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1‘
PREPARATION OF 4,6-DIMETHYLQUINOLIZINIUM SALTS

AS POTENTIAL INTERMEDIATES IN THE SYNTHESIS

OF CYCL [3,3,3] AZINES

ABSTRACT *

The preparation of 4,6~-dimethyl-2-phenyl- and 2,4,6-
trimethylquinolizinium bromides has been accomplished by
the reaction of 2,6-1lutidyllithium with the appropriate
protected ﬂ -diketone, followed by cyclodehydration of
the intermediate pyridyl ketone with hydrobromic acid and
acetic anhydride, The mechanism of this ring-closure is
discussed, Further, various functional derivatives of
these and other quinolizinium salts have been obtained,
and the ultraviolet spectra of a number of quinolizinium
salts are discussed in ferms of electron-release by sub-
stituents to the cationic ring system,

These 4,6-dimethylquinolizinium salts were desired
as potential intermediates in the syhthesis of the theor-
etically interesting cycl [},3,5] azines, However, the
compounds obtained were not converted to the corresponding
cycl [5,3,3] azines under a variety of conditions.

While the activity'éf a methyl group in the 2- or 4-

position of the quinolizinium ring system has been shown to

e
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parallel that of e.g., the 2-methyl group of 2-picoline
methiodide, especially in reaction with aldehydes, the
relative inertness in both the 4- and the 6-positions

has been attributed to steric hindrance to the formation

of a reactive anhydro base,

In addition, a number of unsuccessful approaches to

the preparation of various quinolizinium salts are outlined,

S
.

6.
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R

b
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INTRODUCTION

Cycl@,a,ﬂazine (I) is a member of a novel class of condensed
heterocycles,consisting of a central nitrogen atom bonded to a
completely coangatod hydrocarbon macrocycle.Theoretical interest:in
the cyclazines,as a class,arises from the possibility of considerab;e
interaction of fho free pair of electrons on nitrogen with the per-
1phora11TLeloctron system.S8uch interaction would be expected to result
in signifigant resonance -tlbilization and to give :1:0 to certai?'

physical and chemical properties,such as non-basicity and ease of

electrophilic substitution. /

9
&=
=

Recent molecular-orbital studies have predicted the resonance
energy of I to be somewhat greater than that of anthracene,and,in
addition, that (valence bond) structures such as Ia would makeimport-

ant contributions to the ground state of the nqlopulo.(l,a)

Similar calculations,using the same parameters,lead to a value
for the resonance energy of the known cyclts_,z,ﬂ azine (II)which is

somewhat less than that of I and slightly less than the resonance

i
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4.

energy of naphthalene.Since these calculations do not take into
account the strain energy resulting from the fusion of two five-
membered rings in Ii,it would seem that the actual resonance energy
of 11 is considerably less than that of I.

In accord with the predictions og thoory,cycl[?,2,§aazino has
been synthesizéd (1) along with a number of substituted derivatives
(2),and has been found to be quite stable under ordinary conditions.

The non-basicity of IJ1 and the ease with which it undergoes electro-

philic substitution provide evidence for important contributiogs

from canonical forms such as [Ia and IIb,

TS « CJJ —E
§ 2 €% = «—>
4 3 ®
I Tla TIb
In order to test the theoretical prédigtionl;tho synthesis of
cycl ﬁa,a,:ﬂ azine (I) and its simple derivatives is of prime impot-
tance.Only one attempt to prepare 1 appears in the literature (4),

and this failed at an early stage.More recently in these laboritér-

ies,Beach has explored synthetic routes to the pyridocyclodecane

II1I,closely rdlated toll.(5)
-

111
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S,

It may be noted that cyc1[3,3,§z:l'.no is isoelectronic with the
reactive carbanion,V,resulting from treatment of perinaphthalene

(1V) with strong base.(6)

r:.jc'; Collali 5

3%

o

\

Condensed triaza derivatives of I,known as tricycloquinazolines
(VI) are well known (7).In addition,one of the minor products of the
reaction between dimethyl acetylenedicarboxylate and quinaldine has

been formulated as VII (8),which contains a ring,system quite sim-

ilar to that of I. “— ,
h‘ . Sy J F\
[;:.1__U =
- =z . Q
| \aj CHOCO cog CHy
COgCH,.
VI R, §
. While a number of synthetic approaches to cyclca,s,:ﬂazine can

be vis,iualized,it seems that a particularly attractive sequence
would be the reaction of the 4,6~dimethylquinolizinium cation (VII‘I)

with a suitublé formic acid derivative (represented here as formic .
acid).It should be recognized that wh:l,lo fhe initial condonlafion
(VIII-IX) will almost certainly be base-catalyzed,the intermediate
IX may undergo rather facile loss of HX to give Xb and/or Xc,so

that in the fimal step (IX~I),it may be neccessary to resort to

acid catalysis.
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(;'_lg:'; — C: ) +nxaz [:(’, +HX
P 4

CHg _cH , "
, CHg ~H cH H
CHOM HO o
Xa Xi ch' °-

While a number of quinolizinium salts are known,none of these

contains methyl groups at the 4- and 6~ positions,as required for
the riny closure to I outlined above.Thus the object of the work
reported here was to prepare quinolizinium salts such as VIII,
bearing suitable substituents,and to utilize thesg :salts in the
preparation of tricyclic compounds reiated to cycl@,3,§uno.

We have been successful in preparing 2,4,6-tr1me'thy1qu1noliz;
inium (XI) and 4,6-dimethyl-2-phenylquinolizinium (XII) salts,but
all attempts to prepare the corresponditng cycl [3,3,3) azines from

these salts have failed.

' / ‘r— j s ‘a
CH; CH; : rngQ

XT . X1l

C-‘Hl'

Nomenclature:The cyclazine nomenclature used herc has been

proposed by Boskelheide (1) ,'wii;h the numbering of the ring positions

Réproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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as shown on pages 3 and 4.The quinolizinium.cation and.quindlizine

nomenclature and numbering are those adopted by Chemical Abstracts.

W

- by

¢y
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RESULTS AND DISCUSSION
QUINOLIZINIUM SALTS

Quinoliz;nium salts have been known to exist in certain complex
. alkaloids for some time. However,sypthotic routés to relutivoly simple
quinolizinium cations have been developed only recently. One of the
most genefal of these approaches,discovered by Woodward (9)and further
elaborated by Richards and Stevens (10),consists of the reaction of
picolyllithium (XIII) with the mono-ketal or enol ether of a ﬁ-di-
carbonyl compound (XIV),followed by cyclodehydration of the inter-

mediate adduct (XV) to .the corresponding quinclizinium compound with
acid (Xv—XVI).

-=_.N . CH;_

— Ll‘ C.“\,"H R
ZX R — B Gr PRI e
L]

cu
C.(OR‘)g . ﬁ— Z.OR3 4 :
R/I -
XII XTIV XN VT

Richards and Stevens (1l0)have used this method to advnntago in the
preparation of 2, 4-d1methy1-(XVI iR=R'=CHg) and 2-nethyl-4-phenyl-
(XVI; n-ceu,,n'-cn,) quinolizinium picratea.These two compoundl were
of considerable interest to us,since the subntitution ot 2, G-Iutidine
for piceline in the initial step should provide quinoliziniun salts
with methyl groups in the 4i“and 6- positions as required for the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



preparation of cycl @,3,3-.|azines. It should be noted} that this
sequence cannot be applied to give 2-unsubstituted quinoliiz niumsalts,
since the requisite ﬁ-dialkoxyaldehydes (XIV:R=H) are not available.
Considerable difficulty was "inticipated'in the cyclodehydration
of the corresponding lutidine adducts (e.g. XVIII) on the basis of
the following mechanism,proposed for the formation of quinolizinium
compouds from the addition compounds of pic01.yI- or lutidyl-
lithium (XIII or XVII) with suitably protected ﬁ—diketones (e.g.XVI)‘.’

CHzLi COCHyq R “f*f{“k
\I fhp | ——> rz/\“[ s -OHM.E—‘IH H

CH Hp0
CHy ‘ﬁ,:gj ‘é“! ér"'%j 12 @ J.-o
h SHs XX S
Xvit XIN XVILT
ol T ""“s e oA cHy
r;(\N l-, - E—‘N lu -— EI‘ “h
¢-H| =0 ‘!“5 C.': c :8
qu CHy xxb éH; xxc c 3
Ny =M ux . = CHy
= [y e ey
CHy CH3 OH CHy CliH3
X XTI X1

In accord with this postulated mechanism,Richards and Stevens
(10) have isolated the picrate of the pyridyl ketone XXXIII (analo-
gous t'o'XIx as an intermediate in the formation of 2-phenyl~4- '

methylquinolizinium picrate (XVI). In addition,we have isolated

3 ' & o
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9 .

the hydrobromide of the unsaturated ketone XXVII (analagous tq'
XXa)as an intermediate in the preparation of 4,6-dimeth91-2-pheny1-
quinolizinium bromide (XII,vide infra),although XXa,itself,could
not be isolated in pure form. Further,we have obtained spectral
evidence for the formation of XIX =n mild acid treatment of the
adduct XVIII(Appendix,Figure 4). Nesmayanov (38) has isolated an
intermediate, formulated as the hydroxydihydroquinolizinium salt
XXIIa,in the preparation of 2-methylquinolizinium bromide (XXXV).
Lacking further information,since this work is available to us
only in abstract form,and in view of our experience with the ketone
XXVII,it would seem that this could be formulated as the isomeric
aldehyde derivative XXIIb,which is similar to the proposed inter-

mediate XXa.
C“g\ ~OM Leag, oHe
\C‘H‘ r;-ﬁ
g“ $ @ocuninoy), *-"J ” B HA(NOY),
[;;;;gi* T Ha E?ésij%B-‘SL. ::.~n ::' Re
#hy <o 0
CHy -~ XII ,
Q“ C'H‘ — CG“‘
Eﬁr:)uls C_Tj’m e YN E3i~
Xxna XXk ©SH° XXXY

Consideration of the preceding mechanism shows that the prisonce
6f & 6-methyl group on the pyridine ring in the adduct would be
expected to hinder the formation of the bond between the pyridine

bReproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11.

nitrogen and carbonyl carbon (XX~XXI)since, as the carbonyl group
approaches the ring,the 6-methyl group and tho'&-ﬁothyl group of
the side-chain are brought close together so that steric rppglpion
becomes important. The steric strain resulting from non-bonded
interaction between the 4- and 6- methyl groups of the intermediate
XX1 is further increased by dehydration to the planar quinolizinium °
cation XI. In this connection,examination of a molecular model of
XI shows that the hydrogen atoms of the 4- and 6- methyl groupn~ﬁre
actually interlocked in their least-strained conformation,severely
restricting free rotation of the methyl groups.The strain energy
produced by the interaction of4- and 6- methyl groups is presumably
of the order of 8 kcal./mole,the value obtained bi PacXard (11)for

for the strain energy of the nearly isosteric l,e-dinothylnlphthulono

(XXIIX).
S

- XXITL

Further consideration of the proposed mechanism reveals that
successful cycloddhydration depends on the rather complex acid-
base equilibria (XXsgXXbgXXc).Thus,while excess mineral acid is
neccessary for the dehydration steps (XIX-XXa and XXI-XI), the presence
of a large excess of strong acid would auppronl'tho.dilsociution of
the salt xxi to the tro‘ base XXb,thus preventing attack of the
pyridine nitrogen on the carbonyl group (XXo-XXI). It would appear

that this is but another case of "optimum pH'"such as that observed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in the well-known reactions of ketones with substituted hydrazines.

Previous work has shown that the formation of known quinolizin-
ium salts is subject to a number of subtle factors. Thus,Richards
and Stevens (10) have prepared a variety of quinolizinium salts,
including 2,4-dimethylquinolizinium picratvo (XX1X) by treatment of
the appropriate picolino-ﬁ-dicarbonyl compound adduct with excess
picric acid in boiling ethanol.However, a s previously noted, these
conditions were not sufficiently vigorous for the preparation 61’
2~phony1-4-metiiy1qu1nol1zin1um picrate (XVI).In this latter case the
hydroxyketone picrate XXXII1 resulted;this was subsequently cyclized
XVI with acetic anhydride-sulfuric acid.

CHy = CeH¢C
-—Aﬁj Gb“s(NO‘b‘ | EH %Cb“g(ﬂp‘)'
Xxfx XviI

Similarly, these authors found that the action of hydriodic tgid
on the pyridyl acetal XXX gives 2-methylquinolizinium iodide direct-
13- (XXXV) ,while Nesmayanov (38) obtained the intermediate xx;xa'og
XXIIb by reacting XXX with excess concentrated hydrobromic acid;
this was finally cyclized to XXXV with acetic anhydri@o-lulturic

acid.
— —CH CH
r t~e \oi-l HOQH;WZ s —fp Xb

QH(QCH‘)
X XX RXXV
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As expected,the monoethylene ketal: of acetylacetone (XIV) reacted
smoothly with 2,6-lutidyllithium (XVII) to give 4,4-ethylenedioxy-32-
methyl-1-(6'-methyl-2 '~pyridyl)-2~-pentanone (XVIII) as a somewhat
impure pale yellow oil in 50-55% yeild. The structure of XVIII was
assigned mainly on the basis of its method of forn;tiop,qonvorlion
to the corresponding quinolizinium salt and spectral data,since solid
derivatives could not be cbtained with picric acid or the usual
carbonyl reagents. Thus, the k,ponc hydrobromide (XIX),prepared in
situ by treatment of a dilutoﬂ;lcoholic solution of the ketal (XVIII)
with hydrobromic acid,shows ultraviolet absorbtion characteristic
of simple pyridines in acid solution,)mznmu(log‘ 4.24;Appendix,
Figure 4).

