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The Reaction between 2,4,6-Triarylpyrylium Salts and

Sodium Nitrite*

CHRISTIAN L. PEDERSEN and OLE BUCHARDT

Chemical Laboratory II, The H. C. @rsted Institute, University of Copenhagen,
Universitetsparken 5, DK-2100 Copenhagen @, Denmark

The reaction between a series of 2,4,6-triaryl-
pyrylium salts and sodium nitrite in various
solvents has been examined. When the reaction
was carried out in acetonitrile the main reaction
led to 3,5-diaroyl-4-arylisoxazoles. If the reac-
tion was carried out in alcoholic solvents,
complex mixtures were formed. The main prod-
uct in most of these cases consisted of 2,4,6-
triaryl-2,6-dialkoxy-5-nitro-5,6-dihydro-2H-
pyrans. Besides this, various by-products were
1solated and characterized. The mechanism and
scope of the reactions are discussed.

In continuation of our previous studies of the
reactions of pyrylium salts,? this examination of
the reaction between 2,4,6-triarylpyrylium salts
and sodium nitrite (nitrite-nitrous acid) was
instigated.

Rather complex reaction mixtures resulted in
most cases; a variety of products could be
isolated, and the product distribution was found

* For a preliminary account of part of this work,
see Ref. 1.
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to be highly dependent on solvent as well as
other variables, e.g., the pyrylium counter ion
and the oxygen concentration.

A number of the types of product isolated
would be very hard to synthesize by known
methods. Thus we directed our studies towards
making the reactions potentially useful for
synthetic purposes, as well as towards under-
standing the mechanisms involved. Our study
was met with a certain degree of success, since
we were able to find conditions where one or
the other of the main products dominated.
Furthermore a mechanistic scheme that explains
the main reactions was derived.

Most of the detailed studies employed 2,4,6-
triphenylpyrylium tetrachloroferrate as sub-
strate. The product distribution from this sub-
strate in a typical experiment is illustrated by
Chart 1.
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RESULTS

In this section the synthetically useful results
are discussed, whereas some results which are
especially useful in our attempt to unravel the
mechanistic picture will be presented in the
discussion section.

a. The formation of dihydropyrans (1I) using
monovalent alcohols as the solvent. A series of
experiments were performed with 2,4,6-triphe-
nylpyrylium tetrachloroferrate (I) as substrate
and a monoalcohol both as solvent and one of
the reagents. The reaction vessels were open,
and thus oxygen from the air was present. The
results are summarized in Table 1.

b. The reaction between glycols and 2,4,6-tri-
phenylpyrylium tetrachloroferrate. In this series
of experiments it was found that ethylene glycol

and 1,3-propanediol gave the bicyclic dihydro-
pyrans VIII and IX, respectively (Chart 2),
whereas 1,4-butanediol did not lead to a di-
hydropyran in observable amounts. In this case
the only isolated product consisted of IVa (Table
2). It should be noted that the reactions with
monoalcohols and glycols as a rule were discon-
tinued before all pyrylium ion was consumed,
since the dihydropyrans were slowly decom-
posed under the reaction conditions.

From the results it appears that the formation
of dihydropyrans is & very general reaction.
However, steric crowding was observed to be a
limiting factor. By using secondary or tertiary
butyl alcohol as solvents and reagents, we were
not able to isolate any dihydropyran, but only
compound IVa (Table 2). Furthermore, it should
be noted that the so-called pseudobase VI was

Ar?
Table 1. Dihydropyrans ITa—r, A fi:gZ .
RO" 07 OR
Art Ar R Yield (%)
a CH; C.H; CH, 27
b CH, C,H, CH,CH, 46
c CH, C,H; CH,CH,CH, 48
d CH; C.H, CH,CH,CH,CH, 71
<] C.H; C.H; CH,CH,CH,CH,CH, 48
f C,H, CH, (CH,),CH 43
g C.H; C.H, (CH,),CCH, 21
h C.H, C.H, (-)-CH,CH,CH(CH,)CH, 66
i C:H, C.H, C,H,CH, 24
i C.H, p-CH,-C,H, CH,CH,CH, 80
k C.H, m-NO,-C,H, CH,CH,CH, 19
1 C.H, p-Pri.C;H, CH,CH,CH, 91
m p-Br-CH CH, CH,CH,CH, 40
n p-CH,-C, 11, CH, CH,CH,CH, 89
o p-C1.C,H, CH, CH,CH,CH, 60
P p-CH,.CH, p-CH,-C,H, CH,CH,CH, 50
a p-Cl-C,H, p-Cl-CH, CH,CH,CH, 47
r C.H,; p-Br-C.H, CH,CH, 57
eHs eHs CeHs
O2 NaNO,, O, NaNOz. 0, N0,
CeHs CeHs  “HOICH,L,0H oS | o POCHOR syl CeHs
5 67’5 0
FeCl; 0\/\/
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formed in all experiments using alcohols as
solvents.

