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PREPARATION OF 2,3,4,6-TETRAMETHYLPYRYLIUM PERCHLORATE

AND OF 2,3,4,6~-TETRAMETHYLPYRIDINE

Alexandru T. Baiaban *and Anisia Bota

Organic Chemistry Depariment, Polytechnic, Bucharest, ROUMANIA

Alkyl substituted pyrylium salts are readily available by

=4 ana constitute a valuable class of

diacylation of alkenes,1
reactive compounds which are converted by nucleophiles intc a
host of conjugated acyclic compounds and arcmatic benzenoid or
heterocyclic compounds such as furans,5 pyridines,6 etc.7’8
The diacetylation of 2-methyl-Z-butene (2) and of 2-me-
thyl-1-butene (3), which may be obtained in situ by dehydra-
tion of t-amyl alcohol (l) or by dehydrochlorination of t-amyl
chloride, was shown to yield, according to reaction conditions,
¢,6-dimethyl-4-ethylpyrylium salt 4 (witn acetyl chloride and
aluminium chloride this is essenti=2ally the exclusive reaction
product) or Z,3,4,6-tetramethylpyrylium salt 6 as will be

discussed below.g’3

OH
1 +ac’t 2 3
_i/
l +act -0t + NHy ~o
N Ol 5= O
—H20 —HZO
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While 4 is easily prepared and purified by recrystalliza-
tion from water, so far the preparation of 6 and of the cor-
responding 2,3,4,6-tetramethylpyridine 7 was rather cumbersome
because under the usual conditions, e.g., excess acetic anhyd-
ride and equimolar amounts of t-amyl alcohol and perchloric
acid, a reaction mixture containing 80% of € and 20% of 4 is

obtained ;275

recrystallization of this pyrylium salt mixture
from any solvent only enriches it in the less soluble, sym-
metrical perchlorate 4 because the less symmetrical salt 6 is
too soluble (it cannot be conveniently recrystallized from
water). The procedure described earlier for obtaining the

perchlorate 6 consisted 2

of converting the above mixture of
pyrylium perchlorates into chloroferrates, purification of the
chloroferrate 6 by fractional crystallization, and reconversion
into the 2,3,4,6-tetramethylpyrylium perchlorate &. #When fairly
pure, perchlorate 6 can be recrystallized from isopropyl alco-~
hol or from a mixture of ethyl ether aund ethanol.

From all electrophilic acetylating agents which were
tested, so far only excess acetyl chloride with equinolar
amounts of alkené 2 and beryllium chloride gave € and practi-
cally no i.g The reaction mechanism was checked using ]4C~la—

12 cbser-

belling;1q1] recently, arnaud, Roussel and {etzger
ved that the ratio catalyst/acetylating agent (namely,
AlClB/AcCl in the diacetylation of alkenes 2 and/or 3) had a
pronounced influence on the selecitivity of the reaction : a low
ratio AlClB/AcCl favours the more substituted pyrylium sa.t £.
Having as objective to prepare the monoacetylation pro-

duct, 3,4-dimethyl-3-penten-Z-one (5), we unexpectedly obtained

pure ¢ as perchlorate, when t-awyl alcohol 1 was treated with

32



11:59 27 January 2011

Downl oaded At:

2,3,4,6-TETRAMETHYLPYRYLIUM PERCHLORATE AND 2,3,L,6-TETRAMETHYLPYRIDINE
excess acetic anhydride and with less than 0.5 egquivalent of
70% perchloric acid per equivalent of 1. Thus, also in this
case the low HClO4/A020 ratio favours the more substituted
pyrylium salt 6. The mechanistic implications of this finding
will be discussed in a separate paper.

