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ferrocene. Recrystallization from hexane gave red crystals
m.p. 83-85°. Reported? 85°. Infrared maximum (carbonyl)
6.03 u.
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A series of heterocyclic ketols and their dehy-
dration products, which were of interest to us be-
cause of their cardiovascular and tranquilizing
properties, were prepared from the isomeric pyri-
dinecarboxaldehydes and several o-hydroxyaceto-
phenones. The use of conventional catalysts® such
as sodium hydroxide3—5 or piperidine®” which have
been employed in the condensation of heterocyclic
aldehydes and ketones generally gave rather poor
vields of the pyridalacetophenones. Frequently,
large amounts of intractable, oily by-products were
formed and only occasionally could any of the
corresponding ketols be isolated. It appeared prob-
able that the use of a basic catalyst, such asan ion-
exchange resin, in a heterogeneous reaction medium
might provide a more selective control over the
course of the reaction and permit isolation of the
desired ketols with a minimum of side reactions. In
recent vears a wide variety of reactions has been
catalyzed by both anionic and cationic exchange
resins®® and the absence of a large excess of strong
alkali is sometimes advantageous when sensitive
compounds are being prepared.
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We have found the strongly basic ion-exchange
resin Amberlite IRA-400 (OH~) in ethanol to give
primarily the heterocyclic ketols accompanied in
some instances by lesser amounts of the corre-
sponding  2’-hydroxyv-trans-pyridalacetophenones.
The ketols which lost the elements of water most
readily could not be isolated and were obtained
either as the ketol hydrochlorides or were con-
verted directly to their dehydration products. The
ketol hydrochlorides were dehydrated in good yields
to the corresponding pyridalacetophenones by
simply warming in aqueous solution or, in other
instances, by refluxing brieflv i concentrated
hydrochlorie acid. While this investigation!® was
under way Raut and Wender'! described the «,3-
unsaturated ketones derived from 2- and 3-pyridine-
carboxaldehyde and o-hydroxyacetophenone in the
presence of aqueous-ethanolic potassium hydroxide
and Corvaisier and Tirouflet®® reported the forma-
tion of the corresponding 2- and 4-ketols in the
presence of sodium methylate.

When 3-pyridinecarboxaldehyde and o-hydroxy-
acetophenone were condensed in the presence of
Amberlite IRA-400 (OH~) and ethanol both the
easily dehydrated ketol hydrochloride (2’,3-dihy-
droxy-3-(3-pyridyl)propiophenone  hydrochloride,
I) and the «,5-unsaturated ketone (2-hydroxy-
B-(3-pyridyDacrylophenone, Ia) were obtained.
Compound I was dehydrated to Ia upon recrystal-
lization from warm water or upon conversion to the
ketol base and recrystallization from methanol.

The condensation of 2-pyridinecarboxaldehyde
with o-hydroxyacetophenone under the same con-
ditions gave the stable ketol (2’,3-dihydroxy-3-(2-
pyridyl)propiophenone, II) and none of the de-
hydration product (2-hydroxy-g-(2-pyridyl)acrylo-
phenone, I1a) was isolated. Compound II, however,
was dehydrated to Ila by refluxing for a few
minutes in concentrated hvdrochloric acid. 4-
Pyridinecarboxaldehyde reacted like the 2-isomer
and with o-hydroxyvacetophenone gave only the
ketol (2',3-dihydroxy-3-(4-pyridyl)propiophenone,
I11). Thelatter was dehydrated to the «,8-unsatu-
rated ketone (2-hydroxy-8-(4-pyridyl)acrylophen-
one, ITTa) by refluxing in concentrated hydrochloric
acid or by heating with polyphosphoric acid. In the
presence of Dowex-3 (OH ™), a weakly basic¢ ion-ex-
change rexin, d4-pyridinecarboxaldehyde and o-
hydroxyacetophenone gave only a trace of the
ketol (111). When aqueous-ethanolic sodium hy-
droxide was used ax the condensation catalyst the
three  isomerie  pyridinecarboxaldehydes and o-
hydroxyacetophenone gave the corresponding py-
ridalacetophenones,

