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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-lutidyllithium with the appropriate 
protected ft -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 terms of electron-release by sub­
stituents to the cationic ring system.

These 4,6-dimethylquinolizinium salts were desired 
as potential intermediates in the synthesis of the theor­
etically interesting cycl (3,3,3^ azines. However, the 
compounds obtained were not converted to the corresponding 
cycl 0>3,3| azines under a variety of conditions.

While the activity of a methyl group in the 2- or 4- 
position of the quinolizinium ring system has been shown to

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



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.

*

■* a-
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3.

INTRODUCTION

CyclQi,3,3[lazine (I) is a member of a novel class of condensed 
heterocycles,consisting of a central nitrogen atom bonded to a 
completely conjugated hydrocarbon macrocycle.Theoretical interest:in 
the cyclazines,as a class,arises from the possibility of considerable 
interaction of the free pair of electrons on nitrogen with the per- 
ipheral'TT-electron system.Such interaction would be expected to result
in signifigant resonance stabilization and to give rise to certain

•?

physical and chemical properties,such as non-basicity and ease, of 
electrophilic substitution. /

is

5I
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 la would makeimport- 
ant contributions to the ground state of the molecule.(1,3)

la
Similar calculations,using the same parameters,lead to a value 

for the resonance energy of the known cycl£3,2,2lasine (II)which is 
somewhat less than that of 1 and slightly less than the resonance

' 0
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energy of naphthalene.Since these calculations do not take Into 
account the strain energy resulting from the fusion of two five- 
membered rings in 11,it would seen that the actual resonance energy 
of 11 is considerably less than that of 1.

been synthesized (1) along with a number of substituted derivatives 
(2),and has been found to be quite stable under ordinary conditions. 
The non-basicity of 11 and the ease with which it undergoes electro- 
philic substitution provide evidence for important contributions 
from canonical forms such as lla and lib.

In order to test the theoretical predictions,the synthesis of 
cyclQ),3,3) 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 laborator­
ies, Beach has explored synthetic routes to the pyridocyclodecane 
III,closely rdlated to 1.(5)

In accord with the predictions of theory,cycl(3,2,sQazine has

ri TIa r i b

C4H|CO

ill
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It may be noted that cycl[3,3,^zine is isoelectronic with the 
reactive carbanion,V,resulting from treatment of perinaphthalene 
(IV) with strong base.(6)

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-

Vhile a number of synthetic approaches to cyclC3,3,3)azine can

would be the reaction of the 4,6-dimethylquinolizinium cation (VIII) 
with a suitable formic acid derivative (represented here as formic 
acid).It should be recognized that while the initial condensation 
(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 final step (IX->I),it may be neccessary to resort to 
acid catalysis.

ilar to that

I eo*c.U5
C 6 « C H gVI VII

be visualizediit seems that a particularly attractive sequence7

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



wcso 
IX I
\t

+  H X

XcWhile a number of quinolizinium salts are known,none of these 
contains methyl groups at the 4- and 6- positions,as required for 
the ring 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 these salts in the 
preparation of tricyclic compounds related to cycl{3,3,^tzine.

We have been successful in preparing 2,4,6-trimethylquinoliz- 
inium (XI) and 4,6-dimethyl-2-phenylquinolizinium (XII) salts,but 
all attempts to prepare the corresponding cycl |3,3,3)azines from 
these salts have failed.

Nomenclature:The cyclazine nomenclature used hero has been

xr XII

proposed by Boelcelheide (1),with the numbering of the ring positions
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7.

as shown on pages 3 and 4.The quinoliziniuifr cation and quinolizine 
nomenclature and numbering are those adopted by Chemical Abstracts.

-Vi-'OV
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8.

RESULTS AND DISCUSSION

QUINOLIZINIUM SALTS

Quinolizinium salts have been known to exist in certain complex 
alkaloids for some time. However,synthetic routes to relatively simple 
quinolizinium cations have been developed only recently. One of the 
most general of these approaches,discovered by Woodward (9)and further 
elaborated by Richards and Stevens (10),consists of the reaction of 
plcolyllithium (XIII) with the mono-ketal orenol ether of a fS-di- 
carbonyl compound (XIV),followed by eyelodehydration of the inter­
mediate adduct (XV) to the corresponding quinolizinium compound with 
acid (XV-hXVI).

e r i s :  —  e x  < «
c (o r \

X I I I  X IV  XV X V I

Richards and Stevens (10)have used this method to advantage in the 
preparation of 2,4-dimethy,1-(XVIjR-R'-CH*) and 2-methyl-4-phenyl- 
(XVIjR-CfcHs,R'■CH3) quinolizinium picratee.These two compounds were 
of considerable interest to us,sinee the substitution of 2,6-lutidlne 
for piceline in the initial step should provide quinolisinium salts 
with methyl groups in tbe 4- and 6- positions as required for the
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9.

preparation of cycl (3„3,3]azines. It should be noted that this 
sequence cannot be applied to give 2-unsubstituted quinolilzniumsalts. 
since the requisite j3-dialkoxyaldehydes (XIV:R-H) are not available.

Considerable difficulty was anticipated in the cyclodehydration 
of the corresponding lutidine adducts (e.g. XVIII) on th:e basis of 
the following mechanism .proposed for the formation of quinolisdlnium 
compouds from the addition compounds of picolyl- or lutidyl- 
lithium (XIII or XVII) with suitably protected |3-diket«nes (e.g.XVI)'.'

cH»Li COC.M* 
-V- CM*

,'-O— 1 C M S
XIV

C M 3

xvir
h x  T r * T eHV « - n »
-TCo • * r & M

p  - r r -  M
CM* W  &  I*1
IiC q I
CH&

cMa

XVIII
CH, 

XIX
-MX

CH|

X X «

c«o 
CM*

H j i c  p ' r r ' ^ r "

cMj

CH*

_ CHa CHi OH J 

XXI

X X c

H X  r=s- 1--js r cM* 
-H»0 X*

crt® CH3

XI
In accord with this postulated mechanism.Richards and Stevens ( 

(10$ have isolated the picrate of the pyridyl ketone XXXIII (analo­
gous to XIX as an intermediate in the formation of 2-phenyl-4- 
methylquinolizinium picrate (XVI). In addition.we have isolated

* . ■ &
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the hydrobromide of the unsaturated ketone XXVII (analogous to 
XXa)as an intermediate in the preparation of 4,6-dimethyl-2-phenyl- 
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 on mild acid treatment of the 
adduct XVIII(Appendix,Figure 4). Nesmayanov (38) has isolated an 
intermediate,formulated as the hydroxydihydroquinolizinium salt 
XXIla,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 XXIlb,which is similar to the proposed inter­
mediate XXa.

of a 6-methyl group on the pyridine ring in the adduct would be 
expected to hinder the formation of the bond between the pyridine

CMa. O Q
*XXIII CHj

xxirii cM0 xxxvXXJIa
i

Consideration of the preceding mechanism shows that the presence
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11.

nitrogen and carbonyl carbon (XX-tiCXl)since, as the carbonyl group 
approaches the ring,the 6-methyl group and the 10-methyl group of 
the side-chain are brought close together so that steric repulsion 
becomes important. The steric strain resulting from non-bonded 
interaction between the 4- and 6- methyl groups of the intermediate 
XXI 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 groups are 
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 by Paokard (11)for 
for the strain energy of the nearly isosteric 1,8-dlmethylnaphthalene

Further consideration of the proposed mechanism reveals that 
successful cyclodehydration depends on the rather complex acid- 
base equilibria (XXSg£Xl*dXXc).Thus,while excess mineral acid is 
neccessary for the dehydration steps (XlX-ffXa and XXI-4I),the presence 
of a large excess of strong acid would suppress the dissociation of 
the salt XXa to the free 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

(XXI,II).

XXItt
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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 picrate (XXIX) by treatment of
the appropriate picoline-^-dicarbonyl compound adduct with excess 
picric acid in boiling ethanol.However, as previously noted,these 
conditions were not sufficiently vigorous for the preparation of

hydroxyketone picrate XXXI11 resulted;this was subsequently cyclized 
XVI with acetic anhydride-sulfuric acid.

Similarly,these authors found that the action of hydriodic acid 
on the pyridyl acetal xxx gives 2-methylquinolizinium iodide direct­
ly (XXXV),while Nesmayanov (38) obtained the intermediate XXIla or 
XXIlb by reacting XXX with excess concentrated hydrobromic acid; 
this was finally cyclized to XXXV with acetic anhydride-sulfuric 
acid.

2~phenyl-4-'inethylquinolizinium picrate (XVI).In this latter case the

CH,
XXIX XVI

X XX XXXV

x x n *  x x u  lo
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13.

As expected,the monoethylene ketal of acetylacetone (XIV) reacted 
smoothly with 2,6-lutidyllithium (XVII) to give 4,4-ethylenedioxy-2- 
methyl-l-(6'-methyl-2,-pyridyl)-2-pentanone (XVIII) as a somewhat 
Impure pale yellow oil In 50-55% yelld. The structure of XVIII was 
assigned mainly on the basis of Its method of formation,conversion 
to the corresponding quinolizinium salt and spectral data,since solid 
derivatives could not be obtained with picric acid or the usual 
carbonyl reagents. Thus,the ketone hydrobromide (XIX),prepared in 
situ by treatment of a dilute alcoholic solution of the ketal (XVIII) 
with hydrobromic acid,shows ultraviolet absorbtion characteristic 
of simple pyridines in acid solution,^mcl̂ 273m|i(log4 4.24;Appendix, 
Figure 4).

Numerous attemptsto cyclize the hydroxy ketal XVIII with alcohol­
ic picric acid,concentrated hydrobromic or hydriodlc acids,or sul­
furic or pe&yphosphoric acid,or phosphorous oxychloride were with­
out success, tarry materials being formed under vigorous conditions. 
Finally,after considerable experimentation,it was found that treat­
ment of the intermediate XVIII with 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 use of > 
traces of sulfuric acid as a catalyst in the final cyclodehydratlon 
led to extensive charring.
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s r *  i s *^  k ?3 *H» f°x v i n  c m . x x x  C H »
In an attempt to apply this same reaction sequence to the 

preparation of 4,6-dimethyl-2-phenylquinolizinium bromide (XII),
1 ' i

lutidyllithium (XVII) was reacted with the enol ether of benzoyl- 
acetone (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 amounts of1 l
benzoylacetone . Subsequent cyclodehydration of the acid-soluble 
material gave the desired quinolizinium bromide (XII) in very 
low yeild. Thus,it appears that the intermediate enol ether (XXV) 
is unstable towards heat and reverts to lutidiqe (XXVI) and the 
benzoylacetone derivative (XXIV) with the regeneration of the 
-conjugated carbonyl group of the latter. It is attractive to con­
sider this disproportionation as the result of an intramoleculari J
base-catalyzed reaction via the quasi-six-membered ring,as shown

./below,although ip£drmolecular reaction,involving another 
molecule of XXV or lutidine cannot be excluded.

This difficulty was bypassed 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.



15.
4

Low-temperature evaporation of most of the excess lutidlne 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).

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 (XII) in 75% yeild by treatment with refluxing acetic 1 »
anhydride for 14-18 hours.

The ketone hydrobromide (XXVII) gave satisfactory analytical 
results and formed a highly fluorescent phenylhydrazone. The

in the infrared,along with phenylhydrazone formation,seems to be 
sufficient to exclude the alternative hydroxydihydroqulnoliziniuin 
formulation (XXVIla). Similarly, the double-bond isomer (XXVIIbV '
is excluded on the basis of the ultraviolet spectrum of XXVII

$<.Hr
hc-cw»e'CHaLi c o c 4M«-

4- CM
i-oCaM** 
£ m 4 x x i v

•  A .  cCO
y x v n

fact that it shows normal ketonic carbonyl absorbtion at 1712 cm.
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16.

(Appendix,Figure 6) which shows X m** 270 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 mp (log 
£  4.4).(49,50).The latter is obviously more similar to the observed 
spectrum of XXVII).

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-phenylqulnolizinium bromide (XII),a similar reaction sequence
starting with 2-picoline gave a 65% yeild of 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 
from the picoline to the lutldine adducts,reflects the increase: J,n 
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) -quinolizinium bromideB prepared in this investi­
gation were assigned on the 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

C<.Hc

x m l * x x s m  b
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17.
the spectra of the known 2-methyl-(XXXV) and 2-pheryl-4-methyl-(XVl) -quinoliz- 
inium bromides.

In an attempt to further define the steric requirements for cyclizatlon 
of lutidine-yS-dicarbonyl adducts, lut 1 (Jylllthium was reacted with acetoacet- 
aldehyde dimethyl acetal to give a 40 % yeild of the pyrldyl acetal XXX*
This material was cyclized under mild conditions,with excess picric acid In 
ethanol,to 2,6-dimethylquinolizinium picrate (XXXI), although the salt obtained 
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 prepared under quite mild conditions from the corresponding 
pyrldyl ketone precursor,while the presence of potential 2-phenyl or 4,6- 
dialkyl groups In the monocyclic ketonic precursor necessitates the use of 
more drastic conditions for effective cyclodehydration.

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

Boekelheide has published the ultraviolet absorbtlon spectra of unsubstl- 
tuted quinolizinium salts and 4-methylquinolizlnium picrate (12,13) .Further 
he has shown that the wavelength of maximum absorbtlon is not affected by the 
anion, since quinolizinium bromide, iodide and perchlorate have identical 
ultraviolet spectra,while the-cOrrespending picrate shows the same maxima

4

$ 1  mu.) with increased extinction coefficient.Therefore,data from these 
compounds can be validly compared with the spectra of the quinolizinium salts 
prepared in the present work.These data are compiled in Table I.
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TABLE I
ULTRAVIOLET AND VISIBLE ABSORBTION MAXIMA. OF QUINOLIZINIUM SAITS

(Solvent-95 % Ethanol)
Quinolizininium iodide (12) 2-Methy lquinoli zi nium hroiaide

226 npa log 6  4755"
272 3.42
283 3.47
310 4.03
317 3.93
324 4.23

(XXXV;Fig,.1)
X.mfti.

227 up
log£

T73?"
275 3.47237 3.52
301 3.73314 4.32
321 4.05
326 4.32

4-Methylquinolizinium 2,4-Dimethylquinolizinium
bromide (XXIX;Fig.2)picrate (13)

Xmftjr
230™ 4.
290 3.77
317 4.22
330 4.40
333 4.13

^SPY\AJt log £
X m

236 4.38
291 3.59
317 4.08
326 4.05
332 I* .28

2,6-Dimethylquinolizlnium 2,4,6-Trimethylquinolizinium
bromide (XXXI;Fig.3) bromide (XI; Fig. 4)

23̂  4.34 243 If. in
274 3.50 299 3.63
290 3.55 335 4.12
319 4.08 348 4.30
327 4.06
334 4.28

2-Phenyl-4-methylquinolizinium 2-fhenyl-4,6-dimethylquinolizinium 
bromide (XVI; Fig.5) bromide (XII; Fig. 6)

"221*111 if. 39 ̂o71 "r k$> C 3 T27.1
304 3.96
314 3.96
351 4.35

276 4.34
304 3.93
368 4.43
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TABIE I (Contfi.)

STORYLQUINOLIZINIUM SALTS

2-Styrylquinolisinium 
bromide (XL; Fig.l)

297
301
323
31*4

2-Fhenyl-4-p-dimathylamino- 
atyrylquinoliainium 
bromide (XXXVIIjFig. 7)

297 4.33
347 4.47
469 4.34

3.834.03
4.23
4.21

2 -p - Dimethy lazni no styry1 - 4, 6- 
dimethylquinolizini’um 
bromide (XXX7III; Fig. 7)

278
340
if83

log*
4.23
4.19
3.96
4.63

It can be aeen that the spectra of the quinolisinium cation and ita 
methylated homologa can be conveniently considered to he made up of three 
groups of absorbtion peaks ;high intensity abaorbtlon in the 220-245 1191

region,lower intensity absorbtion in the in the interval between 270-310 

nju, and two or three peaks in the region 303-330 mp.The effect of Increasing 
methylation of the quinolisinium nucleus is to decrease the fine structure 
aspoclated with the various absorbtion peaks and to cause Increasing 
bathochromic shifts of the maxima. 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 electron-deficient ring system.

