[ConTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY,
MassacHUSETTS INsTITUTE OF TECHNOLOGY]

4-BENZYL-2,6-DIMETHYLPYRIDINE, 1-BENZYLISOQUINOLINE,
9-BENZYLACRIDINE, AND CERTAIN RELATIVES

ERNEST H. HUNTRESS anp ELLIOTT N. SHAW 1.2
Received April 13, 1948

In his work on the quaternary hydroxides of six-membered nitrogenous
heterocyclic bases formed from the corresponding quaternary halides by treat-
ment with alkali, Decker regarded those having an alkyl group in a- or y- relation
to the ring nitrogen (I) as in equilibrium with what he termed an “anhydro
base” (II). The hydroxides are generally colorless while the “anhydro bases”
are yellow or orange (1, 2).
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In the cases of a- and vy-(p-nitrobenzyl)pyridine (I, R = p-nitrophenyl) alkali
treatment of the methiodide salt gave a deep blue color (3, 4, 5). This un-
usually strong color has been attributed either to increased activation of the
methylene group or to aci-salt formation (3). No information is available as
to the effect on the color of the anhydro base of other substituents in the benzene
ring (R of II), or whether similar color phenomena accompany anhydro base
formation in other heterocyclic series such as the isoquinolines or acridines when
a p-nitrobenzyl group is the a- or 4- substituent, Some such cases have been
examined in the present work.

The hitherto unreported 4-benzyl-2,6-dimethylpyridine (VI) has been pre-
pared and various substituents introduced into the p-position of its benzyl radical.
Of these products, those which contain one or more nitro groups produce the
most marked color change under circumstances leading to anhydro base forma-
tion (Table I). A marked color change also accompanies anhydro base forma-
tion in the case of 1-(4-nitrobenzyl)isoquinoline (XVII) but the result is blood-
red (rather than blue). Similar treatment of 9-(4-nitrobenzyl)acridine (XXI),
however, gives only the yellow color usually observed from unsubstituted bases.

Under the usual conditions characteristic of Hantzsch condensation phenyl-
acetaldehyde condensed smoothly with two moles of ethyl acetoacetate and one

t This paper is constructed from part of a dissertation submitted by Elliott N. Shaw to
the Faculty of the Massachusetts Institute of Technology in May, 1943, in partial fulfillment,
of the requirements for the degree of Doctor of Philosophy.

2 Present address: The Squibb Institute for Medical Research, New Brunswick, New
Jersey.
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of ammonia in alcohol solution to give in excellent yield diethyl 4-benzyl-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (III). This was readily de-
hydrogenated by heating with sulfur (6) to diethyl 4-benzyl-2,6-dimethyl-
pyridine-3,5-dicarboxylate (IV). Saponification of this ester led to the salt
of a dibasic acid (V) which on distillation
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with lime in an inert atmosphere gave 4-benzyl-2,6-dimethylpyridine (VI).
Mononitration of this base yielded 4-(4-nitrobenzyl)-2,6-dimethylpyridine
(VII) in which the position of the nitro group was established by oxidation of
VII [through the intermediate 4-(4-nitrobenzoyl)-2,6-dimethylpyridine VIII]
to p-nitrobenzoic acid. Dinitration of VI or further nitration of VII yielded
the same dinitro derivative, which is presumed to be 4-(2,4-dinitrobenzyl)-2,6-
dimethylpyridine (IX). Reduction of VII with hydrogen and Adams’ catalyst
yielded 4-(4-aminobenzyl)-2,6-dimethylpyridine (X) which gave smoothly an
acetyl derivative (XI), or after diazotization and appropriate hydrolysis the
corresponding 4-(4-hydroxybenzyl)-2,6-dimethylpyridine (XII). On heating
with methyl iodide, the primary amino group of (X) was partially methylated
to 4-(4-methylaminobenzyl)-2,6-dimethylpyridine (XIII) which, however, was
characterized only as its compound with one mole each of methyl iodide and
hydrogen iodide (XIV).

