
~-Methy~-4-[5-(~-methy~-4,6-dipheny~-~2-dihydr~pyridin-2-y~idene)-~3-pentadieny~]- 
2~6-diphenylpyridinium Perchlorate (IX). This compound was obtained from 0.ii g (0.175 
mmole) of pyrylocyanine III by a method similar to that used to prepare VII. 
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2-BENZOPYRYLIUM SALTS. 

26.* RECYCLIZATION OF 2-BENZOPYRYLIUM SALTS TO e-NAPHTHOLS 

I. V. Korobka, I. V. Shcherbakova, 
and E. V. Kuznetsov 

UDC 547.814.1.5'655.07:543.422 

The behavior of 2-benzopyrylium salts with a CH2 group in the 1 position at pH ~7 
was studied, and it was established that they undergo recyclization to ~-naphthols 
under these conditions. A mechanism for the conversion is proposed. One of the 
intermediates, viz., 3-hydroxy-l-tetralone, was isolated. 

It has been proposed [2, 3] that an equilibrium between the cationic form of the py- 
rylium salt and its anhydro and pseudo bases, which has been studied at pH ~7 [4-6] and 
determines its reactivity, may also exist in an acidic medium. 

We have observed that, probably owing to this equilibrium, irreversible recyclization 
of 2-benzopyrylium salts to a-naphthols is possible at phi7. This transformation takes 
place to give the products in 75-90% yields when 2-benzopyrylium salts with a CH= group in 
the 1 position are heated in ethanol or water both with and without acidification. 

The recyclization evidently takes place due to reaction of the pyrylium salt with 
water, which can add immediately to the cation, acting as a nucleophile (pathway A), or 
initially as a base to deprotonate it (pathway B). 

The anhydro bases (benzylideneisochromenes III) formed by pathway B are derivatives 
of vinyl ethers, which, as is known [7], are readily hydrated in acidic media; protonation~ 
of the B-cation atom of the vinyl fragment (hydration of the exocyclic double bond is more 
likely) takes place with simultaneous attack by the nucleophile at the s-position, i.e., in 
this case the I § transformation is irreversible. Pseudo bases IVa-i undergo subsequent 
recyclization to naphthols VIIa-i (R 3 = H) through 1,5-dicarbonyl compounds V. 

*See [i] for communication 25. 

Rostov State University. Scientific-Research Institute of Physical and Organic Chem- 
istry, Rostov-on-Don 344006. Translated from Khimiya Geterotsiklicheskikh Soedinenii , No. 9, 
pp. 1184-1187, September, 1982. Original article submitted November 3, 1981. 
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I--VII a R~=CH3, R2=3,4-(OCHs)2CaH3; bRt=CH3, R2=C6Hs; c RI=R2=3,4-(OCH3)2C6H3; 
d R~=CH3 R2=2-I-4,5-(OCH3)2C6H2; e W=CH3, R2=2-Br-g,5-(OCHs)2C6H=; f R~= 
=3-OCtq3CsH4, R2=C6H5; g RI=R2=C6Hs; h RI=R2=CH3; 1 RI=3,4"(OCH~)~C~H~, 

R2=CH3; VII RS=H, COCH~ 

In an alkaline medium, in which vinyl ethers are stable, the formation of naphthols 
is possible only through nucleophilic attack by a water molecule or the oxide anion of the 
pyrylium ring. In fact, benzylideneisochromene IIIb, which was obtained by the method in 
[8], remained unchanged after refluxing for 1 h in aqueous alkali but underwent smooth re- 
cyclization to naphthol VIIb (R ~ = H) upon treatment with aqueous or alcohol solutions of 
acids. 

it must be noted that in acidic media naphthols are obtained only from 2-benzopyrylium 
salts that have a CH2 group in the 1 position; salts with a methyl group form different com- 
pounds (their structure is currently being elucidated), although this sort of recyclization 
takes place in 40% yield in an alkaline medium [9]. This difference can be explained by the 
degree of stabilization of the intermediately formed benzylideneisochromenes or by the pe- 
culiarities of the aldol-crotonic condensation of 1,5-dicarbonyl compounds V (R = = H). 

The observed transformation pertains essentially to the "isomerizational recyclization 
of heteroaromatic Cations" [I0]; however, according to our data, this is the first example 
of such processes that take place in an acidic medium. Recyclization in an acidic medium 
possibly is general in character and can be realized for both one-ring pyrylium salts and 
pyridinium salts. 

