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Interaction of Alkyl Pyridines with Aldehydes
and Phthalic Anhydride

Sakti Pada Dutta, Auditi K. Acharyya and U.P. Basu

4-Ethylpyridine readily reacts with formaldehyde to form 2-(4"-pyridyl}propanol(I) andy-picoline with
cinnamio aldehyde afords 1-(4"-pyridyl)-2-hydroxy-4-phenyl- A3 -butylene (II) and 1-(4’-pyridyl)-4-phenyl-
batadicoe(III). (I) and (III) are easily oxidised to isonicotinio acid, whereas 4-ethylpyridine fails to react;
Y-piroline and 2, 6-lutidine condense with phthalic anhydride, catalyeed by fused rino chloride or acetio
anhydride to afford 4-pyrophihalone (VI), 8-methylpyrophthslone (1Y), and 2, §-bis-pyrophthalons {¥).

The physico-chemical characteristies of pyridine nucleus induce alkylpyridines to
react with aldehvdes to afford aldol like eondensation products'3. In an extended investi-
gation in this direétion it has now been possible to eondense 4-ethylpyridine with formal-
dehyde to afford 2- (4’-pyridyl) propanol (I) in e satisfactory yield and y-picoline with
einnamic aldehyde to furnish 1-(4'-pyridyl)-2-hydroxy-4-phenyl- A3-butylene (II). The
carbinol (I) in presence of hydrochlorie acid polymeriees to & resinous mass, possibly
through the intermediate formation of the torresponding stilbazole, but with moderately
dilute nitrie acid (I) is oxidised to isonicotinic acid. Under similar condition(II) the
compound also provides isonicotinic acid and cinnamic acid. Dehydration of compound (IT)
with acetic anhydride leads to formation of 1-(4’-pyridyl) -4-phenylbutadiene (I1I) which
can also he prepared by eondensing y-picoline with cinnamic aldehyde in presence of
acetic anhydride.

In another approach it was considered possible that 1-(4'-pyridyl)-4-pheny! butadiene
{IIT) on oyclisation would give rise to 4-(d4"-pyridyl)-1,2-dihydronaphthelene (I1Ia), Acoor-
dingly the butadiene (IIT}, m.p. 160°, was treated with polyphosphoric acid at 80° under
stirring for one hour to furnish product which waa purified by sublimation at 280°/5 m.m.p.
It hed m.p. 121°, ARQH 260my (loge, £.97), whereas compound {III} showed absorp-
tion maxima at 234 and 331 mp (loge, 4.04 and 4.64 respectively). The dihydronaphthalene
derivative formed was proved to be a mixture by TLC. The ease of cyclisation was hindered
possibly by-the irans configuration of the butadiene chain when compared with the favoured
cis configuration. Cyclisation of the open chain reduced the basicity to such an extent
that compound (IT1a) afforded a very unstable picrate. To obtain a pure naphthalene deriva-
tive, (IIIa) was subjested to dehydrogenation over Pd-C and also by sulphur but without
any succeas. During dehydrogenation strong emell of -picoline proved the existence of
on open chain in the oyolised product.

1. Moisenhsimer, Annalen, 420, 202.
2. Ladenburg, Ber., 1808, 22, 25683.
3. Dutts, & ol., unpublished work.
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Much information are available in literaturo regarding 2-pyrophthalone*$ con-
densation product of <-picoline and phthalic anhydride. In view of the relatively scanty
data about othor pyrophthalones, condemsation of y-picoline, 2,6-lutidine end d-ethyl-
pyridine with phthalio anhydride have now been studied. Whereas 4-athylpyridine fails
to reaot posaibly due to ateric hindrance, 2,8-lutidine furnishes two products, 8-methyl-2-
pyrophthalone (IV) and 2.6-bis-pyrophthalone (V), depending on the molecular propar-
tiona of the reactants, in presence of anhydrous zine chloride or acetic anhydride as cata-
lyst. In a similar way y-picoline affords 4-pyrophthalone(VI). The yields of these condensa-
tion products are comparatively fair in presonce of zinc chloride as a catalyst. A liquid
by-product (A) is obtained along with compound (VI) when y-picoline is condensed with
commeroial phthalie anhydride (contaminated with phthalic acid) or with phthalio acid
in presence of zine chloride and (A) s the main reaction produet in case of
phthalic acid.

These pyrophthalones are ingoluble in mineral acids and are resigtant to alkaline
hydrolysis. Caustic sods solution provides orange or red coloured orystalline salts which
on treatment with acetic acid afford the original condensation products. Acetio anhydride
in acetioc acid medium affords the corresponding acetyl derivatives. Nitrio acid oxidises
(V1) to isonicotinio acid and phthalic acid. The formation of (VI) can be utilised in separa-
tion of bets picoline from & mixture of beta gamma picolinea.