¢. The influence of oxygen, and the pyrylium
counter ion, on the dihydropyran formation. The
2,4,6-triphenylpyrylium salts were also in this
study chosen as model substrates, and as the
alcohol was used 1-propanol. In an experiment
with 2,4,6-triphenylpyrylium tetrachloroferrate,
where oxygen was carefully excluded, we ob-
served a decrease in the yield of dihydropyran
IIc (from =48 9 to <7 %). Concurrently the
yield of oxime (III) increased (from 8 9%, to
20 9%) as did that of pseudobase VI (from 14 9,
to 60 %). The influence of the counter ion was
adequately demonstrated by a comparison
with 2,4,6-triphenylpyrylium tetrafluoroborate,
which only gave 11 9% of dihydropyran IIec,
while the yield of oxime (III) increased to
61 9.

d. Dihydropyrans from other 2,4,6-triaryl-
pyrylium derivatives. The reaction in which the
dihydropyrans were generated was found to be
rather independent of substituents in the aryl
groups (Table 1), although there is undoubtedly
a limit to this.

Reactions of Pyrylium Salts 287

In all of the above experiments, some minor
products were formed, but as a rule it was not
tried to isolate them quantitatively. However,
in Chart 1 such a quantitative experiment is
depicted.

e. Formation of isoxazoles (IV ), and the oxime
(III). The isoxazoles (IV) were formed to
some extent in all our experiments, and it was
attempted to find conditions, whereby the yield
of this product could be increased to the point
where it became of synthetic usefulness. The
reaction between 2,4,6-triphenylpyrylium ion
and nitrite ion was therefore examined in &
series of solvents (Table 2). From the table it
emerges that the best yield of isoxazoles is
obtained with acetonitrile as solvent under re-
fluxing conditions. Furthermore, as can be seen
in Table 2, this reaction is also general for
2,4,6-triarylpyrylium salts. It was found that a
tetrafluoroborate counter ion gave better yields
than when the tetrachloroferrate was employed.
In the former case, it was furthermore observed,
that the benzoate of the oxime, X, was formed
(Chart 3). If oxygen was excluded, an almost
quantitative yield of the oxime III was ob-

CSHS CSHS CGHSO CeHs C’O
NaNO,, 0 C ol N\
£ e GHS%'Z_{ * ¢ ‘C?: Mk
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BF Na X
65% 2%
Chart 3.
i
Ar? A 0
Table 2. Isoxazoles IVa—d, ¢ .
O'N
Solvent Art Ar? Counter Yield (%)
ion

a H,0/CH,COCH, (5/95) C.H, C.H; FeCl,~ 44
a. CH,CH,CHOHCH, C.Hj C.H; FeCl,~ 29
a (CH,;),COH C.H, C.H, FeCl,~ 25
a CH,CH,COH(CH,), C.H; CH; FeCl,~ 15
a HO(CH,),0H C.H, C H; FeCl,~ 23
a CH,CN C.H, C.H, BF,” 65
b CH,CN C.H, m-Cl-C.H, BF,~- 33
c CH,CN C.H, p-NO,-C,.H, BF,- 26
d CH,CN p-CH,;-C,H, C H, BF,~ 39
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tained. No attempts to maximize the other by-
products (Chart 1) were undertaken.

