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Cyclopropyl-substituted Pyrylium Salts
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The previously unknown 2,4,6-trisubstituted pyrylium salts 1-4, carrying cyclopropy! and methyl or phenyl
substituents in the same molecule, and 5-8, substituted with isopropyl groups instead of cyclopropyl, were
synthesized as perchlorates. The electronic spectra and the C-13 nmr spectra of the two groups of compounds
were compared. A cyclopropyl group has a batochromic effect on the electronic spectrum roughly half that
exerted by a phenyl; replacement of an alkyl by a cyclopropyl shifts the highest wavelength absorption band
by about 20 nm. Presence of phenyl substituents reduces the batochromic effects of cyclopropyl substituents.
The effects of both cyclopropyl and phenyl substituents on the electronic spectra are smaller for pyrylium
than for tropylium. The nmr signals for all the ring carbons are shifted upfield upon replacement of
isopropyl by cyclopropyl; in particular, the effect of substituents in position 2 upon the chemical shift of C(4)
indicates that the electron-releasing effect varies in the series alkyl < phenyl < cyclopropyl, in agreement
with the findings for 2,6-disubstituted pyrylium salts. The difference between the chemical shifts for the
methine and methylene carbons of the three-membered ring is a function of the electron demand of the ca-
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tionic heterocycle.
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Introduction.

The special electronic properties of the three-membered
carbon rings, particularly their ability to supply electrons
to carbocationic centers has been a long standing subject
of investigation [2]. An interesting application of the
cyclopropyl as substituent has been the synthesis of
aromatic cations of exceptional stability, such as tri- and
tetracyclopropylcycloheptatrienyl [3] and tricyclopropyl-
cyclopropenyl [4].

We wanted to prepare cationic compounds with various
groups present in the same molecule, so that the proper-
ties of alkyl, phenyl and cyclopropyl as substituents can be
compared better. The pyrylium system seemed ideally
suited for this purpose, because the ring can be assembled
in a wide variety of ways from acyclic fragments [5], but
the only pyrylium salts with three-membered ring substi-
tuents which we found in literature are the 2,6-dicyclopro-
pyl- and 2,6-bis(1-methylcyclopropyl)pyrylium perchlorates
[6]. We have prepared now the cyclopropyl-containing ca-
tions 1-4, also as perchlorates, We have prepared the
isopropyl-substituted analogs 5-8 as well, of which 8, is
also new. As a measure of the electron donating ability of
substituents toward the positively charged ring in the
ground and excited states, the C-13 nmr and the uv-visible
spectra of the new compounds were recorded, and com-

pared with the spectra of previously investigated salts of 5,
9, and 10.
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Synthesis.

Of the various methods available for building the
pyrylium ring [5], diacylation of alkenes [7] was ap-
propriate for the symmetrical ions 1 and 3, while
monoacylation of unsaturated ketones [8] was the method
of choice for the unsymmetrical species 2 and 4. Even
though the reactions were conceptually straightforward,
our efforts were hindered by the instability of the three-
membered ring to strong acids, well documented for the
cyclopropanecarboxylic acid [9]. Thus, reaction of t-butyl
chloride with cyclopropanecarboxylic acid chloride in the
presence of aluminum chloride or antimony pentachloride
gave intractable tars. That some dicyclopropyl-methyl-
pyrylium salt had been formed, was demonstrated, none-
theless, by treatment of the reaction mixture with am-
monia [7,8d] and identification of a dicyclopropylmethyl-
pyridine by gc-ms. Perchloric acid-catalyzed diacylation
[7,10] by cyclopropanecarboxylic anhydride (11) yielded,
however, the desired 1 and 3, as perchlorates, from ¢-butyl
alcohol (12) and 2-phenyl-2-propanol (13), respectively
(equation 1). The yields were mediocre and the initial pro-
ducts were impure, but the purification of products was
achieved, nonetheless, without undue difficulty, giving
pyrylium salts pure enough for analysis and spectral deter-
minations.

