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Reactions of isoquinoline derivatives with pyridinium salts
yielding 4�naphthylpyridines
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Regiospecific introduction of the 2�naphthyl residue into position 4 of the pyridine ring
occurs in the reactions of isoquinolinium salts with 4�methylpyridinium salts through the
intermolecular transformation of the isoquinoline bicyclic system involving the methyl group
of the pyridinium salt. The reaction occurs under the action of methylammonium sulfite in an
aqueous medium on heating. This method provides ring transformation not only for
isoquinolinium salts but even for unsubstituted isoquinoline.
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Isoquinolinium salts can be considered as both pyri�
dine derivatives, whose reactions of nucleophilic addition
and ring transformation have been studied, and a fused
azine system, which is more electron�deficient, as a
whole, toward nucleophiles.1—4 The pyridinium ring of
N�alkyl� and N�arylisoquinolinium salts is readily attacked
by nucleophilic agents. 1H NMR spectroscopy shows that
various anions5—7 preferentially add to the С(1) atom,
and strong nucleophiles are capable of pyridine ring open�
ing.8 For instance, hydroxylamine reacts with 2�(2,4�di�
nitrophenyl)isoquinolinium chloride to form a non�cy�
clic intermediate, which readily undergoes ring closure
yielding isoquinoline N�oxide.9

We have previously10,11 shown that the reactions of
3�methylquinazolinium iodide with quaternary salts of
some 2(4)�methyl�substituted heterocyclic bases in pyri�
dine result in the transformation of the quinazoline bi�
cycle to form 3�hetarylquinolines (Scheme 1).

Scheme 1

X = S, O, HC=CH

Unlike quinazolinium salts, isoquinolinium salts con�
tain no additional N atom in the heterocycle. It was of
interest to study specific features of their reactions with
quaternary salts of heterocyclic bases under the action of
bases. This would provide an information on a possibility
of ring transformation of this type for isoquinoline deriva�
tives and simultaneously can be useful for the develop�
ment of methods for syntheses of promising hetaryl�
naphthalenes.

However, experiments showed that 2�methyliso�
quinolinium iodide did not give expected 2�hetaryl�
naphthalenes even on prolonged heating with quaternary
salts of heterocyclic bases in pyridine. This reaction does
not occur either in the presence of alcoholic methylamine,
although this reagent turned out to be efficient for ring
closure of quaternary salts of 1� and 3�methylisoquino�
linium salts with formation of naphthylamines, which oc�
curs, as known,12,13 with an intermediate opening of the
pyridinium ring of the isoquinoline bicycle.

We have recently found that pyridinium salts react
with 4�methylpyridinium salts in the presence of methyl�
ammonium sulfite to form 4�arylpyridines14,15 through a
new transformation of the pyridine ring. It could be as�
sumed that the sulfite or bisulfite ion adds to 2�alkyl�
isoquinolinium salts and thus provides the intermolecular
transformation of the isoquinoline ring involving the
pyridinium salt containing the Me group in position 4. In
fact, we synthesized 4�naphthylpyridine 3a in 45—62%
yields on heating of a mixture of 2�alkylisoquinolinium
salts 1a—c and 1�alkyl�4�methylpyridinium salts 2a—c
with methylammonium sulfite (Scheme 2).

The reaction discovered also occurs in the presence of
dimethylammonium sulfite, for example, between com�
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pounds 1a and 2a, although the yield of 4�naphthyl�
pyridine 3a is much lower in this case (9%).

As we have shown previously,15,16 the behavior of the
sulfite ion, which is a "soft" nucleophile, is rather un�
usual: it adds preferentially to the C(4) atom of the
pyridinium salt, i.e., 1,4�dihydropyridines are the pri�
mary products. Then they undergo solvolysis with ring
opening followed by ring closure with elimination of the
reagent and formation of a product of pyridine ring trans�
formation. The ring transformation described in this work
does not occur under conditions of easy pyridine ring
opening in isoquinolinium salts.4,12 This indicates that
the reaction is likely nontraditional as well. It is known
that position 6 of isoquinolinium salts is activated for
nucleophilic substitution.17—21 We believe that the sulfite
ion, in our case, also adds to isoquinolinium salt 1a—c at
position 6, to form 2,6�dihydroisoquinoline as an inter�
mediate. The violation of aromaticity of the isoquinoline
bicycle facilitates its opening. The resulting non�cyclic
intermediate, being treated with a base, is condensed with
the active Me group of 4�methylpyridinium salt 2a—c.
The subsequent ring closure results in the formation of a
naphthalene residue and, correspondingly, quaternary
4�naphthylpyridinium salt 4a—c. 4�Naphthylpyridine 3a
is formed in the last step due to N�dealkylation.