Considering,for simplicity,only the longest wavelength maxima of these 
compounds (305-350 iqu),It can be seen that the introduction of a single
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methyl group at the 2-position(XXXV) causes a bathochromic shift of only 
2 mp,while a ^-methyl substituent leads to a larger shift of +9 rap.,relative 
to the unsubstituted quinolisinium cation. This is similar to the effect 
of 2- and k- methyl groups on the spectra of quinoline.Thus a 2-methyl 
group attached to the quinoline nucleus results in a bathochromic Shift of 
7 m^i,relative to quinoline itself,while a U-methyl substituent has no effect 
on the position of long wavelength absorbtion (Vf) .This has been attributed 
to hyperconjugation of the methyl group with the heterocycle.lt is Interesting 
to note that in both the quinoline series and in the quinolisinium 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 ( 7̂).

The long wavelength maxima of 2, ̂-dimethyl- (XXIX) and 2,6-dimethyl- 
(XXXI) quinolisinium bromides occur at nearly the same position as that of 
the If-methyl cation,bathochromic shifts of 8 and 10 mp relative to the 
parent quinolisinium cation being observed. The lack of further displacement 
towards longer wavelength,on substitution of a second methyl group,may be 
due to the small bathochromic effect of the 2-methyl substituent and to the 
fact that electron donation by one methyl group Increases the electron 
density of the ring system,thus minimising the electron donating effect of 
the second methyl group. In harmony with this latter explanation,2,6-di- 
methylquinolisinium bromide (XXXI) ,with one methyl group on each ring, 
absorbs at slightly longer wavelength than does 2 ,k-dimethylquinolis 1 nium 
bromide (XXIX),where this opposing effect of both methyl groups is confined 
to one ring.
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While the spectrum of 2,4,6-trimathylquinolisinium bromide (XI) resembles 
the spectra of the other methylated quinolisinium salts in its general shape,

in a general broadening of the absorbtion peaks,especially at longer wave­
lengths . The long wavelength maximum occurs at 3^8 mp,a shift of +2l+ mp 
relative to the quinolisinium cation, as a result of the relatively great 
bathochromic effect of the two methyl groups in ortho- positions with 
respect to nitrogen.'Die occurence of absorbtion at such long wavelengths 
Indicates that sterlc repulsion between the bulky k - and 6- substituents 
does not result in puckering of the ring system, slnoe such a deviation from 
coplanarity would be expected to decrease conjugation of the (formal) 3,1*- 
and 6,7- double bonds with the rest of the tf-electron system,resulting in 
a shift of absorbtion to shorter wavelength.

Comparison of the spectra of 2-phenyl-U-methyl- (XVI) and 2-phenyl-1*, 6- 
dimethyl-(XII) quinolisinium bromides with the related 2,U-dimethyl-(XXH) 
and 2,l*,6-trimethyl-(Xl) quinolisinium bromides reveal that replacement of 
a 2-methyl substituent by a 2-phenyl group gives rise to a bathochromic 
shift of 19-20 tap. presumably as a result of resonance between the phenyl 
and quinolisinium ring systems,resulting in stabilisation of the excited 
state by forms such af

Replacement of the methyl group in 2-methyl quinolisinium bromide 
(XXXV) by a styryl group leads to a bathochromic shift of 18 nqi,with

S;
respect to XXXV, due to stabilisation of the excited state by forms such

much of the fine structure associated with the simpler compounds disappears

Xlfo
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as XIa. e - O ®

XL«

In contrast to the rather modest spectral shifts caused by the intro­
duction of phenyl or styryl groups in conjugation vith the quinolisinium 
system, the introduction of p-dimrthylami no styryl groups causes shifts of 
more than 100 nfi, 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,U,6-trlmethylquinolislnium 
bromide (XI) by the p - dimethy lami no styryl group (XXXVIII) leads to a shift 
of 133 mu,while replacement of the ^-methyl group of 2-phenyl-U-methyl- 
qulnoliainium bromide (XVI) by the dimethy lami no st ry 1 group (XXXVII) gives 
rise to a bathochromic shift of lid mp in the long wavelength band.The 
large magnitude of the shift produced by this structural modification,
compared to the effect of phenyl and styryl groups,Is due to the con­
tribution of canonical forms such as XXXVIIIa to the excited states of 
the molecules.The energy difference between an excited state such • 1 

XXXVIIIa,where the positive charge resides on the exocyclic nitrogen,and 
the corresponding ground state XXXVIII is much less than the difference 
between an excited state such as XLa,vith positively charged carbon, >*nd 
the ground state XL.

XXXVIH x x x v m  «
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XL X U
In addition,it is intereating that the spectra of all the styrylq̂ iin- 

olizinLum compounds studied (XXXVII,XXXVIII and XL) contain another 
maximum at nearly the same wavelength as 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 
quinolisinium nucleus.

While the preceding discussion deals mainly with shifts in the longest 
wavelength maxima of quinolisinium salts on substitution, similar shifts 
occur in the other absorbtion bands,although the trend of these Shifts Is 
not as clear-cut in soma cases.

The infrared spectra of 2 ,b ,6-trimethyl- (XI) and U,6-dimethyl-2- 
phenyl-(XIl) quinolisinium bromides have been examined,along with the 
spectra of the known 2-methyl- (XXXV) and 2-methyl-U-phenyl-(XVl) quinolis­
inium bromides .While the long wavelength absorbtion (above 6.5 ̂ i) seems 
quite characteristic of the individual oompounds,at shorter wavelengths 
all of these compounds show strong absorbtion at 1630-1652 cm7\generally 
as a doublet,although the 2-methyl compound (XXXV) shows only a single 
band at 1652 cm. .This absorbtion,near 6.2 ;u,ls attributed to C M  and CHf 
strechlng vibrations (1*8) .The methylated salts (XI and XXXV) show C-H 
streching vibrations at 2980 cmr^while the phenyl derivatives .. . and XVI) 
have a broad band in this region at ca.2990-3090 cmT*.Further,all the 
quinolisinium compounds examined have strong absorbtion bands In what Is
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generally considered the OH/NH region at 3^20-3^50 cm?1. While the origin 
of the latter band is uncertain,2 ,6-lutidine methiodide shows similar 
absorbtion at 3^0 cm?1 .It has been noted (U8) that pyridine,itself,absorbs 
weakly at 3^20 cm? in this same general region.

All the quinoizlnium compounds studied were stable to acid conditions 
as implied by the method of formation. Hie 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 alkaline 
conditions,formation of the highly reactive,unstable anhydro-base presumably 
occurs (e.g. XI->XXXIV).Hiis is completely analogous to the behavior of 
2- and U-methyl- pyridine and quinoline quaternary salts•Subsequent 
rapid decomposition of the anhydro-base XXXIV then results in intractable 
products.

XI xxxtv
Richards and Stevens (10) have shown that 2-methylqulnbllzlnium iodide 

(XXXV) condenses with p-dimethylaminobenzaldehyde in the presence of 
piperidine to form the 2-p-dlmethylaminostyryl derivative (XXXVl).We have 
found that under the same conditions ^-methyl-2-phenylquinolizinium bromide 
(XVI) and 2 ,k ,6-trimethylqulnolizinium bromide (XI) also form condensation 
products,while 4,6-dimethyl-2-phenylquinolizinium bromide (XII) is recover­
ed unchanged. Hie preparation of XXXVII from XVI represents the first 
demonstration of the activity of a fc- (or 6-) methyl group in the quinol-
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izinium series.The structure of the product (XXXVIII) obtained from the 
trimethylquinolizinium ion (Xl) is assumed to be as shown because of the 
failure of the ^,6-dimethylquinolizinium salt (XII) to react under these 
conditions.

The failure to condense with aldehydes at the U- or 6- methyl groups, 
vhen such groups are present in both positions,is attributed to steric 
hlnderence to theJTo 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

.GW»CMC M O

exxxv exxxvi

x x x v nx v r
,04*cM“

C M i *  c M *x x x v n  i

XII

XXXIX XXXIX a
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such as XXXIXa must be possible(lU) .This results In an Increase In the 
H-C-H angle,a shortening of the C-k to CH^bond and a tendency for the 
methylene group to become coplanar with the ring system.These effects, 
in turn, decrease the distance between the 6-methyl group and the reactive 
center,resulting in an increase in steric strain.Thus,formation of a 
reactive intermediate at the position in question should be much more 
difficult than similar reaction at the unhindered 2-position of XI.It 
should be noted that with the stronger base,hydroxide,decomposition of 
presumably occurs via the anhydrobase XXXIX (R«C^Hr).

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 XXXVIIa and XXXVIIIa to the state of 
the molecule (10,15).

XXX VII a >(XXVXtI«

< s » g : p O
XXXV/ * L

While 2-methylquinolizlnium bromide (XXXV) reacts readily with banz-
aldehyde in the presence of piperidine to give the highly fluorescent 
2-styrylquinolizlnium bromide (XL),condensation of 2 ,k ,6-trimethylquinol- 
izinium bromide (XI) with benzaldehyde,using piperidine or trlethylamine 
as catalysts,failed to occur.The use of excess trlethylamine 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 also found 
that XI does not react with p-nitro- or p-methoxy-benzaldehyde.Phillips 
(1^,15) has shown that the condensation of 2-picoline methiodide with 
aromatic aldehydes is an equilibrium reaction,maximum 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 (l4) 
that this type of condensation is extremely sensitive to small steric and 
inductive effects.

X L I

Thus, failure of XI to react with aldehydes other than p-dime thy lami no - 
benzaldehyde is attributed to the inductive effect of the U- 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 2,^,6-trimethylquinolizinium salt (XI) also proved to be unreactive 
towards formaldehyde, 1 n the presence of piperidine or triethylamine.

Treatment of 2,U,6-trimethylquinolizinium bromide (XI) with phenyl- 
lithlum, followed by addition of benzaldehyde or gaseous formaldehyde 
resulted in the formation of Intractable tars.In the former case,benzhydryl 
alcohol could be obtained.Apparently, formation and rapid decomposition of 
the anhydro-base takes place under these conditions.Similar observations 
have been made in the reaction of other quinolizinium salts with n-butyl- 

1 lithium (10).
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Bromination of 2,U,6-trimethylquinolizinium ‘bromide (Xl),in acetic acid 
gave the corresponding tribromide (XLIl).The structure of XLII was verified 
by analysis,the fact that it liberates iodine from the starCh-iodide reagent 
and by the formation of 2, *♦•, 6-trimethylquinolizinium pi crate (XI), on

(XLII)also resulted from the reaction of XI with N-bromosucclnimlde 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

reaction of XI vith N-bromosuccinimide may take place in the following 
manner.

Bromlnation of quinolisinium iodides has been shown to give the similar 
dibromoiodldes (10).

Hie tribromide XLEI 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 slde-chain- bromlnation could be detected.

Numerous attempts to convert 2,U,6-trimethylquinolizinium bromide (XI)

treatment of an aqueous solution of XLII vith sodium picrate.The tribromide

for the preparation of (j-tribromo- qulnaldlne and -picoline (l6).Hie

t o r  +6«iCOil4

Mt, C * S  +-|3 r
XI

X I +1Srv

and 4,6-dimartihyl-2-phen(ylquinolizinium bromide (XII) to the corresponding 
2-methyl- or 2-phenyl-cycl[j,3,3jazines or derivatives,under a variety 
of conditions met with no auccesa.

.... t
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Heating 2 ,k ,6-trimethylquinolizinium ‘bromide (XI) with formic acid , 
formic ac1 d-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 foraylation with 
dimethy Iformamide-phosphorous oxychloride gave some recovered XI, along 
with intractable material.

In the formation of cyanlne dyes from e.g. quinaldlne methlodlde 
(XLV),the use of ethyl orthoformate in pyridine has been found to be 
most effective in a variety of cases (17,13).In the present cases,

the low solubility of both XI and XII in pyridine may not permit reaction. 
Thus,heating either the trimethyl-(XI) or dimethylphenyl-(Xll)-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- 
qulnolizlnlum bromide (XXXV) with ethyl orthoformate gave only traces 
of a red substance;starting material was recovered in substantial amounts.

Here again, low solubility may prevent formation of appreciable

*L V
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quantities of the cyanine-type salt XLVI.

TBr
XLVI

Using somewhat different conditions,2,U,6-trimethylquinolizinium 
bromide (XI) was heated with excess ethyl orthoformate in the presence 
of excess pyridine or triethylamine in alcoholic solution.In this instance 
the starting quinolisinium salt XI was recovered.No reaction was observed 
when the qulnolizlnlum salt XI was treated with ethyl orthoformate in 
refluxing acetic anhydride (19),or in alcohol in the presence of 
anhydrous zinc chloride.

Similarly,If,6-diraethyl-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 
methlodlde,can be converted to C-benzoyl derivatives under Schotten- 
Baumann conditions (20) .Treatment of lf,6-dlmethyl-2-pihenylquinolizlnlum 
bromide(XIl)wlth aqueous alkali in the presence of a chloroform solution 
of benzoyl chloride gave only intractable tarry product s. No evidence 
for the formation of the benzoyl derivative (XLVIl) was obtained.Apparently 
decomposition of the anhydro-base derived from XII takes place in 
preference to benzoylation.

Similarly,decomposition occured when XII was treated with sodium 
ethoxide and ethyl oxalate in ethanol, in an attempt to prepare the 
ethoxalyl derivative (XLVIIl).A similar reaction has been used by Besso
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(21) to prepare the pyridylpyruvie ester derivative (XLDC) from 2-picollne 
methlodlde.

ok*
^ c * o
co&e«,Mr vi T.V
XtS/l0  X L W

Attempts to selectively remove one of the methyl groups of 2,^,6- 
trimethylquinolisinium bromide (Xl)by oxidation vith potassium permanganate 
failed.Thus,vhen these reactants vere mixed, In the proportions specified 
by the equation

6 (CflfyNfCHjjjBr® + lk KMnO^ + lU H ®
6 NfCoJ] + 3 Br4 + lU MnOx + Ik K® + 16 H^O, 

rapid formation of manganese dioxide vas observed.However,when all the 
permanganate had been consumed,only XI could be obtained as the plcrate, 
in 60 %  recovery.

Intractable products vere formed by the oxidation,vith permanganate, 
of 2-p-dlmethylaminostyrylqulnolisinium bromide (XXXVIII) .Presumably 
oxidation of this material produces unstable qulnone derivatives from 
the diirethy lami nophenyl residue, leading to deep-seated decomposition.

c
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OTHER APPROACHES TO QUINOUZINIIW SAI/TS

The direct synthesis of lf,6-dimethylquinolizinium salts by the method 
used for the preparation of -various 2-substltuted qulnolizlnlum compounds 
Is not feasible, since this would require the use of a ketal of acetoacet- 
aldehyde in the reaction with lutidylllthium. Because of the greater 
reactivity of aldehydes,conq>ared to ketones,It Is not possible to prepare 
ketals from ketoaldehydesjinstead,ketoacetals are produced.

A seemingly attractive alternative would be the reaction of lutidyl- 
. lithium with a ketal of ethyl acetoacetate,to give the monoketal of a
0 -dlketone (tl) which could be reduced to the correct state of oxidation 
for cyclodehydration to the ^,6-dimethylquinolizinium cation (VTIl).

CotCiXc

The addition of two moles of lutidylllthium to the ethylene ketal of 
ethyl acetoacetate (L) proceeded to give the lithium enolate (Llll)of LI. 
Treatment of this reaction mixture with two moles of acetic add,prior
to the addition of water was found to be neccessary, since the lithium 
salt LIII is quite soluble in water and seems to undergo rather rapid 
hydrolysis in the strongly basic aqueous solution resulting from quenching 
the reaction with water alone. Normal workup of the react Ion,by addition 
of water to the reaction mixture,resulted In the almost Immediate separ­
ation of considerable quantities of lithium carbonate,presumably arising 
from decarboxylation of the salt LTV.This Is completely analogous to the
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veil-known basic cleavage of 0-diketones,although the method by which LTV 
is decarboxylated is rather obscure.