Numerous attemptsto cyclize the hydroxy ketal XVIII with alcohol-
ic picric acid,concentrated hydrobromic or hydriodic acids,or sul-
furic or pq&ypho.phoric acid,or phosphorous oxychloride were with-
out success, tarry materials being formed under vigorous conditionms.
Finally,after considerable experimentation,it was found that treat-
ment of the intermediate XVIXI yith slightly more than one equivalent

of_hydrobromic acid,followed by evaporation to dryness and cyclo-
dehydration of the resulting crude ketone hydrobromide (XIX) with
refluxing acetic anhydride for 18 hours resulted in a 50% yeild of
the desired 2,4,6-trimethylquinolizinium bromide (XI).The ﬁlo of .

traces of sulfuric acid as a catalyst in the final cyclodehydration

lod’to extensive chafring.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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~~CHaN IOH — CH ., »OH — C“s
I ad C N }‘ﬂ‘vﬂs -->C’7 > =
: r
CHy | %:g:‘ He® co cu. Hs 7
XVINT CHs )(Ix‘ CHy w1

In an attempt to apply this same reaction sequence to the
preparation of 4,6-dimethyl-2-phenylquinolizinium bronido (xll).
lutidyllithium (XVII) was reacted with the enol othor of bonzoyl-
acetonp (XXIV). While the color change and heating effect indicat-

. ed that the organometallic was being consumed,attempted distill-
ation of the crude basic product,followed by treatment with dilute
aqueous acid, resulted, in the recovery of substantial apountl of
benzoylacetons . Subsequent cyclodehydration of the acid-soluble
material gave the desired quinolizinium bro-ido}(xll) in very
low yeild. Thun,it uppoar-’that the intermediate enol ether (xxv)
is unstable towards heat and reverts to lutidine (XXVI) and the
benzoylacetone derivative (;XIV) with the rogonorutiqn of the
-conjugated carbonyl group of the latter. It is attractive to con-
sider this disproportionation as thq result of an intramolecular
base~-catalyzed reaction via the quasi-six-membered ring.;l shown
below,although ipjdf;olocular reaction,involving another
molecule of XXV or lutidine cannot be exciuded.

'This difficult& vas byphglod by direct treatment of the organo-
metallic reaction mixture with excess dilute mineral acid,follow-

ed by treatment with potassium carbonate and ether extraction.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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+

Low-temperature evaporation of most of the excess lutidine and
subsequent acidification and cyclodehydration of the residue from
this operation with acetic anhydride then gave 4,6-dimethyl-2-
phenylquinolizinium bromide (XII) in 60% yeild,based on the enol

ether (XXIV) .
QuHe CaH
_TCHZL‘ COCU"Q' ‘ﬁw-CchP ¢
N+ iﬂ ‘eHy
CHgp ~OCa Hs xxv
EHy xxTv Al

H‘ CHe Cv\'\\ “Hf OC;HI'
ey L o
wv = L Lu. -‘hﬂ-xu ‘e
0

In this case, the hydrobromide of the unsaturated ketone (XXVII)
could be separated after the final acidification and evaporation'
by brief treatment of the resulting viscous mass with warm acetic
anhydride. After purification,XXVII was converted to the quinoliz-

inium salt (xx;)ﬂin 75% yeild by treatment with refluxing acetic
anhydride for 14-18 hours.

The ketoﬁzkhydrobronido (XXVII) gave satisfactory analytical
results and formed a highly fluorescent phenylhydrazone. The
fact that it shows normal ketonic carbonyl absorbtion at 1712 cﬁi‘
in the infrared,along with phenylhydrazone formation,seems to be
sufficient to exclude the alternative hydroxydihydroquinolizinium
formulation (XXVIIa). Similarly,.tho deubie-bond isomer (XXVIIBi-i

is excluded on the basis of the ultraviolet spectrum of XXVII

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Appendix,Figure 6) which showsx,,«ﬂo mp (log € 4.14),301 mp(4.19).
In comparison,benzalacetone (compare XXVIIb) has its long-wavelength
maximum at 279 mp (log € 4.3),while the more extended conjugated
system of 2-styrylpyridine shows maximum absorbtion at 310 mn‘(log
€ 4.4).(49,50).The latter is obviously more similar to the observed
spectrum of XXVII).

- CoHl
C,L\,f““f 2L

Q ]
cn; CHy CH3 co

é.l-l;
XXVIIa XXV b

It is of interest that while 14-18 hours in refluxing acetic
anhydride was neccessary to obtain a 60% overall yeild of 4,6-di-
methyl-2-phenylquinolizinium bromide (xxl),a similar. reaction sequence
starting with 2-picoline gave a ;g$ yeild af the known (10) 4-
methyl-2-phenylquinolizinium bromide (XVI) in only 4 hours under
the same conditions. The decrease in rate of ring-closure,going
froq the picoline to the lutidine adducts,reflects the increase; in
non-bonded repulsion between the potential 4- and 6- methyl groups
in the latter series.

The structures of 2,4,6-trimethyl- (XI) and 4,6-dimethyl-2-
phenyl- (XII) -dﬁinolizinium bromides prepared in this investi-
gation were assigned on fhe bases of analytical results of both
the bromides and picrates,analogy of the method of formation with
that of Woodward (9),Richards (10), and .Nesmayanov (38),and the
similarity of the spectra of the new compounds (XI and XII) with

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17,
the speztra of the known 2-methyl-(XXXV) and 2-phenyl-k-methyl4XVI)-quinoliz-
inium bromides. .

In an attempt to further define the steric requirements for cyclization
of lutidine-ﬁ-dica.rborvl adducts,lutidyllithium was reacted with acetoacet-
aldehyde dimethyl acetal to give a 40 % yeild of the pyridyl acetal XXX.

This material was cyclized under mild' conditions,with excess picric acid in
ethanol,to 2,6-dimethylquinolizinium picrate (XXXI),although the salt obtainéd
from the reaction mixture appeared to be quite impure,so that the yeild of
pure XXXI was rather low (15-20%),

Thus,it appears that 2-alkyl- and 2,4- dialkyl- and 2,6- dialkylquinoliz-
‘inium salts can be prepsreﬁ under quite mi1ld conditions from the corresponding
pyridyl ketone precursor,while the presence of potential 2-phenyl or 4,6~
dialkyl groups in the monocyclic ketonic precursor neccessitates the use of
more drastic conditions for effactive cyclodshydration,

The use of hydrobromic acid-acetic anhydride in this preparation of quin-
olizinium bromides has proved quite useful,.Thus,this method gives fair t§
good yields of all the 2-,2,4- and 2,4,6- substituted quinolizinium salts
studied here.

Boekelheide has published the wltraviolet absorbtion spectra or'qnlublti-
tuted quinolizinium salts and &-methquuimuzimm picrate (12,13).Further
he hias shown that the wavelength of maximm sbsorbtion is mot affected by the
anion, since quinolizinium bromide,iodide and perchlorate have identical
ultraviolet spectra,while the-correspcnding picrate shows the same mexime
&1 m.) with increased extinction coe‘rticient.’l'hez"erore,dnta from these
compounds can be validly compared with the spectrs of the quinolizinium salts

prepared in the present work.These data are compiled in Teble I.
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TABIE I
ULTRAVIOILET AND VISIBLE ABSORBTION MAXIMA OF QUINOLIZINIUM SAITS
(Solvent~95 %, Ethanol)

Quinolizininium iodide (12) 2-Methylquinolizinium bromide

(XTXV;Fig.1)
A log € a Eg log €
2§£ m .25 mpy 532
272 3.42 275 3,47
283 3,47 287 3,52
310 4,03 301 3.73
317 3.98 314 .32
32l 4,23 321 k.05

326 L,32

li-Methylquinolizinium

picrate (13)

2,l-Dimethylquinolizinium

bromide (XXIX;Fig.2)

A log A‘ﬁu log &
238 mu o ma E.S};
290 3.77 236 k.38
31T 4,22 291 3.59
330 L.40 317 4.08
333 4.13 326 L.05

332 4.28

2,6-Dimethylquinolizinium
bromide (XXXI;Fig.3)

2,4,6-Trimethylquinolizinium
bromide (XI; Fig. h-)

23k I, 34 2&3 u 41
a7h 3.50 299 3.63
290 3.55 335 k.12
319 . 343 4,30
327 L, 06

334 4,28

2-Phenyl-4-methylquinolizinium
bromide (XVI; Fig.5)

s

2-Phenyl-l,6-aimethylquinolizinium
bromide (XII; Fig. 6)

B ot

271 4,32
30l 3.96 ggﬁ
351 k.35 3
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TABLE T (Contd)
STYRYLQUINOLIZINIUM SALTS

2-Styrylquinolizinium
bromide (XL; Fig.l)

M- S

97 3-‘83
301 .03
323 4,23
P h,21
~ 2-Phenyl-h-p-dimethylamino- 2-p-Dimethylaminostyryl-k,6-
styrylquinolizinium dimethylquinolizinium
bromide (XXXVII;Fig. T) bromide (XXXVIII; Fig. 7)
A 10 '
lo
2y vEf A e
233,; tl?{ 278 4.19
69 k.3 ko 3.9

483 4,63

It can be seen that the spectra of the quinolizinium cation and its
methylated homologs can be conveniently considered to be made up of three
groups of absorbtion peaks;high intensity absorbtion in the 220-245 mp

region, 1qwer intensity absorbtion in the in the interval between 270-310
my, and two or three peaks in the region 305-350 mp.The effect of increesing
.methylation of the quinolizinium nucleus is to dec:eua the fine structure
asrociated with the various absorbtion peaks and to cause increasing _
bathochromic shifts of the mexima. The shift of absorbtion to longer wave-
length is presumably due to the inductive and hyperconjugative contribution
of electrons by the methyl groups to the olectron-daﬂcient ring system.
Considering,for simplicity,only the longest wavelength maxims of these
compouhda (305-350 nm')',,it can be seen that the introduction of a single
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meth&l group at the 2-position‘(}DD(V) causes a bathochromic shift of only
2 mp,while a lh-methyl substituent leads to a larger shift of +9 m1,relative
to the unsubstituted quinolizinium ca.tion; This is similar to the effect
of 2- and 4. methyl groups on the spectra of quinoline.Thus a 2-me€hy'l
groilﬁ attached to the quinoline nucleus results in & bathochromic shift of
T mp,relative to quinoline itself,while a 4-methyl substituent has no etfect-
on the position of long wavelength sbsorbtion (47).This has been attributed
to hyperconjugation of the methyl group with the heterocycle.It is interesting
to note that in both the quinoline series and in the quinolizinium salts,

a methyl group located ortho- to the ring nitrogen gives rise to a greater
bathochromic shift than does a methyl group para- to the nitrogen. This
may be due mainly to the smaller distance between the nitrogen and ortho-
methyl group and to symmetry considerations (47).

" The long wavelength maxims of 2,k-dimethyl- (XXIX) and 2,6-dimethyl-
(XXI) quinolizinium bromides occur at nearly the same position as that of
the 4-methyl cation,bathochromic shifts of 8 and 10 e relative to the
parent quinoliginium cetion being observed. The lack of further diaplucément
towards longér wavelength,on substitution of a second methyl group,may be
due to the small bathochromic effect of the 2'thhyl substituent u;d. to the
fact that electron donation by one methyl group increases the electron |
density of the ring system,thus minimizing the electron donating effect of
the second methyl group. In harmony with this latter uphmtion,2,6-§1-
methylquinoliginium bromide (XXXI),with one methyl group on each ring,
absorbs at slightly longer wavelength than does 2,4-dimethylquinolizinium

bromide (XXIX),where this opposing effect of both methyl groups 1s confined
to one ring.
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Whiie the spectrum of 2,4,6-trimethylquinolizinium bromide (XT) reseubles
the spectra of the other methylated quinolizinium salts in its general shape,
much of the fine structure associated with the simpler compounds disappears
inea gepera.l broadening of the absorbtion pea.kl,especii.lly &t longer wave-
lengths. The long wavelength maximm occurs at 343 mp,a shift of +2h. m
relative to the quinolizinium cation,as a result of the relatively great
bathochiromic effect of the two methyl groups in ortho- positions with
respect to nitiogen.‘l‘ho occurence of sbsorbtion at such J.ong wavelengths
indicates that steric repulsion between the bulky 4- and 6- substituents
does not result in puckering of the ring system,since such a deviation from
coplanarity would be expected to decrease conjugation of the (formal) 3,k-
and 6,7- double bonds with the rest of the f7~electron system,resulting in
a shift of absorbtion to shortexr wavelength. -

Comparison of the spectra of 2-phenyl-4-methyl-(XVI) and@ 2.phenyl-l,6-
d.imethyl-(XII) quinolizinium bromides with the rohted'a,h-dimtlwl-(mmt)
and 2,4,6-trimethyl«(XI) quinolizinium bromides reveal that replacement of
a 2-methyl substituent by a 2-phenyl group gives rise to & bathochromic
shift of 19-20 mp pramlmb]y as a result of resonance ﬁem.n the phemrl.

and quinoliginium ring nyltm,r«ulting in stabilization of the excited

state by forms such as XIIa, . :P
/*’—f(

XIla

Replacement of the methyl group in 2-methyl quinoliginium bromide
(XXXV) by & styryl group leads to & bathochromic shift of 18 mp,with
respect to XXXV,&ue to stabilization of tho:ucitod state by forms such
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e — ch—CH ®
g

XL a

In contrast to the rather modest spectral shifts caused by the intro-
ductior; of phenyl or styryl groups in conjugation with the quinolizinium
system,the introduction of p-dimrthylaminostyryl groups causes shifts of
more than 100 mu,giving rise to absorbtion in the visible range,thus '
accounting for the deep red color of these compounds (XXXVII and XXXVIII).

Thus replacement of the 2-methyl group of 2,k,6-trimethylquinoliginium
bromide (XI) by the p-dimethylaminostyryl group (XXXVIII)leads to & shift
of 135 m,vhile replacement of the l-methyl group of 2-phenyl-h-methyl-
quinolizinium bromide (XVI) by the dimsthylaminostryl group (}DDNII) gives
rise to a bathochromic shift of 118 mp in the long wavelength band.The
large magnitude of the shift produced by this structural modification,
compared to the effect of phenyl a.;:xd styryl groups,is due to the co:i-
tribution of canonical forms such as XXXVIIIa to the excited states of
the molecules.The energy differance be‘ween an excited state such -
}GDCVIIIa.,ﬁhere the positive charge resides on the exocyclic nitrogen,and
the corresponding ground state XXXVIII is much less than the lifference

between an excited state such as Xla,with positively charged cdbon,a.nd.
the ground state XL,

cHac.H-( N %y .
Y"L./ > § J E 3

M‘ CHy
XX XVIIT XXV“I a
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XL Xla

In addition,it ié interesting that the spectra of all the styrylquin-
olizinium compounds studied (XXXVII,XXXVIII and XL) contein another
maximum at nearly the same vnvelengf;h a8 that of the methyl compounds
from which they are formally derived (XVI,XI and XXV,respectively),
indicating a second .excited.‘ state corresponding to that of the isolated
Quinolizinium nucleus.