4. Huber, Her., 1003, 34, 165 .

5. Kuhn and Bar, Annalen, 1035, 518, 155.
8. Jacobssn and Reimer, Ber., 1883, 16, 2602.
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The properties of these pyrophthalones differ in a fow respects from thoso of
2-pyrophthalonoe(VIII) as found in literature. Huber! has olaimed to have isolated mono-
phonylhydrazone from 2-pyrophthalono. But now it has boen observed that 4-pyropntha-
lono and its analognes frum 2,6-lutidine de not aford phenylhydrazones or vximee. Kubhn
and Bar's? interpretation regarding the structure of 2-pyrophthelone is still now actopted.
According to Kuhn. {IX) & (X) are tautomoric forms of (VIII). (VII1) would presumably
bs oxidizedd to 2-pyTidone. Since 4-pyridone is not one of the products of oxidation and
beenuse of the facile formation of acetoxy dorivative, 4-pyrophthalonc seems to exist
in the tautomeric forms (V1) and (VII), though, however, no test for ketonic group could
bo achieved. From this structural analogy with 4-pyrophthalone it appears that other
pyrophthalones from 2.6-lutidines alse possibly exist in two tautomeric forms.
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The exact nature of the by-product (A) could not bs ascertanined but phthalic acid

seems Lo be the constituont part of its molecule. Further work is in progress regarding the
identification of the material.

EXPERIMENTAL

2-(4")-Pyridylpropancl (I) :—4-Ethylpyridine (5g.) asnd formalin (389, wjw, 16ml)
were thoroughly mixed and heated to brigk refluxing for 18 hours. The rcaction mixtura
was thon diluted with water (50 ml) and the unchanged 4- ethylpyridine was distilled.
The residual liquid was concentrated under reduced prossure on a water bath, distilled
under roduced pressure and the fraction boiling at 140°- 50°C/10mm was collected, yield
2.5 g. The material was characterised ae picrate, crystollised from ethanol in yellow needlea
m.p. 156°. (Found: N, 154, CgHI,,0H, C¢H,0,N, requires N, 15.3%)

1-{4")- Pyridyl-2-hydrozy-4-phenyl- A3 -butylene (1I}.—y-Picoline (0.3 g) and cinmamic
aldehyde (freshly distilled, 10 g.) were mixed and the mixture was heated in an oil bath at
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130°.40° for 16 hrs. The reaction mixture was then poured in ice and acidified with HCL
to pH 2.3. The oil, separated, was extractod with benzene and tho extra®t was washed
with water and driod with sodium sulphate. The oil (about 2 g.), left after removal of the
benzene, could not be distilled under vacuum. It was converted to its picrate from ethan-
olic solution in beautiful yellow needles, yield 2g., m.p. 152° (Found: N. 11.9. C,,H,,ON,
Ce¢HyN,O, requires N, 12.35,).

1-(4’)-Pyridyl-4-phenylbuladiene (111).— The preceding compound (II) (3.2g.) was
mixzed with acetic anhydride (6 ml) and wan haated to brisk refluxing on & sand bath for
6 hrs. Th> reaction mixture was then treated with icecooled water under stirring and
finally basified with ammcnia, The somisolid mass separating hocame solid on scratching.
It was filtered and crystallised from ethanol as light cream-coloured solid. The solid
was dried in vacuum over caloium chloride, m.p. 180-61°, vield 1.8g., (Found: N, 8.3.
C, H, N requires N. 6.8%).

Cyclisation of (III) with Polyphosphoric Acid.—Phosphorus pentoxide (32 g.} was
mixed thoroughly with phorphoric acid (22 ml.) and heated under rtirring on an oil bath
at 100° for 1hr. The reaction mixture was covled to the room temperaturs and compound
(IIT) (2.5g.) was added to it. The mixture was then heated under stirring at 80° for
1 hr., ocooled, and decomposed with icecold water, The solution wes adjusted to pH 7 with
dilute alkali when a light brown solid separated. It was filtered, washed with icecold
water and air dried. m.p. 121°-22°, vyiald 0.7 g. The solid could not be crystallived from
usual solvents and was proved to b2 a mixture by TLC, The compound furnighed & pic-
rate which was very umstable.

Ozidation of (1) to lsonicotinic Acid —Compound (I) (2.5g.) was mixed with 50%
nitrio (50 ml) in o flask fitted with an upright condenser and heated on a wira gauze to
brisk boiling. Oxidation took place with evolution of pitrous fumes. When the evolution
of nitrous fumes had subsided the mass was rafluxed for further 2 hr. and the excess of
nitric acid removed by distillation. The residual liquid (about 10ml) was dilubed with
water (10 ml) and vooled in ice and then the pH wae adjusted to 3.2—3.4 with dilute NaOH
solution. Isoniootinic acid separating was isolated by filtration and purified by orystal-
lisation, m.p. 316° (decomp.), yield 2g. mixed m.p. with an authentic sample was not de-
presused.

