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REACTION OF METHYL-SUBSTITUTED PYRYLIUM
SALTS WITH TERTIARY AMINES

E. A, Zvezdina, M. P. Zhdanova, UDC 547.81
V. A. Bren', and G. N, Dorofeenko

2,4,6-Trimethylpyrylium perchlorate reacts with heterocyclic compounds containing apyridine
nitrogen atom and having basicities higher than 9 pK,, units (in acetonitrile) through a step in-
volving the formation of a methylenepyran. 4-Methyl-2,6-diphenyl- and 2-methyl-4,6-diphenyl-
pyrylium perchlorates react with benzimidazole to give 1,2~ethanediylidenebispyrans. Methyl-
substituted pyrylium salts react with 2,6-diphenylpyrylium and flavylium perchlorates in the
presence of benzimidazole to give methylidynecyanines and with acetic anhydride to give tri-
methylidynecyanines.

We have observed that triethylamine and many heterocyclic compounds (Table 1) containing a tertiary
(pyridine) nitrogen atom split out of a molecule of perchloric acid from 2,4,6-trimethylpyrylium perchlorate
() to give 2,6-dimethyl-4-methylenepyran (II), which, as previously shown in [1], is subsequently converted to
hexamer III:

CH, [ CH, CH,
Z LI @\ %1 v
- B - i ©
cn(k\é cn, ~B-HCIO, Lo:nc/k e, e, N0 e, |

cio -

- ——

3|

A cH; e,
I 11 Hi
It follows from Table 1 that a decrease in the basicity of the amine leads to a decrease in the yield of
hexamer III, and bases with pK, values below 9 do not split out perchloric acid from salt I. The basicity con-
stant of methylenepyran IT evidently should range from 8 to 9 pK, units, and weaker bases therefore cannot

remove a proton from the conjugate acid 1.

It is known {4, 5] that 4-methylflavylium perchlorate (IV), under the influence of pyridine, is converted
to methylene base V, which reacts with the starting salt to give 1,2-ethanediylidenebis (4-H-flavene) (VI), prob-
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TABLE 1, Yields of Hexamer III as a Function of the Basicity of the Amine

. . pK, in acetonitrile | Yieldof crude hexamer

Tertiary amine 25 +0.1°C) . 1L 9%
Triethylamine 18.46° Quantitative
4,5,6,7~Tetrahydrobenzimidazole 16.213 The same
2-Methylimidazole 16.09 n "
Imidazole 14.99° LI
Benzimidazole 13.258 91
3-Methylnaphth[1,2-d]imidazole 12,83 87
Pyridine 12,332 81
Phenanthr{9,10-d]imidazole 12.31° 80
Quinoline 11.93 63
3-Methylpyrazole 10.29 37
Pyrazole 9.218 8
Benzothiazole 7.843 -

ably via a radical mechanism. Since several structures can be proposed for hexamer III, it seemed of in-
terest to study the reaction of benzimidazole with monomethyl-substituted pyrylium salts.

It was found that 2,6~diphenyl-4-methylpyrylium perchlorate (VII) on refluxing with benzimidazole in
nitromethane forms a rather unstable red compound, to which one can assign structure VIII:

C Hg Cet
0©=CH—CH=( _0
CoMs vin CeH

The PMR spectrum of VIII contains a multiplet at 6.60-7.20 ppm (24 H) and a singlet at 2.34 (2 H), The mo-

lecular weight of this compound corresponds to the value calculated for dimer VIII. A similar but less~stable
violet~colored dimer IX is formed from 2-methyl-4,6~diphenylpyrylium perchlorate (X).

i5
3

The explanation of the differences in the stabilities can be made on the basis of calculations of the elec-
tron density distribution in the methylene-pyran molecules. For some of the methylenepyrans examined by us
these calculations were made by the Hiickel method [6]. The results of quantum-mechanical calculations by
the Pariser—Parr—Pople (PPP) method within the Dewar o-7 parametrization are presented below, *

- 0.013¢ CH2 —0.008¢ CHZ
!

(e}
0,0295

- 0.0021 0.001
v P

= 0.0152

0.0004

0.0018 =0.0008

~0.0103
0.0006

0.0016 0.0028

0.0018 xm

e}
0.0302 0.0006

—0.0024 0.0009

xi 0.0005

*The authors thank B, Ya. Simkin and L. N. Talanova for performing the calculations.
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It is evident from the molecular diagrams that the surplus electron density in the methylenepyran mole-
cules is concentrated on the carbon atom of the methylene group, thereby ensuring its considerable activity.
The higher this electron density, the lower the stability of the resulting dimer (IX). I is interesting to note
that the calculated electron density on the methylene groups of IT and XII are practically identical, and this
indicates the absence of conjugation between the pyran and phenyl rings, The same can also be stated regard-
ing methylenepyrans XI and XIII.

