. YV (c=0) = 1680 cmTt
U.V. EtOH: 204(4.4Y4); 258s(4.18), 294+(4.49), L416(%+.15)

472(4.39)

A second, orange fraction from the column (0.15g.) resisted
all attempts at crystallisation. Investigation of its structure

was not attempted. '-,'
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Reaction of methyl quinolizin-t-ylideneacetate with

ethyl phenylpropiolate

Reagents

Quinolizine . 1l.3g.
Ethyl phenylpropiolate 1l.2g.
Nitrobenzene- 30ml.

The experimental procedure was the same as that described
previously (Page 159 ) The solution was refluxed 5 minutes.

The yellow forerunner fraction from the alumina column
yielded a brown solid which crystallised from tetrahydrofuran (or
ethanol) as dark-purple needles _

Yield = 0.57g. (24%)
186-187°C. ,

m.p.
Ethyl methyl 2—phenylcyc1[3.3.i]azine-l,3-diéarboxylate
CZ3H1‘N04 requires: C = 73.98%; H = 5.13%; N = 3.75%%

3

j found: C = 73.92%; H = 5.36%; N = 3.71%
I.R. © Y (C=0) = 1680 cm t
U.V. EtOH : 205(hk.41), 258s(4.15), 294(4.48), 416(L,15)
472(%.4%0)

Secondary orange bands in minor yield were not invéstigated.

Reaction of ethyl quinolizin-k-ylideneacetate with

methyl phenylpropiolate
Reagents
Quinolizine | 1l.5¢g.
Methyl phenylpropiolate l.2¢g.

Nitrobenzene 30ml.
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‘The experimental procedure was the same as that described
previously (p. 159). The solution was refluxed 5 minutes.

The yellow forerunner fraction from the column yielded a
brown solid which crystallised from tetrahydrofuran as
dark-purple needles. '

' Yield = 0.6g. (23%)
186-187°¢.

m.p.
The product was identical in every respect (n.m.r., i.r.,

U.V., m.p., m.m.p.) to that obtained from the preceding reaction.

Attempted acidic hydrolysis of diethyl

cxcl[3.3.3]azine -1,3- dicarboxylate

The cyclazine (0.4g.) was dissolved in 12N hydrochloric acid
(5ml.) and the solution was heated under reflux for 10 minutes.
During this time the initially light-brown solution turned
dark-browﬁ. Evaporation of solvent in vacuo yielded a black
amorphous residue of decomposition product. A similar result
wéé_obtained using dilute hydrochloric acid (2N) or fluoroboric
acid (6N). Decomposition also occurred when these solutions
were allowed to stand in the'cold, the rate of decomposition
increasing with the strength of the acid. When anhydrous
hydrogen chloride was passed through a solution of the c&clazine
in anhydrous benzene a ;ight-brown oil was deposited. The
product gradually darkened on standing. After 24 hours only

black intractable residue remained.
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Attempted basic hydrolysis of diethyl

cycl[1.3{2]azine-1.E—dicarboxylate

a) The cyclazine (200mg.) was dissolved in 2-methoxyethanol
(iOml.) and a solution of potassium hydroxide (50mg.) in the
same solvent (8ml.) was added. After standing for 24 hours at
room-temperature, the cyclazine was unchanged. The solution
was then refluxed for 1 hour and the dark-brown residue obtained
by evaporation of solvent was shaken with water. A large
amount of intractable amorphous product was filtered off, and
the aqueous filtrate was neutralised with dilute hydrochloric
‘acid. Extraction with chloroform yielded 7mg. of a red solid.
However, the small yield of product prevented an investigation
of its structure. ' , \

b) A solution of the cyclazine (0.4g.) in dimethylsulphoxide -

111 of sodium hydroxide

(5ml.? was added to a suspension
(ca. 0+12g.) in the same solvent (3ml.). After standing for

1 hour at room-temperature the cyclazine'haé remained unchanged..
The solution was then heated under.reflux for 30 minutes. A
black solid was deposited which consisted of amorphous

decomposition product.

Pyrolysis of t-butyl methyl cvcl[%.%.ilazine-lL}-dicarboxylate

The cyclazine (400mg.) was placed in the'socket section of
a modified sublimation apparatus (Fig.44 ). A slow stream of
dry, oxygen-free nitrogen was then introduced through side-arm
inlet-tube (A) and the apparatus was immersed to a depth of

ca. 3cm., in a bath of molten Wood's metal at a temperature of
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180°c. The cyclazine immediately liquified. The temperature
was then raised to 220°C., at which stage a slow evolution of
‘gas became apparent from the surface of the cyclazine. A mist
of violet vapour formed in the sublimation tube. The |
temperature was then increased to 25000., over a 5 minute period
and was maintained constant at this temperature for a further

5 minutes. During this period a dense cloud.of violet sublimate
condensed on the cold—finger and the walls of the vessel. A
black residue of decomposition product remained in the base of
the socket-tube. ' '

The apparatus_was then COoled'tQ room témperature and,
whilst the inflow of nitrogen was continued, the sublimate was
washed back into the socket tube by pipetting a stream of dry ,
ether[:Note 1] thfough side-arm (B) and onto the walls 6f the
vessel and the cold-finger. The resultant solution ﬁas
evapofated, at room-temperature, by introducing a stream of dry
nitrogen through inlet-tube (A) [Note 2] The cold-finger was
then temporarily removed and cieéned, inlet-tube (A) was sealed
off,and the dark brown, viscous residue was dried under vacuum
(0.O0%mm.) at room temperature for 30 minutes. ENote 3].

Whilst still under vacuum the apparatus was immersedito a depth
of ca. 3cm., in an oil-bath and the temperature of the bath was
raised to 140°C., over a 30 minute period.[Note 3].

Sublimation was continued at 140°C./0.0%mm. for 1 hour.
Dark—brown'neédles collected on the cold-finger. Tracé améunts
of unchanged diester which was present in the product (detectable

by t.l.c. on silica) were removed by careful resublimation.
[Mote 4] '
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Yield (before resublimation) = 171lmg. (62%)

m.p. = 118-119 C. (decomposes, Kofler block preheated
' to 117°c.)

Methyl cycl[3.3.3]aziﬁe-1-carboxylate

C,Hy1NO,  requires : C = 74.65%; H = 4.92%; N = 6.22%
found : C = 74.76%; H = 5.08%; N = 6.10%
I.R. Y = 1630 ensl  (Shoulder at 1675 emst

U.V. Cyclohexane : 202(%.12), 250(4.04), 284(4.41), 413 (%.07),
| 452(4.29), 468(%.3%), L79(%.7L)
EtOH: 202(%.19), 247(%.10), 282(4.39), 404 (3.96),451 (4. 21),
" 4675 (4.28), 476(4.49)

EtOH/HC10), (28): 206(4.27), 250(4.22), 327(3.69),
3491(3.77), 360(3.82), 384s(3.62).

i
Note 1 The ether was previoﬁsly deoxygeneted by refluxing and
cooling it under a dry nitrogen atmosphere.

Note 2 The level of the ethereal solution should lie below
the eﬁtrance of the nitrogen inlet-tube, otherwise splashing
occurs. '

Note 3 Failure oo remove volatile impufities results in
decoﬁposition of the product on attempted sublimation.

Note 4 - The process was interrupted before completion to
prevent resublimation of the diester. .Alternative methods of
purification are unsatisfactory because of the instability of

the product. (See discussion section)

Pyrolysis of di-t-butyl cycl[3t3.{1azine—l.%—dicarboxvlate

:__preparation of t-butvyl cycl[%.%.3]azine-l-carboxvlate

Following the procedure described in the preceding experiment
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the cyclazine (500mg.) was pyrolysed, over a 10 minute period,
at a temperature of 220_25000. The sublimate was washed from
"the cold-finger and walls of the vessel with dry ether [Note 1,
preceding experiment] and the resultant solution was evaporated
' under -a streém of dry nifrogen. The residual dark-brown oil
&as dried under vacuum (0.04%mm.) at room temperature for 30
minutes. The temperature was then increased to 120°C., over a
_ 30 minute period and sublimation was cdntinued at 120°C./0.0%mn.
for a further 2 hours. _ During this time a dark-brown viscous

0il collected on the cold-finger.. Although it seemed possible

. that the prOduqt,had meltéd‘because-of its close proximity to

the hot walls of the vessel, crystallisation did not occur when
the vessel was cooled to room temperature, nor when the product
was subsequently subjecﬁed to prolonged agitation. Hdwever,
crystallisation was eventually induced by triturating the
product with a little light;petroleum (O.Eml.;'b.p.'40/60°C;)
under .a dry nitrogen atmosphere [Note l]. However, all attempts
to effect normal recrystallisation of the resultant impure brown
solid caused formation of a large amount of decomposition
~product. An apparently pure sample was eventually prepared by
cooling a room—temperature saturated solution of the product in
light-petroleum (40/60°C.) (the solution having previously been
filtered under a nitrogen atmosphere) to -ZOOC., in a dry—ice/
acetone bath. The resultant amorphous brown solid was fiitered
off, washed with a little cold petroleum, and then dried under
vacuum (0.0lmm.) at room'temperéture for 2 hours. [Note é]

m.p. = 108-109°C. (decomposes: Kofler block
° ~ preheated to 107°C.)
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t-Butyl cyc1[3.3.3]azine -1~ carboxylate
76.38%; H = 6.41%; N = 5.24%
75.00%; H = 6.96%; N = 5.5%

Cl7Hl7N02 requires: C
found : C

Note 1 | The product is extremely unstable and decomposes
rapidly on exposure to the atmosphere.