Compound (II) was oxidised exactly as above. Fruom the reaction mixture after
removal of excoss nitrie acid and dilution with water, cinnamie acid was isolated by cooling
in ico. From the filtrate isonicotinio acid was isvlated Ly adjusitment of pH as above.

6-Methyl-2-pyrophthalone (IV).—2,6-Lutidino (freshly distilled, bg.) phthalic anhy-
dride (purified by sublimation 3.8 g.) and zino chloride (fused, 1.2 g.) were mixed and heat-
od in an oil bath at 200° for 18 hr. Thereaction mixture wes then treated with water and
scratched, when it solidified. The solid was filtered and orystallised from dilate soetio
acid in fine orange crystals, m.p. 210° (decomp.), vicld 3g. (Found: N, 5.60. C, H, O,N
requires N, 5.909%,)

2,0-bis-pyrophthalone (V) was obtaified in fine orange yellow crystals, m.p. 180°18]*
(decomp.), exactly as (IV), using donble the quentity of phthalic anhydride for the same
amount of 2,8 lutidine as in (IV), (Found: N, 3.81. C,,H,,0,N requires N, 3.95%)
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Acelylatiom of 8-Methyl-2 pyropthalone—Mixture of 8-mcthyl-2-pyrophthalone (1 g
diatilled acetic anhydride (1 g.), and glacial acetio asid (6 ml) was hoated to reflux with
e amall fame ovor & wire gauge for 3 hr., affording a clear solution. The solid separating
on cooling was crystallised from acetio acid in fine yellow crysials, The original mothor
liquor on concentration provided a little more solid which wasalso crystallised from s-otis
acid. Total yield of solid-0.5 g.. m.p. 220° (Found: N. 4.8. C,,H,,0,N, requires N, 5.0%,).

Acetyl derivative of 2,8-bis pyrophthalone was propared exactly as ahove in orange
vellow Aaky crystals, m.p_ 211—12° (Found: N, 2. C,,H, ;06N requires N, 3.1%)

Formation of -t-pyrophthalone (Y1) was achieved in fino arange red crystals (from
glacial acotic acid). m.p. 318 -19° (decomp.) from the reaction mixture of y-picoline
(25 g.), phthalic anhydride (30 g.) and fused zino chloride (5 g.). following the procedure as
in (IV). yicld 32 g. (Found: N, 6.15. C,H,O.N requires N, 6.28%).

Tho m.p. of the acetyl derivative of (VI), prepared as in the case of othor two pyro-
phthalones. was 308-10° (Found: N, 5.3. C,gH,,0,N requires N, 5.26%,)

Formation of 4-Pyrophthalone (VI) and a Liquid Producl Designaled (4).—y-picoline
(distilled. 23g.), commercial phthalic anhydride (contaminated with phthalic acid. 30 g.),
and anhydrous zine chloride were mixed and heated in an oil bath at 200° for 18 hr. The
reaction mixture was cooled and treated with water and scratched; the solid separating was
filtered and fnally crystallised from glacial acetic acid to yield (VI), yiold 12 g., m.p.
318 -19° (decomp.); mixed m.p. with an authenbic sample of (VI) showed no depression,
The filtrate from the reaction mixture was adjusted to pIH-7 with alkali when an oil soparat-
ed (A, about B g.) which was converted to its hydrochloride with HCl (cont,) and finally
ceyatallised from water in beautiful yellow crystals, m.p. 205-206°, yield 10g. If v-picoline
(distilled 9.3 g.) and phthalic acid (16.6 g) were mixed and treated at the same tempernture
and for the same period of time as above and worked upexactly in the identical manner,
the main condensation product wae the oily liquid (A), yield 6 g. which was converted to
its hydraehlorido m.p. 205-206° (Found: Cl content, 1.8%,).

Oridalion of 4-Pyrophihalone lo Isonicolinic Acid.—4-pyrophthalone (16 g.) wase
added gradually to a boiling mixture of nitrio acid (35 ml, 70%, w/w) and water (28 ml)
end heated to reflux for 8 hr. From the reaction mixture phthalic acid separated on cool-
ing and the aqueous liquor after separation of phthalic acid (8 g.) was concentrated.
Adjustment of pH to 3.2 to 3.4 aflorded isonicotinic acid (fg. after crystallisation), m.p-
315°-16° (decomp.).

The authors acknowledge thoir thanks to Dr. D.N, Roy for helping in some experi-
mental work during this investigation.
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