The study of the influence of substituents on the effi�
ciency of 4�naphthylpyridine formation makes it possible
to elucidate some features of the reaction mechanism.
The introduction of another alkyl group instead of methyl
to the N atom of 4�methylpyridinium salt 2a—c decreases
noticeably the yield of 4�naphthylpyridine 3a (Table 1).
In the case of the second component 1a—c, a similar
dependence of the influence of the donor ability and the
volume of the alkyl substituent at the N atom on the

efficiency of the reaction is observed. In this case, a sub�
stituent at the N atom, which is more bulky than the Me
group and characterized by a higher donor ability, hinders,
most likely, nucleophile addition and pyridine ring open�
ing, which impedes ring transformation. However, pyri�
dine ring opening in isoquinolinium salts occurs easily, as
a whole, and the non�cyclic intermediate that formed is
highly reactive, because even the presence of two isopro�
pyl N�substituents (R1 = R2 = Pri) does not decrease
considerably the yield of 4�naphthylpyridine 3a (45%).

As should be expected according to the assumed reac�
tion mechanism, the introduction of a donor group into
the benzene ring of isoquinoline hinders or almost com�
pletely prevents the addition of the sulfite ion, which
results in a considerable decrease in the yield or the entire
absence of the target product. For instance, the reaction
of 1,4�dimethylpyridinium iodide (2a) with 5�hydroxy�2�
methylisoquinolinium iodide (1d) affords naphthylpyri�
dine (3b) in 22% yield only (Scheme 3). The reaction
likely proceeds in two steps. Hydroxy derivative 3c ap�
pears in the first step. Its presence in a minor amount is
confirmed by 1H NMR analysis of the reaction mixture.

Scheme 2

B is base

1: R1 = Me (a), Et (b), Pri (с); 2: R2 = Me (a), Et (b), Pri (с)

Table 1. Influence of substituents in isoquinolinium salts
1a—c and 4�methylpyridinium salts 2a—c on the formation of
4�naphthylpyridine 3a

1 R1 2 R2 Yield of 3a (%)

a Me a Me 62
a Me b Et 57
a Me c Pri 52
b Et a Me 54
c Pri a Me 52
c Pri c Pri 45
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In the second step, the hydroxy group is replaced by the
methylamine group via the Bucherer reaction,22,23 which
is known to occur especially easily in the naphthalene
series.

Scheme 3

This sequence of transformations is additionally con�
firmed by the fact that quaternary 5�aminoisoquinolinium
salt does not react with 2a under these conditions. The
presence of two donor methoxy groups in positions 6
and 7 also completely blocks isoquinoline bicycle trans�
formation.

It could be assumed that the final step of the process
under study is the N�dealkylation of intermediate salt
4a—c with formation of 4�naphthylpyridine 3a. This pos�
sibility is indirectly confirmed by the 1H NMR detection
of isoquinoline and 4�methylpyridine among the reaction
products. They are formed in low yields likely due to the
side N�dealkylation reaction of isoquinolinium salts 1a—c
and pyridinium salts 2a—c. In addition, heating of
1�methyl�4�naphthylpyridinium iodide (4a) in the pres�
ence of methylammonium sulfite under the conditions of
the studied reaction afforded 4�naphthylpyridine 3a in
82% yield. It is known that N�alkylpyridinium salts on
treatment with liquid ammonia, aqueous ammonia, or
ammonium sulfite transform into pyridine base due to
the exchange of the alkylamine residue by the amine
residue in the intermediate non�cyclic structure.7,24,25

When the reagent used contains no ammonia in the free
state or as the ammonium cation, dealkylation can occur
without ring opening.16,26 In our case, the N�substituent

is lost via the second route, i.e., by the direct attack of
the nucleophile to the R—N bond, because the reaction
sphere contains no ammonia or ammonium ions (non�
alkylated).