TABLE I

MeTHIODIDES OF SUBSTITUTED 4-(R)-2,6-DIMETHYLPYRIDINES

R M.P. UNCOR. OF

! COLOR WITH ETHANOLIC
METHIODIDE, °C. i

COLOR

Benzyl..........oocoiiiiii. | 150.5-152.0 |  Pink ! Yellow
4-Nitrobenzyl .................... | 216-217 © Yellow ! Deep-blue
2 4-Dinitrobenzyl ................ J 210~211 . Yellow | Deep-blue
4. Acetamino ..................... i 193-194 ! White : Yellow
4-Methylamino ................... 195~196 : White | Yellow

The dehydrative cyclization of N-{8-phenylethyl)phenylacetamide with P;Os
(7) gave 1-benzyl-3,4-dihydroisoquinoline (XV), which upon dehydrogenation
over palladium (7) served as a source of 1-benzylisoquinoline (XVI). Although
both XV and XVI have previously been reported, our work led to the discovery
that upon distillation of XV over potassium hydroxide cleavage occurs with
resultant formation in excellent yield of both isoquinoline and toluene. Mono-
nitration of 1-benzylisoquinoline (XVI) was effected by elimination of water
from its nitrate salt and yielded 1-(4-nitrobenzyl)isoquinoline (XVII), in which
the position of the nitro group was established by oxidation to p-nitrobenzoic
acid. Dinitration of XVI led to a dinitro derivative (XVIII) in which the
positions of the nitro groups have not been established but may, doubtless, be
presumed to be o- and p- in the benzyl radical.

The conventional method (8) of heating together phenylacetic acid, diphenyl-
amine, and zinc chloride provided 9-benzylacridine (XIX), whose nitrate (XX)
readily dehydrated to 9-(4-nitrobenzyl)acridine (XXI), in whose structure the
position of the nitro group was demonstrated by formation of p-nitrobenzalde-
hyde on chromic acid oxidation. Oxidation of XXI gave the corresponding
ketone, to be regarded as 9-(4-nitrobenzoyl)acridine (XXII).
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EXPERIMENTAL
2,6-Dimethylpyridine Series

Diethyl  4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,6-dicarbozylate (III). Phenyl-
acctaldehyde (12 g. = 0.1 mole), ethyl acetoacetate (27 g. = 0.2 mole) in absolute ethanol
containing 1.7 g. (0.1 mole) of dry ammonia were mixed in a pressure bottle which was
scaled and stood at room temperature for 24 hours. Concentration of the aleoholic solution
gave 23.5 g. (719 yield) of yellow solid which, after recrystallization from 75% methanol,
gave colorless needles, m.p. 117-118° uncor.; recorded, 115° (9), 119° (6).

Diethyl 4-benzyl-2,6-dimethyl-3,5-dicarbozylate (IV). The dihydro compound (III,
above) (18 g.) mixed with sublimed sulfur (1.68 g.) was heated in a test tube at 200°, the
molten contents being efficiently stirred to facilitate evolution of hydrogen sulfide. Reac-
tion was generally complete in 30 minutes. The oily product from several runs in which a
total of 71 g. of dihydro compound had been used gave, upon fractionation, 57 g. (809,
vield) of pale yellow oil, b.p. 199-204° at 10 mm. On standing, or when seeded, the oil
golidified, and recrystallization from ethyl acetate gave transparent plates, m.p. 47.0-48.5°;
recorded, 46° (6).

4-Benzyl-2,6-dimethylpyridine-3,5-dicarbozylic acid (V). The diethyl ester (IV) (40 g.)
was saponified with potassium hydroxide (60 g.) in absolute ethanol (200 ml.). The solution
was refluxed for 5 hours, during which the yellow potassiumsalt gradually separated. After
filtration of this solid, additional material was obtained by concentration of the filtrate.
Subsequent crops of salt became increasingly hygroscopic due to contamination with free
alkali, making exact determination of yield impracticable, but the hydrolysis appears to be
quantitative. This economical and convenient method of isolation is preferred to that of
precipitation by addition of large volumes of ether (10).