Note 2 A representative yield of the product could not be
calculated because of the loss involved by decomposition during

the crystallisation and recrystallisation stages.

Pyrolysis of t-butyl cyclr2.2.§]azine-l-carboxvlate

The cyclazine (0.09g.) was'pyrolysed at 250°C., for 10
minutes according to the procedure described on page 169.
During this pyrolysis, a cloud of violet vapour condensed as a _
brown oil on the cold-finger and the surrounding vessel walls.
Work—ut of the product in the manner described in the preceding
~ experiment yielded a minute amount of an unstable, viscous brown
'oil. .Although the product appeared to consist (on the basis of

its rate of decomposition on alumina) of unchanged starting

material, its low yield prevented rigorous identification

Attempted pyrolysis of di-t-butyl cyclr3 3. ?1a21ne

-1, %-dicarboxylate over hot glass beads

| The apparatus employed consisted of a vertlcal column (4" x 1m)
of glass beads (4mm. diameter) which was surrounded by a heating
coil and an insulating asbestos jacket. The temperature of the

glass-bead.chamber'was calibrated for several settings of a
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Variac transformer which was included in the electrical heating-
circuit. When .a solution of the cyclazine (200mg.) in benzene
(10ml.) was introduced dropwise (1 drop/3 seconds), under a slow
current of nitrogen, into the chamber at a tgmperature of 25000.,
the benzene vaporised instantly and a yellow effluent vapour was
condenséd and colleéted at the outlet of the chamber. |
Evaporation of the solution gave a quaﬁtitative return of
unchanged starting material. The experiment was repeated at
progressively increasing temperatures (300, 350, 400°¢.) but, in
each case, the cyclazine was returned unchanged. However, in
the higher temperature range a white solid was also isolated
from the condensate. This solid was identified, by comparison

with an authentic sample, as biphenyl.

Pyrolysis of di-t-butyl cycl[%.3.31azine—l,K-dicarboxylate

: _preparation of cycl[3.3.3]azine

The diester (0.2g.) was sealed under high-vacuum in a
heavy-walled, cylindrical, pyrex-glass tube (inner dimensions
10 cm. x 0.5 cm.). The tube was then immersed, completely, in
- a bath of molten Wood's metal which was maintained at a constant
temperature of 300°C. [Note lJ. After 5 minutes the tube was
removed and allowed to cool to room temperature. It was then
wrapped in wire-gauze and the internal pressure was released by
melting a small area of an end-section [Note 2] with a small
blow-pipe flame. . The tube was then stored, immediately, under
a dry nitrogen atmosphere [Note.3j and, when the end section had

cooled, the aperture was sealed with a plug of plasticine.
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The tube, together with the sublimation apparatus [Figﬂ+§]
and necessary accessories [Note 4] y were then fransferred to
a dry-nitrogen box and the perforated end-section (ca. 1 cm.)
was sheared off with a glass-cutter. The tube was then placed
in the socket section of the sublimation apparatus, and the
condenser section; which was topped by the assembly collectively
labelled (B) in the diagram (screw-clip firmly closed), was
fitted. The apparatus was then removed from the nitrogen-box
and the socket section was immersed, completely, in an oil-bath.
Outlet (A) was connected to an oil-pump and, with the screw-clip
'still closed, the vacuum-assembly was evacuated to 0.0l mm.
The screw-clip was then opened and the temperature of the
oil-bath was raised to 120°C. Sublimation was continued at i
120°C./0.01 mm. for 1 hour. A brown, crystélline solid collected
on the inner walls of the condenser. The screw=-clip was then
closed and the apparatus was disconnected from the pump and
re-transferred to the nitrogen-box. The vacuum within the
apparatus was released and bis(trimethylsilyl) ether (1ml.)
[Note 6t]was pipetted into the condenser section. The resultant
vellow solution.[Note 7] was transferred to an n.m.r. sample-tube
which was then sealed with a cap. The tube was removed from
the box and the n.m.r. spectrum immediately measured.[Note 8].
The resonance signal of the solvent was separately

calibrated using a trace of benzene as internal standard.

Note 1 An extremely high pressure (15-20 atmos.) is created
within the reaction-tube. Full safety precautions are thus

necessary. (Safety.shield, face visor, protective gloves)
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Note 2 It is more convenient to melt the tapered end of the

tube; - 1.e. that end last sealed.

Note 3 The nitrogen was generated by allowing liquid nitrogen
to evaporate from a vacuum-flask. It was dried by passage

through a calcium chloride drying-tube.
Note 4 The necessary accessories are a glaés—cutter, a cloth

and a pair of pincers or pliers.

Note 5 All joints were lightly smeared with high-vacuum
grease.
Note 6 The solvent had been previously freed of

molecular-oxygen by refluxing and cooling it under a. dry nitrogen

atmosphere.
Note 7 The product was only partially soluble in this medium..
Note 8 = The preheat period, necessary for measurement of -

n.m.r. spectra, was minimised in order to avoid decomposition of

the sample.

. CHEMICAL REACTIONS OF CYCL[§ 3.3 AZINES
1.  HYDROGENATION

o.Hydrogenatioh of diethyl oyclfisR.ilazine-l,3-dicarboxvlate

The cyclazine (60mg.) was dissolved in thiophene-free
benzene (20ml.), platinum oxide catalyst was added (15mg.), and
the solution was shaken under hydrogen at atmospheric pressure.
After 3% hours, during which time the rate of uptake of hydrogen
had progressively decreased, a sample of the soiution was

subjected to t.l.c. on alumina. The presence of a pink product
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was revealed together with unchanged starting material (~50%).

A further quantity (15mg.) of platinum oxide was then addedi
" (since the initial cétalyst appeared to have been poisoned -

- possibly by the cyclazine) and the solution was shaken for a
~further 34 hours. A progressive decrease in the rate of uptake
of hydrogen was again evident. The solution Was then filtered
and evaporated, and the residue was taken up in the minimum of
benzene and chromatographed on a column (8" x 2") of neutral
alumina using benzene / light-petroleum (7/3) as eluent.

The'first fraction yielded a-.red solid which crystallised

.. from lightfpetr01eum as red heedlés;‘

- -Yield = 43 mg.(82% based on unrecovered cyclazine)
m.p. = 104-105°C.
Diethyl 3a,%,5,6—tetrahydrocycl[3.3.3]azine—1,3—dicarboxylate

C,gH,iNOy  requires: C = 68.55%; H = 6.71%; N = 4,447

| \ found : C = 68.55%; H = 6.74%; N = 4.63%
I.R. . ¥ (c=0) = 1660 cmt, 1685 cml |
U.V. EtOH 203 (4.12), 265(%.02), 272(%.02), 31%(%.39),

362(3.96), 507(3,95)-
EtOH/HC10y, (3.5%) : 210(%.23), 243s(3.6%), 312(3.92).

Hydrogenation of diethyl %é,h—dihvdrocyclr%.3.31azine-l,2—

dicarboxylate
The quinolizine.(257 mg.) was dissolved in ethanol (40m1.),

platinum oxidé (35mg.) was added, and the solution was shaken
under hydrogen at atmospheric pressure for 35 minutes. During

this time, a colour change from deep-blue to bright-red occurred;
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27 ml. of hydrogen were absorbed. The solution was then
filtered and evaporated, and the residue was taken up in the
minimum of benzene and chromatographed on alumina (15" x £")
using benzene / light-petroleum (7/3) as eluent.
| The first fraction (yellow) was identified as diethyl
cycl[3.3.3]azine-1,3-dicarboxylate 4lmg.; 16%) and the second
fraction (red) as its 3a,4,5,6-tetrahydro-derivative (210mg.;
81%). '

2. DIELS -ALDER ADDITION

Reaction of diethyl cycl[%.3.?]azine—l,%-dicarboxylate
124

with dimethyl acetylenedicarboxylate

The cyclazine (0.3g.), in anhydrous benzene (15ml.), was
heated under reflu# for 16 hours with dimeth&l acetylene-
dicafboxylate (0.27g.). EﬁSing anhydrous toluene as solvent
only 5 hours reflux is necessary]. The solution progressively
changéd colour from yellow to deep red. The solvent was then
evaporated under reduced pressure and the residue was taken up
in the minimum of chloroform and chromatographed on a column of
alumina (6" x 1") ﬁsing initially benzene as eluent (to remove
excess acetylenic ester) ana then chloroform to remove the
product. The latter separated as a single red.fraction, the
residue obtalned by evaporation of the eluate cfystallised from
ethanol as red prisms. |

Yield

0.42g.(96%)
255-256°¢.

m.p.