3 - Pyridinecarboxaldehyde and 2 - hydroxy - 3-
methoxyacetophenone in the presence of Amber-
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lite IRA-400 (OH~) and ethanol formed the ketol
(2',3 - dihydroxy - 3’ - methoxy - 3 - (3 - pyridyl)-
propiophenone, IV) but with 2-hydroxy-3,6-di-
methoxyacetophenone the «,8-unsaturated ketone
hydrochloride  (2-hydroxy-3,6-dimethoxy-8-(3-py-
ridyl)acrylophenone hydrochloride, Va) was the
principal product isolated from the reaction mix-
ture. Prolonging the reaction time served only to
convert a portion of Va to its cyclization product
[2 - (3 - pyridyl) - 5,8 - dimethoxy - 4 - chromanone,
Vb]. Compound IV also gave the cyclization prod-
uct  [2-(3-pyridyl)-8-methoxy-4-chromanone hy-
drochloride, IVb] upon treatment with concen-
trated hydrochloric acid. The reaction of 4-pyridine-
carboxaldehyde with 2-hydroxy-3,6-dimethoxy-
acetophenone in the presence of the resin, on the
other hand, paralleled that with o-hydroxyaceto-
phenone and gave the ketol (2’,3-dihydroxy-3’,6’-
dimethoxy - 3 - (4 - pyridyl)propiophenone, VI).
Benzaldehyde and o-hydroxyacetophenone in the
presence of Amberlite IRA-400 (OH~) gave both 2'-
hydroxychalcone and flavanone.

4 - Hydroxy - 4 - (2 - pyridyl) - 2 - butanone,
which had been obtained in 419, yield from 2-
pyridinecarboxaldehyde and acetone in the presence
of sodium hydroxide,® was prepared in 709, yield
when Amberlite IRA-400 (OH-) was used as the
condensation catalyst. The condensation products
derived from the isomeric pyridinecarboxaldehydes
with acetone and with acetophenone have been
investigated by Marvel and co-workers.*#5 These
authors reported the ease with which the isomeric
pyridyl ketols were dehydrated to increase as the
substituent position in the heterocvclic ring was
changed from 2 to 8 to 4. The differences were
correlated with inductive effects of the nitrogen
atom and with the ultraviolet spectra.!? In our
series it is of interest to note that the ketols derived
from 3-pyridinecarboxaldehyde and o-hydroxyace-
tophenone were more readily dehydrated than their
2- or 4-isomers. Pietrzyk and co-workers!® have
studied the basic strengths of vinylpyridines, which
may be viewed as simpler analogs of pyridalaceto-
phenones, and pointed out the opposing effects of
inductive and resonance forces. The enhanced res-
onance stabilization of 2’-hydroxypyridalaceto-
phenones when compared with their unsubstituted
analogs!? is shown by a bathochromie shift of 6~12
mp in the {rans-chalcone band!t of the ultraviolet
spectrum. Furthermore, the infrared spectra ex-
hibited carbonyl bands at approximately 1640 cm. !
which may be attributed to conjugated chelation of
the o-hydroxyacetophenone residue, ®
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Thus, dehydration of the 2’-hydroxyketols
appears to be controlled by resonance rather than
inductive forces; the electron-withdrawing effect
from the 2- and 4-positions of the pyridine ring by
the nitrogen atom!® opposes carbonium ion forma-
tion at the 2-carbon atom of the ketols and hinders
dehydration to the pyridalacetophenones.

EXPERIMENTALY

Preparation of the resin catalyst. Commercial Amberlite
IRA-400 (Cl-) was converted to the hydroxide cycle by
gently stirring for 1 hr. with an excess of 5% aqueous
sodium hydroxide solution. The resin was filtered off and
washed repeatedly with distilled water until the filtrates
were neutral. It was finally washed several times with
ethanol and stored in the damp state in the refrigerator.

