UTILIZATION OF VARIOUS HYDRIDE-ION ACCEPTORS IN
THE REACTION OF ACETALS WITH KETONES

G. N. Dorofeenko and S, M. Luk'yanov UDC 547.812.5'421 .5

The ability of 2 number of compounds (acetyl perchlorate, iodine, phosphorus oxychloride,
and phosphorus pentachloride) to detach a hydride ion from the meso carbon atom of 1,5~
diketones that are formed in the condensation of acetals with ketones and are cyclized to

symmetrical pyrylium salts was studied.

As was recently demonstrated, the reaction of the acetals of aldehydes and methyl ketones in the pres-
ence of triphenylmethyl perchlorate (I) gives 1,5-diketones, which subsequently lose a hydride ion under
the influence of I and are cyclized to symmetrical pyrylium salts [1].

The next step in the study of this reaction was an investigation of the ability of a number of substances
(acetyl perchlorate, iodine, POCl;, PCl;, etc.) to catalyze the formation of saturated 1,5-diketones with sub-
sequent detachment of a hydride ion and cyclization to pyrylium salts. Instead of using I as the hydride-ion
acceptor, we used acetyl perchlorate (II), which, as is well-known, converts 1,5-diketones to pyrylium salts
in good yields [2,3]. We were able to show that II completely successfully catalyzes the crotonic condensa-
tion of aldehyde acetals with methyl ketones and the subsequent Michael condensation to give saturated 1,5~
diketones. In the next step of the process, I acts like I, stripping a hydride ion from the 1,5-diketones,
which are thus converted to pyrylium salts:
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The use of II instead of the more difficult-to-obtain triphenylmethyl perchlorate in this reaction
seems to us completely justified, since in this case the triaryl-substituted pyrylium salts are obtained in
higher yields. Also demonstrated was the possibility of using this method to obtain 2,6 ~diphenyl-4-methyl-
pyrylium perchlorate (condensation of acetaldehyde acetal with acetophenone) and a y -insubstituted pyryli-
um salt @n the reaction of methylal or ethyl orthoformate with acetophenone). The condensation of cyclo-
hexanone with benzaldehyde acetal in the presence of trityl perchlorate and acetyl perchlorate gave 4-
phenyl-2,3;5,6-bis (tetramethylene)pyrylium perchlorate in yields of 36.3 and 22.7%, respectively. The data

on the yields of the pyrylium salts are presented in Table 1.

It also seemed of interest to attempt to use elemental iodine in this reaction as a condensing agent
and hydride-ion acceptor. It was shown that pyrylium periodides are formed as a result of condensation of
acetals with acetophenone in the presence of iodine.
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TABLE 1
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Yields of pyrylium salts, %*
R mp, ‘Ce
. (CsH)sCClO, | CH:COCIO, j P
|

CsHs 24,5 38,1 (48,0) 265 (212)
CH; 24,0 11,5 3,5 269
4-C¢H,OCH, 35,1 33,0 24,6 256
4-CgH4NO, 10,9 28,3 30,8 299 (223)
H 33,0 12,3 49 221
Ht 522 12,1 — 221
4-CeH,OH - — 414 310
4-CgH N (CH3) 2 —_ — 19,8 356

*The melting points of the pyrylium perchlorates are in agreement
with those in [1,5-7], The yields and melting points of the perio-
dides are givenin parentheses. For compounds with R = Ph: Found:
C 40.3; H 2.5; 1 55.0%. C,gHyI;0. Calculated: C 40.0; H 2.551
55.2%. For compounds with R = 4-C,H,NO,: Found: C 38.4; H 2.3;
151.8%. Cy3H;gIsNO;z. Calculated: C 37.6; H 2.2; I 51.8%,

t Ethyl orthoformate was used as the acetal component.

The condensation of aldehyde acetals with acetophenone in the presence of iodine {molar ratio1:2:1)
was carried out by prolonged (3-5 h) refluxing of the components in glacial acetic acid, In the case of the
condensation of aromatic aldehyde acetals, the pyrylium salts were obtained in rather high yields (24-48%),
while the use of aliphatic acetals led to a considerable reduction in the yields of final products. On the
basis of the data on the yields of 2,4,6-triaryl-substituted pyrylium salts, it can be assumed that there is
considerable polarization of the bond in the iodine molecule under the experimental conditions, and this
polarization makes it possible to effectively bring about detachment of a hydride ion from the 1,5-diketones
formed in the process. Unfortuately, many of the periodides obtained are often impure and decompose
during purification to liberate iodine. Satisfactory results of elementary analysis could be obtained only
for 2,4,6-triphenyl- and 2,6-diphenyl-4- (p-nitrophenyl)pyrylium periodides. The remaining samples were
identified as the perchlorates,

The use of iodine enabled us to repudiate the suspicion that the acetals are initially hydrolyzed to al-
dehydes, and the latter then give pyrylium salts via the usual scheme [1]. Thus exclusion of an acidic
medium by using butanol as the solvent gave 39.2% 2,4,6-triphenylpyrylium periodide, which was identical
to the product synthesized in acetic acid. Data on the yields of pyrylium salts obtained in the condensation
of acetals with methyl ketones in the presence of iodine are presented in Table 1.

An attempt to condense acetals with acetophenone in the presence of phosphorus oxychloride and
phosphorus pentachloride gave very low yields of the pyrylium salts (3-5%), which were isolated as the
perchlorates [4], The use of bromine, N-bromosuccinimide, and benzoyl chloride as hydride-ion acceptors
did not give positive results at all. ‘

EXPERIMENTAL

Application of Acetyl Perchlorate (II). The reagent was prepared immediately prior to the reaction
by the dropwise addition of 1 ml of 70% perchloric acid to 3.7 ml of acetic acid with ice cooling. The re-
sulting solution was rapidly added dropwise in 3-ml quantities to a refluxing mixture of acetal, ketone, and
glacial acetic acid @(n a molar ratio of 2:4:3). After 5-10 min, the mixture was cooled, and the pyrylium
salt was precipitated by the addition of ether, removed by filtration, washed with ether, and recrystallized
from acetic acid, nitromethane, or acetic acid —nitromethane mixtures.

Pyrylium Periodides. The reaction was carried out by prolonged refluxing (3-5 h, until the evolution
of iodine vapors ceased) of a mixture of the acetal, ketone, and iodine (in a molar ratio of 1:2:1) in glacial
acetic acid. The mixture was cooled, and the salt was precipitated by the addition of ether., The pyrylium
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periodides were not purified but were converted to the corresponding perchlorates by refluxing an acetic
acid solution of the salt with an equimolecular amount of 70% perchloric acid.

4-Phenyl-2,3;5,6-bis (tetramethylene)pyrylium Perchlorate. A 3-ml sample of a freshly prepared
solution of acetyl perchlorate was rapidly added dropwise to a refluxing mixture of 0.72 g (¢ mmole) of
benzaldehyde acetal, 0.8 g (8 mmole) of cyclohexanone, and 5 ml of glacial acetic acid, and the red mixture
was refluxed for another 5 min and cooled. Ether (100 ml) was added, and the liberated oil immediately
began to crystallize, The product was recrystallized from acetic acid togive 0.33 g (22.7%) of bright-red
needles with mp 133°, Found: C 62.1; H 5.5; Cl 9.8%. CyH,Cl0O;. Calculated: C 62.6; H 5.8; C1 9.7%.
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