Monoacylation [10] of diacetonealcohol (14) with 11 and
perchloric acid (equation 2) gave the 2-cyclopropyl-4,6-
dimethyl pyrylium perchlorate (2). The 2-cyclopropyl-4,6-
diphenylpyrylium perchlorate (4) was likewise obtained
from 1,3-diphenyl-2-buten-1-one (15, equation 3). An at-
tempt at acylating 15 with 11 and boron trifluoride
etherate [11] led to 2,4,6-triphenylpyrylium fluoroborate
[12], probably also on the account of the instability of 11 to
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the Lewis acid.

Finally, the reactions of precursors 1215 with
isobutyric anhydride (16) gave the isopropyl-substituted
pyrylium salts 5-8 (equations 1-3).

HCIO,
MeCR(OH-Me + (R-CO}0 _—— 1,3,5007 (1)
12 R =Me 11 R=cPr
13 R =Ph 16 R=i-Pr
HCIO,
Me-CO-CH,-C(OH)Me, + 11 or 16 ——— = 20r6 @
14
HCIO,
Ph-CO-CH-CPhMe + 1l orlg ———— d4or8 3

15

Along with the study of their properties, the
cyclopropyl-substituted pyrylium cations have potential in-
terest as starting materials for the synthesis of various
other cyclic compounds, for example pyridines, phenols,
naphthalenes, and azulenes [5b].

Spectroscopic Study.

The electronic spectra of pyrylium salts substituted with
aryl [13] and alkyl groups [14] had been investigated by
previous authors. Our results are presented in Table 1.
The values for 9 and 10 are in agreement with those
reported in the literature. A comparison of all the spectra
obtained shows that the cyclopropyl substituent (in posi-
tions 2- and 6-) produces a batochromic shift of the longest
wavelength absorption, which is less than half the value
observed for a phenyl substituent. Thus, the difference
between 1 on one hand and 9, or 5, or 6 on the other, is
about 45 nm, whereas replacement of the 2-, and 6-methyl
substituents of 9 by phenyl groups brings about a shift of
107 nm [14] (cf. the line before the last in Table 1). A single
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cyclopropyl group, as in 2, shifts the same absorption
band to longer wavelength by 25 nm relative to 9; the shift
induced by one phenyl group (2,4-dimethyl-6-phenylpyryl-
ium compared to 9) is 60 nm [14]. The mere increase in
size of the substituents in the same positions from methyl
to isoproyl had resulted in only insignificant shifts (3nm)
[14]. The effect of cyclopropyl groups in positions 2 and 6
is smaller when position 4 is occupied by a phenyl group
as in 3, and it is essentially wiped out when one
cyclopropyl and two phenyl groups exist in the molecule,
as in 4.

The changes which we observed for pyrylium parallel
those reported for tropylium [15]. The response of the lat-
ter to substituent effects is greater, however. Thus, the
longest wavelength absorption maximum for monosub-
stituted tropylium varied by 53 nm and by 93 nm upon
replacement of isopropyl by cyclopropyl and by phenyl,
respectively [15].

The proton [16] and carbon-13 nmr [17] spectra of a
number of pyrylium cations are available in literature. We
recorded the carbon spectra for compounds 1-9. The peak
assignment was straightforward, based on the published
chemical shifts. To help distinguish between the signals
for the methylene and methine cycloproyl carbons, the
spectrum of 3 was also run with off-resonance decoupling.
The carbon chemical shifts are listed in Table 2.

The carbon-13 chemical shifts have been used to
estimate the electron density at a given site in a molecule
or ion. Particularly, for uninterrupted, cyclic, 7-delocal-
ized systems, a linear relationship between carbon
chemical shifts and the formal w-electron count for each
individual carbon (1 for benzene, 1.2 for the cyclopenta-
dienyl anion, 6/7 for tropylium, etc.) was discovered by
Spiesecke and Schneider [18], then expanded by others, as