After modifying the reaction so that partial acidification was effected 
before the addition of water,the yield of the ketone LI was increased to

partially purified by distillation and characterized as the picrate of 
the free.0-diketone. In the infrared, IA is devoid of absorbtion in the 0-H

Previous work has shown that the basic reducing agents lithium aluminum 
hydride and aluminum amalgam are without effect on 2-pyridylacetone and on
1-(2*-pyridyl)-^-ethoxy-3-penten-2-one (LVIII),presumably due to the ease 
of formation of enolate salts, similar to UII (10) .We have also found that 
the use of sodium borohydride in the attempted reduction of the carbonyl

l UI

,as compared with about 3% under the usual conditions.Compound LI was

region,but shows normal ketonlc carbonyl absorbtion at 1715 cnu*,and further
absorbtion peaks at 1650,15^3,1578 and 1652 cm!"!in contrast- to the usual

m1pyridine doublet at 1600 and 1580 cm. .This suggests contributions from 
the chelated enol form(s) LV and/or LVI.

cu* LI C*4
LV LVI

LVH oCwMr
LVJCC
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group of LIII gives only intractable mixtures,containing small amounts of 
starting material,identified as the picrate.Catalytic hydrogenation of LIII 
over palladium in acetic acid or platinum in ethanol vas ineffective, 
possibly because of poisoning of the catalyst by LIII.The absorbtion of 
one mole of hydrogen took place in acetic acid,using platinum catalyst, 
but the resulting product was apparently a mixture of the alcohol and 
ring-reduced products,since it shoved infrared absorbtion at 5510 (0-H) 
and 3330 (N-H) cmT*

Various attenpts to cyclize LEII vith hydrochloric or hydrobromic acid 
and acetic .anhydride resulted only in extensive decomposition,although in 
several instances,traces of unchanged starting material vere recovered as 
the corresponding ketone salts and converted to the picrate.None of the 
anticipated ring-closed product,2-hydroxy-^,6-dimethylquinolizinium 
bromide (or chloride) LVIX.This vas not unexpected,since Richards and 
Stevens (10) have prepared 2-hydroxy-lt--methylqui noli zini urn picrate (IX), 
and found it to be quite unstable.lt nay be noted that these 2-hydroxy 
compounds are salts of the corresponding 2-quinolizones (LXl),vhich are 
presumably no more stable than 6-methyl-lt-quinollzone (lXIl),vhich has 
been shovn to be decomposed by acid (U).

In a variation of the previously described synthesis of qulnolizlnlum 
compounds, starting vith organolithium reagents,ethyl 2-pyridylacetate 
(LXIIl) has been condensed vith ethyl acetopyruvate(IXIV) in the presence

CH% 0
L X IILVIX L X LXI
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of one m o la r  equivalent of acid. To give the sa lt o f 1, 2 -d ic a rb e th o x y -  

l - (2 '-p y r id y l) - l -p e n te n -4 -o n e  (L X IV )  o r the is o m e ric  1, 4 -d ica rb e th o xy -  

3 -m e th y l-4 - (2 '-p y r id y l) -3 -b u te n - l-o n e  (L X V ), iso la ted  and c h a ra c te rize d  

as the p ic ra te .

S tructure  L X IV  is  p re fe rre d  because of the known high a c tiv ity  of c a r ­

bonyl groups situated a - to  es ters .

Th is  type of condensation did not occur when ethyl (6 -m e th y l-2 -  

p yridy l^ -aceta te  (L X V I)  was used as the e s te r component, even when the 

reaction  was run  in  acetic  acid o r anhydride instead of ethanol. The use 

of sodium ethoxide as the condensing agent was in e ffec tive  in  both cases, 

presum ably because o f fo rm ation  of the stable sodio d e riv a tiv e  of aceto - 

pyruv ic  e s te r.

Since the d es ired  product could not be obtained fro m  L X V I,  the 

product fro m  p yrid in eace tic  es te r (L X IV )  was not exam ined fu rth e r .  

H ow ever, cyc liza tio n  of this compound would provide an a ttra c tiv e  route  

to acid  deriva tives  of the quino lizin ium  cation.

A n a ttra c tiv e  route to 4, 6 -d im eth y lq u in o liz in iu m  salts m ig h t be 

afforded by the use of 6 -m e th y l-4 -q u in o lizo n e  (L X V II )  which contains  

the des ired  b icyc lic  system . I t  m ight be expected that L X V I I  would

irp
LXV

^ r c o * c * M c
CH*

 ^ c « » c o » C »liJij + eoco,c,n«- 
LXII uctlt

LXV]
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undergo the typ ica l reac tio n  of N -sub stitu ted  pyridones, such as a lky la tio n  

and halogenation at the 4 -pos ition  w ith  the fo rm atio n  of 4 - a lk y l-  o r 4 -  

haloqu ino liz in ium  salts . H ow ever, in a p ro jected  synthesis of cycl [3, 3, 3 ]- 

azin e  ( I)  Boekelheide and G a ll (4) have found that L X V I I  does not undergo  

th ionation, w hile  4-quinolizone (L X V II I )  is re a d ily  converted to 4 -th io -  

quinolizone (L X IX ) .

C H j  0  O  S
l x v h  l x v i h  L x r x

These authors also found that L X V I I I  is  inactive  towards lith iu m  

alum inum  hydride o r G rignard  reagents . Th is  lack  of re a c tiv ity  has 

been asc rib ed  to resonance s tab iliza tio n  of the am ide linkage by a  ra th e r  

la rg e  contribution  fro m  the canonical fo rm  L X V Il Ia  (4 , 22). This is  sub­

stantia ted  by the fact that L X V I I I  undergoes O -pro tonation  on reaction  

w ith  acids (22).

LXVJ1I LXVlll a
In  substantia l agreem ent w ith  th is previous w o rk , we have found 

that L X V I I  does not reac t w ith  m eth y llith iu m  in  re flu x in g  e th y l-o r  n - 

buty l e ther solutions. In  both cases only s ta rtin g  m a te r ia l was r e ­

covered , as the somewhat unstable p ic ra te . No reac tio n  occurred  when 

L X V I I  was re fluxed  w ith  m ethy l iodide or fused w ith  m eth y l p -to lu en esu l-  

fonate, in  attem pts to fo rm  the m ethoxyquino lizin ium  sa lt L X X . Unchanged
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L^CVII was recovered  by sub lim ation.

C H *  o
L x w x r

V S p V  *
CM3  OCH* 
LXX

T re a tm e n t of L X V II  w ith benzoyl ch lo ride  o r p -to luenesu lfo nyl 

chloride in  pyrid in e  caused extensive decom position, w h ile , w ith  

ace ty l ch lo ride , the unstable "h yd ro c h lo rid e , "  6 -m e th y l-4 -h y d ro x y -  

qu ino liz in ium  ch loride L X X I was fo rm ed . Th is  m a te r ia l could also  

be obtained by the add ition of anhydrous hydrogen ch loride  to an e th erea l 

solution of L X V II .  Th is  hydroch loride could not be p u rifie d  extensive ly , 

but exam ination  of its  in fra re d  spectrum  shows the d isappearance of the 

peak a t 1693 cm"^ which is associated w ith  the am id e -typ e  carbonyl 

bond in  L X V II .  The in s ta b ility

of L X V II  towards ac id  has been encountered b efo re . Thus Boekelheide  

has found that the d ie s te r L X X IIa  is  converted  to 4 -qu ino lizon e  by 

aqueous ac id , w hile the 6 -m e th y l analog L X X IIb  undergoes ring -open ing  

under these conditions.

ci

LXXI

LXX II o.J R»CHj 
b; R ‘H
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We have found that sam ples of the m ethylquinolizone L X V I I  a re  stable  

in d e fin ite ly  a t ic e -ch es t tem p era tu re , but decompose slow ly, w ith  p a r t ia l  

liq u e fic a tio n ,. a t room  tem p era tu re .

W hile  tre a tm e n t of N -a lk y la te d  pyridones w ith  phosphorous oxy- 

chloride usually  leads to dea lky lation  and fo rm atio n  of 2 -ch lo ro p y rid in e s , 

W iley  has found that the use of toluene as a d iluent in  th is reac tio n  p e r ­

m its  the reten tion  of the N -a lk y l group (23). When 6 -m e th y l-4 - quino- 

lizone (L X V II)  was tre a te d  w ith  phosphorous oxychloride in  toluene or 

benzene, a t room  tem p era tu re  or re flu x , then added to a lcohol o r a lc o ­

ho lic  sodium ethoxide o r d iethyl sodiom alonate only in trac tab le  ta rs  

resu lted . S im ila r ly , trea tm en t of the quinolizone w ith  phosphorous 

tr ic h lo r id e  led to in trac tab le  products. The action  of excess th ionyl 

ch loride  on L X V II  gave a green, su lfu r-co n ta in ing  product, which also  

contained non-ion ic ch lo rine . Th is  m a te r ia l res is te d  a l l  attem pts at 

p u rific a tio n . Thus i t  appears that conventional m ethods a re  not e f­

fective  fo r the conversion of 6 -m e th y l-4 -q u in o lizo n e  (L X V II )  to the 

re la te d  4 - ch loroquino lizin ium  cation (L X X U I).

A  d iffe re n t approach to the p rep a ra tio n  of 2 -substitu ted  d e riva tiv es  

of L X X I I I  suggested its e lf . L a te ra l m e ta lla tio n  of 6 -c h lo ro -2 -p ic o lin e  

(L X X IV )  w ith  phenyllith ium  should give the ch lo ro p ico ly llith iu m  (L X X V )  

which, on tre a tm e n t w ith e. g. the k e ta l of acetylacetone (X IV ) would  

give an adduct L X X V I which m ight be cycldehydrated to the d es ired
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chloroqu ino liz in ium  sa lt (L X X V II) .

c l ctfe 
L X X V I I

W ork in  th is  d ire c tio n  was abandoned when i t  was found that w hile  

xnetallation o f L X X IV  took place as expected, the organolith ium  d e r iv a ­

tive  L.XXV reacted  ra p id ly  w ith another m olecule of i ts e lf  to give  

6 -c h lo ro -6 '-m e th y l-2 , 2 ' -d ip y rid y l-m e th a n e  (L X X V III )  as the only pure  

product.

When m e ta lla tio n  o f L X X IV  was c a rr ie d  out a t -7 8 *  and the resu lting  

m ix tu re  trea ted  w ith benzaldehyde a fte r  th ir ty  m inutes, n e a rly  85% of 

unchanged L X X IV  was recovered  on d is tilla tio n  of the basic fra c tio n . In  

addition, benzhydryl alcohol was obtained as one of the n e u tra l com po­

nents of the m ix tu re , showing that extensive m e ta lla tio n  of L X X V  had 

not occurred . M e ta lla tio n  at 0*, fo llow ed by the add ition  of benzalde­

hyde a fte r  ten m inutes or th ir ty  m inutes resu lted  in  the iso la tio n  o f the 

ch lorod ipyridylm ethane (L X X IX )  as the only pure product. None of the 

d es ired  6 - ch lo ro -2  - (a -h yd ro xyp h en eth y l)-p yrid in e  (L X X X ) could be ob­

tained.

LXXV' LXXVlII l_xxix
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c p rO' OM

Cl U X X X
The d ipyridylm ethane (L X X V III )  was id en tified  by a n a ly tic a l data  

and the fac t that its  u ltra v io le t spectrum  quite c losely  resem b les  that 

of the s ta rtin g  m a te r ia l (L X X IV ),  as shown in  Tab le 2.

T A B L E  2

U ltra v io le t A bsorption  Spectra (in  95% Ethanol)

2 -C h lo ro -6 -m e th y lp y r id in e  (L X X IV )  ,  V  ̂ r t l y ^ Z ^ L x X V W )

X m a *  lo *  ‘  X m a x  lo « ‘

268 . 5 m p 3 .5 9  266. 5 mp. 3 .8 6
ca. 218 m p 3 .4 4  222 m|Ji 3 .7 0

The slight shifts in  the spectrum  of L X X V I I I  re la tiv e  to the spec­

tru m  o f L X X IV  a re  due to rep lacem ent o f one of the ch lorine  atom s by 

the c e n tra l m ethylene group o f L X X V III .  The d ipyridylm ethane (L X X V III )  

does not show absorption in  the N -H  reg ion  of the in fra re d  spectrum , 

thus ind icating  the absence of appreciab le  amounts of the chelated tauto ­

m e r ic  fo rm  L X X IX . Th is is  confirm ed by the s im ila r ity  of the u lt r a ­

v io le t spectra  of L X X IV  and L X X V III .

In  th is connection, i t  is  o f in te re s t that the reac tion  o f 2 -p ic o ly l-  

lith iu m  w ith  2 -b ro m o p yrid in e  has been rep o rted  to give 2 , 2 ' , 2 " - t r i -  

pyridy lm eth ane  (L X X X I)  (24).
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L.VXXI
A novel synthesis of various substituted quinoliziniuxn salts has 

been devised by G lover and Jones (25). Th is  consists of reac tio n  of 

p ic o lin o n itr ile  (L X X X II)  w ith  the G rig n ard  reagent p rep a re d  fro m  a 

y -a lk o x y a lk y l ha lide  (L X X X III ) .  Fo llow ed by e th er cleavage and in tr a ­

m o lecu la r a lky la tio n  to give the l - k e to - 1 .2 ,  3, 4 -te tra h y d ro q u in o li-  

zin ium  salt (L X X X IV ) .  Subsequent tre a tm e n t w ith  ace tic  anhydride  

resu lts  in  a ro m a tiza tio n  to the qu ino liz in ium  s a lt (L X X X V ). These  

authors propose the a ro m atiza tio n  m echanism  shown below.

M. W .f H»M<X NCRCrtCH»CHiX c \  1 +
D O O a iLXXXIII

kLXXXVI. LXXXIV

L X X X V

X
<s>

r
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C onsiderab ly  lo w er y ie ld s  of the qu ino liz in ium  sa lt (L X X X V ;

R  = CH  w ere  obtained, undoubtedly due, a t leas t in  p a rt , to com" 

peting dehydrohalogenation, which should be m o re  im p o rtan t fo r  

the secondary ha lide  (L X X X V I;  R = CH^) than fo r the p r im a ry  halide  

(L X X X V I;  R = H ). A  substituent, other than hydrogen, in  the 6 -p o ­

s ition  of the p y rid in e  rin g  in  L X X X V I would re s u lt in  fu rth e r  increase  

in  the extent o f dehydrohalogenation, due to a s te ric  blocking of the 

p yrid in e  n itrogen .

In  an a ttem p t to adapt th is  synthesis to the p re p a ra tio n  of 4, 6 -  

d im eth y lq u ino liz in ium  salts (V I I I ) ,  3 -e th o x y -l-b ro m o b u ta n e  (L X X X III;

R = C H j,  X  = B r) was converted  to the G rig n a rd  reagent and added 

to 6 -m eth y l~ 2 -cy an o p y rid in e . The resu lting  unstable liq u id  ketone  

(L X X X V II)  was c h a ra c te rize d  as the 2, 4 -d in itrophen ylh ydrazone . A t ­

tem pts to cleave the e th er group of L X X X V II  w ith  concentrated h yd ro - 

b ro m ic  o r h yd rio d ic  acids proceeded w ith  the fo rm a tio n  o f the v o la tile  

ethy l halides and d a rk  in tra c ta b le  products. T re a tm e n t of the resu ltin g  

crude m ix tu re  w ith  d in itrophenylhydrazine  gave a v e ry  low  y ie ld  of 

the 2, 4 -d in itrophen ylh ydrazone of the d es ired  ke to te trah yd ro q u in o li-  

z in iu m  compound (L X X X V U I)  as the brom ide. U n fortunate ly , attem pts  

to rem ove the d in itrophenylhydrazone m o ie ty  fro m  th is  d e riv a tiv e  w ith

<
l x x x v i i

CH, H> 
CM,
: HOC, HrCH, iHg

( . y x x v i i l  !
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aqueous acid , o r by exchange w ith  form aldehyde w ere  com pletely  un­

successful, as was an attem p t to apply the acetic  anhydride a ro m a ti­

zation  reaction  to the d e riv a tiv e . S tructu re  L X X X V II I  is  p re fe rre d  

fo r the product in  question, ra th e r than the m onocyclic form ulations  

L X X X IX  or XC , since the d in itrophenylhydrazone is  not ac id ic  in  

m ethanol solution.