Mass spectrum: M /& (parent) = 453
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ja, 6-Etheno-3a,6-dihydro-1,3-di (ethoxycarbonyl)-3,k4-di (
methoxycarbonyl)cycl[3.3.j]azine | l
C2HH?3N08 requires: C = 63.57%; H = 5.11%; N = 3.09%
| found: C = 65.07%; H = 5.20%; N = 2.99%
.R. Y (c=0) = 1670 em™t, 1690 emTl, 1715 cmit
U.V. EtOH: 204(4.33), 270s(4.04), 281(&.06); 290 (4+.19),
307 (4.3%), 364(4,01)515(3.85)

EtOH/HC10), (56%): 212(%.35), 251s(4.28), 260(4+.29),309(3.61)

.

Di-t-butyl acetylenedicarboxylate

A heavy walled pressure-vessel was charged with ether (100ml.)
and concentrated sulphuric acid (6.5ml.). The solution was
cooled to -20°C., on a dry-ice / acetone bath and acetylene-
dlcarboxylic acid (40g.) and isobutene (160ml ) were added. The
vessel was closed and shaken mechanically at room temperature for
24 hours. The reaction mixture was then poured into a 2 litre
beaker containing a solution of sodium hydroxide.(SOg.) in water
(250ml.), and ice (250g.). The mixture was shaken and the
layers were separated and then the aqueous layer was extracted
with successive portions (3 x 100ml.) of ether. The organic
layers were combined, dried and evaporated, and the residual
white solid was distilled over anhydrous potassium carbonate
(using an apparatus that had been washed with a solution of
sodium hydroxide, rinsed thoroughly with water and dried). The
di-t-butyl ester was obtained as colourless prisms
45.1g. (57%)

b;p. = 93-94°C. /0.07 mm.
37-38°c.

Yield

mopo
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Reaction of diethyl cyclr3.3.3]azine—l.¥—dicarboxylate

with di-t-butyl acetylenedicarboxylate

The cyclazine (0.3g.), in anhydrous benzene (10ml.), was
heated under reflux for 96 hours (taking care to prevent evaporation
of the solvent) with di-t-butyl acetylenedicarboxylate (0.6g.).
The solution gradually changed colour from yeliow to deep-red.

The solvent was then evaporated and the residual red oil was taken
up in the minimum of benzene and chromatographed on a column

(6" x 1") of alumina using initially light-petroleum as eluent

(to remove excess acetylenic ester) and then benzene / light-
betroleum (2/1) to remove the réaction product.

The first fraction fromlthe column, a minor yellow band,
yielded unchanged cyclazine (70mg.). The second fraction, a i
purple band, in negligible yield, was discarded. The final
fraction, a red band, which was the major product of reaction,
yiéldéd a red oil which crystallised on agitation.
Recrystallisation from benzene / light-petroleum yielded red
needles.

Yield

0.27g.(68%. based on unrecovered cyclazine)

m.p. = 148-149°C,

3a, 6-Etheno—3a,6-dihydro—l,3—di(L-butoxycarbonyl)-3,4-
di(methoxycarbonyl)cycl[}.3.3]azine

6.56%; N = 2.61%
found: C = 66.81%; H = 6.73%; N = 2.57%

C30H35N08 requires: C = 67.02%; H

I.R. Y (c=0) = 1675 cmrl, 1695 cmfl, 1710 emL
U.V. EtOH: 210(4+.26), 269(4.01), 308(4.34), 366(%.00),5.5(3.8%)
EtOH/HC10y, (567): 211(4.27), 258(3.53), 295s(3.25).
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Hydrogenation of 3a,6-etheno-3a,.6-dihyvdro-1,3-

di (ethoxycarbonyl)-lt, 5-di (methoxycarbonyldevel[3.3.3]azine

A solution of the cyclazine (345 mg.) in 2-methoxyethanol
(80ml.) containing platinum oxide (4Omg.) was shaken under
hydrogen at atmospheric pressure until 26.8 ml. of hydrogen had
been absorbed I:Requires ca. 1% hours]. The solution was then
filtered and evaporated and the residual red solid was
crystallised from ethanol. Red rhomboids were obtained.

329 mg.(95%)
185-186°c.

Yield

mepe

Elevation of the temperature to 18800., caused
resolidification of the sample as needles. (m.p. = 206-207°C. )
However, no change in the chemical composition of the product ,
had occurred since a sample heated to 200°C.; and then cooled and

recrystallised from ethanol yielded red rhomboids which were

identical (i.r., m.p.) with the product obtained from the

. original crystallisation

3a,6-Ethano—3a,6—dihydro—l,3—di(ethoxycarbonyl)-h,5-
di(methoxycarbonyl)cycl[3.3.3]azine
CZMH25N08~ requires: C = 63.29%; H = 5.53%; N = 3.08%
found: C = 63.26%; H = 5.38%; N = 3.25%
I.R. Y (c=0) = 1650 em:t, 1705 emit
U.V.  EtOH : 204(4.34), 267s(%.06), 275(4.11), 309(%.36),
| 362(3.88), 516(3.84).
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Pyrolysis of 3a,6-ethano=-3a,6-dihydro-1,3-di(ethoxycarbonyl)

J+.5—di(methoxvcarbonyl)cycl[%,3.3]azine

The dihydrocyclazine (210mg.) was placed in the apparatus
diagrammatically represented in Fig.44 . and then, whilst a slow
current of dry nitrogen was introduced through side-arm (A),
the apparatus was.immersed to a depth of ca. 3cm. in a bath of
molten Wood's metal at a temperature of 200°C. The temperature
of the bath was then raised slowly, over a 5 minute period, to
290°C., and maintained at this temperature for a further 5
minutes. The molten red dihydrocyclazine effervesced vigorously
in the 270-290°C., range (effervescence commences ~ 220°C.) and
a brown sublimate collected on the cold-finger and the walls of
the vessel. After cooling to room temperature, the product was '
taken up in the minimum of benzene and chroéétographed on a
column of alumina (12" x ") using bénzgne as eluent.

The first, yellow, fraction yielded a brown solid which
cryétalliséd from ethanol as needles. The product was
identified (see discussion) as 1 93 d1(ethoxycarbonyl) -5~
methoxycarbonylcyc1[3 3. 3]azine
"6 mg.(3.5%)

184-185°c.

Yield

MePo

Mass spectrum ' ‘“/é (parent) = 369

U.V. EtOH: 204 (W.bh), 24l (4.13), 298(4.45), 330(%.01), 411(4.25),
4525 (4.18), 474(%.38),

The second, yellow-green, fraction yielded a reddish-brown
solid which crystallised as similarly-coloured needles from

ethanol
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Yield = 135 mg. (68%)
| m.p. = 226-228°C.
1,3-di(ethoxycarbonyl)-h,S-di(methoxycarbonyl)éycl[j.3.3]azine
C,oH, NOg  requires: C = 61.82%; H = 4.95%; N = 3.28%
4.83%; N = 3.19%
I.R. VY (c=0) = 1675 em’Y, 1695 emit, 1710 em?l, 1725 cmTl
'gézé EtOH: 205(4.48), 292(4.45), 328s(3.89), 413(%.27),488(%.28)
EtOH/HClOu(lh%) s 207 (4. 41), 258(%.28), 382(%.00).

found: C = 61.79%; H

1a,6-Etheno-3a,6~dihydro-1,3-di(ethoxycarbonyl) 4,5~

dicarboxxcxcllB.}.jIazine

The corresponding 4,5-di-t-butyl ester (100 mg.) was

dissolved in anhydrous benzene (20ml.) and dry hydrogen chloride
was passed through the solutioh fpr 10 minutes. The initial reé.
h éolour'gradua11& changed to light—brown and a viscous brown oil
was depoéiﬁéd in the.béSe of the flask; The solution was then
refluxed on a water-bathlfor 30 minutes and the liberated red
solid‘was filtered off, washed with a little benzene and air-dried.
Attempts to recrystallise the product from a variety of solvents
(acetic acid, methanol, ethy} acetate) caused decomposition

Yield = 76 mg. (96%)
I.R. YV (c=0) = 1680 em7l, 1740 cmil; (OH) = 2400-3200 cmi*

Sublimation of 3a,6-etheno-3a,6-dihydro-1,3-di(ethoxy-

carbonyl) -l

The title compound (70 mg.) was sublimed under reduced

pressure (0.04%mm.) on an oil-bath at a temperature of 200°C.
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The product, which was crystallised from ethanol, proved
identical (m.p., m.m.p., i.r. spectrum) with an authentic sample
of diethyl cycl[3.3.3]azine-1,3-dicarboxylate.