While the preceding discussion deals mainly with shifts in the longest
vavelength maxima of quinoligzinium salts on substitution,similar shifts
occur in the other absorbtion bands,although th.e trend of these shifts is
not as clear-cut in some cases,

The infrared spectra of 2,4,6-trimethyl- (XI) and 4,6-dimethyl-2-
phenyl-(XII) quinolizinium bromides have been examined,along with the
spectra of the known 2-methyl-(XXXV) and 2-methyl-l-phenyl-(XVI) quinolig-
inium bromides.While the long wavelength absorbtion (above 6.5' }) seems
quite characteristic of the individual compounds,at shorter wavelengths
all of these compounds show strong absorbtion at 1630-1652 cm?}goﬂer;llv
as & doublet,although the 2-methyl compound (XXXV) shows only & single
band st 1652 cmi\This absorbtion,near 6.2 ui,is attributed to CaC and CuN
streching vibrations (48).The methylated salts (XI and XXXV) show C-H
streching vibrations at 2980 cmijwhile the phenyl derivatives . . and XVI)
have a broad band in this region at ca.2990-3090 cm.".mrthor,sll the
quinolizinium compounds examined have strong absorbtion bands in what is

B
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generally considered the OH/NH region at 3420-3450 cm:! While the origin
of the latter band is uncertain,2,6-lutidine methiodide shovq simil@
absorbtion at 3440 cm! . Tt has been noted (48) that pyridine,itself,absorbs
weakly at 3420 er? in this same general region.

All the quinoizinium compounds studied were stable to acid conditions
as implied by the method of formation.The salts give neutral aqueous
solutions,and show no reaction with carbonate or bicarbonate solution.
However,treatment of the methylquinolizinium salts with stronger bases,e.g.
sodium hydroxide or ethoxide,resulted in the formation of dark,water-
insoluble oils,which could not be characterized.Under strongly llﬁtline
conditions,formation of the highly reactive,unstable anhydro-base presumably -
occurs (e.g. XI-»XXXIV).This is completely analogous to the behavior of
2- and 4-methyl- pyridine and quinoline gquaternary salts.Subsequent

rapid decomposition of the anhydro-base XXXIV then results in intractable

products.
- Hy s N % Hy
EE S e Y o= 2
. g .
oy chy CHy v eHy ;FH. CHy cHy |
XI X X XTIV

Richards and Stevens (10) have shown that &methquuinblizinium iodide
(XXXV) condenses with -p-dimeth&lminobenz;ldehyde in the presence of
piperidine to form the 2-p-dimethylaminostyryl derivative (XXXVI).We have
found that under the same conditions k-methyl-2-phenylquinolizinium bromide
(XVI) and 2,4,6-trimethylquinolizinium bromide (XI) also form condensation
products,vhile 4,6-dimethyl-2-phenylquinolizinium bromide (XII) is recover-
ed unchanged.The preparation of XXXVII from XVI represents the first

demonstration of the activity of a U- | (or 6-) methyl group in the quinol-
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izinium series.The structure of the product (XXXVIII) obtained from the
trimethylquinolizinium ion (XI) is assumed to be as shown because of the

failure of the 4,6-dimethylquinolizinium salt (XII) to react under these

conditions.

Uw; (e N4 MO Janccu-@'ﬂ (¢H\5,_

CgHioN H a)al

XXXV XXXVI
N -TY I ' CiMg
cCs — T B
@ Lug B ® Cis ¢H~<\:/>vN(¢H3)1.
XVT XxXVIL |

| sﬁH'<= N(C"s\;
v\.j ne—> Ci;".'jw o

C“‘, CHy C“;e CHy
X1 XX XVIIT
oL ol
r' :r e e %  no reaction
C‘.ﬂj CH3
It

The failure to condense with aldehydes at the 4- or 6- methyl groups,
when such groups are present in both positions,is attributed to steric
hinderence to the:£o.rmation of the reactive anhydro-base (XXXIX) by the
neighboring methyl group.Thus,in order for XXXIX to be formed,by reaction

with the base,piperidine,stabilization of this intermediate by forms

— —rK = _
C{?‘E\’ ’Lj
@cH, CW CHy

XKRKTK KT &
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such as XXXIXa must be possible(1l).This results in an increase in the
H~C-H 'a.ng:.Le ,& shortening of the C-4 to' CH,bond and a tendency for the
methylene group to become coplanar with the ring syatem.'l'hel'se effects,
in turn,decrease the dista.nge between the 6-methyl  group gnd the reactive
center,resulting in an increase in steric strai‘n.'l‘hus,fozlmtion of a
i'eactive intermedigte at the position in guestion should be much more
difficult than uimilar réaction at the unhindered 2-position of XI.It
should be noted that with the sﬁronger base,hydroxide,decomposition of
presumably occurs via the anhydrobase XXXIX (ReC,H().

The p-dimethylaminostyrylquinolizinium salts XXXVII and XXXVIII are
deep red substances which are reversibly decolorized by acid and fall to
form quaternary salts with methyl iodide,consistent with important
contributions of the resonance forms )dD{VIIt and XXXVIIIa to the state of

Ny

the molecule (10,15). MB
b Rl e ol

- cdy \
cg—eﬂ-(___}r(gh Chy cCHy
XXXVILa xxx_vn‘t a

CeHioN H
XXXV XL

While 2-methylquinolizinium bromide (XXXV) reacts readily with benz-

— —— CHy o n (As&H'C‘H‘
g ~ & é& —~T =
‘\\M —,3? ‘aj@ z' 8BS

aldehyde in the presence of piperidine to give the highly fluorescent
2-styrylquinolizinium bromide (XL),mndanu.tion of 2,&,6-trimt}w1§uipol-
izinium bromide (XI) with benzaldehyde,using piperidine or triethylamine

as catalysts,failed to occur.The use of excess triethyhmim in this
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reaction gave a high yield of triethylamine hydrobromide and a small amount
of an unstable solid,which could not be characterized.We have.al.so found '
that XTI does not react with p-nitro- or p-methoxy-benzaldehyde.Phillips
(14,15) has shown that the condensation of 2-p.icoline methiodide with
aromatic aldehydes is an equilibrium reaction,maximumn yields being obtained
with p-dimethylaminobenzaldehyde where important resonance stabilization of
the product by forms such as XLI can occur.This author has also shown (1k)

that this type of condensation is extremely sensitive to small steric and

inductive effects.

| = ey
/
" cﬂ-CH'<:>~\/ EN/L*C-H'CNf ®
cng & “eu,
| 3
. XLl

-

Thus, failure of XI to react with aldehydes other than p-dimethylamino-
benzaldehyde is attributed to the inductive effect of the 4- and 6- methyl
groups on the activity of the 2-methyl group and the lack of sufficient
stabilization in the product to shift the equilibrium towards the styryl
derivative.

The é,l@,é-trimethquuinoliziniwn salt (XI) also proved to be unreactive
towards formaldehyde,in the'prenence of piperidine or triethylamine.

Treatment of 2,4,6-trimethylquinolizinium bromide (XI) with phei)yl-
1ithium,followed by addition of ‘benztldehyde or gaseous fomld;ahyda
resulted in the formation of intracteble tars.In the former case,benzhydryl

“alechol could be obtained.Apparently,formation and rapid decomposition of
tﬁe anhydro-base takes place under these conditions.Similer observations

have been made in the reaction of other quinoclizinium salts with n-butyl-

' lithiuw (10).
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Bromination of 2,U4,6-trimethylquinolizinium bromide (XI),in a.cet:lcv acia
gave the corresponding tribromide (XLII).The structure of XLII was verified
by analysis,the fact that 'i’c liberates iodine from the stuch;iodide reagent
and by the formation of 2,4,6-trimethylquinolizinium picrate (XI),on
trestment of an aqueous solution of XLIT with sodium picrate.The tribromide
(XLIT)also resulted from the reaction of XI with N-bromosuccinimide in
acetic acid and from the reaction of XI vith bromine in acetic acid
containing sodium acetate in excess.These latter conditions have been used
for the preparation of W-tribromo- quim.idine and -picoline (lé) .The

reaction of XI with N-bromosuccinimide may take plice in the following

manner,
'::I?[ Yoy : gﬂnf +CHCHH —D C / C-H\wt
eNy” cHy 0“3 + Ry
« "a.\.‘
( l /L S

xI "'-B(\, Bf‘;

M\
v x\.n
Bromination of quinolizinium iodides has been shown to give the similar

dibromoiodides (10).

The tribromide XLII is quite stable to light and heat,but heating its
solutions in water,alcohols or acetic acid results in the evolution of
bromine and the recovery of the original salt (XI),as the picrate.No
ring- or side-chain- bromination could be detacted. |

Numerous attempts to convert 2,4,6-trimethylquinolizinium bromide (XI)
and b, 6-dfmpthyl-2-phenylquinoliziniun bromide (XIT) to the corresponding

2-methyl- or 2-phenyl-cycl [3,3,3];:111” or derivatives,under a variety

of conditions met with no success.
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Heating 2,4,6-trimethylquinolizinium bromide (XI) with formic aéid ,
formic acid-hydrobromic acid,or formic acid-sodium formate resulted in
recovery of XI as the picrate.Treatment with sodium acetate in acetic
anhydride was also without effect.Attempted side-chain formylation with
dimethylformamide-phosphorous oxychloride gave some recovered XI,along
with intractable material.

In the formation of cyanine dyes from e.g. quinaldine methiodide
(XIV),the use of ethyl orthoformate in pyridine has been found to be

most effective in & variety of cases (17,13).In the present cases,

-—= T°® Helocyigy
2 E/‘L .,0 CHy C‘H,N sIrDic.A w-cﬂ-qjs:q

CHy
YLV

the low solubility of both XI and XII in p}ridiné may not permit l;euétion.
Thus,hesting either the trimethyl-(XI) or dimethylphenyl-(XII)-quinol-
izinium bromides with excess ethyl orthoformate,in pyridine suspension,
resulted in nearly quantitative recovery of the quinolizinium salts.It
was also found that treatment of a hot pyridine suspension of 2-methyl-
quinolizinium bromide (XXXV) with ethyl orthoformate gave only traces

of a red substance;starting material was rqcovered.vin subntaﬂtio.l amounts.

Here again,low solubility may prevent formation of appreciable
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quantities of the cyanine-type salt XIVI.

[ »®
-~ -
Q .

XLVI

Using somewhat different conditions .2, 6-tr1methquuinolizinimn
bromide (XI) was heated with excess ebhyl orthoformate in the presence
of excess pyridine or ltriethyhmine in alecoholic solution.In this iz;gtancé
the starting quinolizinium salt XI was recovered.No reaction was oblemd'
when the quinolizinium salt XI was tr;tted with ethyl orthoformate in
refluxing acetic anhydride (19),or in alcohol in the presence of
anhydrous zinc chloride.

Similarly,l,6-dimethyl-2-phenylquinolizinium bromide (XII) does not
react with ethyl orthoformate under the conditions outlined above.

Baker and McEvoy have shown that certain compounds,such as quinaldine
methiodide,can be converted to C-bentoyl derivatives under Schotten-.‘
Baumann conditions (20).Treatment of 4,6-dimethyl-2-phenylquinolizinium
bromide(XII)with agusous alkali in the pfouuce of a chloroform solution
of benzoyl chioride gave only intractable tarry products.No evidence
for the formation of the benzoy) derivative (XIVII) was obtained.Apparently
decomposition of the anhydro-base derived from XIT takes place in |

&5

80
xgbﬁ'

Simil;rly,decompooition occured when XII was treated with sodium

preferencg 1‘:0 henzoylation. CoHs

ethoxide and ethyl oxalate in ethanol,in an attempt to prepare the

ethoxalyl derivative (XLVIII).A similar reaction has been used by Besso
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(21) to prepare the pyridylpyruvic ester derivative (XLIX) from 2-picoline

methiodide.
o
Cn:Q . cﬂ-c—O@Oaﬂ-LH“
ch iy ey -
s®
o

Attempts to selectively remove one of the methyl groups of 2,14,.6_3 _
trithl@noliziMm bromide (XI)by oxidation with poteassium permanganate
failed.Thus,vhen these reactants were mixed,in the proportions specified
by the equation

6 fc,,n,n(m,)‘fsre + 14 Kin0y + L 7®

6[q,u,,g(co?)] + 3 Bry + 14 MnOy + 14 ’.“7_’ 16 H,0,

rapid formation of manganese dioxide was observed.However,when cll the
permanganate had been consumed,only XI could be obtained as the picrate,
in 60 J» recovery.

Intractable products were formed by the oxidation,with permanganate,
of a-p-uﬁethWMnostyrquxunonunim bromide (XXXVIII).Presumably
oxidation of this material produces unstable quinone derivatives from

the dimathylminophexﬁrl residue,leading to deep-seated decomposition.
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OTHER APPROACHES TO QUINOLIZINIUM SAITS

The direct synthesis of 4 6-ﬂd1methquuinolizinium salts by the method
used for the preparstion of various 2-substituted quinolizinium compoundl'
is not feasible,since this would require the use of a ketal of acetoacet-
aldehyde in the reaction with lutidyllithium.Because of the greater
reactivity of n.ld.elwdes comp..red “uo ketones,it is not possible to prepare
ketals from ketouldehydeszinltetd,ketoacetsls are produced.

‘A seemingly sttractive alternative would be the reaction of lutidyl;
‘1ithium with a ketal of ethyl acetomcetate,to give the monoketsl of &
B-diketone (1I) which could be reduced to the correct state of oxidntion

for cyclodehydration to the 4,6-dimethylquinolizinium cation (VIII).

tht COpCeH : 1%c o
Z;r + s (-—) <1 “ T <\ oy
R Ss': 1223 ‘;3

X V1t CHy L CHy Ln C-H s

CT‘;\ X vt

The addition of two moles of lutidyllithium to the ethylene ketal of
ethyl acetoacetate (L) proceeded to give the lithium enolate (LIII)of 1I.
Treatment of this reaction mixture with two moles of acetic acid,prior
to the addition of water was found to be neccessary,since the lithium
salt LIIT is quite soluble in water and seems to undergo rather rapid
hydrolysis in the strongly basic agqueous solution felulting rroni quenching
the reaction with water alone.Normal workup of the reaction,by sddition
of water to the mc.tion nixture,resulted in the almost immediate lopcf-
ation of considerable quantities ‘of.‘ lithium carbonate,presumably arising -

from decarboxylation of the salt LIV.This is completely analogous to the
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veli-llc'nown‘ basic cleavage of ﬁ-diketonas,althoug’h the method by which LIV

is decarboxylated is rather obscure.