In  an attem pt to p rep a re  a m acro c yc lic  compound re la te d  to 

cyc l[3 , 3, 3]azine, we attem pted the b is -cyanoethy la tion  of 2, 6- 

diphenacylpyrid ine (X C I), under conditions p rev io u s ly  used in  the 

cyanoethylation of 2 -phen acylpyrid in e  (26). The expected product 

(X C U ) m ight be cyc lized , under the conditions of the Thorpe re a c ­

tion , to give the pyrido  eye lode canone (X C III)  which m ight be con­

verted , in  sev era l steps, to cyc l[3 , 3, 3]azine.

H ow ever, reac tio n  of the diketone (X C I) w ith  potassium  hydroxide  

in  ethanol, using an excess of a c ry lo n itr ile , resu lted  in  hyd ro lys is  of 

the benzoyl groups, benzoic acid  and 2, 6 -lu tid in e  (as the p ic ra te ) being  

reco vered . S im ila r  resu lts  w ere  obtained when potassium  t-butoxide  

in  t-b u ty la lco h o l was substituted fo r KOH. Analogous debenzoylation

& H s  CWaCHs
LXXXIX X C

MCOC^i-

COC4H4-
MCOC tblf C 4UfCO,

XCI C N
XCll XCIII
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of X C I has been encountered by Beach (5) in  an attem pted a lky la tio n  

w ith  pentam ethylene d ib rom ide . In our case, apparently  no reaction  

of the anion derived  fro m  X C I occurs w ith  a c ry lo n itr i le , but subse­

quent addition of w ater prom otes base catalyzed debenzoylation.

I t  is  apparent that m ost of the approaches to qu ino liz in ium  com ­

pounds m entioned p rev io u s ly  can be fo rm a lly  separated into two 

steps: synthesis of a p yrid in e  d e riva tiv e , bearing a side chain su it­

able fo r cyc liza tio n  and rin g  closure of th is in te rm ed ia te  to the c o r­

responding qu ino lizin ium  sa lt (X C IV  -* X C V ).

xciv «jfcv
A n a ttra c tiv e  a lte rn a tiv e  to this approach would be the p re p a ra ­

tion  and cyc liza tio n  of suitable N -substitu ted  p yrid in iu m  sa lts , as in  

the fo llow ing schem es.

The D ieckm ann es te r condensation has been used, w ith  con­

s id erab le  success, in  s im ila r  rin g  closures in  the com plete ly  satu­

ra ted  qu ino lizid ine series  (27), but apparently  th is approach has not 

been extended to a ro m atic  compounds of the type which would be
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d es irab le  in  this w ork.
i

B radsher and co -w o rkers  have prepared  am um ber of benzo[b]- 

and benzo[a]~quinolizin ium  salts (XC V I and 3 C V II, resp e c tive ly ) by 

cyclodehydration of 1 -b e n zy l-2 -fo rm y lp y rid in iu m  halides (X C V II1 ) 

and l-ac e to n y l-2 -p h e n y lp ry id in iu xn  halides (XC1X) re sp e c tive ly  (28). 

H ow ever, th is m ethod is  not app licable to the p rep a ra tio n  of sim ple

,— ■— - - c r t o _____

©  cHz

XC.VTTI xcvr

£
xcxx

  C 3  ®

XCVI1
quino lizin ium  cations, since R ichards and Stevens (10) have shown 

that 1 -a lly l-2 -fo rm y lp y r id in iu m  brom ide (C) decomposes under 

cyclodehydrating conditions.

.CHO

In  the present w ork , i t  waB antic ipated that 6 -m e th y lp y rid in e -

2-carboxaldehyde (C l) could be quatern ized  w ith  e th y l 4 -b ro m o -2 -  

pentenoate (C II)  to give the pyrid in iu m  sa lt (C IU ), which m ight be eye* 

lyzed  to 2 -c a rb e th o x y -4 , 6 -d im eth y lq u in o liz in iu m  brom ide (C IV ).

!
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<̂ ls cHs crrr c i v
H ow ever, m odel exp erim ents , using 2 -p ico lina ldehyde (C V ) and 

ethyl w -brom ocrotonate (C V I) fa ile d  to show any evidence of q u a te r-  

n ization , even under fo rc in g  conditions. No brom ide ion could be de

tected in  the reac tio n  m ix tu res  in  any instance. S im ila r ly , re p la c e ­

m ent of C V  w ith  the 6-m ethyla ldehyde (C l) gave no q u a te rn a ry  sa lt 

under any conditions. The fa ilu re  of these aldehydeb to undergo q u a te r-  

nization  is  due to a num ber of fac to rs , including the th e rm a l in s ta b ility  

of p yrid in e  aldehydes, and the resonance and s t6 ric  effects of the p y r i ­

dine substituents, esp ec ia lly  the fo rm y l group. The carbethoxy group  

of the e s te r p resum ably  contributes a s te ric  effect, since p ico lin a ld e -  

hyde reac ts  n o rm a lly  w ith  a lk y l b rom ide (10).

B radsher has noted s im ila r  fa ilu re s  in  the attem pted q u a te rn iza -  

tion  of C l w ith  benzyl brom ide (29). In  addition we have noted that 

6 -m e th y l-2 -p y r id in e  carboxaldehyde (C l) fa ils  to re a c t w ith  iodoace- 

tone, as does the corresponding a ld o x im e . The reac tio n  o f C l w ith  

iodoacetone (C V II)  was used in  an a ttem pt to p re p a re  6 -m e th y l-3 -k e to -  

3, 4 -d ih yd ro q u in o liz in iu m  iodide (CV111), in  the hope that th is la tte r  

compound m ig ht undergo a lky la tio n  a t the 4 -p o s itio n , to give a sa lt

F T * * 0 tis r cut
>+-c-o*e.iHc

cv C V I
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which m ight be converted to 4, 6 -d im eth y lq u in o liz in iu m  iodide. H ow ever, 

as noted, quatern izatio n  fa ils  to occur.

•C H 0  -fMs.

evil CVIII
In  a somewhat s im ila r  approach, the qua tern izatio n  of ethyl 3- 

(6 1 -m e th y l-2 '-p y r id y l)-p ro p io n a te  (C IX ) w ith  ethyl brom oacetate (C X ) 

was effected by heating the reactants at 110* fo r three hours. Th is  

resu lted  in  the production of ca. 75% of the th e o re tic a l am ount of 

brom ide as shown by t itra tio n  of the crude resu ltin g  m ix tu re . The  

sa lt (C X I) was obtained c ry s ta llin e  on one occasion,- but proved to be 

v e ry  hygroscopic. T rea tm en t of crude C X I w ith  sodium ethoxide or 

potassium  m e ta l in  toluene (27) led to in trac tab le  m a te r ia ls . Thus, 

rin g  c losure of the sa lt C X I does not occur. It  is  suggested that 

strong bases m ay a ttack  the substituents in  the 2 -  and 6-positionB of 

the p yrid in e  rin g , w ith  the fo rm atio n  of the h igh ly  unstable anhydro  

base, and subsequent rap id  decom position, ra th e r  than fo rm atio n  of 

the des ired  anion at the carbon atom  a - to  the es te r group.

*-6.rCH,C.OiC*Hs
a xx ax CXI

I $
C M *  

C XII

-\\
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R in g -c lo su re  and acid h yd ro lys is , w ith  decarboxylation , of the in te r ­

m ediate  p -ke to  ester would have afforded 6 -m e th y l-3 -k e to - l ,  2 , 3, 4 - te t r a -  

hydroquino lizin ium  brom ide (C X II), which m ig ht have been a lky la ted  at 

C -4  to give a useful in te rm ed ia te . As expected, the es te r (C IX ) did not 

fo rm  a qua ternary  sa lt w ith  ethyl a -b rom oprop ionate . In  th is case, the 

picrate of the p y rid y l es ter (C IX ) was reco vered .
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P R E P A R A T IO N  A N D  C Y C L IZ A T IO N  O F P IP E R ID IN E  D E R IV A T IV E S

F o r  some tim e  during the course of this investigation , i t  seemed  

that no p ra c tic a l synthesis of 4, 6 -d im eth y lq u in o liz in iu m  salts would be 

developed. F o r  this reason, we attem pted to p rep a re  the saturated  

analogs of the d es ired  compounds^ 4, 6 -d im eth y lq u in o liz id in es . I t  was 

fe lt  that the g re a te r f le x ib ility  of the saturated compounds would com ­

pensate somewhat fo r the s tra in  resu ltin g  fro m  the in troduction  of 

ra th e r  bulky 4 - and 6 - substituents, thus rendering  these compounds 

m o re  eas ily  accessib le . O rig in a lly , we d es ired  to convert the quino- 

liz id in e s  obtained to the corresponding qu ino liz in ium  salts by dehy­

drogenation. H ow ever, the p rep ara tio n  of suitable q u ino liz in ium  salts  

by other methods led to the abandoning o f th is approach.

It  should be stated that the existence of a num ber o f o p tica lly  active  

centers in  the saturated compounds obtained can give r is e  to m ix tu res  

of s ev era l s te reo iso m eric  products. F o r  th is reason, suitable solid  

deriva tiv es  could not be obtained in  m ost cases. Thus the s tru c tu ra l 

assignm ents m ade in  this section depend la rg e ly  on sp e c tra l data and 
m ust be regarded  as being somewhat uncerta in .

E th y l 6 -m eth y lp ico lin o y lace ta te  (CXjUI) was p rep are d  by the con­

densation of e thyl 6 -m eth y lp ico lin a te  w ith  e thyl aceta te , using a slight 

m odification  of the m ethod of G ilm an  and Broadbent <30). Reduction of 

th is es te r (C X IU ) over p latinum  in  acetic  acid  gave the p ip e r id y l {3-hy- 

droxypropionate (C X IV ); no hydrogenalysis of the hyd ro xyl group was 

observed. Th is es te r was iso la ted  as the acetate and converted to the 

p ic ra te  fo r ana lys is . A ttem pted  d is tilla tio n  of the fre e  base (C X IV )
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gave anomalous resu lts . On one occasion, the p ip erid in e  d e riv a tiv e  

d is tille d  unchanged. H ow ever, attem pts to repea t this exp erim ent led  

to a d iffe re n t m a te r ia l w ith a boiling  point about 30* h igher than that of 

C X IV . Th is m a te r ia l was assigned the octahydropyrrocolone s tructu re  

(C X V ) on the basis of its  in fra re d  spectrum . Thus, in  the in fra re d , the 

p ip erid in e  d e riva tiv e  (C X IV ) shows absorption a t 3520, 3450 (O -H ) and 

3160 cm . " * (N -H ), w h ile  the y -la c ta m  (C X V ) has only a single, som e­

what broadened O -H  band at 3400 cm . S  the N -H  band of C X IV  has 

com pletely  disappeared. In  addition, C X IV  shows n o rm a l es te r carbonyl 

absorption at 1732 cm . " * ,  w hile the lactam  (C X V ) displays am ide c a r ­

bonyl absorption a t lo w er frequency (1685 cm . " * ) .  Th is lac tam , 1 -h y ­

d ro xy - 4 -m e th y l-3 -ke to 0c tah yd ro p yrro co lin e  (C X V ), was also iso lated  

when the p ip erid in e  d e riv a tiv e  (C X IV ) was heated w ith  e thy l a -b ro m o -  

propionate in  an a ttem pt to p rep are  the te r t ia ry  am ine (C X V I) fo r c y c li­

zation  to a qu ino liz id ine.

itff “'CM, F,~t'cV  ■ *■ *¥+'JrrfH
c\l3  C H3  o  c h »  c ^ 4

CXIIX Q < I V  C X V I
Th is  tendency fo r C X IV  to undergo in tra m o le c u la r acy lation , ra th e r  

than a lky la tio n  is  a ttrib u ted  to s te r ic  hindrance to the approach of the 

bulky brom opropionate to the n itrogen  atom  by the 2 -  and 6 - substituents  

in  the p iperid ine  rin g , since e thy l 3 -(2 '-p ip e r id y l)-p ro p io n a te  is  a lky la ted  

by this reagent (31).

R ing c losure of 3 -(2 '-p ip e r id y l)-p ro p io n ic  es ters  is a w ell-know n  

m ethod fo r the p rep a ra tio n  of 3 -keto8c tah ydropyrroco lines  (32). In  another
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pro jected  synthesis of 4, 6 -d im eth y lq u in o liz id in e , M ic h a e l addition of 

diethylm alonate to 6 -m e th y l-2 -v in y lp y r id in e  (C X V U ) gave the p y r id y l-  

ethy l m alonate (C X V II I)  which was reduced over p latinum  in  ace tic  acid , 

to give the des ired  p ip erid in e  d e riv a tiv e  (C X IX ). Th is  m a te r ia l d id not 

reac t w ith  acetaldehyde, under e ith e r ac id  o r basic conditions, to fo rm

cxx.

R ath er unexpectedly, ca ta ly tic  hydrogenation of 4 , 4 -e th y len ed io xy -  

2 -m e th y l-1 - ( 6 ' -m e th y l-2 '-p y r id y l) -2 -p e n ta n o l (X V I I I)  in  ace tic  ac id  

gave a basic liqu id  which did not give a positive  tes t fo r  secondary

the expected p ip erid in e  d e riv a tiv e  C X X I. Instead, i t  appears that r e ­

ductive cyc liza tio n  has taken p lace, p resu m ably  v ia  hydrogenalysis of 

the in te rm ed ia te  carb ino lam ine e th er, to give 2 -h y d ro x y -2 ,4, 6 - t r i -  

m eth y lq u in o liz id in e .

CHg
C X S / I I

CM a,
(C O iC i

4*2am ine w ith  the N i -ca rb o n  d isu lfide  reagent (33), and thus cannot be

x v i i x CXXI
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CM* CH3 OC.M*CM*OH 
C X I *

d-bi*

cxxitt
A s im ila r  reac tion , reductive cyc liza tio n  o£ the ace ta l of p y r id y l-  

propionaldehyde (C X X IV ) to p yrro co lin e  (C X X V ) has been known fo r  

some tim e  (34).

A l l  attem pts to fu rth e r c h a ra c te rize  the qu ino liz id ine  (CXX1I1) 

have fa iled , p resu m ab ly  due to the presence of a num ber of s te re o -  

is o m e ric  fo rm s . Thus, w hile  p ic r ic  ac id  and m eth y l iodide re a c t  

v igorous ly  w ith  the base, only o ily  d e riva tiv es  a re  obtained. S im i­

la r ly ,  no solid  was obtained on attem pted benzoylation.

W hile  the in fra re d  spectrum  could be in te rp re te d  e ith e r on the 

basis of the p ip erid in e  (C X X I) o r qu ino liz id ine (C X X U I) s tru c tu re , the 

la tte r  is  p re fe rre d  on the basis of the negative tes t fo r  secondary  

am ine functions.

C X X I V CXtfV
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E X P E R IM E N T A L  D E T A IL S

M e ltin g  points less than 250* w ere  determ in ed  in  a  s t ir re d  o il  bath, 

using AnschUtz th e rm o m ete rs . M e ltin g  points h igher than 250* w ere  de­

te rm in ed  in  a  gas-heated copper block. A l l  m e ltin g  and boiling  points  

a re  uncorrected .

In fra re d  spectra  w ere  recorded  on a P e rk in -E lm e r  M odel 21 spec­

tro photom eter, w h ile  u ltra v io le t and v is ib le  spectra  w ere  obtained by 

use of a  W a rre n  S pectracord  and a Beckm ann D K -2 A  in s tru m en t.

E le m e n ta l m ic ro analyses  w ere  c a rr ie d  out by D r .  V . B. F is h , to 

whom the author expresses his apprec ia tion .

4, 4 -E th y le n e d io x y -2 -m e th v l-1 - ( 6 ' -m e th y l-2 * -p y r id y l)-2 -p e n ta n o l  

(X V I I I ) : To a  solution o f 2 , 6 -lu tid y llith iu m , p rep ared  fro m  3. 47 g.

(0 .5  m o le ) o f lith iu m  w ire , 40 g .(0 .25 m o le ) o f brom obenzene and . 27 g. 