Yield = 13 mg.(25%)

Reaction of 2.9-dimethylcyclopenta[c.d]cyclfé.%.i]azine
124% '

with dimethyl acetylenedicarboxylate

A solution of the cyclazine (300 mg.) and dimethyl
_acetylenedicarboxylate (600 mg.) in anhydrous benzene (10ml.)

. was heated under réflux on a watér—bath for 30 minutes (Note 1).
The solution was then filtered.to remove decomposition product
"and the concentrated filtrate was chromatographed on‘a colﬁmn of
alumina (16" x 1") using initially light-petroleum / benzene.
(7/3) as eluent. The firsﬁ fraction from the column yielded
~unreacted cyclazine (22mg.). The composition of the eluent was
then progfessively changed to'light—petroleum / benzene (3/7)
and the second fraction,'a greylsh-brown band on the column, was
‘isolated as a dark-brown solid. However, the yield of the
product (l7mg.) was insufficient for rigorous characterisation.
The third fraction from the ecolumn, a brown compound, which Qas
the majorhﬁréduct of réaction, was eluted with benzene and
isolated aé a dark-brown solid. Crystallisation from ethanol

yielded glistening dark-brown needles.

Yield = 198 mg. (40%)
m.p. = 156-157°C.
1-(x, ﬂ -dize uao:a:ycarban,. 1wvinyl) =3,%-dizeinyicyclicrsnizs f:: . i}

cycl[}.}.j]azine
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022H19NoL+ requires ¢ C = 73.12%; H = 5.30%; N = 3.88%
found: C = 72,25%; H = 5.50%; N = 3.80%
I.R. - P (C=0) = 1700 cm:L, 1725 cmit
Note 1 The course of the reaction was followed by extracting

sampleé at intervals and subjecting these to t.l.c. on alumina.
Although unreacted cyclazine still remained after 30 minutes,
further reflux led to formation of an increased amount of
decomposition product. A three-fold molar excess of the

acefylenic ester was used to reduce the reaction period.

ELECTROPHILIC SUBSTITUTION REACTIONS

Formylation of diethyl cycl[%-?.31azine—l.%—dicarboxvlatg

Dimethylformamide (76mg.), contained in a 50 ml. flask ’
equipped with a magnetic stirring-bar and a_célcium chloride
drying-tube, was cooled to'VSOC.,‘on an ice-bath. Phosphoryl
chloride (16@233 was added and thé viscous solution was stirred
" for 5 minutes. The.ice-bath was then removed and the solution
was stirred for a further 2Q minutes. Dichloromethane (3ml.)
was then added and the solution was cooled to SOC., and treated
with a solution of the cyclazine (300mg;) in dichloromethane

(6ml.). The reaction mixture, which had immediately assumed a

purple colour, was refluxed with stirring for 15 minutes and then

-, cooled to room-temperature. - A solution of sodium acetate

tfihydrate (Q.éhg.)'in water (15ml.) was then added and the
mixture was refluxed for a further 15 minutes with vigorous

stirring.. During this time the organic layer changed colour from
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purple.to brown. After cooling to room temperature, the layers
were separated and the aqueous layer was extracted with

successive portions of chloroform until the extracts were no longer
coloured. The organic layers were combined, dried and evaporated
and the brown crystalline residue was taken up in the minimum of
chloroform and chromatographed on a column of alumina (20" x 1")
using initially a light-petroleum / benzene (1/1) mixture (to
reduce the eluting strength of the chloroform) and then benzene.

The first fraction from the column yielded unreacted
cyclazine (3 mg.)

The second fraction, a light-brown band on the column,
yielded a:brown:.solid which crystallised from ethanol as brown
needles | _ i
39 mg. (12%)
181-182°¢.

Yield

m.p.

Diethyl 6-formylcycl[3.3.3]azine-l,3—dicarboxylateA

b19H17N05 requires : C = 67.25%; H = 5.05%; N = 4.13%
found : C = 67.17%; H = 5.27%; N = 3.98%
I.R. VY (c=0) = 1615 cmfl(formyl); 1660 em>1(ester)

U.V. EtOH: 209(k.32), 285(%.45), 337s5(3.57), 382s5(3.84),
uoo(h.ll) 490s (4.29), 521(4 73).

The third, and final fraction which was sllghtly darker in

. colour than the second fraction, was eluted with ether and

isolated .as a brown solid. Although the product was twice
recrystallised from ethanol the resultant finely-divided semi-
crystalline solid melted over an extended temperature-range.

T.l.c. on silica did not reveal the presence of any impurity.
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Yield

159 mg. (51%)
186-190°¢C.

m.p.
Diethyl h-formchycl[3.3.3]azine-l,3-dicarboxylate
67.25%; H = 5.05%; N = %.13%
66.95%; H = 5.36%; N = 4.25%
I.R. Y (c=0) = 1625 cmrl(formyl) ; 1650 em 11680 em T (ester)
U.V. EtOH : 207(4.47), 253s(4.08), 286(4.40), 326s(8.76)
412(%.30), 506(4.24).

C19H17N05 requires : C

found :¢ C

Acetylation of diethyl cycl[§.3.3]azine-l,3—dicarboxvlate

Dimethylacetamiée (77mg.), contained in a 50 millilitre
flask eduipped with a magnetic stirring-bar and a calcium
chloride drying-tube, was cooled to-’5°C., on an ice-bath. |
Phosphoryl chloride (136 mg.) was added and the viscous solution
was stirred for 5 minutes. The ice-bath was then removed and, -
after further stirring and with warming to room-temperatﬁre for
20 minutes, dichloromethane (5ml.) was added. The solution was
‘then cooled to SOC,, and a solution of the cyclazine (250mg.) in
dichloromethane (éml.) was added. The reaction mixture, which
had immediately assumed a purple colour, was refluxed with
'stirring for 15 minutes and then cooled to room-tempefature,

A solutioﬁ of sodium acetate trihydrate (450mg.) in water

(15ml.) was then added and the mixture was refluxed for 15 minutes
- with vigorous stirring. The organic layer changed colour from
purple.to‘light-brown. 'Aftep cooling to room-temperature the
layers were'separated andvthe'éunQus layer was extracted with

'Sﬁccessive portibhs:of chloroform until the extracts were no
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longer coloured. The cdmbined organic layers were dried and
evaporated. The residue was taken up in chloroform and filtered
throuéh a short column of alumina, using chloroform as eluent, to
rémove intractable decomposition product.

The concentrated eluate (ca. 1 ml.) was then applied,
uniformly, along one edge of a rectangular film of silica
(20 cm.‘x 20 cm. x 1 mm.) supported on a_glass plate [Note l]
and the chromatogram was developed, using the apparatus
diagrammatically represented in Fig.46 , by continuous elution
with a benzene / ether (97/3) solution over 24 hours.

Only one fraction, a pink §ompound, was present in
significant yield; two preceding yellow fractions, and following
brown and yellow fractions were present in only minute yield. i
The section of the‘chromatogram containing the pink component was
carefully removed from the plate and the product was extracted
with dploroform. Evaporation of the extract yielded a light-
brown solid which crystallised from ethanol ‘as needles.

Yield = 46 mg. (16%)
. m.p. = 211-212°C.
Diethyl 6-acetyleycl[3.3.3]azine-1,3-dicarboxylate
Gl O, requires: C = 67.98%; H = 5.42%; N = 3.964
found : C = 67.57%; H = 5.85%; N = 3.94%
I.R. P (C=0) = 1610 cm T (acetyl); 1680 cm:t(ester)
U.V. EtOH: 210(%.39), 290(%.50), 398(%.30), 515(k.6M4)

Note 1 Kieselgel G (Merck) (30g.) was shaken with distilled

water (60ml.) for 90 seconds and the resultant slurry was coated
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td a depth of 1 millimetre dn a glass plate (20 em. x 20 cm.)
using a Shandon preparative t.l.c. apparatus. The thin layer of
silica was then activated by heating the plate in an oven at
110°C., for 3 hours.