~CHa, ~° ©
Cj B L® —b ‘l -

) \ =rca-\:
/0 CHyQ% eHe C"O‘LH‘ *L?N
cn':'o v cHy
(4
LOL L

After modifying the reaction so that partial acidification was effected
before the addition of water,the yield of the ketone LI was increased to
1&570 ,a8 compared with about 52 under the usual conditions.Compound LI was
partially purified by distillation and characterized as the picrate of
the free 3-diketone.In the infrared,LI is devoid of absorbtion in the 0-B
region,but shows normel ketonic carbonyl absorbtion at 1715 cm‘.',.nd further
absorbtion pesks at 1650,1548,1578 and 1652 cm/in contrast to the usual
pyridine doublet at 1600 snd 1580 cm.".'l‘his suggests contributions from

the chelated enol form(s) LV and/or LVI.

. - e Ho Chhy
(:\y M\\g/oﬂ {}f“' T.N e 6% , T‘ L‘\j

cu ca
\ LT : 3 L.\/I

VG“;\
(20 6% LVE RsCHs e ie
\\/'l‘ 2 qu R. H-C, c‘:'

Previous work has shown that the basic reducing agents lithium aluminum
hydride and aluminum amalgam are without effect on 2-pyridylacetone snd on
1-(2' -pyridyl)-lk-ethoxy-3-penten-2-one (LVIII),presumably due to the case
of formation of enolate salts,similar to LIII (10).We have also found that

the use of sodium borohydride in the .ttembted reduction of the carbonyl
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group of IIII gives only intractable mixtures,containing small amounts of
starting mteria.l,identified as the picrate.Catalytic hydrogenation gf LIII
over palladium in acetic acid or ﬁlatimm in ethanol was ineffective,
possibly because of poisoning of the catalyst by LIII.The absorbtion of
one mole_ of hydrogen took place in acetic acid,}xsing platinum catalyst,

but the resulting' product was uppa.ren;cly a mixture of the alcohol and
ring-reduced products,since it shoired. infrared absorbtion at 3510 (0-H)
and 3330 (N-H) cm.'

Various uttemp:t;a to cyclige LIII with. hydrochloric or hydrobromic acid
and acetic anhydride resulted only in extensive decomposition,although in
sévertl 1'nst.nces,tnces of unchanged starting material vere reéovered as
the corresponding ketone salts and convofted to the picrtta.Non§ of the
anticipated ring-closed product,2-hydroxy-4,6-dimethylquinolizinium
bromide (or chloride) LVIX.This was not unexpected,since Richards and
Stevens (10) have prepared 2-hydroxy-l-methylquinolizinium picrate (IX),
and found it to be quite unstable.It may be noted that these 2-hydroxy |
compounds are salts of the corresponding 2-quinolizones (IXI),which are
presumably no more stable than 6-methyl-l-quinolizone tIXII) ,¥hich has
been shown .to be dacdmposed by acid (4).

X Y‘x‘ E'IP \,NT““C‘IW

cu, CHy R CHy
LVIX L_x WXIT

In a variation of the previously described lynthelia of quinoliginium

o

compounds, starting with organolithium reagents,ethyl éépyr:}dylucetcte

(ILXIII) has been condensed with ethyl acetopyruvate(IXIV) in the presence
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of one molar equivalent of acid. To giv!é the salt of 1, 2-dicarbethoxy-
l-(Z'-pyridyl)-l-pehten-'i-one (LXIV) or the isomeric 1, 4-dicarbethoxy-
3-methyl-4-(2'-pyridyl)-3-buten-1-one (LXV), isolated and characterized

as the picrate.

| OgCa Mg (“,O‘QH" |
_ cHaCoaCaHy HX _ (S~ N ¢0aCy He S cHy
\Z_:‘L . ?OCOgCaHr E {1‘:. . <I L“
LXI §Me LxTI LXTv  §° LXV
3

Structure LXIV is preferred because of the known high activity of car-
bonyl groups situated a-to esters.

This type of condensation did not occur when ethyl (6-methyl-2-
pyridyl)-acetate (LXVI) was used as the ester component, even when the
reaction was run in acetic acid or anhydride instead of ethanol. The use
of sodium ethoxide as the condensing agent was ineffective in both cases,
presumably because of formation of the stable sodio derivative of aceto-
pyruvic ester. |

Since the desired product could not be obtained from LXVI, the
product from pyridineacetic ester (LXI.V) was not examined further.
However, cyclization of this compound would provide an attractive route

to acid derivatives of the quinolizinium cation.

= —r cHpCOogCaHy
&
cHe (xv]
An attractive route to 4, 6-dimethylquinolizinium salts might be
afforded.by the use of 6-methyl-4-quinolizone (LXVII) which contains
the desired bicyclic system. It might be expected that LXVII would
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undergo the typical reaction of N-substituted pyridones, such as alkylation

and halogenation at the 4-position with the formation of 4-alkyl- or 4-

haloquinolizinium salts. However, in a projected synthesis of cycl [3, 3, 3]-

azine (I) Boekelheide and Gall (4) have found that LXVII does not undergo

thionation, while 4-quinolizone (LXVIII) is readily converted to 4-thio-
quinolizone (LXIX).

—=— TS

=T |
S5 B TRELG
Hg © o
LXVIL LXvIT Lxrx

These authors also found that LXVIiil is inactive towards lithium
aluminum hydride or Grignard reagents. This lack of reactivity has
been ascribed to resonance stabilization of the amide linkage by a rather
large contribution from the canonical form LXVIIIa (4,22). This is sub-

stantiated by the fact that LXVIII undergoes O-protonation on reaction
with acids (22).

=TT Je— [C U1 =
LXVIIT LXVIll a

In substantial agreement with this previous work, we have found
that LXVII does not react with methyllithium in refluxing ethyl-or n-
butyl ether solutions. In both cases only starting material was re-
covered, as the somewhat unstable picrate. No reaction occurred when
LXVII was refluxed with methyl iodide or fused with methyl p-toluenesul-

fonate, in attempts to form the methoxyquinolizinium salt. LXX. Unchanged

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37.

LXVII was recovered by sublimation.

= —:\3 X, 7S &

- R <P A
CHg O CHy OcHy
LXVIL Lxx

Treatment of LXVII with benzoyl chloride or p-toluenesulfonyl
chloride in pyridine caused extensive decomposition, while, with
acetyl chloride, the unstable '"hydrochloride, '’ 6-methyl-4-hydroxy-
quinolizinium chloride LXXI was formed. This material could also
be obtained by the addition of anhydrous hydrogen chloride to an ethereal
solution of LXVII. This hydrochloride could not be purified extensively,
but examination of its infrared spectrum shows the disappearance of the
peak at 1693 cm:'1 which is associated with the amide-type carbonyl
bond in LXVII. The instability

CHy O

LXXI

of LXVII towards acid has been encountered before. Thus Boekelheide
has found that the diester LXXIIa is converted to 4-quinolizone by

aqueous acid, while the 6-methyl analog LXXIIb undergoes ring-opening

under these conditions.

?thuHe
»—“F——
E’(N.“ | CO; CakHyg
R Q '

LXX Il a) RaCHjg
b; Re H ¢
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We have found that samples of the methylquinolizone LXVII are stable
indefiniteiy at ice-chest temperature, but. decompose slowly, with partial
liquefication,.at room temperature.

While treatment of N-alkylated pyridones with phosphorous oxy-
chloride usually leads to dealkylation and formation of 2-chloropyridines,
Wiley has found that the use of toluene as a diluent in this reaction per-
‘mits the retenfion of the N-alkyl group (23). When 6-methyl-4-quino-
lizone (LXVII) was treated with phosphorous oxychloride in toluene or
benzene, at room temperature or reflux, then added to alcohol or alco-
holic sodium ethoxide or diethyl sodiomalonate only intractable tars
resulted. Similarly, treatment of the quinolizone with phosphorous
trichloride led to intractable products. The action of excess thionyl
chloride on LXVII gave a green, sulfur-containing product, which also
contained non-ionic chlorine. This material resisted all attempts at
purification. Thus it appears that conventional methods are not ef-
fective for the conversion of 6-methyl-4-quinolizone (LXVII) to the

related 4-chloroquinolizinium cation (LXXIII).

55 85D
CH CHx ct‘
LWZ& LXXIIT
A different approach to the preparation of 2-substituted derivatives
of LXXIII suggested itself. Lateral metallation of 6-chloro-2-picoline
(LXXIV) with phenyllithium should give the chloropicolyllithium (LXXV)

which, on treatment with e. g. the ketal of acetylacetone (XIV) would

give an adduct LXXVI which might be cycldehydrated to the desired
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chloroquinolizinium salt (LXXVII).

r’ﬁ TR ‘7‘|’°"f_“ af' — T “+°°"4-1>C li

3 ! .‘ﬂo.l . :::_
LXXIV XY o LXXVI L LXXVII

Work in this direction was abandoned when it was found that while
metallation of LXXIV took place as expected, the organolithium deriva-

tive LXXV reacted rapidly with another molecule of itself to give

6-chloro-6'-methyl-2, 2'-dipyridyl-methane (LXXVIII) as the only pure
product.

o P—Ex L2 QIS
Lxx v

cl CHs
XXV a_xxVHI LY XTI

When metallation of LXXIV was carried out at -78° and the resulting
mixture treated with benzaldehyde after thirty minutes, nearly 85% of
unchanged LXXIV was recovered on distillation of the basic fraction. In
addition, benzhydryl alcohol was obtained as one of the neutral compo-
nents of the mixture, showing that extensive metallation of LXXV had
not occurred. Metallation at 0°, followed by the addition of benzalde-
hyde after ten minutes or thirty minutes resulted in the isolation of the
chlorodipyridylmethane (LXXIX) as the only pure product. None of the

desired 6-chloro-2-(a-hydroxyphenethyl)-pyridine (LXXX) could be ob-

tained.
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7~ CHyCH=C He
~ oM
€l LXXX

The dipyridylmethane (LXXVII) was identified by analytical data
and the fact that its ultraviolet spectrum quite closely resembles that
of the starting material (LXXIV), as shown in Table 2.

TABLE 2

Ultraviolet Absorption Spectra (in 95% Ethanol)

- e 6-Chloro-6'-methyl-
2 Chlqro 6-methylpyridine (LXXIV) 2, 2'-dipyridylmethane (LXXVIII)
xmax log ¢ | ‘ | )‘max log €
268.5 mp 3.59 266.5 mp 3.86
ca.2l§ mp 3.44 222 mp 3.70

The slight shifts in the spectrum of LXXVIII relative to the spec-

trum of LXXIV are due to replacement of one of the chlorine atoms by

Z

the central methylene group of LXXVIII. The dipyric;ylmethane (LXXVIII)
does not show absorption in the N-H region of the infrared specirum,
thus indicating the absence of appreciable amounts of the chelated tauto-
meric form LXXIX. This is confirmed by thg similarity of the ultra-
violet spectra of LXXIV and L;xxvm.

In this connection, it is of interest that the reaction of 2-picolyl-
lithium with 2-bromopyridine has been reported to give 2, 2', 2" -tri-
pyridylmethane (LXXXI) (24).
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e
SR>
LXXXT

A novel synthesis of varioqc substituted quinolizinium salts has
‘been devised by Glover and Jon;s (25). This consists of reaction of
picolinonitrile (LXXXII) with the Grignard reagent prepared from a
y-alkoxyalkyl halide (LXXXIII). Followed by ether cleavage and intra-
molecular alkylation to give the 1-keto-1, 2, 3, 4-tetrahydroquinoli-
zinium salt (LXXXIV). - Subsequent treatment with acetic anhydride
results in aromatization to the quinolizinium salt (LXXXV). Thesae

authors propose the aromatization mechanism shown below.

Pl He &M x NG z
RCHCHiCHX M8 i & N — i:‘cu@
R- HOCsz

LXXXIII umr R&“OC;H‘
HX N
)

cg M J%

CHX
LXKXVT

e | P =

’
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Considerably lower yields of the quinolizinium salt (LXXXYV;

R = CH3) were obtained, undoubtedly due, at least in part, to com-
peting dehydrohalogenation, which should be more important for

the secondary halide (LXXXVI; R = CH3) than for the primary halide
(LXXXVIL R = H). A substituent, other than hydrogen, in the 6-po-
sition of the pyridine ring in LXXXVI would re;l;lt in further increase
in the extent of dehydrohalogenation, due to a steric blocking of the
pyridine nitrogen.

In an attempt to adapt this synthesis to the preparation of 4, 6-
‘dimethylquinolizinium salts (VIII), 3-ethoxy-1-bromobutane (LXXXIII;
R =CHjy» X = Br) was converted to the Grignard reagent and added
to 6-methyl~2-cyanopyridine. The resulting unstable liquid ketone
(LXXXVII) was characterized as the 2, 4-dinitrophenylhydrazone. At-
tempts to cleave the ether group of LXXXVII with concentrated hydro-
bromic or hydriodic acids proceeded with the formation of the volatile
ethyl halides and dark intractable products. Treatment of the resulting
crude mixture with dinitrophenylhydrazine gave a very low yield of
the 2, 4-dinitrophenylhydrazone of the desired ketotetrahydroquinoli-
zinium compound (LXXXVIII) as the bromide. Unfortunately, attempts

to remove the dxmtrophenylhydrazone moiety from this derivative with

El‘h t;-Ha. = E @
CHy

r;Hoc,,u.- CHy CHg
CHs CH;
LXXX V1L LXXXVILL
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aqueous acid, or by exchange with formaldehyde were completely un-
successful, as was an attempt to apply the acetic anhydride aromati-
zation reaction to the derivative. Structure LXXXVIII is preferred
for the product in question, rather than the monocyclic formulations
LXXXIX or XC, since the dinitrophenylhydrazone is not acidic in

methanol solution.