2',8-Dihydrozy-3-(3-pyridylypropiophenone hydrochloride
(I). A solution of 10.7 g. (0.1 mole) of 3-pyridinecarboxalde-
hyde and 15.0 g. (0.11 mole) of o-hydroxyacetophenone in
100 ml. of ethanol and 20 g. of Amberlite IRA-400 (OH )
were stirred gently at room temperature for 24 hr. Keto
number titrations indicated that 809, of the aldehyde had
reacted after 3 hr. and that after 24 hr. 987, of the aldehyde
was consumed. The resin was filtered off and the clear, pale
yellow filtrate was evaporated under reduced pressure below
50°. The residual oil was taken up in 1.5N hydrochloric
acid and washed quickly with ether. Evaporation of the
ether gave 3.6 g. of unchanged o-hydroxyacetophenone
which was identified by its refractive index and infrared
spectrum. The aqueous acid solution, which began to crystal-
lize within a few minutes, was cooled in the refrigerator to
give 11.0 g. (39%) of fine, cream-colored crystals, m.p.
181-182° dec. The analytical sample was obtained colorless
without change in melting point when recrystallized from
methanol. An additional 1.1 g, m.p. 181-182° dec., was
extracted from the resin by washing with 1.5N hydrochloric
acid. The carbony! frequency exhibited a band at 1644
cm, ~1in the infrared spectrum.

Anal. Caled. for Ci,.H,NO:Cl: C, 60.11; H, 5.04; N, 5.01.
Found: C, 60.22; H, 5.10; N, 5.10.

2-Hydroxy-G-(3-pyridyl)acrylophenone (la). The aqueous
acid filtrate from which the ketol hydrochloride (I) had
crystallized was neutralized with sodium bicarbonate and
the precipitated oil was taken up in ether. Evaporation of
the solvent and trituration of the amorphous, yellow residue
with water gave 7.4 g. (339%) of a crystalline powder, m.p.
144-148°, Recrystallization from aqueous ethanol then
yielded bright yellow crystals, m.p. 149-150° (reported!'!
m.p. 161-162°). The ultraviolet spectrum exhibited a maxi-
mum at 305 mpu (e 22,600); in the infrared the carbonyl
band occurred at 1640 e¢m. ™!

Anal. Caled. for CiL:HNO:: C, 74.65; 1, 4.92; N, 6.22.
Found: C, 74.40; H, 5.22; N, 6.15.

2’ 8-Dihydrozy-3-(2-pyridyl)propiophenone (I1). A solu-
tion of 10.7 g. (0.1 mole) of 2-pyridinecarboxaldehyde and
15.0 g. (0.11 mole) of o-hydroxyacetophenone in 100 ml.
of ethanol and 20 g. of Amberlite IRA-400 (OH ~) was stirred
gently in an ice bath. The ice melted during the next 2 hr.
and stirring was continued at room temperature for 18 hr.
longer. The resin was filtered off and the pale ycllow filtrate

(16) R. A. Barnes, Pyridine and ils Derivatives, Part 1,
E. Klingsberg, ed., Interscience Publishers, Inc., New York,
1960, p. 12

(17) Melting points are uncorrected. Analyses and ab-
sorption spectra by Mr. E. R. Hoffmann and staff of these
laboratories. Infrared spectra were determined as potassium
bromide pellets with a Model 21 Perkin-Elmer spectro-
photometer and ultraviolet measurements were taken in
cthanol solution with a Model 14 Cary recording spcctro-
photometer.
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was distilled under reduced pressure below 50°. The cooled
liquid residue was taken up in 1.5N hydrochloric acid and
washed with ether. Neutralization of the aqueous acid solu-
tion with sodium bicarbonate precipitated a yellowish oil
which solidified in a short time. Recrystallization from
methanol gave 10.0 g (419;) of eream-colored crystals,
n.p. 109-110°. The colorless analytical sample was obtained
from heptane, m.p. 109-110° (reported®® m.p. 110°). The
carbonyl band occurred at 1644 ¢m.~! in the infrared spec-
trum.