STRUCTURE ELUCIDATION

a. The dihydropyrans (I1). The structure of
the produet, ITr, from 2,6-diphenyl-4-(4-bromo-
phenyl)pyrylium tetrachloroferrate, sodium
nitrite and ethanol was unambiguously deter-
mined by X-ray crystallography.! The molecule
has the following geometrical features: 1, Five
of the atoms of the dihydropyran ring are
coplanar, whereas the carbon atom in the 6-
position is 0.59 A out of this plane. 2, The
phenyl groups in the 2- and 6-positions, and
the nitro group are on the same side of the
dihydropyran ring, and thus the ethoxy groups
are cis to each other. The structures of the
analogues of IIr were determined on the basis
of their elemental analysis (Table 7), and by
comparison of their NMR spectra (Table 3)
and their IR and UV spectra (Table 4) with
those of compound IIr.

b. The isoxazoles (IV ). The elemental analysis
(Table 7) and the mass spectrum of compound
IVa, 4¢.e., the product from 2,4,6-triphenyl-

Reactions of Pyrylium Salts 289

pyrylium tetrafluoroborate and sodium nitrite in
acetonitrile, established its formula as
Cy3H,;NO;. However, although its spectra
(NMR, only aromatic protons; IR, strong ab-
sorption at 1670 cm™) (Tables 5 and 6) agree
with our structural assignment, they do not
permit its identification. We thus particularly
base the assigned structure on its formation
from the oxime (III), which by oxidation with
air yielded compound IVa (Chart 4).

CeHs CeHs
NOH »Sf;fz—\?‘ °
A, 0, Cs
CHTYy £C * N
6H5 Y0 ¢ CeHs o o
m Na

Chart 4.

¢. The oxime (III). This compound was
identified as 4-oximino-1,3,5-triphenyl-2-pen-
tene-1,5-dione on the basis of its elemental
analysis (Table 7) and its spectra. In the NMR
spectrum (Table 5) were found signals due to
the aromatic protons and at very low field a
singlet (—2.20 7), which disappeared upon

Table 4. Characteristic infrared and ultraviolet absorptions of compounds ITa-—r, VIII and IX.

Com- IR2 UV (96 9% ethanol)

pound em™
Amax log ¢ Amax log & Amax log &
nm nm nm

ITa 1555 209 4.47 251 4.16

IIb 1555 210 4.29 249 4.10

IIc 15565 212 4.27 248 4.10

IId 1555 211 4.23 248 4.05

ITe 1560 214 4.25 248 4.14

IIf 1555 209 4.30 247 4.06

IIg 1560 210 4.34 246 4.11

ITh 1560

1L 1560

ITj 1555 210 4.42 254 4.23

ITk 1560 211 4.32 248 4.29

1Tl 1560 211 4.31 254 4.16

IIm 1555 210 4.31 228 4.31 242sh 4.15

IIn 1655 216 4.33 248 4.20

ITo 1560 2]2sh 4.33 223 4.36 248 4.20

IIp 1555 220 4.34 256 4.25

IIq 1555 226 4.36 258 4.28

IIr 1550 211 4.11 259 3.98 298sh 3.21

VIII 1560 212 4.22 249 4.10

IX 1555 210 4.27 244 4.09

% The spectra of compounds IIh, i were recorded in CHCl,, all other compounds in KBr.

Acta Chem. Scand. B 29 (1975) No. 3
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Table 5. Nuclear magnetic resonance spectra of compounds IIT, IVa—d, X and XI5,

Com- " Aromatic Other

pound

II1 1.78-2.756 (16 H) 2.17 (alkene, 1 H), —2.20 (OH, 1 H)®
IVa 1.61 —2.64

IVb 1.80—2.87

IVe 1.68—2.72

Ivd 1.97—2.93 (13 H) 7.60 (methyl, 6 H)

X 1.38—-2.75

X1 1.93—2.98 (16 H) 1.82 (methine, 1 H)?

4 The spectra were recorded at 60 MHz with TMS as internal reference. Chemical shifts are in 7-values.
Relative intensities are given in parenthesis. The spectrum of compound III was recorded in DMSO-d,

those of the other compounds in CDCl,.

b These singlets disappeared after shaking with D,0.

Table 6. Characteristic infrared and ultraviolet absorptions of compounds III, IVa—d, X and XI.