Attempted acetylation of diethyl cyel[3.3.3]azine-l.3—

dicarboxylate with acetyl cliloride

A solution of the cyclazine.(lOOmg.) in acetyl chloride
(20ml.) was heated under reflux with sodium bicarbonate -(0.5g.)
for 1 hour. The acetyl chloride was then evaporated and the dark
residue was shaken for 5 minutes with ether (20ml.) and a solution
of 2N sodium hydroxide (10ml.). The mixture was filtered to
remove insoluble decpmposition product and the ethereal layer was,
dried and evaporated. T.l.c. of a portion of the dark residue
on alumina revealed the presence of a large amount of decomposition
product together with some unreacted cyclazine and minor amounts
of twoAreacfion products (respectively pink and yellow).

However, the yields of these products were insufficient for the

reaction to merit further investigation.

Reaction of diethyl cvcl[3.3.%1azine-l.3—dicarboxylate

e

with benzoyl chloride

A solution of the cyclazine (100 mg.) in benzoyl chloride
(3ml.) was heated under reflux with sodium bicarbonate (0.2g.) for
2 minutes. A colour change from light-yellow to deep-purple
occurred. The benzoyl chloride was evaporated under reduced

pressure and the residue was taken up in chloroform (15ml.) and
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shaken with a 2N solution of sodium hydroxide (10ml.) for §
minutes. The organic layer was esparated, dried and evaporated
-and the residue was taken up in the minimum amount of benzene
and chromatographed on a column of alumina (16" x 1") using
benzene / light-petroleum (3/7) as eluent. The proportion of
benzene was gradually increased to 70% as development of the
column continued. However, the distribution of reaction
components proved extremely complex (8 fractions : respectively
yellow, purple, brown, olive, purple, dark-purple, purple,

dark-brown) and a satisfactory separation could not be achieved.

/

Nitration of diethyl eye1[3.3.3.] azine-l 3-dicarboxylate

A solution of the cyclazine (400mg.) in dry pyrldlne (30m1.)
was'cooled to -5° C., on an ice=-salt bath and a solution of
tetranitromethane (260mg.) in pyridine (5ml. ), whlch was
similarly cooled to -5 C., was added with rapid stlrrlng. The
reaction mixture, which immediately assumed a dark-blue colour;
was continuously stirred and allowed to warm to room-temperature
over a 30 minute period. It was then'evaporated to dryness
under reduced pressure on an oil-pump. The residue was taken
up in chloroform and filtered through a short alumina column to
remove decomposition product. The concentrated filtrate
(ca. 3ml.) was then loaded uniformly along the base-line of six
' separate thin-layer plates of Kieselgel G (each layer 20cm. x
20cm. x lmm. and each supporting ca. 65 mg. reaction product)
[Note lt]; After standing 15 minutes at room-temperatﬁre (in

order to allow the chloroform to evaporate) the plates were
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introduced into a development tank (Fig.46 ) and were
simultaneously developed over a 30 hour period by continuous
elution with benzene / ether (50/1). 'This was achieved by
allowing the solvent front to evaporate at the head of the plates,
fhe solvent level within the system being maintained constant by
a replenishing device. When development was complete the plates
were allowed to dry and the individual fractions (Fig.36 ) were
mechanically separated. Corresponding fractions were then
combined and extracted with chloroform. A complete separation,
however, of fractions 3,4 and 5 was not initially achieved
because these tended to ovprlap.on the chromatogram. The
combined chloroform extracts from these overlapping fractions
weré concentrated and rechromatographed, using the procedure i
described above, on four separate thin layer blates.

A complete separation was then achieved.

" Fraction 1

Evaporation of the chloroform extract yielded 3mg.(0.06%)
of a light-brown solid. However the extremely low yield of
product prevented its characterisation.

. Fraction 2

E&aﬁoration of the chloroform extract yielded a dark-purple
solid which crystallised from ethanol / benzene as green needles.
87 mg. (17%)

m.p. = 153-154°C.
Mass spectrum : M/¢ (parent) = 401

Yield

Diethyl 4,7-dinitrocycl[3.3.3]azine-1,3-dicarboxylate
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CigHy5N30g requires : C = 53.87%; H = 3.77%; N = 10.47%

| found : C = 53.82%; H = 3.86%; N = 10.35%
I.R. P (c=0) = 1690 emt, 1705 cmlt

U.V. EtOH : 207(4.43), 275s(4.20), 292(%.24), 516s(%.30)
' 48(4+.32). |

.Fraction 3

Evaporation of the chloroform extract yielded a purple solid
‘which crystallised from ethanol / benzene as dark-brown needles.
26‘mg° (5%) |
221-222°¢.

Yield

. m.p.
Mass spectrum : M/ (parent) = 401
Diethyl 6,7-dinitrocycl[3.3.3]azine-1,3-dicarboxylate

CrglysN308 requires : C = 53;87%5 H = 3.77%; N = 10.47% -
' | found : C = 54.08%; H = 4.13%; N = 10.46%

I.R. i Y (C=0)‘£ 1680 cm:t |

U.V. EtOH : 207(%.49), 284(%.29), 349s(3.84), 50k (4+.50)

Fraction U4

Evaporation of the chloroform extract yielded a dark-brown
solid which crystallised from ethanol / benzene as dark—bréwn
rectangular~need1es

. Yield

93 mg. (18%)
225-226°¢.

m.p.
Maés spectrum :M/e (parent) = 401
Diethyl u,é-dinitrocyc1[§;3.§]azine-1,3-dicarboxy1ate
53.87%; H = 3.77%; N = 10.47%
5%.75%; H = 4%.20%; N = 10.49%

Cl8H15N308 ?equires ¢ C
| found : C
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I.R. Y (c=0) = 1700 em

ULV, : E£03’£*216(u.&2), 576(4.28), 293s(4.13), 366(3.6%4)
o o 462(%.23), 532(%.31).
Fraction E.

Evaporation of the chloroform extract yielded a dark-purple
solid which crystallised from ethanol / benzene as dark—blué
microcrystalline plates .

 Yield 53 mg. (10%)

211-212°¢.

m.p.
Mass spectrum : M/e' (parent) = 356
' Diethyl 6-n1trocycl[3.3,3]aziné-l,3—dicarboxylate

CigH1¢N,0g requires : C = 60.67%; H = 5.53%; N = 7.86%
found, : C = 60.63%; H = 5.23%; N = 8.05%

I.R. Y (c=0) = 1680 cmil

U.V. ' EtOH : 206(4.32), 273(%.29), 360i(3.68), uoo(3.81),'

574 (4.59)

Fraction 6

The chloroform extract yielded, on evaporation, a dark
blue-purple solid. However, the latter appeared to consist of
a mixture of two components since a sample, crystallised from -
ethanol / benzene melted over a wide tehperature range. Slow
cryétallisétion from a slight excess of the same solvent mixture
yielded blue-black prisms which possessed a sharp melting-point.
45 mg. (9%)
233-234°c.

Yield

mcpo

Diethyl 4,9-dinitrocycl[3.3.3]azine-1,3-dicarboxylate
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018H15N308 requires : C = 53.87%; H = 3.77%; N = 10.47%
found ¢ C = 54.03%; H = 3.91%; N = 10.31%

I.R. Y (c=0) = 1695 cm’t

U.V. - EtOH : 209(4.50), 289(4.28), 360(3.87),. 563 (4+.3k4)

Several other fractions which were present on the
chromatogram were in too small yield to be characterised and were

ignored.

Note 1 Kieselgel G (90g.) was shaken vigorously.with
distilled water (180ml.) for 90 seconds and the resultant fluid
‘paste was coated onto three glass plates (20cm. x 20cm. x 1lmm.)
at a uniform thickness of 1lmm. using Shandon t.l.c. equipment.
The plates were then dried in an oven at 12000., for 2 hours.

The procedure was repeated for a further three plates.

SYNTHESIS OF CYCLri,X.é]AZIN—l—ONE AND SIMPLE DERIVATIVES

OF THE DEHYDﬁOCYCLI3.3.2|AZINIUM SYSTEM

Pyrolysis of diethvl quinolizin-4-vlidenemalonate

in boiling nitrobenzene

The quinolizine (3.4g.) was dissolved in nitrobenzene (120ml.)
and the solution was heated under reflux for 1 hour. The
nitrobenzene was then evaporated under reduced pressure on an
oil-pump and the residue was taken up in chloroform and
chromatographed on a column of alumina (15"°x 13") using
chloroform as eluent.

The orange forerunner fraction yielded a yellow solid which

crystallised from anhydrous benzene as needles. The product was

13
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readily soluble in water, forming bright-yellow solutions.
Yield = 2.3g. (81%)
287-288°¢.

m.p.
Mass spectrum : ‘“/é (parent) = 241
2-Ethoxycarbonylcycl[3.3.é]azin—l—one monghydrate

| G4 85 5106 5.4
C14H11N03'H20 requires : C =¥56.37%; H = 4.,31%; N = 5.44%

, found : C = 65.32%; H = %.86%; N = 5.39%
I.R. P (c=0) = 1620 cmrl(keto); 1660 cm:T(ester)
U.V. EtOH: 219(4.56), 273(%.35), 287s(%.05), 298s5(3.89),

380(3.60), 454(3.65).
EtOH/HC10), (1%): 218(4+.42), 229(4.43), 286(4.01), 305s(3.80),

4 343(3.69), 386(3.55).