The salt so obtained was dissolved in water and made neutral to litmus. Upon addition
of two equivalents of 12 N hydrochloric acid, a white precipitate formed and redissolved in
the hot solution. After decolorizing with charcoal and cooling, the acid was obtained as a
white solid, m.p. 257-258° uncor., with evolution of carbon dioxide.

Anal. Cale’d for C,sH ;s NO,: N, 4.91; Neut. Equiv., 142.5.

Found: N, 4.98, 5.16; Neut. Equiv., 138.

4-Benzyl-2,6-dimethylpyridine (4-benzyl-2,6-lutidine) (VI). The acid (V) was decar-
boxylated by heating its dipotassium salt (10 g.) with ealcium hydroxide (20 g.}. A combus-
tion tube of Corning 172 Pyrex tubing (19 mm. inside x 25 mm. outside diameter) supported
horizontally in a V-shaped trough and heated with three burners served very satisfactorily
after ordinary Pyrex tubing had been found insufficiently heat-resistant. A passage was
left along the top of the charge to permit free flow of gases. After flushing out the charged
tube with nitrogen, full heat was applied, the top of the tube being covered with asbestos
board. The distillate was condensed in a flask cooled by flowing water. Accumulated dis-
tillates from potassium salt obtained from 48 g. of phenylacetaldehyde were combined, dried
in ether over potassium hydroxide and fractionated, giving 24 g. of 4-benzyl-2,6-lutidine,
b.p. 167-169° at 17 mm., n 5 1.5686 as a colorless oil with pale yellow-blue fluorescence. This
result represents a 30% over-all yield from phenylacetaldehyde.

4-Benzyl-2,6-lutidine picrate. Orange rods, m.p. 142-143° uncor.

Anal. Cale'd fOI' Con15N407 (i.e., CnHmN'CsH;NsOﬂ : N, 13.15.

Found: N, 12.9, 13.2.

4-Benzyl-2,6-lutidine methiodide. Lustrous pink or yellow flakes from alcohol-ether,
m.p. 150.5-152.0° uncor.

Anal. Cale’d for CmHmIN (1:.8., CuHuN‘CHaI)I N, 413, I, 37 4.

Found: N, 4.50; I, 37.9.

4-(4-Nitrobenzyl)-2,6-dimethylpyridine (VII). 4-Benzyl-2,6-lutidine (VI) (10 g.) was
shaken in a separatory funnel with 30 ml. of 2 N nitric acid saturated with sodium nitrate.
The lower aqueous layer was drawn off and the upper layer (presumably the base nitrate)
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was shaken with ether (20 ml.), then added dropwise with stirring to concentrated sulfuric
acid (35 ml.) cooled in an ice-bath. The sulfuric acid solution was brought to 50° for 5
minutes, poured onto ice, made neutral with sodium carbonate, and extracted with benzene.
Decolorization and evaporation of the solvent gave a crude product, m.p. 132-135°;
recrystallization from alcohol with addition of water gave (40% yield) white needles of m.p.
135.5-136.5° uncor.

Anal. Cale’d for CHN;0,: N, 11.6. Found: N, 11.5, 11.6.

4-(4-Nitrobenzyl)-2,6-dimethylpyridine methiodide. Yellow crystals from ethanol, m.p.
216-217° uncor.

Anal. Calc’d for CanINzOz: N, 728, I, 33.1.

Found: N, 7.40;1,33.4.

4-(4-Nitrobenzoyl)-2,6-dimethylpyridine (VIII). A small sample of the above nitro com-
pound (VII) (0.55 g.) suspended in boiling water (40 ml.) was slowly treated with
5% aqueous potassium permanganate, each addition of oxidant being made only when its
predecessor had been almost consumed. The total time involved was 22 hours, after which
the excess permanganate was decolorized with ethanol and the hot solution filtered. From
the aqueous filtrate on cooling, and from benzene extraction of the manganese dioxide cake,
there was obtained 0.2 g. of the desired ketone.

