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Pyridine, quinoline, and isoquinoline have been transformed into the corresponding N-methyl quaternary salts by a reac-
tion with diazomethane catalyzed by the nonnucleophilic fluoboric acid.

Although reactions of diazo compounds with
five-membered aromatic heterocycles? have been
investigated, reports of corresponding reactions
with six-membered aromatic heterocycles are
notably rare.* When polyfunctional compounds
are employed in which the six-membered aromatic
heterocycle is one of several reactive sites, usually
it is not the heterocyelic ring which suffers re-
action* but rather another functional group present
within the molecule. The classical example of this
is 2-pyridone which affords 2-methoxypyridine
upon treatment with diazomethane.’

One of the more significant papers dealing with
the reaction of diazo compounds with six-membered
aromatic heterocycles is that of King and Millert
which deals with the reaction between diazoaceto-
phenone and a variety of salts of pyridine, iso-
quinoline, and 3-methylisoquinoline. The products
were the related N-phenacyl salts. However, in
these cases the anion present is a potential nucleo-
phile (halide, perchlorate, sulfate, phosphate, or
tosylate ions) so that their data cannot permit a
clear discrimination between two reaction schemes:
(1) a two-step process involving the conversion of
diazoacetophenone to a phenacyl halide or ester
which then suffers attack by the nitrogen atom of
the heterocyeclic compound:
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(2) direct attack of the heterocyclic compound on
the protonated diazoacetophenone:
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The two-step process (equation 1) receives support
from the observations that pyridinium chloride and
2-picolinium chloride react with diazomethane to
give quantitative yields of the free base together
with methyl chloride.” Furthermore, it is not
surprising that the systems studied by King and
Miller afforded the quaternary salts since the
phenacy! halide or ester would be expected to be
much more susceptible to nucleophilic displace-
ment than methyl chloride.?

To avoid the two-step process (equation 1) we
used fluoborate salts of the heterocyclic com-
pounds because the fluoborate anion cannot
participate in the nucleophilic displacement of
equation 1.

The formation of fluoborate salts of organic
bases had been described previously.® Thus Ryss
and Idel’'s neutralized pyridine with aqueous
fluoborie acid and isolated a 609, yield of pyri-
dinium fluoborate.’® Miiller!* prepared several
acyclic and cyclic aliphatic fluoborates by
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neutralizing the appropriate amine with fluoboric
acid in the presence of a methyl red indicator.
When these procedures were repeated with pyridine,
difficulties were encountered consistently because
the crude fluoborates of the six-membered aro-
matic heterocycles are hygroscopic and difficult to
purify. It was found that a higher yield of a purer
and less hygroscopic product was obtained when a
solution of fluoboric acid in dimethoxyethane was
dried for an extended period with a large amount of
Drierite. Addition of the heterocyclic bases to this
dried solution gave the related flucborates. In
this way, pyridinium fluoborate, quinolinium
fluoborate, and isoquinolinium fluoborate were pre-
pared.

The reaction of these fluoborates with diazo-
methane was carried out by dissolving the salt in
its free base and introducing gaseous diazomethane
by means of a stream of dry nitrogen. The reaction
product was isolated by removing excess diazo-
methane and free base and obtaining the N-methyl
quaternary salt as its picrate. The picrates were
identified by the correspondence of their infrared
spectra and melting points with authentic samples.

These results are consistent with the reaction
sequence shown in equation 2: a proton is trans-
ferred from the pyridinium ion to diazomethane
and the methyl diazonium ion that is produced
reacts with the free base to give the N-methyl
compound and nitrogen gas. Alternatively, but
less probably, the methyl diazonium ion can dis-
proportionate to nitrogen and a methyl carbonium
ion which attacks the free base to produce the
N-methyl derivative.

EXPERIMENTAL!?

Preparation of flucborates. A. Pyridinium fluoborate. Com-
mercially available 48-509, aqueous fluoboric acid (22.2 g,
0.13 mole) was dissolved in 220 ml. of dimethoxyethane and
dried with 220 g. of Drierite for 1 day. The filiered solution
was treated with redistilled pyridine (5.0 g., 0.063 mole)
under cooling. Precipitation of the product was completed by
the addition of 300 ml. of anhydrous ether. The solid was
filtered, washed with dry ether, and recrystallized from ab-
solute ethanol and afforded 9.5 g. (90%) of pyridinium fluo-
borate, m.p. 220-222° (lit.," m.p 217°).

Anal. Caled. for C;HNBF,: N, 8.39. Found: N, 8.14,
8.69.

