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Quinoline 1-oxide (I) was found to react readily with N-acylmethylpyridinium salts
(IT) in the presence of acetic anhydride to give N-(x-acyl-2-quinolylmethyl)pyridinium
salts (III) in good yields, but no reaction was observed without acetic anhydride. Treat-
ment of benzoyl-adduct of quinoline 1-oxide (Ia) with II in the presence of acetic anhydride
also afforded III, but the yields of III were somewhat less compared with the former
procedure.

In previous papers of this series® it has been shown that quinoline 1-oxides react with
active methylene compounds in the presence of acetic anhydride and the corresponding 2-
substituted quinolines are produced in good yields accompanied by deoxygenation of the N-
oxide function. This reaction occurs smoothly with compounds of considerably high acidity
such as ethyl cyanoacetate and diethyl malonate efc., but no reaction was observed with
somewhat less reactive ones such as acetone, acetophenone, and cyclohexanone. This diffi-
culty, however, has been successfully overcome in some cases by modifying these ketones as
an enamine or enol ether; for example, enamines of cyclohexanone,® 1-ethoxycyclohexene,b
and 2-ethoxypropene? can readily enter into reaction with quinoline 1-oxides in the presence
of an acylating agent. In order to further widen the scope of this type of reaction, we tried
to enhance the reactivity of active methylene compound by introducing pyridinium residue
as an activating group.

The present paper describes the reactions of acyl-adduct of quinoline 1-oxide with N-
acylmethylpyridinium salts which are easily obtainable by the Ortoleva-King reaction,® of
acetophenone or other aroyl methyl ketones.

At first, the reaction of quinoline 1-oxide (I) and N-phenacylpyridinium iodide (IIb)
was examined in some detail. When a solution of I (0.01 mole), acetic anhydride (7'ml), and
IIb (0.01 mole) in acetonitrile was heated under reflux for 3 hours, and then the reaction
mixture was evaporated under reduced pressure followed by treatment with methanol and
20%, sodium perchlorate solution, N-(x-benzoyl-2-quinolylmethyl)pyridinium perchlorate
(IIIb) was obtained as yellow needles in 769, yield. On recrystallization from methanol it
melted at 229—230°. The structure of IIIb was confirmed unequivocally by the following
synthetic route; 2-phenacylquinoline® was brominated with bromine in dichloromethane?
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followed by treatment with pyridine in benzene to give N-(a-benzoyl-2-quinolylmethyl)pyri-
dinium bromide (IV), from which the corresponding perchlorate (IIIb) was obtained by
means of sodium perchlorate. It was further noticed that when a suspension of IIIb in ag-
ueous ethanol was heated with sodium carbonate solution on a water-bath, benzoyl group
readily underwent hydrolytic cleavage and benzoic acid and N-(2-quinolylmethyl)pyridinium
perchlorate (V)® were isolated on addition of perchloric acid.

Since I did not react with IIb without acetic anhydride and IIb was recovered as its
perchlorate (VI) even when dibutylamine was added as a proton acceptor,” the role of acetic
anhydride apparently essential for initiation of the reaction. Then, it was explored how the
reaction would be affected by the nature of acylating agent. A similar reaction of benzoyl
chloride-adduct of I (Ia), preliminary prepared from I and benzoyl chloride in acetonitrile,
with IIb resulted in formation of IIIb in very poor vield of 29,. However, further addition
of dibutylamine?® or acetic anhydridel® as a proton acceptor to the reaction medium caused to
raise the yield of ITIb to 17 and 739%,, respectively. Attempted reactions using tosyl chloride-
adduct of I was curiously unsuccessful even in the presence of acetic anhydride.

+..1) Ac.0,CH:CN, h
()] + PhCOCH,—Py'1 ) Ac20, CHiCN, heat
~ 2) NaCloO, CH P
T " o:
& Inb | IIIb COPh O
1
NaClO
O yrldme
N CH2COPh CH ~Br CH Py Br
COPh COPI*
IIIb anz(:()s
CH,-Py" ClO: + PhCOOH
VIib
@Nj + 1Ib Ilb + PhCOCH.-Py" ClO.
0
Cl~ OCOPh VI
Ia
reaction condition yield of IIIb and VI (%)
(1) CHLCN, heat 2 46
(2) NaClO, .
(1) (n-Bu),NH, CH,CN, heat 17 31
(2) NaClO,
(1) Ac;0, CHCN, heat 73 -
() NaClO,
~Py = -NO
Chart 1
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Subsequently, N-acetonylpyridinium chloride (ITa)5® was shown to react with I or its
benzoyl-adduct (Ia) in the same manner, giving N-(x-acetyl-2-quinolylmethyl)pyridinium
perchlorate (ITIa) after treatment with sodium perchlorate. In this case, the direct treat-
ment of I itself with ITa and an excess of acetic anhydride in acetonitrile (method A) gave
the fairly better result (859,) compared with an alternative one (method B) which involved
the addition of ITa and acetic anhydride to Ia (479%,).