(0 .2 5  m o le ) of 2 , 6 -lu tid in e  in  ca. 150 m l. of e th e r, was added 18 g.

(0 .1 2 5  m o le ) o f 4, 4 -ethy lened ioxy-2-pen tanone (35) a t such a  ra te  that 

the e th er boiled s low ly . The reac tio n  m ix tu re  becam e redd ish -o rang e  

during th is  addition . The resu ltin g  m ix tu re  was s t ir re d  and re flu xed  

fo r  90 m inutes fo llow ing this addition , then cooled in  an  ice  bath w hile  

25 m l. of w a te r was added slow ly. The tw o-phase m ix tu re  was sepa­

ra ted , the aqueous la y e r  was washed w ith  s e v e ra l s m a ll portions of 

eth er and the com bined e th e rea l solutions w ere  d r ie d  over m agnesium  

sulfate .

E vaporatio n  o f e th er fro m  the re d  solution was fo llow ed by d is t i l la ­

tion a t reduced p re s s u re . A  fo re ru n  containing lu tid in e  and brom obenzene
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was taken off f ir s t ,  fo llow ed by 16. 6 g. (52. 9%) the d es ired  product 

(X V II I) ,  b. p. 1 3 5 -1 4 2 * /0 . 4 m m . , n * 3 1 .5109 .

A n o ily  p ic ra te  was fo rm ed  when X V I I I  was added to saturated a lc o ­

ho lic  p ic r ic  acid . Th is  could not be c ry s ta lliz e d .

2, 4, 6 -T rim e th y lq u in o liz in iu m  brom ide (X I) : Concentrated hyd ro -  

b ro m ic  acid  was added slow ly to a m ix tu re  of 12. 5 g. (0. 05 m o le ) of 

X V II I  and 35 m l.o f  w a te r to pH 2. Excess acid  was avoided. The r e ­

sulting m ix tu re  was ex trac ted  w ith  e ther to rem ove traces  of biphenyl, 

then evaporated to dryness on the steam  bath in  vacuo. The red , gum m y  

res idue was dissolved in  100 m L o f acetic  anhydride, and heated at 

gentle re f lu x  overn ight.

On cooling, the solution deposited 7. 36 g. (59%) of X I  as tan c ry s ­

ta ls . A  fu rth e r 2 . 58 g. was obtained on p a r t ia l  evaporation  of the acetic  

acid  and anhydride m other liquo r fo r a  to ta l y ie ld  of 9 .8 4  g. (82% ). Th is  

crude m a te r ia l was re c ry s ta lliz e d  3 tim es  fro m  absolute ethanol to give  

6. 94 g. (55. 5%) o f s lig h tly  o ff-w h ite  m ic ro c ry s ta ls , m . p. 300* w ith  

previous decom position fro m  270*. The a n a ly tic a l sam ple was obtained  

by re  c ry s ta lliz in g  th is  m a te r ia l se v e ra l m o re  tim es , u n til the m other  

liq u o r was no longer co lored .

A n a l . : C a lc , fo r C l2 H M N  B r: C . 5 7 .1 6 ; H , 5. 60; N , 5 .5 6 ; B r, 3 1 .6 9 .

Found: C , 5 7 .0 4 ; H , 5 .8 1 ; N , 5 .3 6 ; B r , 3 1 .7 9 .

The p ic ra te  was p rep ared  fro m  an aqueous solution of the b rom ide  

and sodium p ic ra te . A fte r  re c ry s ta lliz a tio n  fro m  95% ethanol i t  had m . p. 

1 3 8 -1 3 8 .5 * .
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A n a l.:  C a lc , fo r C 18H 16N 40 7: C, 54. 00; H , 4 . 03; N , 1 4 .0 0 .

Found: C, 53 .85 ; H , 4 .0 7 ; N, 13 .7 5 .

2 -p -D im e th y la m in o B ty ry l-4 , 6 - d im cth y lq u ino liz in ium  brom ide  

(X X X V III ) : A  solution of 0. 5 g. (2 m m ole ) of the trim e th y lq u in o liz in iu m  

brom ide (X I)  and 0. 45 g. (3 m m ole ) of p -d im ethylam inobenzaldehyde in  

7 m l-o f absolute ethanol was heated overn ight in  the presence of a drop  

of p ip e rid in e . The deep red  solution was evaporated to dryness in vacuo, 

the residue taken up in  m ethanol and w arm ed w hile  e th y l acetate was 

added to p re c ip ita te  the product. A fte r  cooling, the solution was f ilte re d  

to give 0. 48 g. (63%) of crude X X X V II I ,  m . p. above 300* w ith  decom po­

sition  fro m  280*. R e c ry s ta lliz a tio n  fro m  absolute a lcoho l furn ished the 

a n a ly tic a l sam ple as s m a ll deep red  needles.

A n a l.:  C a lc , fo r C 2 }H 2 3 N 2 B r: C , 65 .80 ; H , 6. 05; N , 7 .3 1 .

Found: C, 65 .89 ; H , 6 .40 ; N , 7 .0 5 , 7 .0 7 .

Reaction of 2, 4, 6 -tr im e th y lq u in o liz in iu m  brom ide w ith  benzaldehyde 

and trie th y la m in e : A  solution of 0. 5 g. (2 m m o le ) o f the trim e th y lq u in o ­

liz in iu m  sa lt (X I) , 0 .2 5  g. of benzaldehyde and 1 m l. (ca. 10 m m ole ) of 

tr ie th y la m in e  in  10 m l. of absolute ethanol was re flu xed  fo r  tw elve hours. 

The ethanol and excess trie th y la m in e  w ere  rem oved in  vacuo, the residue  

taken up in  a m in im um  volum e of hot absolute ethanol and cooled. F i l t r a ­

tion  then gave 0. 30 g. (83. 5%) o f trie th y la m in e  h ydrobrom ide , id en tica l 

w ith  an authentic sam ple (m . p . and m ixed  m . p. 2 4 7 -8 *). A ddition  of 

ethyl acetate to the f i l t ra te  rem oved fu rth e r traces  o f ion ic m a te r ia l.  

E vaporation  of the a lc o h o l-e th y l acetate solution le ft  an o ra n g e -re d  gum
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which, on tr itu ra tio n  w ith  d ry  ether gave ca. 50 m g. of orange pow der. 

This la tte r  substance m elted  at 110 -122* d. . but decomposed on a t ­

tem pted p u rifica tio n .

In  a second exp erim ent, i t  was shown that no trie th y la m in e  h yd ro ­

brom ide is fo rm ed  when benzaldehyde is  om itted  fro m  the o rig in a l r e ­

action m ix tu re .

R eaction of 2, 4, 6 -tr im e th y lq u in o liz in iu m  brom ide (X I)  w ith  sodium  

hydroxide: A  solution of 0 .2 5  g. (1 m m ole ) of the tr im e th y lq u in o liz in iu m  

brom ide (X I)  in  5 m l. of ethanol was tre a te d  w ith  0 .1 5  m l. of 50% 

sodium hydroxide solution. The solution becam e v e ry  d a rk  im m ed ia te ly . 

A fte r  five  m inutes, the m ix tu re  was ac id ified  w ith  saturated  p ic r ic  acid  

solution, then evaporated. The resu ltin g  brow n ta r  was extrac ted  sev­

e r a l  tim es  w ith  hot ethanol, and the com bined ethanol solutions allow ed  

to evaporate slow ly at room  tem p era tu re . The c ry s ta llin e  p ic ra te  m ix ­

tu re  obtained in  th is  m anner was washed w ith  w ate r to rem ove sodium  

p ic ra te , leaving 0. 09 g. of solid, m . p. 164-173*. Repeated re c ry s ta l­

liza tio n  fro m  ethanol (charcoa l) gaye a tra c e  of p u rifie d  p ic ra te , m . p. 

174-175*, but the amount o f th is m a te r ia l obtained was in su ffic ien t fo r  

ana lys is .

2 , 4, 6 - T rim e th y lq u in o liz in iu m  tr ib ro m id e  (X L I I ) : A . A  solution o f  

0. 5 g. (2 m m ole ) of trim e th y lq u in o liz in iu m  brom ide in  8 m l. g la c ia l 

acetic  acid  was tre a te d  w ith  a solution of 0. 35 g. (2 .2  m m o le ) of b rom ine  

in  5 m l. of ace tic  acid  a t room  tem p era tu re . The m ix tu re  was f ilte re d  

a fte r  a few  m inutes, the solid was washed se v e ra l tim es  w ith  s m a ll
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volum es of acetic  acid  and a ir  d ried  to give 0. 80 g. (97%) of the tr ib ro m id e  

(X L II) ,  m . p. 125-128*. F o u r re c ry s ta lliz a tio n s  fro m  m ethanol gave the 

an a ly tic a l sam ple as long orange needles, m . p. 129-130*.

A n a l.:  C a lc , fo r Br 3 * C , 3 4 .98 ; H , 3 .42 ; N , 3. 40; B r , 5 8 .2 0 .

Found: C, 35 .00 ; H , 3 .50 ; N , 3 .3 7 ; B r, 5 7 .9 0 .

M ethanol solutions o f the tr ib ro m id e  gave a pos itive  tes t fo r  o x i­

d izing  a b ility  w ith  K I-s ta rc h  paper. B rom ine was re leased  (odor) on 

heating these solutions, as was H  B r (pH p ap er), but the compound lost 

no brom ine when d rie d  a t 65*.

T rea tm en t of 0 .1  g. of the tr ib ro m id e , in  aqueous m ethanol w ith  

saturated sodium p ic ra te  solution gave 0 .1  g. of 2, 4, 6 -tr im e th y lq u in o ­

liz in iu m  p ic ra te  (X I) ,  m . p. 137-138*. A  m ix tu re  m e ltin g  point d e te r ­

m in ation  w ith  authentic m a te r ia l showed no depression.

_B. A  solution of 0. 5 g. (2 m m o le ) of X I  in  20 m l. of acetic  ac id  was 

m ag n etica lly  s t ir re d  w h ile  0. 36 g. (2 m M )  of N -b ro m o su cc in im id e  was 

added slow ly. A fte r  addition was com plete, 100 m l. of e thyl acetate  

was added to the m ix tu re . The tr ib ro m id e  X L I I  p rec ip ita ted  slow ly.

The orange needles w ere  co llected and washed w ith  e thy l acetate to give  

0. 40 g. (48%) of the tr ib ro m id e , m . p. and m ixed  m . p. w ith  authentic  

m a te r ia l 1 2 8 .5 -1 2 9 .5 * .

Perm anganate oxidation of 2 ,4 ,  6 -tr im e th y lq u in o liz in iu m  brom ide  

(X I):  To  a  solution of 0. 5 g. (2 m m ole ) of X I  in  35 m l. of w a te r and 

0 .1 5  m l. conc. H 2SO^, 0 .7 5  g. (4. 75 m m ole ) of potassium  perm anganate  

was added, in  s m a ll portions. The solution deposited m anganese dioxide  

alm ost im m e d ia te ly , and the perm anganate co lo r was d ischarged quite
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rap id ly . A fte r  a l l  the perm anganate had been added, the m ix tu re  was 

s tir re d  fo r  one hour, then filte re d . The MnO^ was washed s e v e ra l tim es  

w ith  w arm  w a te r, then once w ith  methanol.. The combined aqueous solu­

tions w ere  evaporated to dryness under d im in ished  p ress u re  and the r e ­

sulting solids extrac ted  w ith  hot absolute a lcohol. A d d ition  o f a lcoho lic  

p ic r ic  ac id  to these alcoholic ex trac ts  gave 0. 5 g. (62% reco v ery ) of 

trim e th y lq u in o liz in iu m  p ic ra te , m . p . , alone or m ixed  w ith  an authentic  

sam ple, 137-138*.

3 -E th o x y -l-p h e n y l-2 -b u te n -l-o n e  (E no l e th er of benzoylacetone) 

(X X IV ) : The follow ing represents  some im p ro vem ent over the m ethod  

of C la isen  (36), in  that the use of f e r r ic  ch loride  resu lts  in  the presence  

of considerable quantities of f e r r ic  benzoylacetonate, m aking d is tilla tio n  

of the product troublesom e.

A  solution of 24. 3 g. (0 .1 5  m o le ) of benzoylacetone (37), 24. 3 g.

(0 .1 6 4  m o le ) of ethyl o rtho form ate  and 0. 5 g. of p -to luene sulfonic acid  

in  150 m l. of d ry  benzene was heated under an 8 " -V ig r e a u x  colum n at 

such a  ra te  that only e thy l fo rm ate  d is tille d . The head tem p era tu re  

ranged up to 60* at the highest. A fte r  36 hours, 1 0 .6  g. (95%) of d is tilla te  

had been collected. The m ix tu re  was cooled and poured onto excess  

aqueous potassium  carbonate and ex tracted . The benzene solution was 

d rie d  over MgSO^ a fte r  a  l it t le  p yrid in e  had been added. E vaporation , 

fo llow ed by d is tilla tio n  gave the d es ired  enol e th er (X X IV )  in  70% y ie ld . 

R efrac tio n a tio n  through a V ig reau x  colum n gave 16. 3 g. (60%) o f the enol 

eth er as a  ye llo w  o il, b . p. 9 7 -1 0 1 * /0 .4 m m .Its  in fra re d  spectrum  ^was 

id e n tic a l w ith  that of a  sam ple p rep a re d  by the m ethod o f C la isen  (36).
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4, 6 -D im e th y l-2 -p h en y lq u in o liz in iu m  brom ide (X I I ) : A n  ether

solution of 0. 1 m ole of 2, 6 -lu tid y llith iu m  was p rep ared  in  the usual way  

and cooled to 0 a. A  solution of 9* 5 g. (0. 05 m o le ) of the enol e ther of 

benzoylacetone (X X IV ) in  25 m l. of e ther was added slow ly, causing the 

co lo r of the solution to go fro m  deep red  to d a rk  green o r ye llow .

A fte r  this addition, the m ix tu re  was allow ed to com e to room  te m p e ra ­

tu re  during 4 hours. Then, i t  was cooled once again  and poured into  

a m ix tu re  of 20 m l. of concentrated HC1 and ca. 100 g. of ic e . The r e ­

sulting m ix tu re  was separated, the e ther la y e r  washed s e v e ra l tim es  

w ith d ilu te  HC1, and the com bined aqueous acid  solutions bas ified  w ith  

sodium bicarbonate. The resu lting  o il  was ex trac ted  in to  e th e r, d ried  

over M g S O j and evaporated, m ost of the excess lu tid ine being rem oved  

at 40* (w ater bath) and 0 .5  m m . The viscous residue was then covered  

w ith about 50 m l. of w a te r, and concentrated H B r  was added c a re fu lly  

to pH 2. Th is  solution was then evaporated on the steam  bath in  vacuo  

to dryness.

The residue was dissolved in  100 m l. of ace tic  anhydride and 

heated at re f lu x  overn ight. Cooling the solution gave 9* 0 g. (60 .5% ) of 

the crude qu ino liz in ium  coupound (X II)  as lig h t tan needles, m . p. 297*, 

w ith  previous decom position.

S e vera l re c ry s ta lliz a tio n s  fro m  95% ethanol a ffo rd ed  s lig h tly  o ff-  

w hite c ry s ta ls , but did not change the m e ltin g  point.

A n a l. : C a lc , fo r  C u H l6 N B r: C . 6 4 .9 7 ; H . 5 .1 3 ; N , 4 .4 6 ; B r, 2 5 .4 3 .

Found: C, 65 .13 ; H , 5 .0 0 ; N . 4 .5 1 ; B r, 2 5 .6 7 .

The p ic ra te  was p rep ared  fro m  the b rom ide and aqueous sodium p ic ra te  

and re c ry s ta lliz e d  fro m  ethanol-acetone, m . p. 2 1 2 .5 *  d.
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Found: C, 60 .10 ; H , 3 .81 ; N , 1 1 .3 6 , 1 1 .6 0 .

R ew orking the acetic  a c id -a c e tic  anhydride m other liquo rs  fro m  the 

reac tio n  gave only tra ces  of X I I ,  along w ith some lu tid ine hydrobrom ide. 