B. Quinolintum fluoborate. In a similar fashion 5 g. (0.039
mole) of redistilled quinoline was treated with 13.9 g. (0.08
mole) of dried ecommercial fluoboric acid in 140 ml. dimeth-
oxyethane. Crystallization of the product did not occur even
after the addition of large amounts of absolute ether and
only an oily layer was present. The light yellow reaction
mixture was concentrated in vacuo and the yellow viscous
residue was dissolved in hot 1-propanol. The solid obtained
on cooling was filtered, washed with absolute ether, and
dried ¢n vacuo over phosphorus pentoxide and yielded 7.80
g. (92%) of a yellow solid. Recrystallization from ethyl ace-
tate-absolute alcohol gave a white hygroscopic solid, m.p.
04-96°.

Anal. Caled. for C,HsNBF,: N, 6.46. Found: N, 6.59.

(12) All melting points are uncorrected,
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C. Isoguinolinium fluoborate. Similarly, a dried solution of
13.9 g. (0.08 mole) of 48-509, fluoboric acid and 5 g. (0.038
mole) of redistilled isoquinoline in 140 ml. dimethoxyethane
was treated with absolute ether. The greyish solid was
washed with absolute ether, dried in vacue over phosphorus
pentoxide, and atforded 8.05 g. (95%) of product. The solid
was taken up in hot 2-propanol, treated with charcoal, and
yielded a white, nonhygroscopic solid, m.p. 137-139°,

Anal. Caled, for CsHgNBF,: N, 6.46. Found: N, 6.14.

Reaction of the fluoborates with diazomethane. Solutions of
diazomethane in cis-decalin were prepared by the method of
Doering and Prinzbach?!® from nitrosomethylurea.!4

A. Pyridintum fluoborate (5.6 g., 0.033 mole) was dissolved
in 40 ml. of dry pyridine, cooled to 5°, and diazomethane
(from 10.3 g., 0.1 mole of nitrosomethylurea) was introduced
from a decalin solution by means of a slow stream or dry
nitrogen. The end of the reaction was indicated by the ap-
pearance of a yellow color. Excess diazomethane and pyri-
dine were removed in vacuo, and the last traces of pyridine
were removed by azeotropic distillation with 1-butanol.
The dark viscous residue was taken up in 40 ml. water and
treated with a solution of 7.8 g. of picrie acid in 340 ml. of
water and boiled. Upon cooling, the solution afforded 10.4 g.
(989, based on the amount of pyridinium fluoborate) of N-
methylpyridinium picrate, m.p. 104-106°. Recrystalliza-
tion from 2-propanol afforded a yellow solid, m.p. 115-117°,
identical in melting point and infrared spectrum with authen-
tic material.

Anal. Caled. for CHyoN,O: N, 17.39. Found: N, 17.50.

The authentic sample was prepared by refluxing 1 g. of
2,4,6-trinitroanisole with 5 ml. of pyridine and reerystal-
lizing the yellow solid from 2-propanol.

B. Quinolintum fluoborate (3.00 g., 0.014 mole) was dis-
solved in 24 ml. of dry quinoline and treated as above with
diazomethane prepared from 4.20 g. of nitrosomethylurea.
After removing the volatile components in vacuo, the viscous
residue was placed in a vacuurn desiceator over coned. sul-
furic acid. The residue was taken up in absolute ethanol,
decolorized with charcoal, and treated with a saturated solu-
tion of 3.1 g. of picric acid in ethanol. The N-methvlquino-
linium picrate, 3.0 g. (589, based on the amount of quino-
linium fluoborate), was reerystallized from water and af-
forded material melting at 159-160° undepressed on admix-
ture with authentic material and with an identical infrared
spectrum.

Anal. Caled. for CisHpNiO7: N, 15.05. Found: N, 15.20.

Authentic N-methylquinolinium pierate was prepared by
heating on a steam bath, 2.0 g. of 2,4,6-trinitroanisole with
3.0 ml. of quinoline. The yellow solid was recrystallized from
water.

C. Isoquinolinium fluoborate (3.0 g., 0.014 mole) in 60 ml. of
isoquinoline was treated as described above with diazo-
methane prepared from 6.5 g. of nitrosomethylurea. The
reaction mixture was subjected to a steam distillation and
the aqueous residue concentrated in vacuo and dried in a
vacuum desiceator over coned. sulfurie acid. The residue was
dissolved in 20 ml. of absolute ethanol, decolorized with
charcoal, and treated with a saturated solution of 3.0 g. of
picric acid in 50 ml. of ethanol. The solid, 3.85 g. (749,) was
taken up in methanol and chromatographed on F-20 alu-
mina (Alcoa) and afforded material melting at 168-170°, un-
depressed by authentic material and possessing an identical
infrared spectrum.

Anal. Caled. for CisH;;N,Os: N, 15.05. Found: N, 14.80.

Authentic N-methylisoquinolinium picrate was prepared
by heating on a steam bath, 2.0 g. of 2,4,6-trinitroanisole
and 3.0 ml. of isoquincline. The yellow solid was recrystal-
lized from methanol.
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