Table 1
Electronic Spectra of Pyrylium Saits

Compound R R R" Solvent [a] A max (e max) [b]
1 c-Pr Me c-Pr EtOH 214 (21000) 229 (sh, 17200) 240 (sh, 11200) 331 (17400)
2 c-Pr Me Me EtOH 208 (16600) 230 (sh, 6100) 310 (12500)
3 c-Pr Ph ¢-Pr EtOH 210 (17700) 229 (20100) 331 (24900) 350 (sh, 18000)
4 ¢-Pr Ph Ph EtOH 207 (13900) 259 (10250) 341 (16640) 377 (12490) [c]
51(d] i-Pr Me i-Pr water 232 (4680) 288 (34720)
8 i-Pr Ph Ph EtOH 209 (19720) 254 (17420) 337 (25240) 372 (28640) [c]
9 [e] Me Me Me EtOH 203 (5700) 231 (5600) 285 (13600)
10 [f] Ph Ph Ph AcOH 277 (16600) 352 (39800) 407 (24500)
-lgl Me Ph Ph EtOH 208 (17900) 253 (15290) 335 (22600) 370 (26400) [c]
-[d] Ph Me Ph AcOH 236 (13800) 277 (36100) 392 (26900)
-{d] Me Ph Me water 304 (20000) 327 (23400)

[a] Water and ethanol solutions were stabilized with perchloric acid (ref [14]). [b] A max in nm. The intensity of bands marked sh (shoulder) are only

approximate. [c] A shoulder may be present on the high wavelength side of this band. [d] Values taken from ref [14]. [e] Lit values: 232 (4500) and
286 (9260) in EtOH, 233 (5450) and 284 (7900) in water, ref [14], were obtained with an instrument with a 220 nm cut-off. [f] Literature values: 278
(18000), 361 (30000), and 408 (24500) (ref [14]). [g] Literature values: 254 (14610), 338 (23600), and 374 (29100} in acetic acid ref [14].
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Table 2
Carbon-13 NMR Spectra of Pyrylium Salts {a]

No. R R R" c@) cO) @) c(s) C®) Substituent at
c C@) c©)
1 ¢-Pr Me c-Pr 18331 12087 17317 12097 18331 18.00 (1) 23.88 [b]
1626 (2)
2 ¢-Pr Me Me 18623  122.02 17465 12310 177.20 18.16 (1) 2372 21.08
17.36 (2)
3 c-Pr Ph c-Pr 183.04 11619 16660 11619 183.04 1824 (1)  13343(1) (b]
15.87 2) 130.18 2
13172 3)
136.92 (4)
4 ¢-Pr Ph Ph 184.17 11753 16767 11475 17259 188717 13377(1) 12976 (1)
17.44 (2) 13027 2)  129.04(2)
131.83(3)  131.70(3)
137.19 (4)  137.19 (4)
51c] i-Pr Me i-Pr 187.01 12240 17791 12240 187.01 36.02 (19 24.42 ]
2034 (2)
6 i-Pr Me Me 188.13 12253 17808 12527  180.42 36.22 (1) 24.46 21.78
20.63 (2)
7 iPr Ph i-Pr 187.43 11756 17077 11756 187.43 36.67 (1 133.60 (1) {v]
2075 (2) 130.75 (2)
132.06 (3)
: 137.95 (4)
8 i-Pr Ph Ph 18564 117.15 16973 11610 17462 3646 (17  13389(1)  129.81(1)
2089 (2) 13046 (2)  129.56 (2)
131.69(3) 13176 (3)
13758 (4)  137.65 (4)
9[d] Me Me Me 179.89 12464 17699 12464 179.89 21.44 23.83 1]
10 [c) Ph Ph Ph 173.16 11563 168.88 11563 173.16 12064 (1% 13392(1) {b]
12938(2) 13002 (2)
13165(3) 13173 (3)
137.424) 13723 (4)

[a] In trifluoroacetic acid-deuteriodichloromethane (80:20); chemical shifts (ppm) are based on the deuteriodichloromethane solvent signal, taken as
53.80 ppm. [b] Same values as for the substituent at C(2). [c] From ref. [17b], corrected (-0.25 ppm). [d] The values measured by us and listed here

were upfield from those in ref. [17b] by 0.25 ppm on the average.