T em ®
= Ny i BF

_c.o\“
Ll L e

c“‘e’ CH CHz (<} H; CszCHs
L X 1% K<

In an attempt to prepare a macrocyclic compound related to
cycl[3, 3, 3]Jazine, we attempted the bis-cyanoethylation of 2, 6-
diphenacylpyridine (XCI), under conditions previously used in the
cyanoethylation of 2-phenacylpyridine (26). The expected product
(XCII) might be cyclized, under the conditions of the Thorpe reac-
tion, to give the pyridocyclodecanone (XCIII) which might be con-

verted, in several steps, to cycl[3, 3, 3]agine.

»;CN’)‘ena c‘“’“& ucoe.u: cetgco A=
CoCeMs -

aN©°
XCI XC1l XCIL1I

However, reaction of the diketone (XCI) with potassium hydroxide
in ethanol, using an excess of acrylonitrilg, resulted in hydrolysis of
the benzoyl groups, benzoic acid and 2, 6-lutidine (as the picrate) being
recovered. Similar results were obtained when potassium t-butoxide

in t-butylalcohol was substituted for KOH. Analogous debenzoylation
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of XCI has been encountered by Beach (5) in an attempted alkylation
with pentamethylene dibromide. In our case, apparently no reaction
of the anion derived from XCI occurs with acrylonitrile, but subse-
quent addition of water promotes base catalyzed debenzoylation.

It is apparent that most of the approaches to quinolizinium com-
pounds mentioned previously can be formally separated into two
steps: synthesis of a pyridine derivative, bearing a side chain suit-
able for cyclization and ring closure of this intermediate to the cor-

responding quinolizinium salt (XCIV - XCV).

CT J—EL

e
XC1v YCV

W

An attractive alternative to this approach would be the prepara-
tion and cyclization of suitable N-substituted pyridinium salts, as in
the following schemes.

\-—"

e
S — 2
S J% T

The Dieckmann ester condensation has been used, with con-
‘siderable success, in similar ring closures in the completely satu-
rated quinolizidine series (27), but apparently this approach has not

been extended to aromatic compounds of the type which would be
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desirable in this work. ,

Bradsher and co-workers have prepared ‘a—nu'mber of benzo[b]-
and benzo[a]-quinolizinium salts (XCVI and JCVII, respectively) by
cyclodehydration of 1-.benzyl-z-formylp’yridinium halides (XCVIII)
and 1l-acetonyl-2-phenylpryidinium haliées (XCIX) re'spectively {28).

However, this method is not applicable to the preparation of simple

z,::,\; L2123,

XCVITI Xcwvi
=
‘\/‘\\ f:-. "/ -_—
S,
XCT >< XC.V.[I

quinolizinium cations, since Richards and Stevens (10) have shown

that 1-allyl -2-formylpyridinium bromide (C) decomposes under

cyclodehydrating conditions.

CHO
/\/

H
“z 139
CHp

In the present work, it was anticipated that 6-rpethy1pyridine-
2-carboxaldehyde (CI) could be ‘quaterni.zed with ethyl 4-bromo-2-
pentenoate (CII) to give the pyridinium salt (CIII), which might be cyc-
-lyzed to 2-carbethoxy-4, 6-dimethylquinolizinium bromide (CIV).

. 1 '
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However, model experiments, using 2-picolinaldehyde (CV) and

3

ethyl w-bromocrotonate (CVI) failed to show any evidence of quater-
nization, even under forcing conditions. No bromide ion could be de-
tected in the reaction mixtures in any instance. Similarly, replace-
ment of CV with the 6-methylaldehyde (CI) gave no quaternary salt -
under any conditions. The failure of these aldehydes to undergo'quater-
nization is due to a number of factors, ‘including the thermal instability
of pyridine aldehydes, and the resonance and steric effects of the pyri-
dine substituents, c~specially the formyl group. The carbethoxy group
of the ester presumably contributes a steric effect, since picolinalde-

hyde reacts normally with alkyl bromide (10).

— Q ﬁﬂ -COzCH¢
E l H
T erCHE
Qv cVvl -

Bradsher has noted similar failures in the attempted quaterniza-
tion of CI with benzyl bromide (29). In addition we have noted that
6-methyl-2-pyridine carboxaldehyde (Cl) fails to react with iodoace-
tone, as does the corresponding aldoxime. The reaction of CI with
iodoacetone (CVII) was used in an attempt to prepare 6-methyl-3-keto-
3, 4-dihydroquinolizinium iodide (CVIII), in the hope that this latter

compound might undergo alkylation at the 4-position, to give a salt
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‘which might be converted to 4, 6-dimethylquinolizinium iodide. However,

as noted, quaternization fails to occur.

_CHo
=0, l:"———!'l: Rk 5 o
\QCH ICH; c‘_k Ie JEN
3 a—l; 3
CI CcVvII cVII1
In a somewhat similar approach, the quaternization of ethyl 3-
(6'-methyl-2'-pyridyl)-propionate (CIX) with ethyl bromoacetate (CX)
was effected by heating the reactants at 110° for three hours. This
resulted in the production of ca. 75% of the theoretical amount of
bromide as shown by titration of the crude resulting mixture. The
salt (CXI) was obtained crystalline on one occasion, but pr_gved to be
very hygroscopic. Treatment of crude CXI with sodium ethoxide or
potassium metal in toluene (27) led to intractable materials. Thus,
ring closure of the salt CXI does not occur. It is suggested that
strong bases may attack the substituents in the 2- and 6-positions of
the pyridine ring, with the formation of the highly unstable anhydro
base, and subsequent rapid decomposition, rather than formation of

the desired anion at the carbon atom a-to the ester group.

C\F—C“gCHgCOQ Cﬂ-lg r‘ \”fUHS‘Quz 'B?

"J BrCHzCOCzHs "%‘CHL CogCa Hs
He C.Ha COzClF‘g
eTX ax CX

2) Hy0® @
Hy
\ CXII
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Ring-closure and acid hydrolysis, with decarboxylation, of the inter-:
mediate P-keto ester would have afforded 6-methyl-3-keto-1, 2, 3, 4-tetra-
hydroquinolizinium bromide (CXII), which might have been alkylated at
C-4 to give a useful intermediate. As expected, the ester (CIX) did not
form a quaternary salt with ethyl a-bromopropionate. In this case, the

picrate of the pyridyl ester (CIX) was recovered.
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PREPARATION AND CYCLIZATION OF PIPERIDINE DERIVATIVES

For some time during the course of this investigation, it seemed
that no practical synthesis of 4, 6-dimethylquinolizinium salts would be
developed. For this reason, we attempted to prepare the saturated
analogs of the desired compounds, 4, 6-dimethylquinolizidines. It was
felt that the greater flexibility of the saturated compouﬁds would com-
pensate somewhat for the strain resulting from the introduction of
rather bulky 4- and 6-substituents, thus rendering these compounds
more easily accessible. Originally, we desired to convert the quino-
lizidines obtained to the corresponding quinolizinium salts by dehy-
drogenation. However, the preparation of suitable quinolizinium salts
by other methods led to the abandoning of this approach.

It- should be stated that the existence of a number of optically active
centers in the saturated compounds obtained can give rise to mixtures
of several stereoisomeric products. For this reason, suitable solid
derivatives could not be obtained in most cases. Thus the structural
assignments made in this section depend largely on spectral data and
must be regarded as being somewhat uncertain.

Ethyl 6-methylpicolinoylacetate (CXIII) was prepa_zed by the con-
densation of ethyl 6-methylpicolinate with ethyl acetate, using a slight
modification of the method of Gilman and Broadbent (30). Reduction of
this ester (CXIII) over platinum in acetic acid gave the piperidyl f-hy-
droxypropionate (CXIV); no hydrogenalysis of the hydroxyl group was
observed. This ester was isolated as the acetate and converted to the

picrate for analysis. Attempted distillation of the free base (CXIV)
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gave anomalous ‘results. On one occasion, the piperidine derivative
distilled unchanged. However, attempts to repeat this experiment led

to a different material with a boiling point about 30° higher than that of
CX1V. This material was assigned the octahydropyrrocolone structure
(CXV) on the basis of its infrared spectrum. Thus, in the infrared, the
piperidine derivative (CXIV) shows absorption at 3520, 3450 (O-H) and
3160 cm. -1 (N-H), while the y-lactam (CXV) has only a single, some-
what broadened O-H band at 3400 cm. ~!; the N-H band of CXIV has
completely disappeared. In addition, CXIV shows normal ester carbonyl
ablorpt"ion at 1732 cm. 'l. while the lactam (CXV) displays amide car-
bonyl absorption at lower frequency (1685 cm. ‘1), This lactam, l-hy-
droxy-4-methyl-3-ketoBctahydropyrrocoline (CXV), was also isolated
when the piperidine derivative (CXIV) was heated with ethyl a-bromo-

‘propionate in an attempt to prepare the tertiary amine (CXVI) for cycli-

zation to a quinolizidine.

,\,co\c He *i.&*’* . 1«..rc"‘\tu’ S I\( \cl{ego&Hs
< E|«~H N LCC gl s
SN e doceHe - - N Cacells
CHsz Hs s CHs
OXIIT CXIV CXV cxX Vi

This tendency for CXIV to undergo intramolecular acylation, rather
than alkylation is attributed to steric hindrance to the approach of the
bulky bromopropionate to the nitrogen atom by the 2- and 6-substituents
in the piperidine ring, since ethyl 3-(2'-piperidyl)-propionate is alkylated
by this reagent (31).

Ring closure of 3-(2'-piperidyl)-propionic esters is a well-known

method for the preparation of 3-keto8ctahydropyrrocolines (32). In another
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. projected synthesis of 4, 6-dimethylquinolizidine, Michael addition -ofw
diethylmalonate to 6-methyl-2-vinylpyridine (CXVII) gave the pyridyl-
ethyl malonate (CXVIII) which was reduced over platinum in acetic acid,
to give the desired piperidine derivative (CXIX). This material did not

rveact with acetaldehyde, under either acid or basic conditions,. to form

CXX.
z eiy &_lﬂr,::r“‘xﬁu,
‘(Hs; * cHy(CozCaHe), T dH (c0aCa bRy
CxXVLT | CXVIT1
HefP+ ~}—-CHsa
—LT-& z"‘" ' leacaﬂr
th | SHleotidy Ao Kece e
aXI X b e

Rather unexpectedly, catalytic hydrogenation of 4, 4-ethylenedioxy-
2-methyl-1-(6'-methyl-2'-pyridyl)-2-pentanol (XVIII) in acetic acid
gave a basic liquid which did not give a positive 't‘elt for secondary
amine with the Nin-carbon disulfide reagent (33), and thus cannot be
the expected piperidine derivative CXXI. Instead, it appears that re-
‘ductive cyclization has taken place, pre-;nxnably via hydrojemlyuil of
the intermediate carbinolamine ether, to give 2-hydroxy-2, 4, 6-tri-
methylquinolizidine. |

ST s e

N CHy NK G‘C‘*s
< -0 i
C“;
*VIIT CXXI
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A similar reaction, reductive cyclization of the acetal of pyridyi-

propionaldehyde (CXXIV) to pyrrocoline (CXXV) has been known for

some time (34).

‘ / v CHg b /7 —
. “ ﬂ?o':'fz H:\ E‘m

CXXIV CX XV
All attempts to further characterize the quinolizidine (CXXIII)

have failed, presumably due to the presence of a number of stereo-
isomeric forms. Thus, while picric acid and methyl iodide react
vigorously with the base, only oily derivatives are obtained. . Simi-
larly, no solid was obtained on attempted benzoylation.

While the infrared spectrum could be interpreted either on the
basis of the piperidine (CXXI) or quinolizidine (CXXIII) structure, the

latter is preferred on the basis of the negative test for secondary

amine functions.
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-EXPERIMENTAL DETAILS

Melting points less than 250° were determined in a stirred oil bath,
using Anschfiitz thermometers. Melting points higher. th—n.;x 250° were de-
termined in a gas-heated copper block. All meiting,and boiling points
are uncorrected.

Infrared spectra were recorded on a Perkin-Elmer Model 21 spec-
trophotometer, while ultraviolet gnd visible spectra were obtained by
use of a Warren Spectracord and a Beckmann DK-2A instrument.

Elemental microanalyses were carried out by Dr. V. B. Fish, to

whom the author expresses his appreciation.

{XVII): To a solution of 2, 6-lutidyllithium, prepared fx;om 3.47 g.
(0.5 mole) of lithium wire, 40 g (0. 25 mole) of bromobenzene and .27 g.
(0.25 mole) of 2, 6-lutidine in ca. 150 ml. of ether, was added 18 .
(0. 125 mole) of 4, 4-ethylenedioxy-2-pentanone (35) at such a rate that
the ether boiled slowly. The reaction mixture became reddish-orange
during this addition. The resulting mixture \ﬁl stirred and refluxed
for 90 minutes following this addition, then cooled in an ice bath while
25 ml.of water was added slowly. The two-phase mixture was sepa-
‘rated, the aqueous layer was washed with several small portions of
ether and the combined ethereal solutions were dried over. magnesium
sulfate. |

Evaporation of ether from the red solution was followed by distilla-

tion at reduced pressure. A forerun containing lutidine and bromobenzene
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was taken off first, followed by 16.6 g. (52.9%) the desired product
(XVII), b. p. 135-142°/0.4 mm., % 1.5109.
An oily picrate was formed when XVIII was added to saturated alco-

holic picric acid. This could not be crystallized.

2,4, 6- Trimethylquinolizinium bromide (XI): Concentrated hydro-

bromic aéigi was added slowly to a mixture of 12.5 g. (0.05 mole) of
XVIII and 35 ml.of water to pH 2. Excess acid was avoided. The re-
sulting mixture was extracted with ether to remove traces of biphenyl,
then evaporated to dryness on the steam bath in vacuo. The red, gummy
residue was dissolved in 100 ml of acetic anhydride, and heated at

gentle reflux overnight.

On cooling, the solution deposited 7.36 g. (59%) of XI as tan crys-
tals. A further 2.58 g. was obtained on partial evaporation of the acetic
acid and anhydride mother liquor for a total yield of 9.84 g. (82%). This
crude material was recrystallized 3 times from absolute eMol to give
6.94 g. (55.5%) of slightly off-white microcrystals, m. p. 300° with
previous decomposition from 270°. The analytical sample was obtained
by recrystallizing this material several more times, until the mother
liquor was no longer colored.