Com- IR in XBr, cm™ UV (96 9 ethanol)

pound
Amax 108 & Amax loge Apax loge Amy loge
nm nm nm nm

IIT 3290(OH), 1680, 1660(C=0) 209 4.43 264 4.46 310 4.32

IVa 1670(C=0) 208 4.44 263 4.41 287k 4,10

IVb 1680(C=0) 208 4.43 264 4.30 289t 4.04

IVe 1670(C=0), 1515(—NO,) 207 4.38 270 4.41

Ivd 1670(C=0) 208 4.37 274 4.11

X 1760, 1660, 1650(C=0) 206 4.3¢4 237 4.28 264 4.28 311sh 4,16

XI 1705, 1645(C=0), 15670(—NO,) 206 4.40 256 4.24 284sh 4,11 343k 3.72

shaking with D,0. This singlet is believed to be
due to the oxime proton; the signal due to the
vinyl proton is found at 2.17 7, and is unchanged
upon shaking with D,0. Its IR spectrum
(Table 6) showed two carbonyl absorptions, and
a broad band at 3300 cm™ from the oxime
function.

d. Compound XI (4-nitro-1,3,5-triphenyl-2-
pentene-1,5-dione). The assignments of structure
to this compound is based on its generation
from the corresponding dihydropyran, IIec, by
mild acid hydrolysis (Chart 5).

CsHs CeHs
0 “
CsHy0 0C3Hy CeHs Y0 07 CeHs
X1
Chart 5.

Furthermore, its spectroscopic features sup-
port the proposed structure (Tables 5 and 6).

e. 4-0-Benzoyloximino-1,3,5-triphenyl-2-pen-
tene-1,5-dione (X ). This compound is assigned
its structure on the basis of its IR and NMR
spectra (Tables § and 6). Furthermore, its
molecular weight was confirmed by mass spec-
trometry. 1,3,5-Triphenyl-2-pentene-1,5-dione
(VI),® 1,3,5-triphenyl-2,4-pentadiene-1-one (V) ¢
and 2-benzoyl-3,5-diphenylfuran (VII)® were
identical (m.p.’s and IR spectra) to the re-
spective authentic samples.

DISCUSSION

The reactions between 2,4,6-triarylpyrylium
salts and nitrite ion represent a complicated
sequence of reactions, and consequently no
complete understanding of the reaction path-
ways leading to each individual product could

Acta Chem. Scand. B 29 (1975) No. 3
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be obtained. However, in order to obtain some
understanding of the reaction mechanisms some
further experiments have been performed, again
using the 2,4,6-triphenylpyrylium ion as sub-
strate.

We believe that the following represents the
main pattern of events.

There are two mutually independent types of
nucleophilic attack on the pyrylium ion (Chart
6), namely by alcohol (Pathway a) and by
nitrite (Pathway b). After the initial steps, the
reactions presumably proceed like shown in the
scheme. This assumption is based on: (1) the
pH-dependency of the dihydropyran formatlon,
(2) the isolation of intermediates.

(1) The formation of II¢ from I and 1-
propanol was investigated with either tetra-
chloroferrate or tetrafluoroborate as counter
ions. It turns out that tetrachloroferrates sol-
volyze slowly in protic solvents as seen from
pH measurements (eqn. 1), whereas tetrafluoro-
borates do not under the experimental condi-

Acta Chem. Scand. B 29 (1975) No. 3

FeCl,+ROH-»

“[FeCl,(OR)I™" + HCI, etc. (1)
tions employed.

By using the tetrachloroferrate salt of I, a
yield of 48 9, of IIlc was obtained, whereas
with the tetrafluoroborate only 11 9, of IIc
could be obtained; concurrently, the yield of
the oxime III increased from 8 9, to 61 %. In
each experiment the reaction vessels were open
to the air.

The influence of pH was corroborated by
doing an experiment with the tetrafluoroborate
salt with added phosphoric acid, whereby the
yield of dihydropyran (IIc) could be increased
to 37 9%, and the yield of oxime (III) was
34 %. This clearly illustrates the influence of
PH, but it is not disproved that the tetrachloro-
ferrate does not have some specific effect, like
e.g., increasing the oxidation potential.