Further, the similar reactions were carried out with other nine kinds of N-aroylmethyl-
pyridinium salts (IIc—k) using method A and B, and the corresponding N-(«-aroyl-2-quinolyl-
methyl)pyridinium compounds were successfully isolated as their perchlorates (IIIc—k) in
good to excellent yields.

Method A seems to be generally superior to method B both in the yield of product and
also as the practical procedure. The results are given in Table I, and some properties of IIL
are shown in Table II.

TasLe I. Reaction of Quinoline 1-Oxide (I) with N-Acylmethylpyridinium Salts (II)

(O] + RCOCH. -Py X- @@j_ o
@j x/-CH-PY' CIO,

N
| COR
1 0 11 111
Method A Method B
I R X Reaction Crude yield Reaction Crude yield
I(g‘é‘fel)l time  of 111 %‘;ﬁgf time  of TIT
(hr) g (%) (hr) 8 (%)
a Me cl 0.01 5 3.10 (85) 0.01 5 1.70 (47)
b KO- I 0.01 3 3.20 (75) 0.01 5 3.10 (73)
5 3.25 (76)

c c1<O)- I 0.005 3 2.18 (93) 0.005 3 1.87 (79)
d Br<O)- I 0.005 3 2.03 (81) 0.005 3 1.99 (79)
e Me<O)- I 0.005 3 1.40 (62) 0.005 3 1.12 (50)
f MeO<O)- I 0.005 3 1.33 (57) 0.005 3 0.86 (37)
g 0.N<XO- I 0.005 3 1.67 (71) 0.005 3 1.65 (69)
h 0 I 0.005 3 1.60 (71) 0.005 3 1.38 (61)

S 5 1.75 (78)
i [ﬂL“) I 0.005 5 1.80 (83) 0.005 5 1.52 (70)

0
j I 0.005 6 1.72 (73) 0.005 6 1.00 (42)

k I 0.005 6 1.79 (76) 0.005 6 1.70 (72)

@) N-(2-Furoylmethyl)pyridinium iodide(IIi) was synthesized from 2-acetylfuran (cf. Experimental).

For proof of the structures of the N-(a-acyl-2-quinolylmethyl)pyridinium compounds
(II), they were subjected to alkaline hydrolysis to N-(2-quinolylmethyl)pyridinium per-
chlorate (V) and the corresponding carboxylic acids (VII) derived from the acyl moieties
(Table III).

The infrared spectra of N-(x-acyl-2-quinolylmethyl)pyridinium perchiorate (I1Ta—k)
exhibited a strong absorption at 1630—1638 cm~! indicative of a chelated carbonyl group
(Table II). The ultraviolet spectra of Illa and IIIb have a maximum at 400 and 403 my,
respectively. From these observations it may be deduced that among three tautomeric
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Tasie [I. - Alkaline Hydrolysis of N-(a-Acyl-2-quinolylmethyl)—
pyridinium Perchlorates (III)

O i Na, COs O _
</ —CH-Py’ ClO, | x/~CH.-Py ClO< + RCOOH

|
COR

11 \Y VII
R vi Yield of
0

Appearance mp (°C) Yield (%) V(%)
a Me — — — 63
b @— colorless plates 121—122 25 93
c Cl . colorless plates 234—235 20 70
d Br<O> colorless plates 250—251 75 47
e Me<O)>- colorless needles 176—178 60 62
f MeO~<O>- colorless plates 181—182 66 56
g 0: N@— colorless plates 233—235 90 87
h @L colorless plates 126—127 47 69
i Hgﬂ_ colorless plates 129—131 71 63
j colorless plates 182—183 64 81
k @@a) colorless plates 157—158 75 9

a) 109 NaOH was used in place of Na,CO; solution.

structures of III (III-A, III-B, and III-C), the chelated enaminic form, III-C is the predom-
inant one quite similarly to the cases of quinaldyl ketones (VIII), the structure of which will
be discussed in the following paper.

mCH Py X @Nlc/f)y X @C/Py X

H C
Il — A N /
m II-B III-C
N~ CH:COR Py=-X()>, X'=clo,
VIII
Experimental't)

N-(a-Benzoyl-2-quinolylmethyl)pyridinium Perchlorate (IIIb) Method A: A mixture of quinoline:
1-oxide (I) (1.45 g), Ac,O (7 ml) and N-phenacylpyridinium iodide (IIb) (3.8 g) in CHCN (50 ml) was refluxed
for 3 hr. The solvent was removed % vacuo and the residue was dissolved in MeOH (50 ml), to which was.