13. In  a s im ila r  reac tion , in  which w a te r was used to quench the organo- 

m e ta llic  solution, attem pted d iis tilla tion  o f the resu ltin g  e th er-so lu b le  

bases gave a ye llo w  o il, b. p . 1 2 8 -3 8 * /0 . 3 m m ., which, on tre a tm e n t  

w ith  d ilu te  H B r  gave 6. 3 g. (72% reco v ery ) o f benzoylacetone, m . p. 

52 -56 *. E vaporation  of the ac id  solution, fo llow ed by tre a tm e n t w ith  

acetic  anhydride, as described above, gave 0. 72 g. (4 .8% ) of the de­

s ire d  qu ino liz in ium  brom ide (X II) .

4 -P h e n v l-5 - (6 '-m e th y l-2 1 -p y r id y l)-4 -b u te n -2 -o n e  hydrobrom ide  

(X X V II) : 2 , 6 - L u tid y llith iu m  was added to the enol e ther of benzoylace­

tone (X X IV ) , using the sam e quantities and techniques as in  procedure

A . above. H ow ever, when the ace tic  anhydride was w arm ed s lig h tly  

(not re fluxed ) fo r  a  few  m inutes to dissolve the gum m y hydrobrom ide , 

a w hite so lid  was produced. Th is  m a te r ia l was f ilte re d , washed w ith  

acetic  anhydride and e thy l acetate to give 6. 0 g. (36%) o f the p u rifie d  

hydrobrom ide , which was re c ry s ta lliz e d  fo r ana lys is  fro m  m ethanol con­

tain ing a l i t t le  H B r . The a n a ly tic a l sam ple has m . p. 177. 5 -1 7 8 . 5*. 

S ligh tly  high carbon content suggests contam ination by the fre e  base or  

qu ino liz in ium  compound.

A n a l.:  C a lc , fo r C l7 H lg N O B r: C , 61 .45 ; H . 5 .4 6 ; N , 4 .2 2 .

Found: C, 62. 25; H . 5. 65; N , 4 .4 5 .
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The phenylhydrazone was p rep ared  in  aqueous alcohol and re c ry s ­

ta lliz e d  fro m  95% ethanol, m . p. 143-4*.

A n a l,:  C a lc , fo r C 23H 23N 3: C, 80. 90; H , 6 79; N , 12 .3 1 .

Found: C, 80 .85 ; H , 6 .6 3 ; N, 12 .1 8 .

This d e riv a tiv e  shows strong ye llo w -w h ite  fluorescence under u lt r a ­

v io le t ligh t.

T rea tm en t of 5. 0 g. of th is sa lt (X X V II)  w ith  hot acetic  anhydride  

overn ight gave 3. 5 g. (74%) of 4, 6-d ixnethylqu ino lizin ium  brom ide (X II) .

4 -M e th y l-2 -p h e n y lq u in o liz in iu m  brom ide (X V I) : Th is  m a te r ia l was 

p rep ared  by the reac tio n  of 0. 1 m ole  of 2 -p ic o ly llith iu m  w ith  9 .5  g. (0. 05 

m ole) o f benzoylacetone enol ether (X X IV ) exactly  as described in  the 

p rep a ra tio n  of 4, 6 -d im eth y lq u in o liz in iu m  brom ide (X II)  by procedure A  

above. The product (X V I)  began to p rec ip ita te  fro m  the acetic  anhydride  

solution soon a fte r  bo iling  com m enced. The solution was re flu xed  fo r  4  

hours, then cooled and f ilte re d  to give 9. 85 g. (65. 5%) of the qu ino liz in ium  

sa lt (X V I) , as brow n c rys ta ls , m . p. 295* w ith  previous decom position. 

Two re c ry s ta lliz a tio n s  fro m  95% ethanol furn ished white m ic ro c ry s ta llin e  

X V I of unchanged m eltin g  point.

The brom ide was converted to the known p ic ra te , m . p. 230* d . , 

a fte r  c ry s ta lliz a tio n  fro m  ethanol ( l i t .  m . p. 226* d. (10) ).

2 - P h e n y l-4 -p - d im eth y lam inostyry lqu ino liz in ium  brom ide (X X X V II ):

A solution of 0. 3 g. (1 m m ole ) of 4 - m eth y l-2 -p h en y lq u in o liz in iu m  brom ide  

(X V I)  and 0. 3 g. (2 m m o le ) of p -d im ethylam inobenzaldehyde in  5 m l. of 

absolute ethanol, containing 3 drops of p ip erid in e  was re fluxed  gently

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



62.
overn ight, then ch illed  and f ilte re d  to give 0 .2 5  g. of the condensation  

product (58%). Two re c ry s ta lliza tio n s  fro m  m ethanol gave the an a ly tica l 

sam ple as fine red  needles, m . p. 280* d. Th is  m a te r ia l,  d rie d  a t 56*, 

contains one m olecule of m ethanol of c ry s ta lliza tio n .

A n a l.:  C a lc , fo r C 25H 23N 2 Br« C H jO H : C, 67 .38 ; H , 5 .8 7 ; N , 6 .0 5 .

Found: C, 67 .89 ; H , 5 .9 4 ; N , 6 .1 5 .

4, 4 -D im e th o x y -2 -m e th y l-2 - (6 '-m e th y l-2 1 -p y r id y l)-2 -b u ta n o l (X X X ):

A  solution of 0 .1  m ole of 2, 6 -lu tid y llith iu m  was p rep ared  in  the usual 

w ay. To this was added a  solution of 6. 6 g. (0. 05 m o le ) of acetoacetalde- 

hyde d im eth y l aceta l, a t 0*. The resu ltin g  m ix tu re  was s t ir re d  fo r an 

additional hour, a t room  te m p era tu re , w ate r was added, the la y e rs  sepa­

ra ted , the aqueous la y e r  extrac ted  se v e ra l tim es w ith  e th er, and the 

combined e th e re a l solutions d ried  (MgSO^) and d is tille d . A fte r  rem o va l 

of low  boiling m a te r ia l,  5 .1  g. (42. 6%) of X X X  was obtained as a  lig h t 

ye llow  o il, b. p. 1 2 7 -1 3 5 */0 . 4 m m .

2, 6 -D im eth y lq u in o liz in iu m  brom ide and p ic ra te  (X X X I) : A . A  solu­

tion  of 2. 4 g. (0. 01 m o le ) of the above h y d ro xy -ace ta l (X X X ) 7 g. of p ic r ic  

acid  and 25 m l. of absolute a lcohol was re fluxed  fo r 2 hours, then cooled. 

F ilt ra t io n  then gave 3. 22 g. (73. 8%) of the crude qu ino liz in ium  p ic ra te  as 

green, som ewhat s ticky c ry s ta ls . S evera l re c ry s ta lliz a tio n s  fro m  95% 

ethanol (charcoa l) gave ye llo w  needles, m . p. 137-138*.

A n a l.:  C a lc , fo r C ^ H ^ N ^ O ^ :  C, 52 .85 ; H , 3 .65 ; N , 1 4 .5 0 .

Found: C, 5 2 .83 ; H , 3 .1 4 ; ,N , 1 4 .2 9 .
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B. C oncentrated hydrobrom ic acid  was added to a  m ix tu re  of 7 .2  g.

(0. 03 m o le ) of the hydroxy aceta l (X X X ) in  ca. 50 m l. of w a te r, to pH  2.

The resu ltin g  solution was extracted  w ith  e ther and evaporated to d ry ­

ness in  vacuo. The residue was heated fo r  12 hours in  50 m l. of acetic  

anhydride, a t the boiling  point. On cooling, th is  solution gave 5. 8 g.

(80. 5%) of 2 , 6 -d im eth y lq u in o liz in iu m  brom ide as d a rk  c rys ta ls  m . p.

214* d. The crude product was taken up in  hot c h lo ro fo rm , the solution  

concentrated u n til the f ir s t  c rys ta ls  appeared, then cooled slow ly and 

f ilte re d . Th is  procedure was repeated once m o re , then the product was 

c ry s ta lliz e d  once fro m  ethano l-e thy lacetate  to give ye llo w ish  needles, 

m . p. 21 5 -7 *.

Th is brom ide was converted to the corresponding p ic ra te  w ith  

aqueous sodium p ic ra te . Th is d e riv a tiv e  had m . p. 1 3 6 .5 -1 3 8 *, unde­

pressed on adm ixtu re  w ith  a sam ple p rep ared  by m ethod A^ above.

4, 4 - E th v le n e d io x y -2 -m e th y l-1 - ( 2 ' -p y r id y l)-2 -p e n ta n o l: Th is  m a ­

te r ia l  was p rep ared , in  54% y ie ld , fro m  0 .1  m ole of 2 -p ic o ly llith iu m  

and 7 .2  g. (0. 05 m ole)' of the m onoethylene k e ta l of acety lacetone, under 

the sam e conditions used in  the synthesis of its  6 ' -m e th y l analog (XV111). 

The ye llo w  o il had b. p . 1 2 1 -1 2 5 * /0 .4 m m .

2 . 4 -D im eth y lq u in o liz in iu m  brom ide and p ic ra te  (X X IX ):  A . T r e a t ­

m ent of the above k e ta l (1 g . ) w ith  excess alcoho lic  p ic r ic  ac id  (5 g . ) a t 

re flu x  fo r  one hour gave, a fte r  cooling, 1. 97 g. (51%) o f the qu ino liz in ium  

p ic ra te , m . p. 150-154*. A fte r  tre a tm e n t w ith  charcoal and s e v e ra l c ry s ­

ta lliza tio n s  fro m  95% ethanol, the ye llo w  p lates had m . p. 1 5 4 .5 -1 5 5 .5 *
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( l i t .  m . p. 152 -3 * (10) ).

13. The qu ino liz in ium  brom ide was p rep ared  aB p rev io u s ly  described  

in  the p rep a ra tio n  of 2, 6 -d im eth y lq u in o liz in iu m  brom ide, m ethod B, 

except that the crude product was re c ry s ta lliz e d  d ire c tly  fro m  ethanol, 

to m . p. 244 -246*. The crude y ie ld  was 58%.

The brom ide was converted to the p ic ra te  w ith  aqueous sodium  

p ic ra te . The p ic ra te  obtained in  th is  m anner had m . p. 1 5 5 -1 5 5 .5 *  

alone and m ixed  w ith  a  sam ple p rep ared  by m ethod A , above.

2 -M e th y lq u in o liz in iu m  brom ide and p ic ra te  (X X V ): A . 4, 4 -d im eth o xy-  

2 -m e th y l- l - (2 '-p y r id y l) -2 -b u ta n o l was p rep ared  by the m ethod of R ichards  

and Stevens (10) and converted to the qu ino liz in ium  p ic ra te  by a lcoho lic  

p ic r ic  acid .

The green ish  p ic ra te  had m . p. 165 -167* a fte r  re c ry s ta lliz a tio n  

fro m  ethanol.

13. 4, 4 -D im e th o x y -2 -m e th y l- l- (2 '-p y r id y l) -2 -b u ta n o l (4 . 5 g . , 0. 02 m ole) 

was added to ca. 35 m l. of w a te r, then the m ix tu re  was .ac id ified  to pH 2 

w ith  concentrated hydrobrom ic acid . The resu ltin g  solution was extracted  

w ith  e th er, the aqueous la y e r evaporated to dryness and the gum m y solid  

res idue was re fluxed  in  50 m l. of acetic  anhydride. On cooling, 2 .1  g.

(47. 5%) of crude 2 -m eth y lq u in o lis in iu m  brom ide separated as d a rk  c rys ta ls  

m . p. 178-185*. Th is  was c ry s ta lliz e d  tw ice fro m  ch lo ro fo rm , then  

f in a lly  fro m  ethano l-ethylacetate  to give a w hite 'm ic ro c ry s ta llin e  sa lt of 

m . p. 195 -1 97* ( l i t .  185 -186* (36) ).

Th is  brom ide was converted to the qu ino liz in ium  p ic ra te  w ith  aqueous 

sodium p ic ra te . The p ic ra te , a fte r  se v e ra l c ry s ta lliza tio n s  fro m  alcohol,
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was obtained as ye llo w  needles, m . p. 1 6 7 .5 -1 6 8 .5 * , alone o r m ixed  

w ith  the p ic ra te  obtained v ia  m ethod A , above ( l i t .  m . p. 161* (10) ).

2 -S ty ry lq u in o liz in iu m  brom ide (X L ): Two drops of p ip erid in e  w ere  

added to a re  fluxing solution of 0 .4 5  g. (2 m m o le ) of 2 -m e th y lq u in o li- 

zin ium  brom ide and 0. 3 g. (3 m m ole ) of benzaldehyde in  5 m l. of abso­

lu te  ethanol. Heating was continued fo r 4  hours, then the orange 

m ix tu re  was ch illed  and f ilte re d  to give 0. 31 g. (49. 7%) o f the s ty ry l-  

qu ino liz in ium  sa lt, m . p. 2 5 8 -2 6 1 * d. as brow n needles. A fte r  two  

re c ry s ta lliz a tio n s  fro m  m ethanol, the sa lt was obtained as ligh t ye llow  

needles, m . p. 261 -2 62* d. A n a ly tic a l values w ere  not com pletely  sat­

is fa c to ry .

A n a l.:  C a lc , fo r C ^ H ^ N B r :  C, 65 .40 ; H , 4. 52; N , 4 .4 9 .

Found: C , 6 5 .09 ; H . 5 .3 9 ; N , 4 .2 0 .

Th is  compound shows strong ye llo w  flu o rescen t in  u ltra v io le t ligh t.

4, 4 -E th y le n e d io x y -l- (6 * -m e th y l-2 '-p y rid y l)-2 -p e n ta n o n e  ( L I ): A  

solution of 0. 5 m ole  of 2, 6 - lu tid y llith iu m  in  250 m l. of e ther was p re ­

pared  in  the usual m anner and cooled to 0*. Th is  reagent was slow ly  

pumped into a solution of 43. 5 g. (0 .2 5  m o le) o f e thy l 3, 3 -ethy lened ioxy- 

butyrate  (L ) in  300 m l. of e th er, held a t 0*, resu ltin g  in  im m ed ia te  d is ­

charge of the o rg an o m eta llic 's  co lor and p re c ip ita tio n  o f a w hite solid  

fro m  the ye llow  solution. A fte r  allow ing th is solution to come to room  

te m p e ra tu re , w hile s t ir r in g  was continued, a  solution of 30 g. (0. 5 

m o le ) in  100 m l. of e ther was added slow ly, producing a red d ish -ye llo w  

gel. W ater (150 m l . ) was then added, the resu ltin g  m ix tu re  separated,
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and the aqueous phase (pH 8 -9 )  extracted  w ith  se v e ra l s m a ll portions of 

e th er, u n til the ether ex trac t was n e a rly  co lo rless . The com bined o r ­

ganic la y e rs  w ere c rie d  over MgSO^ and the solvent rem oved in  vacuo. 

D is tilla tio n  of the reddish residue gave 34. 6 g. (58. 8%) o f the ketone (L I)  

as a ye llow  o il, b. p. 1 3 4 -1 4 3 */0 . 3 -0 . 4 m m . The product decomposed  

slow ly a t room  tem p era tu re , developing an orange color on standing  

overn ight, but appeared to be stable a t ic e -c h e s t tem p era tu re .

T re a tm e n t of L I  w ith excess ethanolic p ic r ic  acid  gave the p ic ra te  

of 1 -(6 * -m e th y l-2 '-p y r id y l) -2 ,  4-pentanedione as d a rk  ye llo w  p lates, 

m . p. 158* d. a fte r  sev era l re c ry s ta lliz a tio n s  fro m  ethanol.

A n a l.:  C a lc , fo r C n H 13N 0 2 * C 6H 3N 30 ?: C, 4 8 .5 7 ; H , 3 .84 ;

N, 13. 33.

Found: C. 4 8 .8 0 ; H . 4 .0 8 ; N , 1 3 .1 9 , 13 .1 8 .