(2) That two independent pathways to the
main products (II and IV) exist was further
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consolidated by isolating and examining pos-
sible intermediates. Thus the oxime (III) could
be generated almost quantitatively when I, BF,~
and sodium nitrite was allowed to react in
boiling acetonitrile with exclusion of air. If
boiling of the reaction mixture was continued
in the presence of air the oxime III was con-
verted to isoxazole IVa in the same yield as
could be obtained from I,BF-, and nitrite if
air was present from the beginning. This clearly
demonstrates that III is the precursor for IVa
in acetonitrile, and probably also in other
solvents (note that IIT could also be isolated
from reaction mixtures with propanol as solvent
as shown in Chart 1). Furthermore, by following
the reaction in acetonitrile with air present, by
thin layer chromatography, it was observed
that the oxime concentration increased in the
beginning of the reaction whereafter it slowly
disappeared in favor of isoxazole (IVa). Further-
more, a number of attempts were undertaken
to convert the oxime III to dihydropyran (Ilc),
but in all cases the only product observed was
IVa.

The nitro compound XTI could also have been
a possible intermediate for both isoxazole and
dihydropyran formation. It was only detected
in the reaction between I,FeCl,~ and sodium
nitrite in 2-propanol and could be isolated in
38 9, yield, but its formation is probably due
to partial degradation of the dihydropyran, IIf.
Compound XI was most conveniently prepared
from the dihydropyran, IIe, by acid hydrolysis.
All attempts to convert it back to dihydropyran,
Ilc, failed; instead the isoxazole, IVa, was
formed.

In conclusion we postulate that the dihydro-
pyran is formed from XII by attack of nitrous
acid or maybe NO+ to give XIII, which reacts
with the alcohol to give intermediate XIV
which in turn in oxidized to the dihydropyran
(II). The isoxazole is assumed to be formed via
initial attack of nitrite on I to give intermediate
XYV which in turn rearranges to III. The reaction
of III to give the product IV may go via
either of the two pathways shown.

Most probably the main reaction goes via
intermediate XVII, since refluxing of the nitro
compound, XI, gave IVa and a 20 9, yield of
the furan (VII) (Chart 1). This contrasted with
results from reacting I,BF,~ and sodium nitrite

in acetonitrile, which only gave compounds IVa
and X.

The furan (VII) could be isolated in very low
yield from I,FeCl,~ and sodium nitrite in
propanol, but since it can also be generated
from the pseudo base (VI) (Chart 1) by mild
oxidations,® VI may be the progenitor.

The pentadienone (V) (Chart 1) is most likely
formed directly from I. It was shown to be the
main product upon reduction of 2,4,6-triphenyl-
pyrylium tetrafluoroborate with sodium boro-
hydride, or phenylsilane.’

EXPERIMENTAL

Microanalysis was carried out in the micro-
analysis department of this laboratory. Melting
points (uncorrected) were determined on a
Reichert melting point microscope or a Biichi
melting point apparatus. Infrared spectra were
recorded on a Perkin Elmer model 337 grating
infrared spectrophotometer. Ultraviolet spectra
were recorded on a Perkin Elmer model 137
UV spectrophotometer. Nuclear magnetic reso-
nance spectra were recorded on a Varian A60A
spectrometer. Mass spectra were obtained with
an A.E.I. MS-902 instrument, using direct
sample insertion into the ion source. The
electron energy was maintained at 70 eV. Pre-
parative layer chromatography (PLC) was per-
formed on 20 x 100 cm plates with a 2.5 mm
thick layer of silica gel (Merck PF,g, 4 44). The
plates were developed 2 — 3 times with benzene
or benzene-petroleum ether (1:1). The fractions
were isolated by continuous extraction with
chloroform in a Soxhlet apparatus.

Pyrylium salts. The tetrachloroferrates were
prepared according to Ref. 6 and the tetra-
fluoroborates according to Ref. 7.

Reaction of pyrylium salts with sodium nitrite
wn different alcohols. In all preparations except
with the very involatile glycols the following
procedure was used: e.g. 2,4,6-triphenylpyrylium
tetrachloroferrate (5.00 g, 9.9 mmol) and sodium
nitrite (1.37 g, 19.8 mmol) were suspended in
propanol (100 ml) and the mixture was stirred
at room temperature for 64 h. After this, 2.26
g of unreacted pyrylium salt was removed by
filtration and the reaction mixture was evap-
orated to dryness and extracted with benzene.
After evaporation of the benzene, the resulting
oil was separated by PLC (eluent: benzene/
petroleum ether 1:1) into: (1) 2,4,6-triphenyl-
2,6-dipropoxy-5-nitro-5,6-dihydro-2H-pyran
(IIc) (1.27 g ~48 %),* (2) 3,5-dibenzoyl-4-

* This compound was contaminated with about
3 9 of 1,3,5-triphenyl-2,4-pentadiene-1-one (V) as
measured by NMR-spectroscopy. Direct isolation of
compound V was only possible when the reaction
was run in methanol. In that case compound V was
obtained in 4 9, yield.