This method makes it possible to transform the ring of
both 1�alkylisoquinolinium salts 1a—c and isoquinoline
itself. In fact, prolonged heating of isoquinoline and
4�methylpyridinium salt 2a with an aqueous solution of
methylammonium sulfite yields 4�naphthylpyridine 3a in
a yield up to 48%. A rather high yield of 3a indicates that
the pyridine ring of isoquinoline is activated to the nucleo�
philic reaction of this type to a much greater extent than
non�annelated pyridine.15

There are no published data on the ability of un�
substituted isoquinoline to participate in pyridine ring
transformations. In the previous report, we described
the transformation of the pyridine ring in the presence
of methylammonium sulfite to form 4�phenylpyridine.15

The driving force of this reaction is the exchange of the
amine residue by methylamine in the intermediate non�
cyclic structure. In our case, an analogous non�cyclic
intermediate is also condensed, most likely, only with
4�methylpyridinium salt 2a in the presence of bases
followed by the formation of 4�naphthylpyridine 3a
(Scheme 4).

The structures of all synthesized compounds were es�
tablished by 1H and 13C NMR spectroscopy, including
2D COSY and NOESY spectra, and confirmed by the
data of mass spectrometry and elemental analysis.

Arylpyridines compose an important class of hetero�
cyclic compounds, whose derivatives are used in the pro�
duction of mesomorphic materials and as ligands, organic
luminophores, and biologically active compounds.27,28

The framework of naphthylpyridine integrated in more
complicated biologically active compounds is described
in patent literature.29 Different variants of the Suzuki re�
action, free�radical arylation, and regioselective addition
of the Grignard reagents are presently proposed as the
main approaches to syntheses of 4�arylpyridines. How�
ever, these methods are rather expensive and highly toxic,
or their starting reagents are inaccessible.30—33

Thus, we discovered a new reaction of the simplest
isoquinoline derivatives, which can be significant for the
chemistry of isoquinoline. The reaction is based on the
interaction of isoquinoline salts or isoquinoline itself with
4�methylpyridinium salts in the presence of alkylammo�
nium sulfite. Simultaneously we found a simple and con�
venient method for the synthesis of 4�naphthylpyridine,
which produces high�purity 4�naphthylpyridine in high
yields from accessible substances (products and waste of
by�product�coking industry). It should be emphasized that
the previously found approach15 is general for both pyri�
dine derivatives and another most important heterocyclic
system, viz., isoquinoline.
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Experimental

1Н and 13C spectra were recorded on a Bruker DRX�500
spectrometer (500.13 and 125.76 MHz, respectively) in CDCl3
and DMSO�d6 using Me4Si as an internal standard. For signal
assignment, homonuclear 2D 1H—1H COSY and NOESY spec�
tra and heteronuclear 1H—13C COSY spectra (HSQC and
HMBC) were used. Chemical shifts were measured with an
accuracy of 0.01 ppm, and spin�spin coupling constants were
measured with an accuracy of 0.01 Hz. IR spectra were recorded
on a Bruker IFS�113V spectrophotometer in KBr. Mass spectra
were obtained on a Finnigan MAT 8430 instrument at an ion�
ization energy of 70 eV with direct injection of samples. The
reactions were monitored by TLC on DC�Alufolien Kieselgel
60 F254 plates (Merck). Column chromatography was carried
out using Kieselgel 60 silica gel (0.063—0.100 mm, Merck).
1�Ethyl�4�methylpyridinium iodide (2b) and 1�isopropyl�4�
methylpyridinium iodide (2c) were synthesized according to pre�
viously described procedures.15,34 2�Methylisoquinolinium
iodide (2a) and 2�isopropylisoquinolinium iodide (2c) were syn�
thesized according to a general procedure.35,36