new charged aromatic carbocycles were synthesized and
studied [19]. In what we consider liberties taken with the
correlation, average chemical shifts of systems with non-
equivalent carbon atoms were placed on the same straight
line [18], then the correlation was used to predict average
electron densities in these systems, even though it was
mentioned that carbon-13 chemical shifts reflect trends of
charge density only when hybridization and substitution
are invariant [20]. Such extensions included alkyl- and
aryl-substituted aromatic ions [19a], polycyclic aromatic
ions [21], methano-bridged annulenes and ions [22], and
even alkenyl and phenylmethyl anions [23]. We believe
that the results of these correlations are no more than first
approximations. The evaluation of charge density changes
involves a comparison of chemical shifts in at least two
systems. It is important that structure and substitution
pattern be kept constant at the atom examined, and at the
atoms bonded directly to it; in other words, no o or 8
substituent should be added or removed [24].

We have proposed the application of **C chemical shifts
for C(4) in 2,6-disubstituted pyrylium salts for comparing
the electron-donating ability of various substituents [25].
The relationship between the substituent at C(2) or C(6)
and the ring carbon C(4) is the same as between a substi-
tuent and a meta position in a benzene ring, where no
shielding or deshielding effect is observed [24]. On the
other hand, in the pyrylium ring the charge is manifested
at positions 2, 4, and 6, and an increase in the electron-
donating ability of substituents bonded to C(2) and C(6)
reduces the positive charge density at C(4). Therefore, the
chemical shift change of C(4) reflects the variation in elec-
tronic effect of substituents.

The availability of symmetrical 2,6-disubstituted
pyrylium salts allowed us to compare several substituents
[25]. The data presented in Table 2 confirm a key finding
of the other study, namely that the electron-donating abili-
ty of substituents increases in the order alkyl < Ph <
c-Pr. This trend appears clearly upon comparing the
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chemical shifts for C(4) in 7 (170.77), 10 (168.88), and 3
(166.60), as well as upon examining the nonsymmetrical
cations 8 (169.73), 10, and 4 (167.67).

Consideration of both electronic and C-13 nmr spectra
indicate that cyclopropyl is a better electron donor than
phenyl in the ground state, but phenyl is better at stabiliz-
ing the excited state by conjugative effects.

It has been discussed in literature that the carbon
resonances of the cyclopropyl group itself are influenced
by a positively charged group bonded to it, but that the ac-
tual chemical shifts are particularly dependent upon the
nature of the charged group [26,27]. The compounds made
by us can be used to test this theoretical representation.
By maintaining the charged group constant (pyrylium)
and changing substituents at C(4) and C(6), more than
three bonds away, in the 2-cyclopropylpyrylium, we can
check whether the cyclopropyl carbon chemical shifts are
a measure of the demand for electrons by the charged
system. The electron pull from a three-membered ring in
position 2 decreases as substituents in positions 4 and 6
become better donors.

The chemical shifts presented in Table 2 for C(c) show
little variation with the change in substituents. The C(8)
signal is more sensitive, and for closely related pairs (1 and
2 or 3 and 4) it moves upfield when the other substituents
are better donors. The differences [§(C-o) -KC-B)],
however, vary consistently for the five examples of 2-cyclo-
propylpyrylium cations that we have investigated:

Substituent at C(4): Me H Ph Me Ph
Substituent at C6): Me c¢Pr Ph  ¢Pr  ¢-Pr
6C(a)-6C(8) at C(2): 0.08 1.37[25] 1.43 1.74 237

Considering the order of electron-releasing power: H <
Me < Ph < < ¢-Pr established before [25] and confirmed
here, the results show that the chemical shift difference
becomes smaller (less positive) as the electron demand in-
creases. Likewise, for the series cyclopropyltropylium,
1,4-dicyclopropyltropylium, and 1,3,5-tricyclopropyl-
tropylium, the corresponding differences are 3.6, 4.1, and
5.7 ppm, respectively [3a].

EXPERIMENTAL

General Procedures.

Reagent grade chemicals and solvents were used as purchased.
Proton nmr spectra were run at 60 and 90 MHz. The "*C-nmr
spectra were recorded at 62.896 MHz.