11) All melting points are uncorrected.
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added a solution of NaClO,-H,O (2 g) in H,O (30 ml), and the whole was cooled for several hours in an
ice-bath. The resultant precipitates were filtered and washed with CHCl; to give 3.2 g (756%,) of crude
IITb (mp 212—214°). Recrystallization from MeOH afforded pure IITb, yellow needles, mp 229—230°,
which was identified by admixture with a specimen synthesized as described below. UV A3%5°" mu (log
£): 228 (4.45), 260 (3.94; shoulder), 291 (3.92), 390 (3.83; shoulder), 403 (3.88), 425 (3.81).

Method B: To a solution of I (1.45 g) in CH,CN (50 ml), PhCOCI (1.7 g) was added under ice-cooling.
After standing for 30 min at room temperature, IIb (3.3 g) and Ac,O (5 ml) were added and the mixture
was refluxed for 5 hr. Processing as the foregoing experiment gave 3.1 g of IIIb (73%).

Synthesis of IIIb from 2-Phenacylquinoline To a refluxing solution of 2-phenacylquinoline®) (1.2 g)
in CH,CI, (30 ml), a solution of Br, (0.8 g) in CH,CI, (10 ml) was added dropwise over 20 min, and refluxing
was continued further 10 min.® After cooling the reaction mixture was washed with H,O, the organic
layer was dried over Na,SO, and evaporated. The residue was dissolved in benzene (30 ml), to which was
added pyridine (0.5 g), and heated under reflux for 2 hr. The resultant precipitates were recrystallized
from EtOH gave 0.96 g of N-(«-benzoyl-2-quinolylmethyl)pyridinium bromide (IV), yellow prisms, mp
215—216°. Anal. Calcd. for Cy,H,;,ON,Br+H,0: C, 62.43; H, 4.52; N, 6.62. Found: C, 62.51; H, 4.34;
N, 6.70. IR »%5': 1631 cm~1, Perchlorate (IIIb): Yellow needles, mp 228—229°. Awnal. Caled. for
C,,H,,O,N,Cl: C, 62.19; H, 4.03; N, 6.60. Found: C, 62.43; H, 4.30; N, 6.88.

Reaction of Benzoyl Chloride-Adduct of Quinoline 1~Oxide (Ia) with IIb a) To a solution of I (0.36 g)
in CH,CN (30 ml), PhCOCI (0.4 g) was added under ice-cooling. After standing 30 min at room tem-
perature, I1Ib (0.81 g) was added and the mixture was refluxed for 3 hr. The solvent was evaporated under
reduced pressure and the residue was dissolved in MeOH, to which was added a solution of NaClO,-H,0
(0.5 g) in H,O (5 ml), and the whole was kept standing in a refrigerator overnight. Recrystallization of the
resultant precipitates from MeOH gave 0.34 g (46%,) of N-phenacylpyridinium perchlorate (VI), colorless
leaflets, mp 188—189°. The materials from the methanolic mother liquor were recrystallized from EtOH
to yield 0.02 g (2%, of I1Ib.

b) To a solution of Ia prepared from 0.7 g of I and 0.8 g of PhCOCI in CH;CN (50 ml) as described
above, ITb (1.62 g) and dibutylamine (0.8 g) were added, and the mixture was refluxed for 3 hr. On similar
working up, 0.46 g (319%,) of VI and 0.36 g (17%) of IIIb were obtained.

N-(a-Acetyl-2-quinolylmethyl)pyridinium Perchlorate (IIla) Method A: A solution of I (1.45¢g),
N-acetonylpyridinium chloride’® (Ila) (1.7 g) and Ac,O (5 ml) in CH,CN (30 ml) was heated under reflux
for 5 hr, and processed as described in the case of IIIb to give 3.10 g of crude IITa, which was purified on
recrystallization from MeOH to yellow needles of mp 203—204°. UV A%ZF" my (log ¢): 232 (4.50), 262
(3.87), 287 (3.79), 316 (3.48), 380 (3.32; shoulder), 400 (3.42), 422 (3.36). Awal. Calcd. for C;;H;;0,N,Cl: C,
56.28; H, 4.17; N, 7.72. Found: C, 56.57; H, 4.17; N, 7.50.