Since pyrylium salts are of increasing interest as nucleo-
philic conjugated 05-synthons,7 and since the Collective Vol. 5
of Organic Syntheses contains no less than four procedures for

preparing pyrylium salts,13

we developed the above observation
into a simple and preparatively useful method for obtaining
2,3,4,6-tetramethylpyrylium perchlorate (€) and 2,3,4,6-tetra-
methylpyridine (1). It should be noted that all pyrylium salts
described in Organic Syntheses13 and the 2,4,6-trimethylpyry-

14 are symmetrical ; for regiospecificity

lium sulfoacetate
studies of nucleophilic attack, non-symmetrical pyrylium salts
such as the present one or 2,4-diphenyl-6-methylpyrylium sul-
foacetate (readily obtained from acetophenone, acetic anhyd-
ride, and sulfoacetic acid),15 have to be used. Thus Royer and

16 observed regiospecificity in the attack of Grignard

Dreux
reagents on non-symmetrical pyrylium salts ; also, it was re-
ported earlier 2 that 6 is attacked regioselectively by hydro-
xyl anions, yielding 2,3,5-trimethylphenol as the major pro-
duct, with 3,4,5-trimethylphenol as a minor side-product. More
detailed studies of the latter reaction, as well as of the
reaction of 6 with other nucleophiles such as dialkylamines or
cyanide anion, will be published separately.

EXPERIMENTAL

CAUTION ! The perchlorate §& can be allowed to dry in the atmo-
sphere, but should be stored and handled with care when dry.
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All pyrylium perchlorates are explosive, therefore they should
be prepared only when needed, in the necessary amount, and
13,17
grinding, rubbing or knocking dry pyrylium perchlorates should
be carefully avoided.Another WARNING is at the end of the papern

used immediately without drying and storing. heating,

2,3,4,6-Tetramethylpyrylium Perchlorate (6).- In a four-necked

1-liter flask equipped with mechanical stirrer, a thermometer
reaching into the liquid, a reflux condenser and a dropping
funnel, were added 108 ml (88 g., 1 mole) of t-amyl alcohol 1
and 330 ml (357 g., 3.5 moles) of acetic ankydride at room
temperature. A good quality of the anhydride is essential for
the success of the reaction, since the presence of acetic acid
in the anhydride lowers the yield considerably. From the drop-
ping funnel, 43 ml (72 g., 0.5 mole HClO4, also containing by
virtue of its concentration 1.2 mole of water) of 70% per-
chloric acid was then added with vigorous stirring very
cautiously, observing the temperature rise of the liquid (the
excess acetic anhydride is hydrolyzed exothermally by the
water in the presence of the strong acid which acts as cata-
lyst). The first two milliliters of perchloric acid should be
added during 2-3 minutes until the temperature in the flask
reaches 700, then the addition rate of the acid can be in-
creased somewhet so that towards the end of the addition the
temperature should become stabilized at 90—950 without any
external heating or cooling. To prevent overheating and spil-
ling of the hot lachrymatory liquid through the condenser, a
cold water bath should be ready at hand, but only for brief
correction of any dangerous temperature rise due %to a too high
addition rate. The whole addition should last 15-20 minutes,

during which time the reaction mixture becomes gradually
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yellow, then brown, and finally black-brown.

Stirring was continued for 30 minutes, then the mixture was
cooled to 25-280, transferred to a large separatory funnel, and
500 ml of ethyl ether was added. After brief shaking, the lower
black layer was immediately separated ; since the mixture is
dark-coloured, the viscosity rather than transparency differen-
ces of the two layers show when to turn the stopcock of the se-
paratory funnel (another method is to add a small amount of
diatomaceous silica, i.e. Super Cel, which goes to the inter-
face of the two layers and is visually detected 18). The lower
layer (collected in a beaker) was scratched with a glass rod
(or crystals from a previous run are used for seeding, but most
times the lower layer crystallizes spontaneously, therefore its
separation should be carried out rapidly at 25-280) and set for
1 hr. in the freezer., The crystals of 6 (as perchlorate) were
collected on a sintered glass filter with suction, washed tho-
roughly twice with a mixture of acetic acid and ethyl ether
(1:2 by volume) interrupting each time the suction and mixing
the crystals with the washing liquid using a spatula, then
twice with ether. If the washing is done properly, 95-100 g.,

(81-85% yield relatively to HC1O of colorless crystals

2)
should result (otherwise the product is brownish and tends to
darken on standing), m.p. 98-100°, which can be used directly
for most purposes. If desired, the product may be recrystalli-
zed from isopropyl alcohol (or by adding ethyl ether into its
ethanolic solution) yielding perfectly white crystals with
m.p. 100°.