Anal. Cale’d for C H2NO;: N, 10.95. Found: N, 10.8,10.9.

From the aqueous filtrate on concentration and acidification there was also obtained 0.11
g. of p-nitrobenzoic acid, m.p. 235-236°, alone or mixed with an authentic sample.

4-(4-Aminobenzyl)-2,6-dimethylpyridine (X). A solution of 4-(4-nitrobenzyl)-2,6-luti-
dine (VII) (3.43 g.) in 959 ethanol (70 ml.) together with platinum oxide (47 mg.)
was shaken with hydrogen at atmospheric pressure and room temperature. After the theo-
retical amount of hydrogen for reduction of the nitro group had been taken up, rate of ab-
sorption of gas sharply decreased. After filtering off the catalyst and evaporating the sol-
vent, there remained 2.8 g. (93% vyield) of product recrystallization of which from 409,
methanol gave colorless needles, m.p. 132-133° uncor.

Anal. Cale’dfor Ci HieN2: N,13.2. Found: N,13.0,13.4.

4-(4-Acetaminobenzyl)-2,6-dimethylpyridine (XI). This was obtained from the above
base (X) with acetic anhydride; m.p. 145-146° uncor.

Anal. Cale’d for CqusNgOZ N, 11.0. Found: N, 109, 11.0.

4-(4-Acetaminobenzyl)-2,6-dimethylpyridine methiodide. White crystals from ethanol,
m.p. 193-194° uncor.

Anal. Cale'd for CyH»IN,O: N, 7.07. Found: N, 7.78.

4-(4-Methylamino)-2,6-dimethylpyridine methiodide hydriodide (XIV). 4-(4-Amino-
benzyl)-2,6-dimethylpyridine (0.5 g.) with methyl iodide (4 ml.) in a sealed tube at 90° for 6
hours effected monomethylation of the amino group, subsequently quaternizing on one
nitrogen and forming the hydriodide salt on the other. The product (0.3 g.) formed white
erystals, m.p. 195-196° uncor.

Anal. Cale'd for CmHnIzNz: C, 387; H, 4.44.

Found: C, 38.4, 38.7; H, 4.55, 4.72.

4-(4-Hydrozybenzyl)-2,6-dimethylpyridine (XII). Diazotization of 4-(4-aminobenzyl)-
2,6-lutidine (X) (0.7 g.) was carried out in 16% sulfuric acid (40 ml.) by addition at 0° of
sodium nitrite (0.23 g.) in water (5 ml.). More water (20 ml.) was added and the solution
heated for 2 hours at 100°. The solution was made alkaline with sodium carbonate and ex-
tracted with ether. Evaporation of the ether gave a solid which, after purification from
alcohol by addition of water, gave 0.4 g. (57% yield) of product which was finally raised to
m.p. 163-164° uncor.

Anal. Cale’d for C1HsNO: N, 6.58. Found: N, 6.66, 6.66.

4-(2, 4-Dinitrobenzyl)-2,6-dimethylpyridine (IX). 4-Benzyl-2,6-lutidine (VI) (3 g.) dis-
solved in concentrated sulfuric acid (17 ml.) was treated dropwise with fuming nitric acid
(1.5ml., d, 1.5) with cooling. After two hours at room temperature the solution was poured
onto ice, made alkaline with sodium carbonate and extracted with benzene. Concentration
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of the solvent gave 2.2 g. (50%, yield) of product which on recrystallization from benzene
gave white needles, m.p. 139.5° uncor.

Anal. Cale’d for CiHisN3O4: N, 146, Found: N, 14.1, 14.2.

The melting point of this compound was not depressed when mixed with the product of
treatment of 4-(4-nitrobenzyl)-2,6-lutidine (0.25 g.) in concentrated sulfurie acid (5 ml.)
with concentrated nitric acid (0.4 ml., d, 1.42) at 70° for 1 hour, followed by usual isolation.