Anal.: Calc. for CIZHH:N Br: C, 57.16; H, 5.60;. N, 5.56; Br, 31, 69.

Found: C, 57.04; H, 5.81; N, 5.36; Br, 31.79.
The picrate was prepared from an aqueous solution of the bromide

and sodium picrate. After recr);ltallization from 95% ethanol it had m. .p.
138-138.5°.
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.Anal.: Calc. for C18H16N4o7= C, 54.00; H, 4.03; N, 14.00.
Found: C, 53.85; H, 4.07; N, 13.75.

2-p-Dimethylaminostyryl-4, 6-dimethylquinolizinium bromide

(XXXVIII): A solution of 0.5 g. (2 mmolq) of the trimethylquinolizinium
bromide (XI) and 0.45 g. (3 mmole) of p-dimethylaminobenzaldehyde in
7 ml.of absolute ethanol was heated overnight in the presence of a drop
of piperidine. The deep red solution was evaporated to dryness in vacuo,
the residue taken up in methanol and warmed while ethyl acetate was
added to precipitate the product. After cooling, the solution was filtered
to give 0. 48 g. (63%) of crude XXXVIII, m. p. above 300° with decompo-
sition from 280°. Recrystallization from absolute alcohol furnished the
analytical sample as small deep red needles.

Anal.: Calc. for CZle3NzBr: C, 65.80; H, 6.05; N, 7.31.

Found: C, 65.89; H, 6.40; N, 7.05, 7.07.

Reaction of 2, 4, 6-trimethylquinolizinium bromide with benzaldehyde

and triethylamine: A splution of 0.5 g. (2 mmole) of the trimethylquino-
lizinium salt (XI), 0.25 g. of benzaldehyde and 1 ml. (ca. 10 mmole) of
triethylamine in 10 ml. of absolute ethanol was refluxed for twelve hours.
The ethanol and excess triethylamine were removed in vacuo, the residue
taken up in a minimum volume of hot absolute ethanol and coole'd. - Filtra-
tion then gave 0.30 g. (83.5%) of triethylamine hydrobromide, identical
with an authentic sample (m. p. ‘and mixed m..p. 247-8%. Addition of
ethyl acetate to the filtrate removed further traces of ionic material.

Evaporation of the alcohol-ethyl acetate solution left an orange-red gum

¢
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which, on trituration with dry ether gave ca. 50 mg. of orange powder.
This latter substance melted at 110-122°d., but decomposed on at-
tempted purification.

In a second experiment, it was shown that no triethylamine hydro-

bromide is formed when benzaldehyde is omitted from the original re-

action mixture.

Reaction of 2, 4, 6-trimethylquinolizinium bromide (XI) with sodium

hydroxide: A solution of 0.25 g. (1 mmole) of the trimethylquinolizinium
bromide (XI) in 5 ml. of ethanol was treated with 0.15 ml. of 50%
sodium hydroxide solution. The solution became very dark immediately.
After five minutes, the mixture was acidified with saturated picric acid
solution, then evaporated. The resulting brown tar was extracted sev-
eral times with hot ethanol, and the combined ethanol solutions allowed
to evaporate slowly at room temperature. The crystalline picrate mix-
ture obtained in this manner was washed with water to remove sodium
picrate, leaving 0.09 g. of solid, m. p. 164-173°. Repeated recrystal-
lization from ethanol (charcoal) gave a trace of purified picrate, m. .p.

174-175° but the amount of this material obtained was insufficient for

analysis.

2,4, 6- Trimethylquinolizinium tribromide (XLII): A. A solution of
0.5 g. (2 mmole) of trimethylquinolizinium bromide in 8 ml. glacial
" acetic acid was treated with a solution of 0.35 g. (2.2 mmole) of bromine
in 5 ml. of acetic acid at room temperature. The mixture was filtered

.a.fter a few minutes, the solid was washed severall“tirnel with small
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volumes of acetic acid and air dried to give 0.80 g. (97%) of the tribrémide
(XLII), m. p. 125-128% Four recrystallizations from methanol gave the
analytical sample as long orange needles, m. p. 129-130°.

Anal.: Calc. for CIZHMN Br3: C, 34.98; H, 3.42; N, 3.40; Br, 58.20.

Found: C, 35.00; H, 3.50; N, 3.37; Br, 57.90.

Methanol solutions of the tribromide gave a positive test for oxi-
dizing ability with KI-starch paper. Bromine was released (odor) on
heating these solutions, as was H Br (pH paper), but the compound lost
no bromine when dried at 65°.

Treatment of 0.1 g. of the tribromide, in aqueous methanol with
saturated sodium picrate solution gave 0.1 g. of 2, 4, 6-trimethylquino-
lizinium picrate (XI), m. p. 137-138°. A mixture melting point deter-
mination with authentic material showed no depression.

B. A solution of 0.5 g. (2 mmole) of XI in 20 ml. of acetic acid was
magnetically stirred while 0.36 g. (2 mM) of N-bromosuccinimide was
added slowly. After addition was complete, 100 ml. of ethyl acetate
was added to the mixture. The tribromide XLII precipitated slowly.
The orahge needles were collected and washed with ethyl acetate to give

0.40 g. (48%) of the tribromide, m. p. and mixed m. p. with authentic
‘material 128.5-129.5°.

Permanganate oxidation of 2, 4, 6-trimethylquinolizinium bromide

(XI): To a solution of 0.5 g. (2 mmole) of XI in 35 ml. of water and
0.15 ml. conc. H,80,, 0.75 g. (4.75 mmole) of potassium permanganate
was added, in small portions. The solution deposited manganese dicxide

almost immediately, and the permanganate color was discharged quite
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rapidly. After all the permanganate had been added, the mixture was
stirred for one hour, then filtered. The MnOz was washed several times
with warm water, then once with methanol. The combined aqueohl ‘solu-
tions were evaporated to dryness under diminished pressure and the re-
sulting solids extracted with hot absolute alcohol. Addition of alcoholic
picric acid to these alcoholic extracts gave 0.5 g. (62% recovery) of

trimethylquinolizinium picrate, m. p., alone or mixed with an authentic

sample, 137-138°.

3-Ethoxy-1-phenyl-2-buten-1-one (Enol ether of benzoylacetone)

{XXIV): - The following represents some improvement over the method
of Claisen (36), in that the use of ferric chloride results in the presence
of considerable quantities of ferric benzoylacetonate, making distillation
of the product troublesome.

A solution of 24.3 g. (0.15 mole) of benzoylacetone (37), 24.3 g.
(0. 164 mole) of ethyl orthoformate gnd 0.5 g. of p-toluenesulfonic acid
in 150 ml. of dry benzene was heated under an 8''-Vigreaux column at
such a rate that only ethyl formate distilled. The head temperature
ranged up to 60° at the highest. Aﬁer 36 hours, 10.6 g. (95%) of distillate
had been collected. The mixture was cooled and poured onto excess
aqueous potassium carbonate and extracted. The benzene solution was
dried over MgSO, after a little pyridine had been added. Evaporation,
followed by distillation gave the desired enol ether (XXIV) in 70% yield.
Refractionation through a Vigreaux column gave 16.3 g. (60%) of the enol
ether as a yellow oil, b. p..97-101%/0. 4mm.Its infrared ﬁpoctrum was

identical with that of a sample prepared by the method of Chiun (36).
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4, 6-Dimethyl-2-phenylquinolizinium bromide {XII): A. An ether

solution of 0.1 mole of 2, 6-lutidyllithium was prepared in the usual way
and cooled to 0°. A solution of 9.5 g. (0.05 mole) of the enol ether of
. benzoylacetone (XXIV) in 25 ml. of ether was added slowly, causing the
color of the solution to go from deep red to dark green or yellow.
After this addition, the mixture was allowed to comé& to room tempera-
ture during 4 hours. Then, it was cooled once again and poured into
a mixture of 20 ml. of concentrated HCI and ca. 100 g. of ice. The re-
sulting mixture was separated, the ether layer washed several times
with dilute HCl, and the combined aqueous acid solutions basified with
v sodium bicarbonate. The resulting oil was extracted into ether, dried
over MgSO, and evaporated, most of the excess lutidine being removed
at 40° (water bath) and 0.5 mm. The viscous residue was then covered
with about 50 ml. of water, and concentrated HBr was added carefully
to pH 2. This solution was then evaporated on the steam bath in vacuo
to dryness.

The residue was dissolved in 100 ml. of acetic anhydride and
heated at reflux overnight. Cooling the solution gave 9.0 g. (60.5%) of
the crude quinolizinium coupound (XII) as light tan needles, m. p. 297,
with previous decomposition.

Several recrystallizations from 95% ethanol afforded slightly off-
‘white crystals, but did not change the melting point.
| Anal.: Calc. for ClewNBr: .C, 64.97; H, 5 13; N, 4.46; Br, 25.43.

Found: C, 65.13; H, 5.00; N, 4.51; Br, 25. 67,
The picrate was prepared from the bromide and aqueous sodium picrate

and recrystallized from ethanol-acetone, m. p. 212.5° d,
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Anal.: :Calc. for C,,H; N0, .C, 59. 74; H, 3.92; N, 12.12.
Found: .C, 60.10; H, 3.81; N, 11.36, 11.60.

-Reworking the acetic acid-acetic anhydride mother liquors from the
reaction gave only traces of XII, along with some lutidine hydrobromide.
B. Ina similar reaction, in which water was used to quench the organo-
metallic solution, attempted distillation of the resulting ethgr-loluble
bases gave a yellow oil, b. p. 128-38°/0. 3mm., which, on treatment
with dilute HBr gave 6.3 g. (72% recovery) of benzoylacetone, m. p.
52-56°. Evaporation of the acid solution, followed by treatment with
acetic anhydride, as described above, gave 0.72 g. (4.8%) of the de-

sired quinolizinium bromide (XII).

4-Phenyl-5-(€'-methyl-2'-pyridyl)-4-buten-2-one hydrobromide
C {XXVI): 2, 6-Lutidyllithium was added to the enol ether of benzoylace-

tone (XXIV), using the same quantities and techniques as in procedure
A. above. However, when the acetic anhydride was warmed slightly
(not refluxed) for a few minutes to dissolve the gummy hydrobromide,
a white solid was produced. This material was filtered, washed with
acetic anhydride and ethyl acetate to give 6.0 g. (36%) of the purified
hydrobromide, which was recrystallized for analysis from methanol con-
taining a little HBr. The analytical sample has m. p. 177.5-178.5°",
-Slightly high carbon content suggests contamination by the free base or
quinolizinium compound.

Anal.: Calc. for C),H,gNOBx: C, 61.45; H, 5.46; N, 4.22.

Found: ' C, 62.25; H, 5.65; N, 4.45.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61.

The phenylhydrazone was prepared in aqueous alcohol and recrys-

tallized from 95% ethanol, m. p. 143-4°,
Anal.: Calc. for CZ3H23N3: C, 80.90; H, 6.79; N, 12.31.
Found: C, 80.85; H, 6.63; N, 12.18.

This derivative shows strong yellow-white fluorescence under ultra-

violet light.

Treatment of 5.0 g. of this salt (XXVII) with hot-acetic anhydride

overnight gave 3.5 g. (74%) of 4, 6-dimethylquinolizinium bromide (XII).

4-Methyl-2-phenylquinolizinium bromide (XVI): This material was

prepared by the‘ reaction cf 0.1 'mole of 2-picolyllithium with 9.5 g. (0.05
mole) of benzoylacetone enol ether (XXIV) exactly as described in the
preparation of 4, Q-dimethquuinolizinium bromide (XII) by procedure A
above. The product (XVI) began to precipitate from the acetic anhydride
solution soon after boiling commenced. The solution was refluxed for 4
hours, then cooled and filtered to give 9. 85 g. (65.5%) of the :quinolizinium
salt (XVI), as brown crystals, m. p. 295° with previous decomposition.
Two recrystallizations from 95% ethanol furnished white microcrystalline
XVI of unchanged melting point.

The bromide was converted to the known picrate, m. p. . 230°d.,

after crystallization from ethanol (lit. m. p. 226°d. (10) ).

2-Phenyl-4-p~dimethylaminostyrylquinolizinium bromide (XXXVII):

A solution of 0.3 g. (1 mmole) of 4-methyl-2-phenylquinolizinium bromide
(XVI) and 0.3 g. (2 mmole) of p-dimethylaminobenzaldehyde in 5. ml. of

absolute ethanol, containing 3 drops of piperidine was refluxed gently
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overnight, then chilled and filtered to give 0.25 g. of the condensation
product (58%). Two recrystallizations from methanol gave the analytical
sample as fine red needles, m. p. 280°d. This material, dried at 56°,
contains one molecule of methanol of crystallization.
Anal.: Calc. for CZSH23NzBr°CH30H: .C, 67.38; H, 5.87; N, 6.05.
Found: C, 67.89; H, 5.94; N, 6.15.

4, 4-Dimethoxy-2-methyl-2-(6'-methyl-2'-pyridyl)-2-butanol (XXX):

A solution of 0.1 mole of 2, 6-lutidyllithium was prepared in the usual
way. To this was added a solution of 6. 6 g. (0.05 mole) of acetoacetalde-
hyde dimethyl aéetal, at 0°. The resulting mixture was stirred for an
additional hour, at room temperature, water was added, the layers sepa-
rated, the aqueous layer extracted several times with ether, and the
combined ethereal solutions dried (MgSO4) and distilled. After removal

of low boiling material, 5.1 g. (42.6%) of XXX was obtained as a light
yellow oil, b. p. 127-135°/0.4 mm.