Method B: To a solution of Ia prepared from I (1.45 g) and PhCOCI (1.7 g) in CH,CN (30 ml), were
added IIa (1.7 g) and Ac,O (5 ml). After refluxing for 5 hr, the reaction mixture was processed similarly
to yield 1.7 g of IIIa.

N-(a-Acyl-2-quinolylmethyl)pyridinium Perchlorate (IIIc—Kk) Method A: A solution of (0.7 g), Ac,0
(83 ml) and N-acylmethylpyridinium iodide (IIc—k) (0.005 mole) in CH,CN (30-—60 ml) was refluxed for
3—6 hr. After evaporation of the solvent in vacuo, the residue was dissolved in a mixture of MeOH (30 ml)
and CHCIl; (10 ml) to which was added a solution of NaClO,-H,O (1 g) in H,O (20 ml). The whole was kept
standing in a refrigerator overnight to deposite precipitates, which were collected and washed with CHCl,
to afford crude, yellow crystals of IIIc—k. Purification was effected by recrystallization from MeOH.

Method B: A solution of Ia in CH;CN was prepared by adding PhCOCI (0.8 g) to a solution of I (0.7 g)
in CHZCN (30—60 ml), followed by being kept for 30 min at room temperature. To this solution were
added ITc—k (0.005 mole) and Ac,O (3 ml), and the solution was refluxed for 3—6 hr and processed similarly.

Alkaline Hydrolysis of III Reaction of IIIa: To a solution of IITa (0.36 g) in H,O (10 ml)-EtOH
{56 ml) was added 209% Na,CO; (3 ml), and the solution was warmed on a water-bath for 15 min. After
neutralization with 609, HCIO,, the mixture was kept standing in a refrigerator overnight. The resultant
precipitates were collected and recrystallized from EtOH to give 0.2 g (63%) of N-(2-quinolylmethyl)-
pyridinium perchlorate (V), colorless needles, mp 185—187°. It was identified by admixture with an authen-
tic sample. Awnal. Caled. for C;;H,;0,N,Cl: C, 56.17; H, 4.08; N, 8.73. Found: C, 56.19; H, 3.92; N, 9.04.

Reaction of IIIb: To a suspension of IIIb (0.42 g)in H,O (20 ml)-EtOH (10 ml) was added 209,
Na,COj (4 ml), and the whole was warmed on a water-bath for 15 min. The reaction mixture was neutralized
with 60% HCIO, and extracted with ether. Evaporation of ether left a solid, which was recrystallized
from H,O to yield 0.03 g of benzoic acid (25%). The aqueous layer was kept standing in a refrigerator
overnight and the resultant precipitates were recrystallized from EtOH to give 0.3 g of V.

Reaction of IIIc—k: A mixture of IIIc—j (0.001 mole), H,O (20 ml), EtOH (10 ml), and 20% Na,CO,
(4 ml) was warmed on a water—bath for 15 min. The reaction mixtures were worked up as described above
to afford V and the corresponding carboxylic acids (VII) which were recrystallized from water or aqueous
EtOH and identified by elemental analyses and admixture with the corresponding authentic samples. The
hydrolysis of IITk was carried using 10% NaOH in place of Na,CO, solution.
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N-(2-Furoylmethyl)pyridinium Iodide (IIi) A mixture of 2-acetylfuran (11 g), pyridine (40 g), and
iodine (25 g) was heated on a water-bath for 1 hr. The resultant precipitates were collected, washed with
acetone and cold aqueous EtOH, treated with charcoal in aqueous EtOH and recrystallized from the same
solvent to afford 18.6 g (59%) of IIi, pale yellow plates, mp 188—189° (decomp.). Anal. Caled. for CyyHy,-
O,NI: C, 41.93; H, 3.20; N, 4.45. TFound: C, 42.18; H, 3.18; N, 4.64. Perchlorate: Colorless needles,
mp 179—180°. Amnal. Caled. for C;;H,,O¢NCl: C, 45.92; H, 3.50; N, 4.87. Found: C, 46.04; H, 3.35; N,
5.10.

Alkaline Hydrolysis of IIi To a solution of ITi (0.95 g) in H,O (20 ml)-EtOH (10 ml) was added
20% Na,CO, (7 ml) and the mixture was warmed on a water—bath for 15 min. After treatment with charcoal,
the solution was acidified with 109 HCl and extracted with ether. Evaporation of ether yielded 0.24 g
{72%,) of 2-furoic acid, colorless needles, mp 129—130°. :
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