The red, following, fraction from the column yielded a
ﬁiscous red oil which was obtained as a solid after trituration
with ether. The product crystallised from benzene / ethanol
(not sufficiently soluble in benzene'aloné) as red needles.

In coﬁmon with the first fraction, the product readily dissolved
in water to yield bright yellow solutions

‘0.18 g. (9%)

m.p. = .90—18500.

Yield

The product consisted of a mixture of cypl[3.3.é]azin—l-one
and a l—hydroxycycl[3.3.2]azinium salt, the latter being derived

by protonation of the former at the l-carbonyl-oxygen atom

I.R. P (c=0) = 1620 cm?l; (0H) . 2500-3500 cm’T
U.V. EtOH: 222(k.52), 255(4.20), 293(3.78)

304(3.76), 400s(3.48), 485(3.66)
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lészroxzcxcll3.3.2|azinium chloride

A solution of 2-ethoxycarbonylcyc1[3.3.2]azin-l-one (2.06g.)
in 6N hydrochloric acid (35 ﬁl.) was heated under reflux for 1
hour and then evaporated to dryness under reduced pressure.
The ggsidual pale-yellow sblid crystallised from ethanol to give
yellow needles

Crude yield = 1.7g. (97%)

Progressively decomposes when heated >-l50°C.
I.R. VY (0H) = 2800-3400 cm:t |
U.V. EtOH/HCL0), (2%): 227(%.53), 291(3.95), 334s(3.54),

395(3.54)

Conversion of the .preceding product to chlr%.%.éWazin-l-one

A solution of l-hydroxycycl[§.3.ZJazinium chloride (1.5g.) f
in water (10ml.) was cooled (~5°C.) on an &ée-bath and then
treatéd dropwise, with stirring, with a 4N solution of sodium
hydroxide in water (5ml.). The mixture was then extracted with
successive portions of chloroform (10-15 x 20ml.) until the
extracts were no longer coloured. . The combined extracts wereA
dried and evaporated. The residual red oil was obtained as a
solid after trituration with‘ether. The product crystallised
from a benzene / ethanol mixture as red needles.
1.04g. (83%)

m.p. = 85-190°C.

Yield

The product was identical (i.r., n.m.r., u.v.) with the
second product from the pyrolysis’reaction, i.e. cycl[3.3.é]-

azin-l-one.
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l—Ethoxycycl[}.3.é]azinium perchlorate

A solution of cycl3.3.2]azin-1-one (2.9g.) [Note 1] in
"dichloromethane (15ml.) was treated with a solution of
triethyloxonium fluoroborate 127 (3.4g.) in the same solvent.
_The mixture, which had immediately changed colour from red to
yellow, was allowed to stand 15 minutes at room-temperature. .
The solvent was then evaporated and the yellow residue was taken
up in methanol (lOmi.) and treated with 70% perchloric acid.
Addition of.ether‘precipitated a yellow solid. The product

crystallised from éthanql (containing a drop of perchloric acid)

3.1g. (55%)
m.p. = 162-163°C. .
U.V. EtOH: 229(4.61), 289(4.05), 338s(3.67), 384(3.69)

" Yield

Note 1 The cyc1[3.3.2]azin-l—one was chromatographed on -
alumina immediately before use and dried under vacuum in a

desiccator. No attempt was made to crystallise it.

Attempted hydrogenation of l-hydroxycycl[§.3.é]azinium chloride

The title compound (0.3g.) was dissolved in glacial acetic
acid (35ml.) and the solution was shaken under hydrogen, at
atmospheric pressure, with palladium-on-charcoal (35 mg.).
However, after 6 hours no hydrogen had been absorbed. The

starting material was recovered.
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Nuclear magnetic resonance spectra were measured at
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60 Mc. / Sec. with reference to tetramethylsilane as internal

standard.

All spectra were integrated.

Chemical shifts are

given as T'-values and coupling constants are measured in c. /Sec.

d = doublet, t = triplet, q = quartet, m = multiplet, Ar.= aromatic
Structure Solvent Chemical Shifts J
PN I-H, 2-H, 3-H, 7-H, 8-H, 9-H, Tg.7= 8

- a : ~
NS g = T.F.A. [1.35-2.0m : é-H, 0.76 4% : Tg 81
CH,CO_H CH,, 5.19s.
2-H, 7-H, 8-H, 9-H, 2.65-3.km: |J, =7
. )
A CDCly  |1-H, 3.604% : 3-H, 1.450% : T2,37 9
N 6-H, 2.1%d® : methylene-H, Jg.0= 7
. ?
, CO2Me 5.09s: ester-H, 6.33s. Ja = 1
5-H, 7-H, 8-H, 9-H, 2.7-3.55m: Jl,2'= 7
a, . a , . _
~ / CC1)+ l"H, 30826. o 3 H’ 105)+d . J2,3 - 9
<494 6-H, 2.27d%: methylene-H, Te,7 =7
5.20s: ester-H, 5.9%q(CH,), Ja =~ 1
CO_Et
2 8.76t(CH3).
1-H, 2-H, 7-H, 8-H, 9-H, 3-H,
= /l CDC1 1.85-2.7m : 6-H, 0.94d : Jg o= 7
N 3 )7
ester-H, 5.85q(2 x CH,),
EtO2C C02Et 8.80t(2 x CH3)
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5.89q(2 x CH,),8.86t(2 x csy)

) Structure Solvent Chemical Shifts J
1-H, 2-H, 3-H, 7-H, 8-H, 9-H
N
N | CD013 1.80-2.65m: 6-H, 0.834 : J6,7= 7.5
MeOC COBS ester-H, 6.27s(Me), 8.65s
2 e (BuS)
1-H, 2-H, 3-H, 7-H, 8-H, 9-H,
o . £ . -
N | CDC14 1.85-2.7m: 6-H, 0.95a: J6’7- 7.5
~ ¥ ester-H, 5.82q(CH,),
EtoC’ “COBu 2
2 2 8.774(CH,), 8.61s (Bu®)
A~ 1—H,-2-H, 7-H, 8-H, 9-H, 3-H,
N | CDCL, 1.80-2.75m: 6-H, 1.04d: Tg.0= 7
b
8602C Cozag ester-H, 8.58s(2 x Bux)
1-H, 2-H, 7-H, 8-H, 9-H, T6. 7= 7
:: N”| CDCL, 1.96-2.70m: 3-H = 1.86d2: Jg g1
bJ
NG COMe 6~H, 1.45d%: ester-H, J2’3= 8.5
2 6.22s(Me). Ty 4= 2.5
?
@ﬁ 1-H, %'H, 3-H, 7-H, 8-H, 9-H
N T.F.A. 1.6-2.15m: CH,, 6.62s.
CHI\f’;’cq | =l
1-H, 2-H, 7-H, 8-H, 9-H, Tp 3= 745
- a
| CDCl, 2.07-2.95m: 3-H, 1'93F : T 4= 2
1§3H3 (CHy, 7.47s: ester-H, ‘
: O2C C02Et
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Structure Solvent Chemical Shifts J
v 1-H, 2-H, 7-H, 8-H, 9-H, To3=8
v . a ’ .
N CDC1, 2.1-2.95m: 3-H, 1.77d%: Ty 3= 2
. b
CH3 . : -H
NG C02Me CH3, 7.62s: ester-H,
6.28s(Me)
~H, 3-H, 4-H, 6-H, 7-H =
. . l i} 3 ) | b} 6 ) 7 , Jl’2 J2,3
A(Mejs,i)zo 9-H, 7.93d: = 8
2-H, 5-H, 8-H, 6.35t
1-H, 3-H, 4-H, 6-H, 7-H,
CeH 9-H, 8.10d: 7
2-H, 5-H, 8-H, 6.57t
2-H, 4.36d°: 3-H, 6.37d: T 57 9.5
a,c,e : _ - Q.
CDC1, &—H and 7-H, 5.55d4%? ’fand Ty, 5= Ig g= 8
: a,c,e, _ . 4o - - 9
5.57(1 LA g 5 H, )+o6it . 6 H, J7,8—- J8,9— 90
a,e, q_ . o_ _ -
A C02Me 6.014%°%: 8-H, 4“.42t": 9-H, Iy 6= J7’9_2.
3.86d%: ester-H, 6.60s.
2-H, 4.48d4: 3-H, 6.494: I, 3= 9.5:
. ?
CDC1, 4-H and 7-H, 5.72da’°’:and Ty, 5= Ts g= 8
: deCy€, _ . L - _ .
5.74d%°%*%: 5-H, l+.7§t : 6-H, J7,8— J8’9- 9:
a eo- . —
Co2Bg 6.17477%: 8-H, .5t s 9-H, |J (=T, g=2
%.024%: ester-H, 8.71s :
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Solvent

Chemical Shifts

X
)
&

CDC1.