2�Ethylisoquinolinium iodide (2b). Isoquinoline (2.35 mL,
20 mmol) was added to EtI (2.4 mL, 30 mmol). The reaction
mixture was stored at ~20 °C for 20 days. The precipitate that
formed was filtered off, successively washed with benzene and
pentane, and dried in vacuo. The yield was 1.56 g (91%), m.p.
149—150 °C. Found (%): C, 46.11; H, 4.19; N, 4.91. C11H12IN.
Calculated (%): C, 46.34; H, 4.24; N, 4.91. 1H NMR
(DMSO�d6), δ: 1.64 (t, 3 H, Me, J = 7.3 Hz); 4.75 (q, 2 H,
NCH2, J = 7.3 Hz); 8.07 and 8.25 (both m, 2 H, H(6), H(7));
8.35 and 8.48 (both d, 2 H, H(8), H(5), J = 8.2 Hz, J = 8.3 Hz);
8.59 (d, 1 H, H(4), J = 6.7 Hz); 8.81 (d, 1 H, H(3), J = 6.7 Hz);
10.10 (s, 1 H, H(1)).

5�Hydroxy�2�methylisoquinolinium iodide (1d). 5�Hydroxy�
isoquinoline (0.51 g, 3.5 mmol) and MeI (0.4 mL, 7 mmol) were
added to MeOH (20 mL). The reaction mixture was stored for
8 days. The precipitate that formed was filtered off, successively
washed with cold MeOH and benzene, and dried in vacuo. The
yield was 1.01 g (100%), m.p. 240—241 °C. Found (%): C, 41.98;
H, 3.44; N, 4.71. C10H10INO. Calculated (%): C, 41.83; H, 3.51;

N, 4.88. 1H NMR (DMSO�d6), δ: 4.45 (s, 3 H, NMe); 7.51 and
7.88 (both m, 3 H, H(6), H(7), H(8)); 8.51 (d, 1 H, H(4), J =
6.7 Hz); 8.58 (d, 1 H, H(3), J = 6.7 Hz); 9.90 (s, 1 H, H(1));
11.47 (br.s, 1 H, ОH).

1�Methyl�4�(2�naphthyl)pyridinium iodide (4a). 4�(2�Naph�
thyl)pyridine 3a (60 mg, 0.3 mmol) and MeI (0.036 mL,
0.6 mmol) were added to benzene (5 mL). The reaction mixture
was heated for 1 h in a sealed ampule in a water bath at 40 °C
and then left for 3 days at ~20 °C. After the ampule was opened,
the precipitate that formed was filtered off and successively
washed with benzene and pentane. The yield was 90 mg (88%),
m.p. 215—216 °C. Found (%): C, 54.91; H, 4.04; N, 3.89.
С16Н14IN. Calculated (%): C, 55.35; H, 4.06; N, 4.03. 1H NMR
(CDCl3), δ: 4.67 (s, 3 H, NMe); 7.61 (m, 2 H, H(6), H(7)); 7.79
(d, 1 H, H(3), J = 7.4 Hz); 7.88 (d, 1 H, H(4), J = 7.4 Hz); 7.99
(m, 2 H, H(5), H(8)); 8.35 (m, 3 H, H(1), H(3´), H(5´)); 9.25
(m, 2 H, H(2´), H(6´)).