4-(2, 4-Dinitrobenzyl)-2,6-dimethylpyridine methiodide. Yellow crystals from ethanol,
m.p. 210-211° uncor.

Anal. Cale’d for C;HIN;O4: N,9.79. Found: N, 10.2.

Isoquinoline Derivatives

1-Benzyl-8, 4-dihydroisoquinoline (XV). This base was obtained from N-{2-phenyl-
ethyl)phenylacetamide (11), m.p. 92-93° uncor. by dehydrative cyclization essentially ac-
cording to Spith (7). The amide (20 g.) dissolved in boiling tetralin (400 ml.) was treated
with phosphorus pentoxide (40 g.); after 15 minutes a second equal portion (40 g.) of phos-
phorus pentoxide was added and boiling continued for 15 more minutes. The tetralin was
decanted from the brown residue, to which water was then very carefully added. All of the
solid was finally dissolved with a total of 300 ml. of water. A second layer of tetralin was
then removed and the phosphoric acid layer extracted with ether to remove the last traces.
By neutralizing the acid solution with solid sodium hydroxide the dihydro base was
liberated as abrown oil. After drying in ether over potassium hydroxide fractionation gave
the base (15.5 g., 84% yield), b.p. 195-198° at 2 mm., n5 1.6167. The corresponding picrate
showed m.p. 173.5-175°; recorded, 182° uncor. (11), 173-175° (7), 174-175° (12).

When the ether extract from a ring closure such as described above was distilled from
potassium hydroxide pellets, an unexpected cleavage occurred with formation of iso-
quinoline and toluene in good yield, as shown in the following example. Half of the ether
golution from a typical eyclization on distillation without potassium hydroxide gave 8.9 g. of
3,4-dihydroisoquinoline. The other half was concentrated over potassium hydroxide pel-
lets in a Claisen flask from which (after ether removal) raising of bath temperature to 200°
caused distillation over about an hour of a colorless liquid. Refractionation of this
material gave 2.5 g. of toluene, b.p. 107-110° confirmed by neutral permanganate oxidation
to benzoic acid. Reduection of pressure to 5 mm. then yielded a second distillate (3.8 g., b.p.
95° at 5 mm.) which was shown to be isoquinoline by preparation of the correspond-
ing methiodide and picrate and direct comparison with authentic samples. The picrate was
also confirmed by satisfactory analyses for nitrogen and for neutralization equivalent.

1-Benzylisoquinoline (XVI). Samples of 1-benzyl-3,4-dihydroisoquinoline (XV) were
dehydrogenated over palladium black at 190° as previously reported (7), yielding 1-benzyl-
isoquinoline, b.p. 160-162° at 2 mm.; corresponding picrate, m.p. 179-181° uncor. [recorded,
184-185° cor. (13), 184° cor. (14), 182° (7, 12), 182-184° (15), 176° (16)].

This base (1 g.) with methyl iodide (10 ml.) in a sealed tube at 100° for 10 minutes gave
benzylisoquinoline methiodide (1.8 g.) which recrystallized from alcohol as pale yellow crys-
tals, m.p. 220-231° uncor.; recorded 248° cor. (14).

Angl. Cale'd for CyH,IN: N, 3.88. Found: N, 4.02, 4.07.

1-(4-Nitrobenzyl)isoquinoline (XVII). 1-Benzylisoquinoline (XVI) (3 g.) was mono-
pitrated by essentially the same procedure used for 4-benzyl-2,6-lutidine (VI). The orange
oil comprising the crude product distilled at 218-220° at 1.5 mm. and gave 1.85 g. = 51%
yield. Subsequent solidification slowly occurred, after which reerystallization from dilute
ethanol yielded white needles, m.p. 85-86°.

Anal. Cale’d for CeH1:N20q: N, 10.6. Found: N, 10.7, 11.2.

After conversion of this compound to its methiodide and oxidation of a boiling aqueous
golution of the latter with potassium permanganate, there was isolated p-nitrobenzoie acid,
m.p. 233-235°, which did not depress the melting point of an authentic sample.