A ttem pted  cvclodehydration of L I: F iv e  gram s of the ketone L1I was 

added to 30 m l. of w a te r, the resu ltin g  m ix tu re  was ac id ified  to pH  2 w ith  

concentrated h yd ro ch lo ric  acid , and evaporated to dryness in  vacuo, a fte r  

ether ex trac tio n . The red  residue was taken up in  50 m l. of ace tic  anhy­

d rid e  and heated fo r four hours a t gentle re flu x . No s a lt separated on 

cooling. E vaporation  of the acetic  anhydride in  vacuo le ft  a  b lack, ta r ry  

m ass which was taken up in  a s m a ll volum e of absolute ethanol. Cooling  

the a lcoho lic  solution gave 0. 92 g. of b lack, gum m y solid . S e vera l m o re  

re c ry s ta lliz a tio n s  fro m  ethanol gave a w hite powder in  a  y ie ld  of 0. 37 g. 

(6 . 5%), m . p. 248 -2 50  d. A  s m a ll sam ple of th is so lid  was tre a te d  w ith  

aqueous sodium p ic ra te  to give the p ic ra te  of 1 - (6 ' -m e th y l-2 ' -p y r id y l) -  

2, 4-pentanedione, m . p. 155-157* d . , not depressed on ad m ix tu re  w ith
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authentic m a te r ia l,  p rep ared  d ire c tly  fro m  the m onoketal (L I) .

A ttem pted  p rep ara tio n  of 1 - ( 6 1 -m e th y l-2 1 -p y r id y l) -4 ,  4 -e th y le n e - 

d io xy-2 -p en tan o l (L ID : A . A  solution of 5 g. of the ethylenedioxypen- 

tanone (L I)  in  50 m l. of g lac ia l acetic  ac id  was shaken in  a  P a r r  appa- 

ratus in  the presence of 0. 5 g. of p latinum  dioxide under an in it ia l  

hydrogen p ressu re  of 35 ps i. A fte r  2 . 5 hours, the reac tio n  was stopped, 

when a p ressu re  drop of 1. 7 psi. (1 .1  m ole  f ^ /m o le  L I)  was noted.

The ca ta lys t was f ilte re d  o ff and the solvent evaporated at 50* in  vacuo. 

D is tilla tio n  of the res idue gave 3. 7 g. of a ye llow  o il, b. p. 1 2 3 -1 2 9 * /  

0 .2 5  m m . Th is  m a te r ia l showed bands in  the in fra re d  a t 3510 (O -H ), 

3330 (N -H ), 1740 (C = 0), 1650, 1597, 1580 (p yrid in e ) c m "1 . Thus i t  

appears to be a  com plex m ix tu re .

JB. A  solution of 4 .7  g. (0. 02 m o le ) of L I  in  20 m l. of absolute m ethanol 

was tre a te d  w ith  0 .2  g. (0 .021  e q u iv .) of sodium borohydride at room  

tem p era tu re  fo r four hours. The ye llow  co lor faded s lig h tly . A t  th is  

point, 3 m l. of concentrated hyd ro brom ic  ac id  was added and the so lu­

tion evaporated to dryness. R efluxing the residue w ith  30. m l. of acetic  

anhydride gave only a d ark , n o n -c ry s ta llin e  sem iso lid  which could not 

be p u rifie d .

1 , 2 -D ic a rb e th o x y - l- (2 , -p y r id y l) - l-p e n te n -4 -o n e  p ic ra te  (L X IY ) :

D ry  hydrogen ch loride  was bubbled in to  a  cooled solution 5 g. (0 .0 3  

m ole) o f e thyl 2 -p y rid y la c e ta te  (L X IU  (39) ) in  d ry  e th er u n til the m ix ­

tu re  was strongly ac id ic . The p rec ip ita ted  hyd ro ch loride  was f ilte re d ,  

washed w e ll w ith  e th e r, and dissolved in  20 m l. of absolute ethanol.
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To th is  solution, 6. 3 g. (0. 04 m o le ) of e thyl acetopyruvate (L X IV  (40) ) 

was added, and the resu lting  m ix tu re  was re flu xed  overn ight. E v ap o ra ­

tion le ft a viscous ye llow  gum which was dissolved in  fre sh  ethanol and 

tre a ^ p ^ tfT h  excess p ic r ic  acid a t re flu x . A fte r  cooling, f iltra t io n  gave 

9-63 g. (60%) of the des ired  p ic ra te  (L X IY ) ,  m . p. 152-156*. T h ree  

c rys ta lliza tio n s  fro m  absolute ethanol gave the an a ly tica l sam ple, m . p. 

1 5 6 .5 -1 5 7 .5 *  d.

A n a l.:  C a lc , fo r C^H^N^O^: C, 4 9 .4 4 ; H , 4 .1 5 ;

N , 1 0 .4 8 .

Found: C, 49. 34; H , 4 .0 8 ; N , 1 0 .6 3 , 1 0 .5 4 .

6 -M e th y l-4 -q u in o lizo n e  hyd ro ch loride  (L X X I) : A . A  solution of 

6 -m e th y l-4 -q u in o lizo n e  (L X V II)  (4) in  e ther was tre a te d  w ith  d ry  hyd ro ­

gen ch loride  u n til strongly acid. The cold m ix tu re  was f il te re d  and the 

resu ltin g  brown solid  washed w e ll w ith  e th er. The m a te r ia l obtained in  

th is  m anner had m . p. 149 -151* d. A ttem pts to re c ry s ta ll iz e  th is  m a ­

te r ia l  fa iled , p resum ably  because o f the a c id -in s ta b ility  of the r in g -  

system . I t  lacks the am ide carbonyl bond which appears a t 1693 cm "  ̂ in  

the in fra re d  spectrum  of the paren t quinolizone.

B. A  solution of 0. 3 g. (2 m m ole ) of the quinolizone (L X V II)  in  5 m l. of 

ace ty lch lo rid e  was allow ed to stand a t room  tem p era tu re  overn ight. The  

excess acid  ch lo ride  was rem oved in  vacuo and the resu ltin g  brow n  

solid  suspended in  ether and f ilte re d . T h is  m a te r ia l had m . p. 147- 

150? d . , alone or on adm ixtu re  w ith  a  sam ple of L X X I, p rep ared  as in  

A , above.
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Reaction of 6 -m e th y l-4 -q u in o lizo n e  (L X V I1 ) w ith  th lonyl ch loride:

F iv e  m l. of th ionyl ch loride was added to 0 .6  g. (4 m m o le ) o f 6 -m e th y l-  

4-qu ino lizone (L X V II ) .  Some w arm ing  was noted, and ac id  fum es w ere  

given off. A f te r  standing fo r  two hours, the m ix tu re  was W arm ed  

s lig h tly  w hile th ionyl ch loride  was rem oved in  vacuo. The resu ltin g  

d ark  o il  was suspended in  e th er, giving a  green ish solid , which was 

f ilte re d  and washed w ith  e ther. Th is  m a te r ia l (0 .5  g . ) had m . p. 136- 

144* d. and gave a negative test fo r ch lo ride  ion. Sodium fusion showed 

the presence of ch lo rin e  and su lfu r, w h ile  tre a tm e n t w ith  aqueous base 

or attem pted c ry s ta lliz a tio n  fro m  alcohols led to decom position.

R eaction of 6 -m e th y l-2  -  ch loropyrid ine w ith  phenyllith ium  and ben-  

zaldehvde; A  solution of 0. 05 m ole  of phenyllith ium  in  30 m l. o f e ther 

was p rep ared  in  the usual m anner. To th is , a  solution o f 6 .2 5  g. (0 .0 5  

m o le ) of 6 -m e th y l-2 -ch lo ro p yrid in e  (L X X IV )  (4 1 ,4 2 ) in  15 m l. o f e th er. 

The addition was m ade as rap id ly  as possib le, holding the reac tio n  

tem peratu re  a t 0* in  an ic e  bath. A fte r  s t ir r in g  fo r  ten m inutes, 6. 65 g. 

(0 .0 6 5  m o le ) of benzaldehyde in  15 m l. of e ther w *s  added to the red  

o rg an o m eta llic  solution. The cooling bath was rem oved and the solution  

allow ed to w arm  to room  tem p era tu re  w hile  s t ir r in g  was continued fo r  

one hour. A t th is  tim e  10 m l. of w a te r was added, basic m a te r ia l was 

extrac ted  fro m  the e ther la y e r  w ith  d ilu te  hyd ro ch lo ric  ac id  and the ac id  

solution bas ified  w ith  so lid  sodium carbonate. A fte r  rem oving  the basic  

m a te r ia l by ex trac tio n  w ith  e th er, the organic solution was d rie d  over 

M g S 0 4 and evaporated, leaving  a  res idue which was heated a t 100*/1  m m . 

fo r 30 m inutes to rem ove benzaldehyde and s ta rtin g  m a te r ia l.  The
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resu lting  orange glass (4 . 62 g . ) was ex trac ted  continuously w ith  6 0 -7 0 *  

petro leum  ether £or 2 hours to give 1 .1  g. of ye llow  c rys ta ls  and o il.

A fte r  m echanical separation , the c rys ta ls  w ere  re c ry s ta lliz e d  se v e ra l 

tim es to give v e ry  pale ye llow  needles o f 6 -c h lo ro -6 '-m e th y l-2 , 2 ' -  

dipyridylm ethane ( I iX X V lI I ) ,  m . p. 181-182*. The y ie ld  of p u rifie d  m a ­

te r ia l  was only 0. 30 g. (5. 8%), although considerable loss of fa ir ly  pure  

m a te r ia l was experienced during p u rifica tio n .

A n a l.:  C a lc , fo r  C U H 11N 2C1: C, 65. 90; H . 5. 07; N , 12 .81 ; C l, 1 6 .4 4 .

Found: C, 6 6 .00 ; H , 5 .1 3 ; N , 12 .56 ; C l, 1 6 .4 .

4 - E th o x y -1 - ( 6 1 -m e th y l-2 * -p y r id y l) -1 -pentanone (L X X X V II ): A  so lu­

tion o f 10. 85 g. (0. 06 m o le ) o f 3 -e th o x y -1 -brom obutane (25) in  15 m l. of 

ether was added to 1 .4 0  g. (0 .0 5 7 5  m o le ) of clean m agnesium  shavings 

in  25 m l. of e th e r, a fte r  reac tio n  was in itia te d  by a  c ry s ta l of iodinq.

The resu ltin g  m ix tu re  was s t ir re d  and heated fo r 1. 5 hours a fte r  the 

in it ia l  reac tio n  subsided, w hile m ost o f the m agnesium  dissolved. To 

th is G rignard  solution was added a solution of 5 .9 0  g. (0 . 05 m o le ) of 

6 -  m e th y l-2 -cyanopy r id in e . The reac tio n  m ix tu re , o r ig in a lly  a t 0*. was 

allow ed to come to room  te m p era tu re , w ith  s t ir r in g  overn ight. The r e ­

action  was quenched w ith  w ate r, the m ix tu re  a c id ified  w ith  d ilu te  h yd ro ­

ch lo ric  ac id , separated, and the ether la y e r  ex trac ted  w ith  two m o re  

s m a ll portions o f d ilu te  acid . A fte r  standing fo r  an hou r, to hydro lyse  

the in te rm ed ia te  im in e , the acid  solution was bas ified  w ith  so lid  sodium  

carbonate and ex trac ted  s e v e ra l tim es  w ith  e th e r. A f te r  d ry ing  over  

m agnesium  su lfate , the e ther was evaporated and the residue d is tille d
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to give 6. 45 g. (58. 3%) of the ketone L X X X V II ,  b. p . 1 4 8 -1 5 5 */1 2  m m . 

as an unstable ye llo w  o il.

The 2, 4 -d in itro p h en y l hydrazone was p rep a re d  by a standard p ro ­

cedure and re c ry s ta lliz e d  four tim es  fro m  ethanol to give orange needles 

of m . p. 123-124*.

A n a l.:  C a lc , fo r  C, 5 6 .85 ; H , 5 .7 7 ; N , 1 7 .4 5 .

Found: C, 5 7 .07 ; H , 5 .8 6 ; N , 1 7 .2 5 .

2. 4 -D in itroph enylhydrazon e of 1 -k e to -6 -m e th y l-1, 2 , 3, 4 -te tra h y d ro -  

q u ino liz in ium  brom ide (L X X X V II I ) : A so lution  o f 3. 3 g. (0 .0 1 5  m ole) of 

the ketonic e ther (L X X X V II)  in  10 m l. o f 48% h yd ro b ro m ic  ac id  was r e ­

fluxed fo r four hours and the excess acid  evaporated in  yacuo. The dark  

ta r r y  residue was taken up in  w a te r, n e u tra lize d  w ith  sodium  bicarbonate  

and extracted  into ch lo ro fo rm . The resu ltin g  ch lo ro fo rm  solution was 

re fluxed  overn ight a fte r  d ry ing . E vaporatio n  o f the solvent le ft  a  b lack  

gum which was taken up in  95% ethanol, and tre a te d  w ith  4  g. (Q. 02 

m ole) of d in itrophenylhydrazine  fo r  two hours a t re flu x , in  the presence  

of 12 m l. of hyd ro brom ic  ac id . A fte r  cooling, the gum m y red  p re c ip i­

tate  was c ry s ta lliz e d  th ree  tim es  fro m  e th an o l-e th y l aceta te  to give

0 .5 8  g. (8 .9% ) of the d es ired  d e riv a tiv e  (L X X X V II I ) ,  m . p. 218* d.

A n a l.:  C a lc , fo r C ^ H ig N g O ^ B r;  C , 4 6 .8 0 ; H , 4 .1 6 ;  B r, 1 8 .3 2 .

Found: C , 4 6 .9 0 ; H , 4 .3 1 ; B r , 1 8 .4 8 .

M ethanol o r aqueous acetone solutions o f L X X X V II I  w ere  non -ac id ic , 

but gave an im m ed ia te  p re c ip ita te  on tre a tm e n t w ith  s ilv e r  n itra te  solu­

tion.
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A ttem pted  cyanoethylation o f 2 ,6 -d iphenacylpyrid ine (X C I): A .s o lu -  

.tion of 0 .5  g. (0 .0 2 2  m o le ) of sodium m e ta l in  10 m l. of absolute alcohol 

was p rep ared . To  th is  was added 3 .1 5  g. (0. 01 m o le ) of 2 , 6 -d ip h en acy l- 

p yrid in e  (X C I) (5) in  5 m l. of absolute ethanol. The resu lting  orange so­

lu tion  was then s t ir re d  fo r  15 m inutes before the slow  addition o f a  solu­

tion of 1 .1  g. (0. 021 m o le ) of a c ry lo n itr ile  in  5 m l. of alcohol. The te m ­

p e ra tu re  was increased  slow ly, by m eans of a w a te r bath, to 60*, and 

s tir r in g  at th is tem p era tu re  was continued fo r two hours. The m ix tu re  

was cooled, 2 m l. of g la c ia l ace tic  acid  was added, fo llow ed by 50 m l. of 

w ate r. E vaporatio n  of alcohol in  vacuo, fo llow ed by addition o f w a te r to 

a volum e of ca. 50 m l. le ft  1 .6 5  g. of benxoic ac id , m . p. 120-121*, un­

depressed on ad m ixtu re  w ith  authentic m a te r ia l.  A fte r  re m o v a l o f the 

benxoic acid , an a lcoho lic  solution o f 3 g .  of p ic r ic  ac id  was added to the  

f i l t ra te  to give 2 .4 7  g. of lu tid ine  p ic ra te , m . p. and m ixed  m . p. 166- 

168*. No other p ic ra te  could be iso lated .

S im ila r  resu lts  w ere  obtained using KO H in  ethanol o r potassium  

t-bu tox ide in  the corresponding alcohol.

E th y l 3 - (6 * -m e th y l-2 1-p y rid vD -p ro p io n a te  (C IX ): A  cooled solution  

of 12 .1  g. (0 .1  m o le ) of 6 -m eth y l-2 -p y rid in ecarb o x a ld eh yd e  and 1 1 .4  g.

(0 .1 1  m o le ) o f m alon ic  ac id  was p rep ared  in  25 m l. of p yrid in e  and s t ir re d  

fo r  90 m inutes in  the presence o f a drop o f p ip erid in e  w hile  w arm in g  to 

room  te m p e ra tu re . S tirr in g  was continued w h ile  the red  m ix tu re  was 

heated on the steam  bath fo r four hours, cooled and poured in to  50 m l.  of 

ic e -w a te r . The pH of the solution was adjusted to 4  by the add ition  of 

se v e ra l s m a ll portions of 3N h yd ro ch lo ric  ac id . The resu ltin g  suspension
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was re fr ig e ra te d  overn ight, then f ilte re d  to give 6 .8 5  g. (42%) of 3 - (6 '-  

m e th y l-2 '-p y r id y l) -a c ry lic  acid , m . p. 98 -10 0*.