2-H, 2.90s: 4-H and 9-H,

3.284%a%: 5-H and 8-H,
3.89t: 6-H and 7-H,

4.76d%a%: ester-H,
6.46s(2 x CH3)

J)_".’5= J5,6: 8

I g™ 2

CDC1

2-H, 2.98s: 4-H and 9-H,
3.23d%3%: 5-H and 8-H,

3.87t: 6-H and 7-H,
4.70a%a%: ester-H,

6.00q(2 x CH,), 8.81t
(2 x CH3)

T.F.A.

1-H, 4.324: 2-H, 2.35d:

4-H, 1.18t: 5-H, 6-H, 7-H,
8-H, 9-H, l.4-2.1m: ester-H,
5.40q (CH,), 5.64q(CH2),
8.49t§cn3), 8.68t(CH3)

1,2

BJ’(!'IIEggﬂe

CDC1

2-H, 2.98s: 4-H and 9-H,
3.283%'8 and 3.364%'8: 5-H
and 8-H, 3.91t: 6-H and
7-H, 4.764%3%: ester-H,
6.475(Me), 8.62s(Bud)
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7.085(CH3)

Structure Solvent Chemical Shifts J
2-H, 3.09s: 4-H and 9-H, Iy, 5= J5 6
b b
CDC1, 3.434%@%: 5-H and 8-H, = 8
4.03t; 6-H and 7-H,
¥
Bux%c , COQBu 4.87d4%4%: J)_*_,é':_’ 2
ester-H, 8.64s (2 x Bug)
1-H, 5.15d: 2-H, 5.65a: J, o= 2.5
?
CDC1, 4-H, 1.23d4%: 5-H, 6-H, 7-H, Ty 6= 945
' 8-H, 9-H, 2.6-3.67m. Ts g= 1.5
9
MeO:CH C%Me ester-H, 6.28s(Me),
coM 6.41s(Me), 6.42s(Me)
LI"'H, 6-H, 7"H, 9"'H’ 3.77d: J)+’5— J5’6
CDC1, 5-H, 8-H, 4.57d: =5
Me02C cQMe ester-H, 6.35s(Me), 6.49s
CQ§Ae (2 x Me)
Ar-H, 2.7-3.3m : 4-H and Ty 5= 5 ¢
. ? ?
+ |epcay 9-H, %.99d%3%: 5-H and 8-H,| = 8
Li-.)-l-3t$. 6"H and 7"H, 5.)'1'5 JL|. 6’.‘_‘ 2
?
Me02C phCO2Me d%q®: ester-H 7.09s(2 x Me)
Ar-H, 2.65-3.2%u: 4-H and Jh 5= J5 6=
? ?
- a,g a,g, -
CD013 9-H, 4.97d7’® and 4.99d47’°: J7,8- J8,9
5-H and 8-H, 4.42t: 6-H and| = 8
7-H, 5.43d%a%: ester-H Ty 6= Tn g
9 7
Me02C PhCOQEt 6.57q(CH,), 9.’+7t(CH3),, o




-203 -

Structure Solvent Chemical Shifts J
Formyl-H, 1.05s: 2-H, J’+,5' 9
CHO CDCl3 2.40s: 4-H and 5-H, J7,8" J8,9
3.11-3.60q(AB): 7-H, 2.324%:| = 8
’ 8-H, 3.33t%: 9-H, 2.64a%: T, g% 2
Et02C CO2Et ester-H, 5.88q(2 x CH,),
-8.75t(2 x CH3)
Formyl-H, 1.60s: 2-H, J5,6= S
CDC1, 2.23s: 5-H, 3.10d: 6-H, o 8% 98,9
%.33d: 7-H, 4.084a%: 8-H,
’CHO 3.23t%: 9-H, 2.50a%: = 8.5
E1"02C CO2Et ester-H, 5.83q(2 x CH2), Iy g=2
8.73t(éﬁ3), 8.78t(CH3) ’
Acetyl—H, 7.8#5: 2-H, 2.58s: J4,5— 7.5
COCH,| cDCl, 4-H and 5-H, 3.10-3.35t o 8= 8,9
(vA,): 7-H, 2.34d%: =8
, 8-H, 3.43t%: 9-H, 2.78a%: 356 Ty 5
Et02C ¢02Et ester-H, 5.9Oq(é;12),
8.76t(éﬁ3)
N 2-H, 3.13s: 4-H, 3.265%: T5.6= 98,9
CDCL, 6-H, %.525%: 7-H, L4.94d%: =8
’ 8-H, 4.04t: 9-il, 3.&5da T9. 6= Ty 5
EtO2C C()2Et ester-H, 6.04q(2 x CH,) = 2

X=CO,Me

8.77t(2 x CH3), 6.33S(CH3>




~20k -

‘Chemical Shift

(2 x CH3)

Structure Solvent J
: | : | 2-H, 2.57s: 6-H, 4.63s: I, o= 8
= N | | . 7,8
- X 09013 7-H, 4.424%: 8-H, 3.45t: Tg o= 7
B fx i 9-H, 2.73d%: ester-H, J7’9 = 2
- '5.87q(CH,), 5.91q(CH,) :
8.76t(2 x CH3), 6.26s(CH3),
xzc%Me' 6.’+5$(CH3)
2-H, 2.41s: L-H, 3.26a%: Ty 5= 9
?
NO 0, o_ a,o _
2 | CDCl, 5-H, 2.664% 7-H, 2.24a%°, | J, = I89
. 8-H, 3.16t: 9-H, 2.564%: = 8.5
EtO CC%Et ester-H, 5.82q(2 x CHZ), J7,9 =~ 2
2 8.72t(2 x CHjy)
o 2-H, j..84s:. 5-H, 1.39s: J7,8= J8,9
2 | cpcl, 7-H, 1.854*'P: 8-H, 2.6 t¥: | =8
’NOQ : 9-H, 2.01d*'P: ester-H, Tp g% 2
. . CH,) .78q(CH,) .
Etod COQEt 5.66q(CH,), 5.78q( 575
2 8.63t(CHy), 8.74t(CH,)
NO, NO, 2-H, 2.02s: 5-H, L-H, 8-H,3H J) o= T8,
CDClj 2.27-2.76q%(2 x AB): ester-H,| -= 10
| 5-73q(2 x CH,), 8.66¢t
Et02C C02E1:
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EtOC COEt

33

l.39da: ester-H, 5.7§q
(2 x CH,), 8.70t(2 x CHy)

Structure Solvent Chemical Shift - J
NO, . | 2-H, 2.03s: 5-H, 6-H, 8-H,%H, T (= I8, 9
| coely 2.28-2.75m"(2 x AB): ester-H,| = 10
o N% 5.71q(CH2), 5.78q(CH2), 8.66t
EtQC ~ COft ' (cHy), 8.73t(CHy)
2"H, 1.915: S-H and 8"H, Js' 6= J,7 8
? ?
CDC1, 2.43dd: 6-H and 7-H, %.08dd: | = 9
o NQ ester-H, 5.76q(2 x CH,),
EtQC ™~ COfEt 8.72t(2 x CH,)
2-H, 2.09s: 3a-H, 4.474%: Tya e 11
. ? !
CDCly - | Moc-H, 7.3-7.95m: 4B -H, JI3a,ug T3
6.35-6.66m: 5-H, 6-H and ‘Jhx up = 18
' ?
, 7"H,' 3-15"3.85111: 8—H, J)_*_p,s =7
' . X: "H . a: -H = . ’
Etod CO2Et 2.76q"s 9-H, 1.264d%: ester-H, J7,8 8.5
2 5.80q(CH,), 8.70t (CH;) Jg o= 9:5
2 .
J7,9f:: 1.5
2-H, 2.15s: 3a-H, 4.4748": o g= 7
?
CDC1,. aliphatic-H, 6.7-8.3m: 7-H | Jg o= 9.5
3.664%: - 8-H, 2.80q: 9-H, Ty g1
?
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Structure Solvent Chemical Shifts J
2+, 1.77s: 6-H, 5.00q: 7-H, | J, g= 7
CDCL, '3.553%: 8-H and ethebn-H, Tg g= 9+5
?
[x 2.65-3.30m: 9-H, 1.55d4%: g g=1.5
X ester-H, 6.24s(CHy), 6.29s | Jg =5
2 2 (CHZ), 6.68t(CH3), 6.71t
(CH,)
X=C02Me 3
2-H, 1.78s: 6-H, 5.07q: 7-H,| J, g= 7
CDCl3 3.56da: 8-H and etheno-H, J8 9 9.5
. ?
[x 2.55-3.35m: 9-H, 1.56d%: Tp.g 1.5
X ester-H, 8.Sls(BuK),’8.56 J6 Q= 5
?
etof ~ toft (Bu®), 5.78q(CH,), 5.80q Tg b= 2:5
(cH,), 8.69t(CH3), 8.71t
x=cq,Bu* (CHy)
. y
2-H, 1.89s: 6-HY and J7,8’" 7
CDC1 ethano-H, 6.9-8.2m: 7-H, Jo o= 9.5
X 3 8,9
[ 3.66d%: 8-H, 2.86q%: 9-H, T, g% 1.5
?
X 1.504%: ester-H, 6.2Os(CH3)
EtQC — CQEt 6.285(CH,), 5.80q" (CH,),
X =COMe 8.69t(CH3), 8.71{:(CH3).,