Extraction of the resin with 1.5N hydrochlorie acid and
cooling of the extract gave the hydrochloride of II, m.p.
170-171° dec. Upon neutralization with sodium bicarbonate
the aqueous acid solution gave an  additional 1.5 g. of the
ketol, m.p. 108-110°.

2-H ydroxy-3-(2-pyridylucrylophenone (11a). A solution of
2.0 g. of the ketol (1) in 10 ml. of coned. hydrochloric acid
was refluxed for 3 min., cooled, and neutralized with sodium
bicarbonate. The deep yellow precipitated oil gradually
solidified. Reerystallization of the crude produet (1.8 g,
m.p. 80-84°) from aqueous methanol gave 1.4 g. (78%) of
fine, bright yellow needles, m.p. 99-100° (reported®* m.p.
101-102°). The ultraviolet spectrum exhibited a maximum
at 309 mu (e 21,600) and in the infrared the earbonyl band
occurred at 1635 em. ™!

2',8-Dihydrozy-3-(4-pyridyl)propiophenone (III). The
condensation of 5.4 g. (0.05 mole) of 4-pyridinecarboxalde-
hyde and 7.5 g. (0.035 mole) of o-hydroxyacetophenone in
the presence of 10 g. of the resin by the method employed
for compound II gave 5.5 g. (459%) of almost colorless
crystals, m.p. 143-146°. The analytical sumple melted at
148-149° (from cthanol; reporteds® m.p. 152°). The carbonyl
band occurred at 1638 c¢m.~! in the infrared spectrum.

Approximately the same yield of the ketol (IIT) was ob-
tained when the reaction was carried out in 609, ethanol.
When the recovered resin was extracted with 1.5N hydro-
chloric acid an additional 1.0 g. of III separated in the form
of its colorless hydrochloride, m.p. 206-207° (dec., from
ethanol). Upon neutralization with sodium bicarbonate an
aqueous solution of the latter gave III, m.p. 148-149°
(from ethanol).

2-Hydroxy-B-(4-pyridyl)acrylophenone (111a). (a) A
solution of 2.0 g. of the ketol (IIT) in 20 ml. of concentrated
hyvdrochloric acid was dehydrated by procedure (a) for the
preparation of compound IIa. Reerystallization of the
crude product (1.7 g.. n.p. 114-121°) from aqueous ethanol
gave 1.1 g. of long, vellow needles, m.p. 124-125°. The ultra-
violet speetrum exhibited a maximum at 202 mu (e 23,650);
in the infrared the carbonyl band occurred at 1640 em. !

Anal. Caled. for CLHuNOs: C, 74.65; H, 4.92; N, 6.22.
TP'ound: C, 74.68: H, 4.94; N, 6.08.

(b) One granof the ketol (11) and 25 g. of polyphosphoric
acid were heated at 100° with stirring for 5 min. The eolor-
less solid dissolved with the formation of a deep orange solu-
tion and upon dilution with water and neutralization with
sodiutn hydroxide it precipitated a yellow solid. Recrystalliza-
tion of the erude produet from ethanol gave 0.25 g. of bright
yellow needles, m.p. 124-125°,

2',3-Dihydrory-3'~methox y-3-(3-pyridylypropiophenone
(IV). A solution of 5.5 g. of 2-hydroxy-3-methoxyacetophen-
oneld and 3.6 g. of 3-pyridinecarboxaldebvde was condensed
in the presence of Amberlite IRA-400 (OH ) and ethanol by
the procedure cmploved for the preparstion of compound
IL. The colorless solid which separated (1.8 g, m.p. 170-
173° dee.) was obtained from aqueous cthanol as fine color-
less needles, mop. 173-175° dec.

Anal. Caled. for C.HisNO,: C, 65.92; H, 5.53; N, 5.13.
Found: C, 65.75; H, 5.00; N, 5.42.