This crude unsaturated acid  was hydrogenated in  75 m l. of 95%  

ethanol and 5 m l. of concentrated h yd ro ch lo ric  ac id  in  the presence of

1. 0 g. of 5% p a lla d iu m -o n -c h a rc o a l ca ta lys t a t an in it ia l  p ressu re  of

25. ps i. A fte r  s ix  hours, no fu rth e r drop in  p ress u re  was noted. A  

to ta l of 3 .1  p s i.( 102%) of hydrogen was absorbed. A fte r  rem oving the 

cata lyst, the solution was evaporated to dryness, leaving  the p y r id y l 

propionic acid  as a viscous ye llow  res idue. Th is  m a te r ia l was taken  

up in  10 m l. of absolute ethanol, 35 m l. of benzene was added, along  

w ith  th ree drops of concentrated s u lfu ric  ac id , and the resu lting  

homogeneous solution was re flu xed  under a  D e a n -S ta rk  tra p  u n til no 

m o re  low er (aqueous) la y e r  co llected. M o st o f the solvent was rem oved  

in  vacuo, and the residue was taken up in  w ate r; the solution was c a re ­

fu lly  bas ified  w ith  solid  sodium carbonate and ex trac ted  four tim es  w ith  

e th er, A fte r  drying  over MgSO^, the e ther was evaporated and the r e s i ­

due d is tille d  to give 5. 82 g. (71. 6%) of the m eth y lp yrid y lp ro p io n ic  es te r  

(C IX )b .  p. 1 3 7 -1 4 0 * /0 .7  m m .

The p ic ra te , p rep ared  in  95% ethanol and re c ry s ta lliz e d  fro m  the 

sam e solvent had m . p. 145-146*.

The p rep a ra tio n  o f the p y r id y la c ry lic  ac id  m entioned above is  s im i­

la r  to that used by R ied  and K e lle r  (46) in  the synthesis of 2 -p y r id y l-  

a c ry lic  acid .
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Qu.aterniza.tion o f e th y l- 3 - (6 '-m e th y l-2 1 -p y r ld y l) -p ro p io n a te (C IX ) 

w ith  a -b ro m o  esters : A . A  m ix tu re  o f 2. 9 g- (0. 015 m o le ) o f the e s te r  

(C IX ) and 3. 5 g. (O' 021 m o le ) of e thy l a -b ro m o ace ta te  (C X ) was heated  

a t 110* under n itrog en  fo r  th ree  days. Excess brom oacetate was rem oved  

in  vacuo and the resu ltin g  red  gum m y q u a te rn a ry  sa lt (C X I)  used d ire c tly  

in  attem pted cyc liza tio n  reactions w ith  sodium ethoxide and potassium  

m eta l.

In  another run, using the sam e quantities of reagents as above, the 

quaternary  sa lt was taken up in  w a te r, extrac ted  w ith  e ther to .rem ove  

the excess s tarting  m a te r ia l,  and t itra te d  w ith  0 .0 0 9 4 3 N  s ilv e r  n itra te .

A t the p o ten tio m etric  end-po int, 1 .1 5  m l. of the standard solution had 

been consumed, corresponding to 72. 3% quatern izatio n .

W ashing the crude q u a te rn ary  s a lt obtained above w ith  s e v e ra l p o r­

tions of acetone le ft  a  s m a ll am ount of w hite c ry s ta ls , but th is  m a te r ia l  

proved to be too hygroscopic fo r  p u rific a tio n .

j3. Heating 0. 4 g. (2. 07 m m o le ) o f the p yrid y lp ro p io n ic  e s te r (C IX )  

w ith 0. 45 g. (2. 5 m m o le ) of ethyl a -b ro m o p ro p io n ate , as above, fo llow ed  

by ex trac tio n  w ith  w a te r, le ft  a  n e a rly  co lo rless  solid  which did not con­

ta in  n itrogen (p o ly a c ry la te -? ). T rea tm en t o f the aqueous solution w ith  

alcoholic  p ic r ic  ac id  gave 0 .6 1  g. (72 .6% ) of the p ic ra te  o f the s tarting  

m a te r ia l (C IX ), m . p. and m ixed  m . p. 144-146*.

E th y l 6 -m eth y lp ico lin o y lacc ta te  (C X II I ) : A  suspension of d ry  sodium  

ethoxide, fro m  4. 35 g. (0 .1 5  m o le ) o f sodium  m eta l, in  150 m l. o f d ry  

benzene, was p rep a re d . To  th is  was added a  m ix tu re  o f 16. 5 g. (0 .1 0  

m ole) cf e thy l 6 -m eth y lp ico lin a te  (43) and 17. 6 g. (0 .2 0  m o le ) of ethyl
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acetate, w ith  vigorous s t ir r in g . The add ition  o f the e s te r m ix tu re  was 

com pleted in  45 m inutes; only neg lig ib le  heating occurred . The resu ltin g  

orange suspension was re flu xed  gently fo r  one hour, then allow ed to  cool 

and s t ir  overn ight. The reac tio n  m ix tu re  was poured into  100 m l. of 

ic e -w a te r  containing 9 m l- of acetic  acid , the tw o-phase m ix tu re  was 

separated and the aqueous la y e r ex trac ted  s e v e ra l tim es  w ith  e th er.

A fte r  dry ing , the vo la tile  solvents w ere  rem oved in  vacuo and the r e s i ­

due d is tille d  to give 14. 29 g. (68. 8%) o f the d es ired  f)-ke to  e s te r (C X III) ,  

b. p. 1 1 7 -1 2 3 * /0 .4  m m .

The p ic ra te  was p rep ared  and re c ry s ta lliz e d  fro m  95% ethanol, m . 

p. 1 2 9 -1 2 9 .5 *  d.

A n a l.:  C a lc , fo r C 1?H 16N 40 1(): C . 4 6 .7 9 ; H , 3 .70 ; N , 1 2 .8 4 .

Found: C, 4 6 .9 2 ; H , 3 .82 ; N , 1 2 .9 0 .

F re s h ly  d is tille d  keto  es te r (CX1I1) was d a rk  orange. The co lo r  

faded rap id ly  a t room  tem p era tu re  to lig h t ye llo w , and fre e z in g  the sam ple  

in  the ic e -c h e s t gave co lorless needles a fte r  s e v e ra l days.

E th y l 3 -h y d ro x y -3 -(6 * -m e th y l-2 1-p ip e rid v D -p ro p io n a te  hydroacetate  

(C X IV ): A solution of 10. 36 g. (0. 05 m o le ) of e thy l 6 -m e th y lp ic o lin o y l-  

acetate (CX111) in  100 m l. of g la c ia l ace tic  ac id  containing 0 .7 5  g. of 

platinum  dioxide was hydrogenated overn ight a t an in it ia l  p re s s u re  of 

48. 5 p s i. A  p ressu re  drop of 1 4 .2  p s i. was noted, corresponding to 98% 

of the th e o re tic a l. A fte r  f ilte r in g  the ca ta lys t, the co lo rless  solution was  

evaporated to a viscous ye llow  liq u id . T r itu ra t io n  w ith  d ry  e th e r, fo l­

lowed by f ilt ra t io n  gave 1 1 .9 0  g. (86 .5% ) o f the d e s ired  aceta te  s a lt of 

C X IV  as a w hite pow der, m . p. 1 2 8 .5 -1 3 0 *.
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The p ic ra te  was p rep ared  in  aqueous alcohol and re c ry a ta llis e d  sev­

e ra l tim es  fro m  25% ethanol and had m . p. 141. 5 -1 4 2 . 5*.

A n a l. : C a lc , fo r  C |y H 2^N^O^: C , 4 5 .9 4 ; H , 5 .4 4 ; N , 12. 61.

Found: C . 4 6 .2 0 ; H , 5. 38; N , 1 2 .6 8 . '

The fre e  base (C X IV ) was obtained by tre a tm e n t of 5 .5  g. of the ace ­

tate  sa lt w ith  excess saturated potassium  carbonate solution, ex trac ted  

into e ther and d is tille d , a fte r  d ry ing  the organ ic  ex trac ts  over MgSO^.

The y ie ld  of fre e  base, obtained as a  co lo rless  liq u id  of b. p. 1 1 4 -1 2 2 * /

0. 5 m m . , was 3 .1 2  g. (72. 6%). Th is  m a te r ia l showed in fra re d  absorp ­

tion  at 3250, 3450 (O -H ), 3160 (N -H )  and 1732 (e s te r C *  0) c m - 1 . The 

p ic ra te , m . p. 1 4 1 -1 4 2 .5 * , p rep ared  fro m  the fre e  base was id en tic a l 

w ith  that fro m  the acetate  sa lt, as shown by m ixed  m e ltin g  point d e te rm i­

nation.

1 -H v d ro x v - 3 -ketooctahvdropyrroco line  (C X V ): T re a tm e n t of 5 .5  g.

(0 .0 2  m o le ) of the p ip erid y lp ro p io n ic  e s te r (C X IV ) acetate  was tre a te d  

w ith  saturated  potassium  carbonate solution, as above. D is tilla tio n  o f the 

resu ltin g  basic product gave 2 .1 3  g (63%) o f a  som ewhat basic co lo rless  

liq u id  b. p . 1 5 4 -1 5 7 */0 . 5 m m . O nly tra ces  of the f r e e  base (C X IV )» b. p. 

ca. 12 0 */0 . 5 m m . was obtained in  this exp erim en t. The lac tam  (C X V )  

showed the fo llow ing e a s ily  assigned bands in  the in fra re d : 3400 (broad, 

O -H ) and 1685 (am ide C  *  0) c m " * . I t  a lso  fa ile d  to give a  p ic ra te .

D ie th y l 6 -m e th v l-2 -p y r id v le th v lm a lo n a te  (C X V T II): The fo llow ing p ro ­

cedure was patterned  a fte r  that used by Boekelheide, in  the p y r id y le th y la -  

tion  o f m alon ic  e s te r (44).
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Sodium (2. 3 g . , 0 .1  m ole) was d issolved in  25 m l. of absolute ethanol;

37. 5 g. (0 .2 3 5  m o le ) of d ie thy l m alonate was then added to  give a  s lig h tly  

tu rb id  solution. A  solution of 11. 9 g. (0 .1  m o le ) of 6 -m e th y l-2 -v in y lp y r i­

dine (45) in  20 m l. of absolute ethanol was slow ly added to the refhudng  

sadiom alonate solution, the resu lting  m ix tu re  was s t ir re d  a t  re f lu x  fo r  

eight hours, then cooled and ac id ified  w ith  d ilu te  hyd ro ch lo ric  acid . E x ­

tra c tio n  w ith  se v e ra l la rg e  portions of e th e r rem oved unreacted  m alon ic  

e s te r. The ac id ic  aqueous la y e r was n eu tra lis ed  c a re fu lly  w ith  so lid  so­

dium  bicarbonate and the resu lting  o il was ex trac ted  into  e th e r. A fte r  

drying  over MgSO^, the e ther was rem oved in  vacuo, and subsequent d is ­

t il la t io n  gave a fo re ru n  of unreacted 6 -m e th y l-2 -v in ly p y r id in e , fo llow ed  

by 10 .9 0  g. (39 .1% ) of the des ired  p y rid y le th y l m alon ic  e s te r (C X V II I)  as 

a pale ye llow  liqu id  of b. p. ! 5 5 -1 5 8 * /0 .7 m m .

The p ic ra te , p rep ared  in  93% ethanol and re c ry s ta llix e d  fro m  the 

sam e solvent, had m . p. 9 2 .5 -9 3 .5 * .

A n a l.:  C a lc , fo r C21H 24N 4O u : C , 4 9 .6 1 ; H , 4 .7 6 ; N , 1 1 .0 2 .

Found: C, 49*80; H , 5 .0 0 ; N , 1 0 .9 2 .

D ie th y l 2 - (6 ' -m e th y l-2 *  -p ip e rid y D -e th y lm a lo n a te  (C X IX ); A  solution  

of 8. 35 g. (0 .0 3  m o le ) of d ie thy l 2 - ( 6 ' -m e th y l-2 '-p y r id y l) -e th y lm a lo n a t 9  

(C X V II I)  in  75 m l. of g la c ia l acetic  ac id  containing 0 .7 5  g. o f p latinum  

dioxide cata lyst was hydrogenated overn ight a t an in it ia l  p re s s u re  o f 51 p s i. 

The fin a l p ress u re  was 4 4 .0  p s i . , so that 107% of the th e o re tic a l am ount o f 

hydrogen was absorbed. The cata lyst was rem oved and the solution evepo- 

ra ted  to a  s m a ll volum e. The fre e  base was lib e ra te d  by tre a tm e n t o f the 

residue w ith  an excess of cold saturated  potassium  carbonate solution and
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extrac ted  into  e ther. A fte r  d ry in g  o yer MgSO^, d ry  hydrogen ch loride was  

passed into the ether solution u n til i t  becam e strongly ac id ic . The p re c ip i­

tated p iperidy le thy lm alon ic  es te r (C X IX ) hyd ro ch loride  was f ilte re d  and 

washed w ith  d ry  e th er. The y ie ld  of h yd ro ch lo rid e , m . p. 129-131*, was 

8. 36 g. (87%).

The p ic ra te  was p rep ared  fo r ch a ra c te ris a tio n  in  the usual w ay. A fte r  

re c ry s ta llis a tio n  fro m  a  s m a ll volum e of 95% ethanol, i t  had m . p. 109*110*.

A n a l.:  C a lc , fo r C21H 30N 4O n : C, 49 -02 ; H , 5 .8 8 ; N , 10 .8 9 .

Found: C, 48 .89 ; H , 6. 03; N , 1 0 .6 0 .

2 -H y d ro x y -2 ,4, 6 -tr im e th y lq u in o lis id ln e  (C X X II I ) : A  solution o f 1 0 .0  g.

(0 . 04 m ole) o f 4, 4 -e th y le n e d io x y -2 -m e th y l- l- (6 1 -m e th y l-2 '-p y r id y l) -2 -  

pentanol (X V I I I )  in  100 m l. o f g la c ia l ace tic  ac id  containing 0 .8  g. of p la t i­

num dioxide was hydrogenated overn ight a t an in it ia l  p ress u re  o f 4 8 .5  ps i.

The to ta l p ressu re  drop was 9* 5 p s i . , corresponding to 109% ot the th e o re ti­

ca l uptake o f hydrogen. The ca ta lys t was f ilte re d , the so lution  evaporated  

to ca. 25 m l. and b as ified  w ith  saturated  potassium  carbonate solution. The  

resu ltin g  pale  ye llow  o il was ex trac ted  in to  e th er, d r ie d  over MgSO^ and 

d is tille d  to give 6 .8 5  g. (87. 3%) o f the quino lis id ine d e riv a tiv e  (C X X II I)  b. p . 

109- 111* 5* a t 0 .2  m m . Th is  is  s lig h tly  lo w er than that o f the s ta rtin g  m a ­

te r ia l  (X V II I ,  b. p. 1 1 7 -1 2 4 /0 .1 5 -0 .2 5  m m .). The product was a  co lo rless  

o il  which seems to be stable a t room  te m p e ra tu re , in  con trast to the s ta r t ­

ing m a te r ia l, which is  pale  ye llo w  and becom es m o re  h igh ly  co lored  on long  

standing. The product does not g ive a  p re c ip ita te  w ith  the N iG ^ -c a rb o n  d ie u l 

fide  reagent, showing the absence o f a  secondary am ine function. No a o lld  

d eriva tiv es  could be obtained.
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In  its  in fra re d  spectrum  (C G l^), the product (C X X II I)  had absorption  

peaks at 3490, 3310 and 3170 cm T*, a ttrib u ted  to fre e  O -H  and hydrogen-

bonded O  H  and N  H  groups. I t  showed no s ign ifican t absorption in

the C = 0 region.
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