The behavior of methyl-substituted 2-benzopyrylium salts with nitrogen heterocycles differs from the
behavior of salts I, IV, VII, and X. Thus 1-methyl-~3,6,7-trimethoxy-2-benzopyrylium perchlorate (XIV) on
refluxing with benzimidazole is converted to keto ester XV rather than to a methylenepyran:

CH,0 N0 oMo CH,COOCH,
4 = + B-HCIO,
CH,0 & CH,0” OCH,

clo;

cH,

XIv -’ XV

A complex mixture of the products of opening of the pyrylium ring and products of conversion of the
methylenepyran is formed in the reaction of 1,3-dimethyl-6,7~dimethoxy-2-benzopyrylium perchlorate (XVI)*
with benzimidazole, as attested to by the elementary analysis (it is closer to a methylenepyran) and the IR
spectrum (it contains carbonyl absorption at 1710 em™!). A compound to which one can assign trimer struc-
ture XVII on the basis of the results of elementary analysis and the IR spectrum (carbonyl absorption is ab-
sent) can be isolated in low yield from the reaction mixture:

cH,0 o CHs
+ | —— Complex mixture of products
CH,0 A°
3 ! c10
CH, 4 / \(C‘,/ '5'(}
/ NI
XVl Y 20
CHJOK:(:\/CH:; / cH OWCHJ
| |
)
CHO X ° e, 0”7 o
: I CH ; ‘ CcH
CH o—( HC o—<(  ?
(‘,—CH'—‘—‘-< \> ~HCO, Hé-—CH:—ﬂ \Y
cH0 / CHaoj/ o / \
N\ / y N4
F N cH,O A e, X
CH;O CH3 OCH3 OCH3 3 3 OCHS OCH3
xvil XVl

Trimer XVII is also formed from perchlorate XVIII, obtained by treatment of a complex mixture of prod-
ucts of reaction of concentrated HC1O, in acetic anhydride. It must be noted, as one should have expected,
that in the reaction of perchlorate XVI with sodium carbonate the product is not a methylenepyran but rather
1-(3,4-dimethoxy-6-phenylacetyl)~2-propanone, which is recyclized to salt XVI on treatment with HC1Q, in
acetic anhydride.

The presence in the reaction mixture of the starting pyrylium salt with an active methyl group made it
impossible to carry out the reaction of the methylenepyrans with 2,6-di-tert-butylphenol, phenyl azide, and

*Only the methyl group in the 1 position is active in this salt [7].

TABLE 2. Pyrylocyanines

Com- |mp, °C_ | Empirical Found, % Calculated, % |Yield,
pound | (fromnitro- ' formula %
methane C H ] C H Cl

XXI 267—269g Ca3Hg3ClOg 724 | 4,5 64 | 719 4,2 6,4 25
XXIII 306—308 c Cy7H3:CIO, 755 | 4,8 52 1758 | 45 4,8 9
XXV 275—276 CasH3:Cl0g 723 | 4,5 62 1719 | 42 6,4 37
XXVI 284 d b CasHosClOg 72,7 | 4,6 60 [729 | 44 6,1 23
XXV 249—251 CasHgsClOg 72,5 | 4,6 64 729 ;| 44 6,1 28
XXIV | 306—307 CagH2C10g 73,6 | 51 57 1740 | 47 5,7 20
XXVIII 234—236 CasHgeClOs 735 1 49 5.6 | 740 | 47 57 14

According to [8], this compound has mp 280-281°.
Recrystallized from glacial acetic acid,

According to [8], this compound has mp 294-~295°,
According to [9], this compound has mp 310-311°,

o 0 U o

1224



maleic anhydride. The reactions, as usual, proceeded with the formation of dimers. The primary reactionof
methylenepyrans was observed with y-unsubstituted pyrylium salts. One such reaction for flavylium (XIX)
and X perchlorate in pyridine was previously described in [8]. We studied the reaction of methylenepyrans
X1 and XIII with equimolar amounts of 2,6-diphenylpyrylium (XX) and XIX perchlorate, This transformation
evidently proceeds via the following mechanism:

CsH; CoH, CH,

i
= % B 1/£§ﬁ XIX \gjijy—CHz 1 0
* “E-HCIO N\ y —
X% H, E-HCIO, C,:HSJ\OACH: / _

CeHy

N-cu= \>
- C;H
co, s

XXi

Some of the deeply colored monomethylidynecyanines isolated in this way have been previously obtained
by condensation of pyrylium salts containing methyl groups with o~ and y-pyrones. A dark-violet product of
reaction at two methyl groups (XXIII) was obtained with 2,4-dimethyl-6-phenylpyrylium perchlorate (XXII).
We were unable to isolate products of reaction at three methyl groups in the case of perchlorate I. Moreover,
we found that methylenepyrans XII and XIII are acylated by acetic anhydride, and the resulting acyl derivatives
react with the starting salts to give trimethylidynecyanines, for example:

CH, CH, CHCOCH,
/( T —e Q 1E8C00 a’;)\lk vu_
N4 -B-HCIO '
CeHy N0 sHg 4 CiHy CeH; CSHS/\O‘/ C;Hs .
cio;
Vil Xl
CH, CH,
—_ oDxcu—cl=CH— 7%
CsHlg CH, Clof—<cs“s
XXV

This reaction does not occur in the absence of base.