Acta Chem. Scand. B 29 (1975) No. 3
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phenylisoxazole (IVa) (0.12 g ~6 %), (3) 2-
benzoyl-3,5-diphenylfuran (VII) (0.017 g ~ 19%,),
(4) 1,3,5-triphenyl-1,5-pentenedione (VI) (0.25 g
~14 %), and (5) 4-oximino-1,3,5-triphenyl-2-
pentene-1,5-dione (III) (0.16 g ~8 9,).

The experiment with 2,4,6-triphenylpyrylium
tetrafluoroborate and phosphoric acid was car-
ried out as described above; pyrylium salt
(1.00 g ~2.52 mmol), 90 9% phosphoric acid
(0.14 g ~1.26 mmol) and sodium nitrite (0.35
g ~5.04 mmol) were suspended in propanol
(20 ml). PLC gave the dihydropyran IIc (0.44 g
~ 37 9%) and the oxime III (0.30 g ~ 34 %).

In those preparations where glycols were
used, a slightly different procedure was
employed: After stirring for five days at room
temperature, 200 ml of water was added, and
the mixture was extracted three times with
chloroform. After evaporation, the residue was
extracted with benzene. The resulting oil was
separated as above.

Reaction of pyrylium salts with sodium nitrite
in acetonitrile. Compounds IVa-d were all pre-
pared according to the following procedure: e.g.
2,4,6-triphenylpyrylium tetrafluoroborate (1.50
g, 3.8 mmol) was dissolved in acetonitrile (30 ml)
and sodium nitrite (0.79 g, 11.4 mmol) was
added. The mixture was refluxed for 20 h *
and evaporated to dryness. The resulting oil
was extracted with chloroform and the crude
material from evaporation of the chloroform
was recrystallized from methanol to give 0.79 g
~59 9 of 3,5-dibenzoyl-4-phenylisoxazole
(IVa). By the method of PLC (eluent: benzene)
a further product was found. Separation of the
residue from the chloroform extraction (the
same amount of starting materials were used)
gave (1) 3,5-dibenzoyl-4-phenylisoxazole (0.87 g
~65 %) and (2) a compound believed to be
the benzoate of 4-oximino-1,3,5-triphenyl-2-
pentene-1,5-dione (X) (0.22 g ~ 12 9%).

Preparation of 4-owimino-1,3,5-triphenyl-2-
pentene-1,5-dione (II1I). This compound was
prepared in the same way as compounds IVa—d
except that the reaction mixture was very
carefully protected against air. The crude prod-
uct from the chloroform extraction was re-
crystallized from benzene/petroleum ether to
give an almost quantitative yield of III. Pro-
tection against air was not found necessary
during the work up.

Preparation of 4-nitro-1,3,5-triphenyl-2-pen-
tene-1,5-dione (X1 ). Compound IIc (0.50 g) was
dissolved in chloroform (5 ml). To this solution
was added concentrated hydrochloric acid (1
ml) and the resulting two phase system was
stirred vigorously for 10 min. Water and addi-
tional chloroform was added and the organic
phase was separated and dried over anhydrous
sodium sulfate. After evaporation of the chloro-
form, the residue was recrystallized from ben-

* However, in the preparation of IVd it was
necessary to reflux for 7 days.

zene/petroleum ether to give an almost quanti-
tative yield of compound XI.

Thermolysis of compound XI. Compound XI
(0.40 g) was dissolved in acetonitrile (20 ml)
and the solution was refluxed for 2 h. After
evaporation of the solvent the residue was
separated by PLC (eluent: benzene) into (1)
3,5-dibenzoyl-4-phenylisoxazole (IVa) (0.20 g
~52 %) and (2) 2-benzoyl-3,5-diphenylfuran
(VII) (0.07 g ~20 9%).
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