IR (KBr) : strong bands at 954, 1459, 1511, 1548 and 1642 cm™)

due to the cation 6, and at 625 and 1100 cn™! due to the anion
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ClOZ , as indicated in ref. 19.
"H-NNR (FyCCO,H) :  2.42 (s, 3H, 3-Me) ; 2.70 (s, 3H, 4-le) ;
2.87 (s, 3H, 6-Me) ; 2.92 (s, 3H, 2-Ne) ; 7.63 (s, 1H, 5-H).
The assignment of most signals is straightforward,zo but the
discrimination between the two a-methyl peaks corresponding to
positions 2 and 6 is not ; the present assignment is based on
the correspondence with the 1H-NMR spectrum of the 2,3,4,6-te-
tramethylpyridine with non-deuterated and partly deuterated
methyls, on the difference in the rate of deuteration by iso-
topic exchange in D20 between the two a-methyl grouos, and on
an unambiguous synthesis of 2,3,4-trimethyl—6—(d3—methyl)—py—
rylium and the corresponding pyridine, as will be reported in
a separate paper.

The black filtrate remained from the lower layer can be
discarded ; it contains about 10 g. of 6 and 2 g. of 4 as
perchlorates, in addition to perchloric and acetic acids, as
proved by conversion into pyridines and g.l.c. analysis thereof,

Ihe upper original layer was washed in the separatory fun-
nel with one 1 1. and two 0.5 1. portions of water, then with
aqueous sodium hydrogen carbonate for removing the acids, dried
over anhydrous sodium sulfate or magnesium sulfate, and frac-
tionated under reduced pressure, affording 20-25 g. of ketonic
fraction, b.p. 48-55°/15 Torr, which consists mainly of 3,4-
-dimethyl-3-penten-2-one (5).

2,3;4,6-Tetramethylpyridine (7).-The crude perchlorate 6 (25

g.) was added to a five-fold excess of aquecus ammonia (35 ml
of conc. ammonium hydroxide and 50 ml water). In an exothermal

reaction, the tetramethylpyridine 7 resulted as an upper yel-

low layer. Bthyl ether (50 ml) was added to assist in the se-
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paration. In order to remove ketonic side-products, the com-
bined organic layers were extracted with 10% hydrochloric
acid. Only the pyridine 7 was extracted into the aqueous phase
which was separated and re-extracted with ether (the ethereal
extracts are discarded). Then 20% sodium hydroxide solution
was added to the aqueous phase until all the pyridine 7 sepa-
rated. After extraction with ether and drying.over powdered
sodium hydroxide, the ether was evaporated and the pyridine 7
distilled under reduced pressure. Physical constants and melt-
ing points of derivatives (picrate, picrolonate, methiodide
and chloroplatinate) have already been published;2 there
exist two crystalline modifications of the picrate with dis-

tinct melting points. The yield of 7 from 6 was 85-95%.

V-NuR (cC1,) : 2.07 (s, 3H, 3-Me) ; 2.13 (s, 3H, 4-Ne) ;

2.30 (s, 34, 6-Me) ; 2.37 (s, 3H, 2-Me) ; 6.60 (s, 1H, 5-H) ;
the assignment of the two a-methyl peaks is based, in addition

to the data quoted above (unambiguous synthesis from CDBCOCl

and 5), on lanthanide-induced shifts.?’
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WARNING. Forn all pynylium salils, caution is nrecommended in handling them
in onden to avodd contact with skin. They8 are known to easily undergo,
in neutnal on alkaline medium, ning-opening to pseudobases (1,5-enediones)
which, being nelated to glutacon-dialdehyde, may enoss-Link amino groups
of polynucleotides. Mutagenic activity of pyrylium salts was nreponted:
Yu. D. Beletskii, A. N. Narkevich, G. N. Dorofeenko and Yu. A. Zhandnov,
Zh. Vses. Khim. Obshchestva, 11, 359 (1966) and further papens.
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