EXPERIMENTAL

The pK, values were measured potentiometrically in acetonitrile at 25 £0.1°, The IR spectra of mineral-
oil suspensions of the compounds were recorded with a UR-20 spectrometer. The PMR spectrum in CCl,was
recorded with a BS 487 C spectrometer (80 MHz) with hexamethyldisiloxane as the internal standard. The
molecular weight was determined cryoscopically in benzene.

The reaction of perchlorate [ with bases was carried in ethanol by the method described in [1].

Reaction of Perchlorate VII with Benzimidazole. This reaction was carried out with equimolar amounts
of reagents for 15 min in refluxing nitromethane, The solvent was then removed by vacuum distillation, and
red VIII was extracted from the residue with ether (the yield of crude product was 57%). The ether was evap-
orated, and the product was purified by chromatography with a column filled with Al,0, (elution with benzene)
to give VIII with mp 81-83° in 20% yield. Found: C 87.8; H 5.6%; M 460 10, Cg3H,;0,. Calculated: C 88.1;
H 5.3%; M 490,

Reaction of Perchlorate XVI with Benzimidazole, This reaction was carried out in refluxing ethanol
for 1 h. The hot mixture was filtered to give 10% of XVII with mp 231°. Found: C 72.3; H 6.3%. CyH;,0,.
Calculated: C 72.0; H 5.9%. Ether was added to the filtrate to precipitate benzimidazolium perchlorate, the
ether solution was evaporated and extracted with benzene, and the benzene extract was worked up to give a
colorless oil, which was found to be a complex mixture. This mixture was dissolved in acetic anhydride, and
the solution was cooled and treated dropwise with 70% HC10,. The mixture was then allowed to stand, during
which yellow perchlorate XVIII, with mp 205-206° (dec., from acetic acid), crystallized. Found: C 62.9; H 5.5;
C15.1%. C3HgClOys. Calculated: C 63.2; H 5.3; Cl 4.8%. IR spectrum, em-!: 1635, 1600, 1540, 1500, and
1085. Compound XVII was formed when perchlorate XVIII was refluxed in ethanol.
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Reaction of Methylenepyran XII with Perchlorate XIX. An equimolar amount of perchlorate XIX was
added to a hot mixture of equimolar amounts of perchlorate VII and benzimidazole in nitromethane, and the
mixture was refluxed for 1 h. It was then cooled, and the dark-violet precipitate of 4-[(2,6-diphenyl-4H-pyran-
4-ylidene)methyl]-2-phenylbenzopyrylium perchlorate (XXV), with mp 275-276° (from nitromethane), was re-~
moved by filtration. The yield was 37%.

Reaction of Perchlorate XX with the Methylenepyran Obtained from Perchlorate XXII. This reaction
was carried out by the method presented above, except that the solvent was glacial acetic acid. The hot re-
action mixture was filtered to give a shiny dark-violet precipitate of 2,4-di[(2,6-diphenyl-4H-pyran-4-ylidene)-
methyl}-6-phenylpyrylium perchlorate (XXITI). A mixture of red products of reaction at one methyl group pre-
cipitated when the filtrate was cooled.

A similar procedure was used to obtain perchlorates XXI, 4-[(2,6~-diphenyl-4H-pyran-4-ylidene)methyl}-
2,6-diphenylpyrylium perchlorate (XXVT1), and 4~[ (4,6-diphenyl-2H-pyran-2-ylidene)methyl]-2,6~diphenyl-
pyrylium perchlorate (XXVII). Data on all the monomethylidynecyanines are presented in Table 2,

Reaction of Methylenepyran XII with Acetic Anhydride. A mixture of 0.70 g (2.0 mmole) of perchlorate
VII and 0.12 g (1.0 mmole) of benzimidazole was refluxed for 20 min in 10 ml of acetic anhydride, and the re-
sulting greenish-blue precipitate of trimethylidynecyanine XXIV was removed by filtration.

The reaction of methylenepyran XIII with acetic anhydride proceeded similarly to give 2-{ 1-[2-methyl-
3~ (4,6-diphenyl-2H-pyran-2-ylidene)-1-propenyl]} -4, 6-diphenylpyrylium perchlorate (XXVIII). Data on the
trimethylidynecyanines obtained in this research are presented in Table 2,
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