1-(2, 4-Dinitrobenzyl)isoquinoline (XVIII). 1-Benzylisoquinoline (XVI) (1.5 g.) was
dinitrated by solution in concentrated sulfuric acid (12 ml.) and treatment at room tempera-
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ture with concentrated nitrie acid (1.5 ml., d, 1.42). After standing for one hour, pouring
onto ice and working up there resulted 0.26 g. (129 yield) of crude product, recrystalliza-
tion of which from 509 ethanol gave yellow flakes, m.p. 160-162° uncor.

Anal. Cale’d for C¢H,;N3;O4: N, 13.6. Found: N, 13.4,13.8.

Acridine Derivatives

9-Benzylacridine (XIX). This material was prepared from phenylacetic acid, diphenyl-
amine, and fused zinc chloride by heating at 190-200° for 24 hours as described in the litera-
ture (8); yield 21%; from benzene it separated as vellow crystals, m.p. 174-175° uncor.; re-
corded 173° (8, 17).

9-Benzylacridinium nitrate (XX). 9-Benzylacridine, on boiling with 3 N nitric acid for
10 minutes did not dissolve, and the only apparent change was an increase in the hardness of
the yellow solid. Reecrystallization of the material by solution in glacial acetic acid and
reprecipitation with dry ether gave vellow needles of 9-benzylacridine nitrate, m.p. 167-
168° uncor.

Anal. Cale'd for CpoHieN,Os: N, 8.44. Found: N, 8.38, 8.40.

9-(4-Nitrobenzyl)acridine (XXI)., 9-Benzylacridinium nitrate (XX) (1.68 g.) was dis-
solved in concentrated sulfuric acid (20 ml.). The solution was brought to 50°, poured over
ice, and made alkaline with concentrated ammonium hydroxide. The resultant pink solid
was separated, dissolved in boiling absolute ethanol (110 ml.), decolorized with carbon, and
reprecipitated by addition of water (40 ml.) as lustrous golden flakes, 1.4 g. = 75% yield,
m.p. 195-198° uncor.

Anal. Cale’d for CyHisNO2: N, 8.92. Found: N, 9.16, 9.24.

9-(4-Nitrobenzyl)acridine methiodide. 9-(4-Nitrobenzyl)acridine (0.2 g.) with methyl
iodide (10 ml.) in a sealed tube heated for 20 minutes gave deep red rods of quaternary salt
(0.12 g.) which did not melt up to 250°. The yield was not increased by longer
heating. The salt was sparingly soluble in water but gave an immediate precipitate with
silver nitrate solution.

Anal. Cale’d for CaH17INO,: I, 27.9. Found: I, 28.0.

9-(4-Nitrobenzyl)acridine (XXII). 9-(4-Nitrobenzyl)acridine (0.5 g.) in glacial acetic
acid (10 ml.) containing sodium dichromate (0.4 g.) was refluxed for 2 hours. Water (40
ml.) was then added, precipitating a gummy solid which on recrystallization from alcohol
gave yellow crystals (0.01 g.), m.p. 226-228° uncor.

Anal. Cale’d for C3H;2N,Oy: N,8.53. Found: N, 8.61.

Unlike the isomeric nitroacridones (18) this material gave no color with alcoholic alkali.

('AMBRIDGE 39, Mass.

SUMMARY

1. A hitherto unreported base, 4-benzyl-2,6-dimethylpyridine, has been syn-
thesized and characterized.

2. The color reactions produced by alcoholic alkali upon the quaternary
salts of 4-(4-nitrobenzyl)-2,6-dimethylpyridine, 1-(4-nitrobenzyl)isoquinoline,
and 9-(4-nitrobenzyl)acridine have been compared.

3. Including those above 20 new compounds have been characterized.

4. 1-Benzyl-3,4-dihydroisoquinoline, when distilled with alkali, has been
found to split into good yields of toluene and isoquinoline.
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