Cyclopropanecarboxylic Anhydride (11).

This compound was prepared by the reaction of the acid and
the acid chloride with pyridine [28], but in toluene rather than in
benzene solution as recommended, bp 110-111° at 12 torr.

1,3-Diphenyl-2-buten-1-one (15).

This compound was obtained by the self-condensation of
acetophenone, catalyzed by aluminum chloride [29].

D. Fiarcasiu and M. Kizirian
1}
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Pyrylium Perchlorates.

Cyclopropanecarboxylic anhydride (11) or isobutyric
anhydride (16) (160 mmoles) was mixed with the substrate for
acylation, 12, 13, 14 or 15 (20 mmoles) in a dry round-bottomed
flask equipped with a magnetic stirring bar, dropping funnel, and
calcium chloride drying tube. The mixture was cooled to 0° and
72% perchloric acid (20 mmoles) was added dropwise over a
period of 30 minutes, with stirring. The solution was stirred for
another 30 minutes in the ice-bath, then at room temperature
overnight. The dark, viscous mixture was cooled again in ice, and
a three-fold volume of ether was added. Stirring was continued
for 1 to 2 hours, until the product solidified (in a few cases it was
necessary to decant the solvent off and repeat washing with fresh
ether). The salt was purified by precipitation from ethanol con-
taining a small amount of perchloric acid (one drop for 50 ml)
with ether, or from acetone with ether or pentane. 1 and 3 could
also be recrystallized from alcohol (containing perchloric acid),
whereas 4 and 8 could be recrystallized from acetic acid. The
salts prepared by monoacylation of 14 are dark and remain off-
white or tan even after the melting point reaches the value for the
pure material. The IR spectra in KBr pellets were consistent with
the pyrylium perchlorate structure [30]. The yields indicated
below are for materials after one cycle of purification, unless in-
dicated otherwise, and were not optimized.

2,6-Dicyclopropyl-4-methylpyrylium Perchlorate (1).
This compound was obtained in 33% yield, mp 221-222°.

Anal. Caled. for C,.HsClOs: C, 52.47; H, 5.50; Ci, 12.91.
Found: C, 52.45; H, 5.66; Cl, 13.08.

2-Cyclopropyl-4,6-dimethylpyrylium Perchlorate (2).

This compound was made in 20% yield, mp 160.5-161.5°.
Anal. Caled. for C,oH,;Cl0s: C, 48.30; H, 5.27; Cl, 14.26.
Found: C, 48.25; H, 5.27; Cl, 13.80.

2,6-Dicyclopropyl-4-phenylpyrylium Perchlorate (3).

This compound was prepared in 16% yield, mp 194-195°.
Anal. Caled. for C;H,,ClOs: C, 60.63; H, 5.09; Cl, 10.53.
Found: C, 60.56; H, 5.07; Cl, 10.84.

2-Cyclopropyl-4,6-diphenylpyrylium Perchlorate (4).

This compound was isolated in 52% yield (crude product, mp
230-242°), mp 259-260°.

Anal. Caled. for C,0H,,Cl0s: C, 64.44; H, 4.60; Cl, 9.50. Found:
C, 64.42; H, 4.50; Cl, 9.63.
2-Isopropyl-4,6-dimethylpyrylium Perchlorate (6).

This compound was synthesized in 29% yield (lit 12% [8e]), mp
120-122°.

Anal. Caled. for C,oH,sClOs: C, 47.91; H, 6.03; Cl, 14.15.
Found: C, 48.16; H, 6.08; Cl, 13.83.
2,6-Diisopropyl-4-phenylpyrylium Perchlorate (7).

This compound was secured [7b] in 20% yield (fully purified
material), mp 215-217°.
2,4-Diphenyl-6-isopropylpyrylium Perchlorate (8).

This compound was likewise obtained in 19% yield of
analytically pure material, mp 274-275°.

Anal. Caled. for C;0H,,Cl0;: C, 64.09; H, 5.11; Cl, 9.46. Found:
C, 64.02; H, 4.98; Cl, 9.43.
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