4�(2�Naphthyl)pyridine (3a). A. A 40% aqueous solution of
MeNH2 (5.4 mL) and a 68% solution of MeNH3HSO3 (2.6 mL)
were added to a mixture of 2�alkylisoquinolinium salt 1a—c
(2 mmol) and 1�alkyl�4�methylpyridinium salt 2a—c (2 mmol)
dissolved in water (0.2 mL). The mixture was heated for 40 h in
a sealed ampule placed in a metallic autoclave in a bath filled
with silicon oil at 190 °C. After the ampule was opened, the
content was diluted with water and extracted with benzene. The
extract was dried with MgSO4 and concentrated. The resulting
4�naphthylpyridine 3a was separated from isoquinoline and
4�methylpyridine by column chromatography on SiO2 using ben�
zene and then a benzene—AcOEt (1 : 1) mixture as eluents.
The yield was 185—255 mg (45—62%), m.p. 104—105 °С.
Found (%): C, 87.96; H, 5.31; N, 6.65. C15H11N. Calcu�
lated (%): C, 87.77; H, 5.40; N, 6.82. 1H NMR (CDCl3), δ: 7.55
(m, 2 H, H(6), H(7)); 7.63 (m, 2 H, H(3´), H(5´)); 7.75 (dd,
1 H, H(3), J = 8.5 Hz, J = 1.7 Hz); 7.89 and 7.93 (both m, 2 H,
H(5), H(8)); 7.96 (d, 1 H, H(4), J = 8.5 Hz); 8.12 (s, 1 H,
H(1)); 8.71 (m, 2 H, H(2´), H(6´)). 13C NMR (CDCl3), δ:
121.76 (dd, C(3´), C(5´), J = 161.7 Hz, J = 6.7 Hz); 124.46 (dd,
C(3), J = 158.6 Hz, J = 7.0 Hz); 126.37 (d, C(1), J = 157.5 Hz);
126.65 and 126.78 (both dd, C(6), C(7), J = 160.0 Hz, J =
8.4 Hz, J = 160.2 Hz, J = 8.6 Hz); 127.67 and 128.39 (both d,
C(5), C(8), J = 160.0 Hz); 128.89 (dd, C(4), J = 159.0 Hz);

Scheme 4

B is base
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133.37 and 133.40 (both m, C(4a), C(8a)); 135.32 (m, C(2));
148.17 (m, C(4´)); 150.28 (dd, C(2´), C(6´), J = 177.8 Hz, J =
11.4 Hz). MS, m/z (Irel (%)): 205 [M]+ (100), 204 (41), 177 (11),
176 (15), 152 (11), 151 (12), 88 (11), 76 (24), 75 (10), 58 (11).

B. A 40% aqueous solution of MeNH2 (5.4 mL) and a 68%
solution of MeNH3HSO3 (2.6 mL) were added to 1�methyl�4�
(2�naphthyl)pyridinium iodide (4a) (87 mg, 0.25 mmol) dis�
solved in water (0.2 mL). The reaction was carried out similarly
to method A. The yield was 40 mg (82%).

C. Compound 3a was synthesized from isoquinoline and
1,4�dimethylpyridinium iodide 2a similarly to method A. The
mixture was heated for 240 h. 4�Naphthylpyridine 3a was iso�
lated according to method A. The yield was 197 mg (48%).

N�Methyl�N�[6�(4�pyridyl)�1�naphthyl]amine (3b) was syn�
thesized similarly to compound 3a (method A) from 5�hydroxy�
2�methylisoquinolinium iodide 1d and 1,4�dimethylpyridinium
iodide 2a and purified by column chromatography on SiO2,
eluting with benzene and then with a benzene—AcOEt (up to
100% of the latter) mixture. The yield was 103 mg (22%), m.p.
167—168 °С. Found (%): C, 81.98; H, 6.00; N, 11.75. C16H14N2.
Calculated (%): C, 82.02; H, 6.02; N, 11.96. 1H NMR (CDCl3),
δ: 3.07 (s, 1 H, NMe); 6.67 (d, 1 H, H(2), J = 7.5 Hz); 7.33 (d,
1 H, H(4), J = 8.1 Hz); 7.45 (m, 1 H, H(3)); 7.67 (m, 2 H,
H(3´), H(5´)); 7.71 (dd, 1 H, H(7), J = 8.7 Hz, J = 1.6 Hz); 7.92
(d, H(8), J = 8.7 Hz); 8.09 (d, 1 H, H(5), J = 1.6 Hz); 8.71 (m,
2 H, H(2´), H(6´)). 13C NMR (CDCl3), δ: 104.75 (C(3´), C(5´));
117.70 (C(3)); 121.09 (C(1)); 121.82 (C(6), C(7)); 123.07, 127.21
and 127.69 (C(5), C(8), C(4)); 149.98 (C(2´), C(6´)). IR (KBr),
ν/cm–1: 3431 (N—H). MS, m/z (Irel (%)): 234 [М]+ (100), 233
(64), 232 (21), 206 (21), 205 (21), 204 (15), 192 (40), 191 (12),
117 (24), 58 (22).

The authors thank Yu. B. Grishina for compounds 1d
and 4a, which were synthesized in necessary amounts.
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