5. ascg (CH2).
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Structure

Solvent

Chemical Shifts

CDCL

2-H, 2.87s: L4-H and 8-H,
3.52s and 3.45s: 5-H, 6-H
and 7-H, 2.65-3.25m:

maleoyl-H, 4.12s: CH,-H,

3
7.47s, 7.59s: ester-H,

6.04s(Me), 6.21s(Me)

CDC1

3-H, 4-H, 5-H, 6-H, 7-H and
8-H, l.%-1.6m: 2-H, 3.98s:
hydroxyl-H (due to partial

protonation), 6.47s

CDC1

3-H, 4-H, 5-H, 6-H, 7-H and
8-H, 1.4-2.3m: ester-H,
5.55q(CH,), 8.5ut(CH3)

T.F.A

éﬂ,hﬁ,Sﬂ,éﬂ,7ﬁ
and 8-H, 0.8-1.5m:
2"H, 20655

3-H, 4%-H, 5-H, 6-H, 7-H and
8-H, 0.6-1.3m: ester-H,
5.16q(CH,), 8}3ét(CH3)

3-H, 4-H, f-H, 6-H, 7-H and
8-H, 0.85-1.lm: 2-H,
2.70s: Et-H, 5.3Oq(CH2),.
8.25t(CH3)
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Further split by coupling to a meta-proton

Partially obscured by the triplet attributable to either the
5- or the 8-proton.

The doublets at 5.557 and 5.577 are partially superimposed.
The assignments of the L4-, 6- and 7- proton resonances may
possibly be interchanged.

The assignments of the 5- and 8- proton resonances may
possibly be interchanged.

The 4- and'9—proton doublets are partially superimposed.
Partially obscured by AB quartet.

Partially obscured by 5-proton doublet.

" Partially obscured by 4- and 5- proton triplet.

The 4-proton doublet is obscured by the 8-proton triplet. |,
The 5- and 7- proton doublets are partially superimposed.

The 7- and 9~ proton doublets are partially superimposed.

Extraneous signals, due to 1) occluded benzene and

'2) chloroform impurity'in the solvent, overshadow the

8-proton triplet.
Consists of two partially sgperimposed AB quartets.
Shows poorly resolved fine-splitting.

An extraneous signal, due to occluded benzene, overshadows

“the highest field component of the quartet.

An extraneous signal, due to chloroform impurity, is present
at 2.707.
The methylene resonances integrate for S5-protons. It is

possible that the 6-proton resonance is included here.

An extraneous peak, due to occluded benzene, is present at

2.637.
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Synthesis of Pyrido[2,1,6-de]quinolizine (Cycl[3,3,3]azine)
~ By D. FARQUHAR and D. LEAVER*
(Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh, 9)

PvyrIDO[2,1,6-de]ouiNoLiZINE (I), otherwise known! as
cvcl[3,3,3]azine, has been the subject of theoretical
studies!»? which have predicted a resonance energy greater
than that of the highly stable and well-known!® com-
pound pyrrolof2,1,5-cdlindolizine (cycl(3,2,2]azine) (II).
Despite considerable efiort,® however, the synthesis of the
pyridoquinolizine has not hitherto been accomplished.}
We now report the synthesis of this ring-system, from
4-chloroquinolizinium perchlorate (III,® by the route
outlined below.

7 [
9 N
‘ ~ c1/
M 3 (In
P ) clo,~ (IIn)
(@)
(ii) Z NP (i)
—_— | —
i N
RO,C CO,But CO,R RO,C CO,R
)
Reagents: (i) NaCH(CO4R)-CO,But-THF; (ii) HCI-PhH
(for R=Et) or PhSO,H-AcOH (for R=BuY), NaOH; (iii)

HC:C-CO,R-PhNO, at 210°.

Evidence for the structure of the diester (IV; R = Et)
was provided by its 'H n.m.r. spectrum which showed the
following signals: 7 2-84 (s, 1H, 2-H) 3-86 (t, 2H, 5-H and
8-H) 3-23 (dd, 2H, 4-H and 9-H), and 4-77 (dd, 2H, 6-H
and 7-H). The coupling constants were J,; = Js¢ =
81 and J,q = 1-7 Hz.

The brown, crystalline esters (IV) were stable in the
solid state but their solutions, particularly those in
hvdroxylic solvents, rapidly changed from bright yellow

{Amax 453 nm. in EtOH) to dark brown. Hydrolytic
procedures were therefore precluded and, in order to
obtain the parent compound (I}, it was necessary to heat
the di-t-buty! ester (IV; R = But) in a sealed, evacuated
tube at 250—300° for 5 min. The tube was then opened
and the product was recovered from it by vacuum
sublimation. .

The pyridoquinolizine (I) was a brown, crystalline solid
that gave bright yellow solutions (Apax 458 nm. in cyclo-
hexane) in ethers or hydrocarbons; it was stable in nitrogen

N
O CO,Me Ph
N CO,Me
Ph COZMe
EtO,C CO,Et MeO,C CO,Me
v . ) © CO,Me
(Vla) X=-CH:CH- 2
(VI)
(VIb) X=-CH,-CH,-
‘ CO,Me
(VIII) CO,Me (IX)
EtO,C CO,Et EtO,C CO,Et

but decomposed within minutes when exposed to air or
when dissolved in CHCI,;, CCl,, or hydroxylic solvents.
The n.m.r. spectrum} of compound (I), in bis(trimethyl-
silyl) ether, showed a triplet centred at 7 6-35 (protons 2,
5, and 8) and a doublet of twice the intensity centred at
7 7-93 (protons 1, 2, 4, 6, 7, and 9), the coupling constant
being ca. 8 Hz. These signals are respectively 2-2 and
2-8 p.p.m. upfield of their counterparts in the spectrum of
the 1,2-dihydropyridine (V)7 and the 7-values are among
the highest yet reported for protons joined to trigonal
carbon. We regard this high degree of shielding as evidence
of a paramagnetic ring-curtent® in the peripheral, non-
aromatic system of 12 sr-electrons. The contrast with the
typically aromatic pyrroloindolizine (II), which contains

+ Cyclopenta[cd]cycl(3,3,3]azines are known® but their properties cannot be expected to reflect those of the parent, tricyclic ring-

system.

} The spectrum also indicated contamination by a trace of t-butyl pyrido[2,1,6-de]quinolizine-1-carboxylate, a compound that may
be obtained in the pure state by pyrolysing the di-t-butyl ester under less vigorous conditions.
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10 peripheral 7r-electrons and gives proton resonances® in
he range t 2-1—2-8, is striking.

We have not yet investigated the chemical properties
»f the parent compound (I) but those of the diester (1V;
R = Et) show further evidence of lack of aromatic charac-
ter. Thus the ester reacted with dimethyl acetylene-
licarboxylate, in boiling benzene, to give a red Diels—
Alder adduct (VIa), the structure of which follows from
the resemblance of its u.v.-visible spectrum to that of the
4 H-quinolizine (VII)1® and from its ready conversion into
1 dihydro-derivative (VIb) that lost ethylene above 220°
to give the tetracarboxylic ester (VIII). Catalytic hydro-
seneration of the diester (IV; R = Et) proceeded readily,
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at room temperature and atmospheric pressure, to give a
red tetrahydro-derivative (IX), the u.v. visible spectrum
of which was closely similar to that of the adduct (VIa).

Despite its lack of aromatic character according to the
forcgoing criteria, the diester (IV; R = Et) participated
in substitution reactions with certain electrophilic reagents
(notably  tetranitromethane, NN-dimethylformamide-
phosphoryl chloride, and aeetyl ehleride). We do not
accept these reactions as evidence of aromaticity but
prefer to regard them as analogous to those of a typical
enamine.
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