2, 6-Dimethylquinolizinium bromide and picrate (XXXI): A. A solu-

tion of 2.4 g. (0.01 mole) of the above hydroxy-acetal (XXX) 7 g. of picric
acid and 25 ml. of absolute alcohol was refluxed for 2 hours, then cooled.
Filtration then gave 3.22 g. (73.8%) of the crude quinolizinium picrate as
green, somewhat sticky crystals. Several recrystallizations from 95%
ethanol (charcoal) gave yellow needles, m. p. 137-138°,
Anal.: Calc. for Cy.H, N, O, C, 52.85; H, 3.65; N, 14. 50.
Found: .C, 52.83; H, 3.14; N, 14,29,
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B. Concentrated hydrobromic acid was added to a mixture of 7.2 g.
(0. 03 mole) of the hydroxy acetal (XXX) in ca. 50 ml. of water, to pH 2.
The resulting solution was extracted with ether and evaporated to dry-
ness in v#cuo. The residue was heated for 12 hours in 50 ml. of acetic
anhydride, at the boiling point. On cooling, this solution gave 5.8 g
(80.5%) of 2, 6-dimethylquinolizinium bromide as dark crystals m. p.
214°*d. The crude product was taken up in hot chloroform, the solution
concentrated until the fifst crystals aﬁpeared. then cooled slowly and
filtered. This procedure was repeated once more, then the product was
crystallized once from ethanol-ethylacetate to give yellowish needles,
m. p. 215-7%,

This bromide was converted to the corresponding picrate with
aqueous sodium picrate. This derivative had m. p. 136.5-138° unde-

pressed on admixture with a sample prepared by method A, above.

4, 4-Ethylenedioxy-2-methyl-1-(2'-pyridyl)-2-pentanol: This ma-

terial was prepared, in 54% yield, from 0.1 mole of 2-picolyllithium
and 7.2 g. (0.05 mole) of the monoethylene ketal of acetylacetone, under
the same conditions used in the synthesis of its 6'-methyl analog (XVIII).
The yellow oil had b. p. 121-125°/0.4 mm.

2. 4-Dimethylquinolizinium bromide and picrate (XXIX): A. Treat-
ment of the above ketal (i g ) with excess alcoholic picric acid (5 g.) at
reflux for one hour gave, after cooling, 1.97 g (51%) of the quinolizinium
picrate, m. p 150-154°%, After treatment with charcoal and several crys-

tallizations from 95% ethanol, the yellow plates had m. p. 154.5-155.5°
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(lit. m. .p. 152-3°(10) ).
B. - The quinolizinium bromide was prepared as previously described
in the preparation of 2, 6-dimethylquinolizinium bromide, method B,
except that the crude product was recrystallized directly from ethanol,
to m. p. 244-246°. The crude yield was 58%.

The bromide was converted to the picrate with aqueous sodium

picrate. The picrate obtained in this manner had m. p. 155-155. 5¢

alone and mixed with a sample prepared by method A, above.

Z;M.ethquuinolizinium bromide and picrate (XXV): A. 4, 4-dimethoxy-
2-methyl-1-(2'-pyridyl)-2-butanol was prepared by the method of Richards
and Stevens (10) and converted to the quinolizinium picrate by alcoholic
picric acid.

The greenish picrate had m..p. 165-167° after recrystallization
from ethanol. |
B. 4, 4-Dimethoxy-2-methyl-1-(2'-pyridyl)-2-butanol (4.5 g., 0.02 mole)
was added to ca. 35 ml. of water, then the mixture was acidified to pH 2
with concentrated hydrobromic acid. The resulting solution was extracted
with ether, the aqueous layer evaporated to dryness and the gummy solid
residue was refluxed in 50 ml. of acetic anhydride. On cooling, 2.1 g.
(47.5%) of crude 2-methylquinolizinium bromide separated as dark crystals
m. p. 178-185° This was crystallized twice from chloroform,  then
finally from ethanol-ethylacetate tb give a white microcrystalline salt of
m. p. 195-197° (lit. 185-186° (38) ). |

This bromide was converted to the quinolizinium picrate with aqueous

sodium picrate. The picrate, after several crystallizations from alcohol,
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was obtained as yellow needles, m. p. 167.5-168.5°% alone or mixed

with the picrate obtained via method A, above (lit. m..p. 161°(10) ).

2-Styrylquinolizinium bromide (XL): -Two_ drops of piperidine were
added to a refluxing solution of 0.45 g. (2 mmole) of 2-methylquinoli-
_zinium bromide and 0.3 g. (3 mmole) of benzaldehyde in 5 ml. of abso-
lute ethanol. Heating was continued for 4 hours, then the orange
mixtur§ was chilled and filtered to give 0.31 g. (49.7%) of the styryl-
quinolizinium salt, m. p. 258-261°d. as brown needles. After two
recrystallizations from methanol, the salt was obtained as light yellow
needles, m. p. 261-262°d. Analytical values were not completely sat-
isfactory.
Anal.: Calc. for C”H“NBr: . C, 65.40; H, 4.52; N, 4. 49.
Found: C, 65.09; H, 5.39; N, 4.20.

This compound shows strong yellow fluorescent in ultraviolet light.

4, 4-Ethylenedioxy-1-(6'-methyl-2'-pyridyl)-2-pentanone (LI): A

golution of 0.5 mole of 2, 6-lutidyllithium in 250 ml. of ether was pre-
pared in the usual manner and cooled to 0°. This reagent was slowly
pumped into a solution of 43.5 g. (0.25 mole) of ethyl 3, 3-othyienedioxy-
butyrate (L) in 300 ml. of ether, held at 0°, resulting in immediate dis-
charge of the organometallic's color and precipitation of a white solid
from the yellow solution. After allowing this solution to come to room
temperature, while stirring was continued, a solution of 36 g (O. 5
mole) in 100 ml. of ether was added llowl)'r, producing a reddish-yellow

gel. Water (150 ml. ) was then added, the resulting mixture separated,
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and the aqueous phase (pH 8-9) extracted with several small portions of
ether, until the ether extract was nearly colorless. The combined or-
ganic layers were cried over MgSO4 and the solvent removed in vacuo.
Distillation of the reddish residue gave 34.6 g. (58. 8%) of the ketone (LI)
as a yellow oil, b. p. 134-143%/0.3-0.4 mm. The product decomposed
slowly at room temperature, developing an orange color on standing
overnight, but appeared to be stable at ice-chest temperature.

Treatment of LI with excess ethanolic picric acid gave the picrate
of 1-(6'-methyl-2'-pyridyl)-2, 4-pentanedione as dark yellow plates,
m. p. 158°d. after several recrystallizations from ethanol.

Anal.: Calc. for CqusNOz' C6H3N307: C, 48.57; H, 3.84;

!
N, 13,33,

Found: C, 48.80; H, 4.08; N, 13.19, 13.18.

Attempted cyclodehydration of LI: Five grams of the ketone LII was

added to 30 ml. of water, the resulting mixture was acidified to pH 2 with
concentrated hydrochloric acid, and evaporated to dryness in vacuo, after
ether extraction. The red residue was taken up in 50 ml. of acetic anhy-
dride and heated for four hours at gentle reflux. No salt separated on
cooling. Evaporation of the acetic anhydride in vacuo left a black, tarry
mass which was taken up in a small volume of absolute ethanol. Cooling
the alcoholic solution gave 0.92 g. of black, gummy solid. Several more
recrystallizations from ethanol gave a white powder in a yield of 0.37 g.
(6.5%), m. p. 248-250 d. A small sample of this solid was treated with
aqueous sodium picrate to give the picrate of 1-(6'-methyl-2'-pyridyl)-

2, 4-pentanedione, m. p. 155-157*d., not depressed on admixture with

K
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authentic'material, prepared directly from the monpketal (LI).

Attempted preparation of 1-(6'-methyl-2'-pyridyl)-4, 4-ethylene-

dioxy-.?.épentano} (LII): A. A solution of 5 g. of the ethylenedioxypen-

tanone (LI) in 50 ml. of glacial acetic acid was shaken in a Parr appa-
ratus in the presence of 0.5 g. of platinum dioxide under an initial
hydrogen pressure of 35 psi. After 2.5 hours, the reaction was stopped,
when a pressure drop of 1. 7.psi. (1.1 mole Hz/mole LI) was noted.

The catalyst was filtered off and the solvent evaporated at 50° in vacuo.
Distillation of the residue gave 3.7 g. of a yellow o0il, b. p. 123-129%/
0.25 mm. This material showed bands in the infrared at 3510 (O-H),
3330 (N-H), 1740 (C = 0), 1650, 1597, 1580 (pyridine) cm'l. Thus it
appears to be a complex mixture.

B. A solution of 4.7 g. (0.02 mole) of LI in 20 ml. of absolute methanol
was treated with 0.2 g. (0.021 equiv. ) of sodium borohydride at room
temperature for four hours. The yellow color faded slightly. At this
point, 3 ml. of concentrated hydrobromic acid was added and the solu-
tion evaporated to dryness. Refluxing the residue with 30 ml. of acetic

anhydride gave only a dark, non-crystalline semisolid which could not
be purified.

1, Z-Dicarbqthoxy- 1-(2'-pyridyl)-1 -penten-4-ope picrate (LXIV):
. Dry hydrogen chloride was bubbled into a cooled solution 5 g. (0.03
mole) of ethyl 2-pyridylacetate (LXIII (39) ) in dry ether until the mix-
ture was strongly acidic. The precipitated hydrochloride was filtered,

washed well with ether, and dissolved in 20 ml. of absolute ﬁﬂunol.

A s it . S
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To this solution, 6.3 g. (0.04 mole) of ethyl acetopyruvate (LXIV (;0) )

was added, and the resulting mixture was refluxed overnight. Evapora-

tion left a viscous yellow gum which was dissolved in fresh ethanol and
(Mh excess picric acid at reflux. After cooling, ‘v ﬁltr'ation gave

9.63 g. (60%) of the desired picrate (LXIV), m. p. 152-156° Three

crystallizations from absolut.e ethanol gave the analytical sample, m. p.

156.5-157.5°d.

Anal.: Calc. for Cl6H19N05-C6H3N307: C, 49.44; H, 4.15;
N, 10. 48.

Found: C, 49.34; H, 4.08; N, 10.63, 10.54.

6-Methyl-4-quinolizone hydrochloride (LXXI): A. A solution 61’

‘6-methyl-4-qu.inolizone (LXVII) (4) in ether was treated with dry hydro-
gen chloride until strongly acid. The cold mixture was filtered and the
resulting brown solid washed well with ether. The material obtained in
this manner had m. .p. 149-151°d. Attempts to recrystallize this ma-
terial failed, presumably because of the acid-instability of the ring-
system. It lacks the amide carbonyl bond which appears at 1693 cm'l in
the infrared spectrum of the parent quinolizone.

B. A solution of 0.3 g. (2 mmole) of the quinolizone (LXVII) in § ml. of
acetylchloride was allowed to stand at room temperature overnight. The
excess acid chloride was removed in vacuo and the resulting brown

solid suspended in ether and filtered. This material had m. .p. 147-
‘1507 d., alone or on admixture with a sample of LXXI, prepared as in

é , above.
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Reaction of 6-methyl-4-quinolizone (LXVII) with thiohy‘lchloride:

Five ml. of thionyl chloride was added to 0.6 g. (4 mmole) of 6-methyl-
4-quinolizone (LXVII). - Some warming was noted, and acid fumes were
given off. . After standing for two hours, the mixture was warmed
slightly while thionyl chloride was removed in vacuo. The resulting
dark oil was suspended in ether, giving a greenish solid, which was
filtered and washed with ether. This material (0.5 g.) had m. p.. 136-
144° d. and gave a negative test for chloride ion. Sodium fusion showed
the presence of chlorine and sulfur, while treatment with aqueous base

or attempted crystallization from alcohola led to decomposition.

Reaction of 6-methyl-2-chloropyridine with phenyllithium and ben-

zaldehyde: A solution of 0.05 mole of phenyllithium in 30 ml. of ether
was prepared in the usual manner. To this, a solution of 6.25 g. (0.05
mole) of 6-methyl-2-chloropyridine (LXXIV) (41, 42) in 15 ml. of ether.
The addition was made as rapidly as possible, holding the reaction
temperature at 0° in an ice bath. After stirring for ten minutes, 6. 65 g.
(0. 065 mole) of benzaldehyde in 15 ml. of ether was added to thé red
organometallic solution. The cooling bath was removed and the solution
allowed to warm to room temperature while stirring was continued for
one hour. At this time 10 ml. of water was added, basic material was

| extracted from the ether layer with dilute hydrochloric acid.and' the acid
solution basified with solid sodium carbonate. After removing thé basic
material by extraction with ether, the organic solution was dried over
MgSO, and evaporated, leaving a residue which was heated at 100%/1 mm.

for 30 minutes to remove benzaldehyde and starting material. The
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resulting orange glass (4. 62 g.) was extracted continuously with 60-70°
‘petroleum ether for 2 hours to give 1.1 g. of yellow crystals and oil.
. After mechanical separation, the crystals were recrystallized several
times to give very pale yellow needles of 6-chloro-6'-methyl-2,2'-
dipyridylmethane (LXXVIII), m. p. 181-182° The yield of purified ma-
terial was only 0. 30 g. {5.3%), although considerable loss of fairly pure
material was experienced during purification.

Anal.: Calc. for CIZHHNZCI: C, 65.90; H, 5.07; N, 12.81; Cl, 16.44.

Found: C, 66.00; H, 5.13; N, 12.56; Cl, 16.4.

4-Ethoxy-1-(6'-methyl-2'-pyridyl)-1-pentanone (LXXXVII): A solu-

tion of 10.85 g. (0.06 mole) of 3-ethoxy-1-bromobutane (25) in 15 ml. of
ether was added to 1.40 g. (0.0575 mole) of clean magnesium shavings
in 25 ml. of ether, after reaction was initiated by a crystal of iodine.
The re-ultiﬁg mixture was stirred and heated for 1.5 hours after the
initial reaction subsided, while most of the magnesium dissolved. To
this Grignard solution was added a solution of 5.90 g. (0.05 mole) of
6-methyl-2-cyanopyridine. The reaction mixture, originally at 0°, was
allowed to come to room temperature, with stirring overnight. The re-
action was quenched with water, the mixture acidified with dilute hydro-
chloric acid, separated, and the ether layer extracted with two more
small portions of dilute acid. After standing for a.h hour, . to hydrolyze
the intermediafe imine, the acid solution was basified with solid sodium
carbonate and extracted several times with ethex'.~ After'dryinj over

magnesium sulfate, the ether was evaporated and the residue distilled
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to give 6.45 g. (58. 3%) of the ketone LXXXVII, b. p. 148-155%/12 mm.

as an unstable yellow oil.
The 2, 4-dinitrophenyl hydrazone was prepared by a standard pro-

cedure and recrystallized four times from ethanol to give orange needles

of m. p. 123-124°

Anal.: Calc. for.ClgH23N505: .C, 56.85; H, 5.77; N, 17.45.
Found: C, 57.07; H, 5.86; N, 17.25.