2-(3-Pyridyl)-8-methoxy-4-chromanone hydrochloride (IVb).
When a solution of 100 mg, of compound IV in 2 ml, of coned.
hydroebloric acid was refluxed for 1 min, and allowed to

(18) W. Baker and A. R. Smith, .J
(1936).
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evaporate there remained a mass of colorless crystals, m.p.
235-236° (dec., from ethanol). The carbonyl band occurred
at 1690 em. ! in the infrared.

Anal. Caled. for C;HuNO;Cl: C, 61.75: H, 4.84. Found:
C, 61.80; H, 5.04.

2-Hydrozy-3,6-dimethoxy-3-(3-pyridyl)acrylophenone
hydrochloride (Va). A solution of 0.65 g. of 3-pyridinecar-
boxaldehyde and 1.0 g. of 2-hydroxy-3,6-dimethoxyaceto-
phenone!® in 10 ml. of ethanol was stirred gently for 24
hr. with 2.0 g. of Amberlite IRA-400 (OH ). The resin was
filtered from the orange solution and washed with ethanol.
Distillation of the combined filtrates under reduced pressure
on the steam bath left a deep orange liquid which was taken
up in dilute hydrochloric acid and washed with ether. Neu-
tralization of the aqueous acid solution precipitated an
orange semisolid which was dissolved in ether. The ether
phase was dried by shaking briefly with anhydrous magnesium
sulfate and acidified slightly by passing a stream of anhy-
drous hydrogen chloride over the surface of the solution.
The dense, deep red precipitate which separated (0.99 g.,
m.p. 229-231° dec.) was recrystallized from ethanol, m.p.
233-234° dee. The carbonyl band occurred in the infrared
at 1642 c¢cm.~!

Anal. Caled. for C;HisNO,Cl: C, 59.54; H, 5.31; N, 4.34.
Found: C, 59.47; H, 5.07; N, 4.41.

When the reaction time was extended to 72 hr., compound
Va and a colorless by-product were obtained in approxi-
mately equal yields. The colorless material [2-(3-pyridyl)-
5,8-dimethoxy-4~chromanone, Vb] melted at 173-174° (dec.,
from ether). It was insoluble in dilute sodium hydroxide solu-
tion and the carbonyl band occurred at 1695 em.™! in the
infrared.

Anal. Caled. for CisH;NO,: C, 67.36; H, 5.30; N, 4.91.
Found: C, 67.17; H, 5.44; N, 4.76.

2’,3-Dihydroxy-3',6'-dimethozy-3- (4 - pyridyl)propiophe-
none (VI). The condensation of 2.6 g. of 4-pyridinecarboxal-
dehyde and 4.9 g. of 2-hydroxy-3,6-dimethoxyacetophenone
by the procedure employved for compound II gave 0.5 g. of
colorless crystals, m.p. 124-125° (from ethanol).

Anal. Caled. for C;:HuNOs: C, 63.36; H, 5.65; N, 4.62.
Found: C, 63.30; H, 5.53; N, 4.75.

4-Hydroxy-4-(2-pyridyl)-2-butanone. A solution of 5.2 g
(0.05 mole) of 2-pyridinecarboxaldehyde in 100 ml. of ace-
tone was cooled in a Dry Ice bath and 10 g. of the resin was
added. The suspension was stirred gently for 24 hr. in the
cold and allowed to warm to room temperature. The resin
was filtered off and the filtrate was concentrated under
reduced pressure on the steam bath. The residue of pale
orange liquid, which solidified to an oily crystalline mass
(8.7 g.), was recrystallized from heptane to yield 5.4 g. (709%,)
of colorless ervstals, m.p. 75-76° (reported® m.p. 75.5-76°).

The hydrochloride melted at 120-121° (from ethanol-
othvl acetate).

Anal. Cualed. Tor CoHpNOLCl: C, 53.34; H, 5.97; N,
6.9L. Yound: C, 53.09; H, 6.00; N, 7.06.
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The reactions of N-bromomethylphthalimide
with various nucleophilic reagents have been re-