2, 4-Dinitrophenylhydrazone of 1-keto-6-methyl-1, 2, 3, 4-tetrahydro-

quinolizinium bromide (LXXXVIII): A solution of 3.3 g. (0.015 mole) of

the ketonic ether (LXXXVII) in 10 ml. of 48% hydrobromic acid was re-
fluxed for four hours and the excess acid evaporated in vacuo. The dark
tarry residue was taken up in water, neutralized with sodium bicarbonate
and extracted into chloroform. The resulting chloroform solution was
refluxed overnight after drying. Evaporation of the solvent left a hlack
gum which was taken up in 95% ethanol, and treated with 4 g. (Q. 02
mole) of dinitrophenylhydrazine for two hours at reflux, in the presence
of 12 ml. of hydrobromic acid. After cooling, the gurnmy red precipi-
tate was crystallized three times from ethanol-ethyl acetate to give
0.58 g. (8.9%) of the desired derivative (LXXXVIII), m. p. 218°d.
Anal.: Calc. for Cl7Hl8N504Br: C, 46.80; H, 4.16; Br, 18. 32.
Found: C, 46.90; H, 4.31; Br, 18.48.
Methanol or aqueous acetone solutions of LXXXVIII were non-acidic,

but gave an immediate precipitate on treatment with silver nitrate solu-

“tion.
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Attempted cyanoethylation of 2, 6-diphenacylpyridine (XCI): A solu-

tion of 0.5 g. (0.022 mole) of sodium metal in 10 ml. of absolute alcohol
was prepared. To this was added 3.15 g. (0.01 mole) of 2, 6-diphenacyl-
-pyridine (XCI) (5) in 5 ml. of absolute ethanol. The resulting orange so-
lution was then stirred for 15 minutes before the slow addition of a solu-
tion of 1.1 g. (0.021 mole) of acrylonitrile in 5 ml.' of alcohol. The tem-
perature was increased slowly, by means of a water bath, to 60°, and .
stirring at this temperature was continued for two hours. The mixture
was cooled, 2 ml. of glacial acetic acid was added, followed by 50 ml. of
water. Evaporation of alcohol in vacuo, followed by addition of v)ater to
a volume of ca. 50 ml, left 1.65 g. of benzoic acid, m. .p. 120-121°% un-
depressed on admixture with authentic material. After removal of the
benzoic acid. an alcoholic solution of 3. g. of picric acid was added to the
filtrate to give 2 47 g. of lutidine picrate, m. p. and mixed m. p. 166-
168°. No other picrate could be isolated. |

Similar results were obtained using KOH in ethanol or potassium
t-butoxide in the coirelponding»alcohol.

Ethyl 3-(6'-methyl-2'-pyridyl)-propionate 'gcrx): A cooled solution
of 12.1 g. (0.1 mole) of 6-methyl-2-pyridinecarboxaldehyde and 11.4 g.
(0.11 mole) of malonic acid was pz;epared in 25 ml. of pyridine and stirred
for 90 minutes in the presence of a drop of piperidine while warming to
room temperature. Stirring was continued while the red mixture was
heated on the steam bath for four hours, cooled and poured into 50 ml. of
ice-water. The pH of the solution was adjustzd to 4 by the a’ddlﬁo,n of

several small portions of 3N hydrochloric acid. The resulting suspension
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was refrigerated overnight, then filtered to give‘6. 85 g. (42%) of 3-(6'-
methyl-2'-pyridyl)-acrylic acid, m. p. 98-100°.

This crude unsaturated acid was hydrogenated in 75 ml. of 95%
ethanol and 5 ml. of concentrated hydrochloric acid in the presence of
1.0 g. of 5% palladium-on-charcoal catalyst at an initial pressure of
25 psi. After six hours, no further drop in pressure was noted. A
total of 3.1 psi.(102%) of hydrogen was absorbed. After removing the
catalyst, the solution was evaporated to dryness, leaving the pyridyl
propionic acid as a viscous yellow residue. This material was taken
up in 10 ml. of absolute ethanol, 35 ml. of benzene was added, along
with three drops of concentrated sulfuric acid, and the resulting
homogeneous solution was refluxed under a Dean-Stark trap until no
more lower (aqueous) layer collected. Most of the solvent was removed
in vacuo, and the residue was taken up in water; the solution was care-
fully basified with solid sodium carbonate. and extracted four times with
ether, After drying over MgSO,, the ether was evaporated and the resi-
due distilled to give 5.82 g. (71.6%) of the methylpyridylproﬁionic ester
(CIX) b. p. 137-140°/0.7 mm.

The picrate, prepared in 95% ethanol and recrystallized from the
same solvent had m. p. 145-146°.

The preparation of the pyridylacrylic acid mentioned above is simi-
lar to that used by Ried and Keller (46) in the lynthel‘io 6( 2-pyridyl-

-acrylic acid.
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Quaternization of ethyl-3-(6'-methyl-2'-pyridyl)-propionate (CIX)

. with a-bromo esters: A. A mixture of 2.9 g. (0.015 mole) of the ester

(CIX) and 3.5 g.'L(O. 021 mole) of ethyl a-bromoacetate (CX) was heated
at 110° under nitrogen for three days. Excess bromoacetate was removed
in vacuo and the resulting red gummy quaternary salt (CXI) used directly
in attempted cyclization reactions with sodium ethoxide and potassium
metal.

In another run, using the same quantities of reagents as above, the
quaternary salt was taken up in water, extracted with ether to remove
the excess starting material, and titrated with 0.00943N silver nitrats.
At the potentiometric end-point, 1.15 ml. of the standard solution had
been consumed, corresponding to 72. 3% quaternization.

Washing the crude quaternary salt obtained above with several por-
tions of acetone left a small amount of white crystals, but this material
proved to be too hygroscopic for purification.

B. Heating 0.4 g. (2. 07 mmole) of the pyridylpropionic ester (CIX)
with 0.45 g. (2.5 mmole) of ethyl a-bromopropionate, as above, followed
by extraction with water, left a nearly colorless solid which did not con-
tain nitrogen (polyacrylate-?). Treatment of the aqueous solution with
alcoholic picric acid_.gave 0.61 g. (72.6%) of the picrate of the starting
material (CIX), m. p. and mixed m. p. 144-146°

Ethyl 6-ihemylgicounoyhceute (CXIII): A suspension of dry sodium

ethoxide, from 4. 35 g. (0.15 mole) of sodium metal, in 150 ml. of dry
benzene, was prepared. To this was added a mixture of 16.5 g. (0.10

mole) o ethyl 6-methylpicolinate (43) and 17.6 g. (0. 20 mole) of ethyl
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acetate, with vigorous -tirr.in'g. The addition of the ester mixture was
completed in 45 minutes; only negligible heating occurred. The resulting
orange suspension was refluxed gently for one hour, then allowed to cool
and stir overnight. The reaction mixture was poured into 100 ml. of
ice-water containing 9 ml. of acetic acid, the two-phase mixture was
separated and the aqueous leyer extracted several times with ether.
After drying, the volatile solvents were removed in vacuo and the resi-
‘due distilled to give 14.29 g. (68.8%) of the desired f-keto ester (CXII),
b. p. 117-123°/0.4 mm.

The picrate was prepared and recrystallized from 95% ethanoi, m.
p. 129-129.5°%d.

Anal.: Calc. for Cy4H, N,O,4 C, 46.79; H, 3.70; N, 12.84.

.Found: C, 46.92; H, 3.82; N, 12.90.

Freshly distilled keto ester (CXIII) was dark orange. The color

faded rapidly at room temperature to light yellow, .and freezing the sample

in the ice-chest gave colorless needles after several days.

Ethyl 3-hydroxy-3-(6'-methyl-2'-piperidyl)-propionate hydroacetate
.. {CXIV): A solution of 19.36 g. (0.05 mole) of ethyl 6~-methylpicolinoyl~

acetate (CXIII) in 100 ml. of glacial acetic acid containing 0.75 g. of
platinum dio:&dé was hydrogenated overnight at an initial pressure of
48.5 psi. A pressure drop of 14.2 psi. was noted, corresponding to 98%
of the theoretical. After filtering the catalyst, the colorless solution was
evaporated to a viscous yellow liquid. Trituration with dry ether, fol-

lowéd by filtration gave 11,90 g. (86.5%) of the desired acetate salt of |
CXIV as a white powder, m. p. 128.5-130°
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The picrate was prepared in a.qucoul‘ alcohol and recrystallized sev-
eral times from 25% ethanol and had m. p. 141.5-142.5°,

Anal.: Calc. for G 7H, ,NOg: C, 45.94; H, 5.44; N, 12.61.

Found: C, 46.20; H, 5.38; N, 12.68. A

The free base (CXIV) was obtained by treatment of 5.5 g. of the ace-
tate salt with excess saturated potassium carbonate solution, exiracted
into ether and distilled, after drying the organic extracts over MgSO4.
The yield of free base, obtained as a colorless liquid of b. p. 114-122°%/
0.5 mm., was 3.12 g. (72.6%). This material showed infrared absorp-
tion at 3250, 3450 (O-H), 3160 (N-H) and 1732 (ester C = 0) em" ). The
picrate, m. p. 141-142.5° prepared from the free base was identical

with that from the acetate salt, as shown by mixed melting point determi-

" nation.

1 -Hydroxy- 3-ketooctahydropyrrocoline (CXV): Treatment of 5.5 g.
(0. 02 mole) of the piperidylpropionic ester (CXIV) acetate was treated
with saturated potassium carbonate solution, as above. Distillation of the
resulting basic product gave 2.13 g (63%) of a somewhat basic colorless
liquid b. p. 154-157%/0.5 mm. Only traces of the free base (CXIV), b. p.
ca. 120%/0.5 mm. was obtained in this experiment. The lactam {CXV)
showed the following easily assigned bands in the infrared: 3400 (broad,

O-H) and 1685 (amide C = 0) cm™>. .It also failed to give a picrate.

Diethyl 6-methyl-2-pyridylethylmalonate (CXVII): The following pro=
cedure was patterned after that used by Boekelheide, in the pyridylethyla-
tion of malonic ester (44).
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Sodium (2.3 g., 0.1 mole) was dissolved in 25 ml. of absolute ethanol;
37.5 g. (0.235 mole) of diethyl malonate was then added to give a slightly
turbid solution. A solution of 11.9 g. (0.1 mole) of 6-methyl-2-vinylpyri-
dine (45) in 20 ml. of absolute ethanol was slowly added to the refluxing
sadiomalonate solution, the resulting mixture was stirred at reflux for
eight hours, then cooled and acidified with dilu'te hydrochloric acid. Ex-
traction with several large portions of ether removed unreacted malonic
ester. The acidic aqueous layer was neutralized carefully with solid so-
dium bicarbonate and the resulting oil was extracted into ether. After
drying over MgSO,, the ether was removed in vacuo, and subsequent dis-
tillation gave a forerun of unreacted 6-methyl-2-vinlypyridine, followed
by 10.90 g. (39.1%) of the desired pyridylethyl malonic ester (CXVIII) as
a pale yellow liquid of b, p. 155-158%/0. 7 mm.

The picrate, prepared in 95% ethanol and recrystallized from the
same solvent, had m. p. 92.5-93.5°,

Anal.: Calc. for C21H24N4011: C, 49.61; H, 4.76; N, 11.02.

Found: G, 49.80; H, 5.00; N, 10.92.

Diethyl 2-(6'-methyl-2'-piperidyl)-ethylmalonate (CXIX): A solution
of 8. 55 g- (0.03 mole) of diethyl 2-(6'-methyl-2'-pyridyl)-ethylmalonate
(CXVIII) in 75 ml. of glacial acetic acid containing 0.75 g. of platinum
dioxide catalyst was hydrogenated overnight at an initial prenuie oi 51 psi.
The final pressure was 44.0 psi., so that 107% of the theoretical amount of
hydrogen was absorbed. The catalyst was removed and the solution evapo-
rated to a small volume. The free base was liberated by treatment 6£the

residue with an excess of cold saturated potassium carbonate solution and
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extracted into ether. After drying over MgS8O 4’ dry hydrogen chloride was ‘
passed into the ether solution until it became strongly acidic. The precipi-
tated piperidylethylmalonic ester (CXIX) hydrochloride was filtered and
washed with dry ether. The yield of hydrochloride, m. p. 129-131°, was
§.36 g. (87%). '

The picrate was prepared for characterization in the usual way. After
recrystallization from a small volume of 95% ethanol, it had m. p. 109-110°.

Anal.: Calc. for C, HyoN,O, : C, 49.02; H, 5.88; N, 10.89.

.Found: -C, 48.89; H, 6.03; N, 10. 60.

2-Hydroxy-2, 4, 6-trimethylquinolizidine (CXXIII): A solution of 10.0 g.

(0. 04 molp) of 4, 4-ethylenedioxy-2-methyl-1-(6'-methyl-2'-pyridyl)-2-
pentanol (XVIII) in 100 ml. of glacial acetic acid containing 0.8 g. of plati-
num dio:&de was hydrogenated oveinight-at an initial pressure of 48.5 psi.
The total pressure drop was 9.5 psi., corresponding to 109% .of the theoreti-
cal uptake of hydrogen. The catalyst was filtered, the solution evaporated
to ca. 25 ml. and basified with saturated potassium carbonate solution. The
resulting pale yellow oil was extracted into.ether. dried over ‘Mgso‘.and
distilled to give 6.85 g. (87. 3%) of the quinolizidine derivative (CXXIII) b. p.
109-111.5%at 0.2 mm. This is slightly lower than that of the starting ma-
terial (XVIII, b. p. 117-124/0.15-0.25 mm.). Tﬂo product was a colorless
oil which seems to be ‘pta.blc at room temperature, in contrast to the start-
ing material, whict:—h' pale yellow and becomes more highly colored on long
standing. The prodﬁct does not give a brccipita.te with the Niclz-carbon disul-
fide reagent, showing the absence of a secondary amine function. No solid

derivatives could be obtained.
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In its infrared spectrum (CCl 4). the product (CXXIII) had absorption
peaks at 3490, 3310 and 3170 cm.'l. attributed to free O-H and hydrogen-
bonded Q---H and N--~H groups. It showed no significant absorption in

the C = 0 region.
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APPENDIX

SPECTRA OF QUINOLIZINIUM COMPOUNDS
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