!-Benzyl-3-methyl-2-benzopyrylium salt Ib undergoes recyclization to naphthol VIIb 
(R 3 = H) upon brief heating in aqueous solutions of HCI and HCI04 or simply in water. In 
the latter two cases, in addition to the naphthol, the reaction gives a product, in the IR 
spectrum of which absorption bands at 1660 and 3200 cm -x (C=O and OH groups, respectively) 
are recorded. Naphthol VIIb (R 3 = H) is formed when it is heated in aqueous alkali or an 
inert solvent, whereas the acetate of naphthol VIIb (R 3 = COCH3) is formed in acetic anhy- 
dride. A singlet at i.i ppm (3H), for which a methyl group bonded to the alicycle is re- 
sponsible, singlets at 3.00 (CH2), 3.73 (IH), 3.83 (OCHs), and 3.90 (OCH3), and a multiplet 
at 6.90-7.55 ppm (aromatic 7-H) were observed in the PMR spectrum of the product obtained. 
On the basis of this, as well as the results of elementary analysis, we assigned a hydroxy- 
tetralone structure (VIb) to the compound obtained. 

EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were recorded with a Specord 
71 IR spectrometer, while the PMR spectra of solutions in CF3COOH, d~-CH3OH, and d~-DMSO were 
recorded with a Tesla BS-467 spectrometer (60 MHz) at 20~ with hexamethyldisiloxane as the 
internal standard. 

l-Benzyl-3-methyl-6~7-dimethoxy-2-benzopyrylium Perchlorate (Ib). A 2-g (i0 mmole) 
sample of 3,4-dimethoxyphenylacetone and 1.5 g (i0 mmole) of phenyiacetic acid were heated 
in 20 ml of polyphosphoric acid (PPA) at IO0~ with vigorous stirring for 30 min, after which 
the mixture was hydrolyzed with cold water, and 1 ml of 70% HCIO~ was added. The liberated 
oily product was separated by decantation and crystallized twice from acetic acid with hot 
filtration to give 1.7 g (45%) of light-green crystals with mp 182~ IR spectrum: 1640, 
1605, 1540, 1535, and 1510 cm -x. PMR spectrum (CFsCOOH): 2.39 (s~ CHs), 3.70 (s, OCHs), 
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TABLE i. 2-Ra-3-RI-6,7-Dimethoxy-l-naphthols 

Compound 

VII a [91 
VII c" - 
VlldT9] 
VII e'[9J 
v I I f  
VIIg 
VII:~ [9] 
VIi i  

Reaction rap, ~ 
time, h 

2 177 
4 216 
1,5 171 
1 162 

20 168 
2 186 
2 126 

104 

Found, % 

69,9 

77,8 
89,7 

70,8 

H 

5,4 

5,6 
6,2 

6,1 

Empirical 
tormula 

C28H2~O7 

C~5H2~04 
Ce4H2oO3 

CnH~20~ 

Calc., % 

70,3 

77,7 
89,9 

7],2 

H 

5,8 

5,7 
6,2 

6,2 

3.85 (s, OCH3), 4.50 (s, CH2), 6.95 (s, aromatic 5-H), 7.02 (s, aromatic I-H), and 7.35 ppm 
(s, aromatic 2-H). Found: C 57.6, H 4.6, C1 9.2%. C19H19CI07. Calculated: C 57.8, H 4.8, 
C1 9.0%. 

!-Benzylidene-3-methyl-6,7-dimethoxyisochromene (IIIb). A suspension of 0.4 g (I 
mmole) of salt Ib in i0 ml of dry benzene with 2 ml of triethylamine was refluxed for 30 min, 
after which it was cooled, the residual oil was separated by decantation, and the benzene 
solution was evaporated to dryness to give 0.12 g (40%) of yellow crystals with mp 133~ 
(from ethanol). IR spectrum: 1665, 1585, 1560, and 1520 cm-:. PMR spectrum (d~-DMSO): 
2.75 (s, CH~), 3.78 (S; OCH3), 3.85 (s, OCHs), 5.78 (s, l-H), 6.20 (s, l-H), and 6.65-7.80 
ppm (m,/aromatic 7-H). Found: C 77.3; H 6.3%. CxgH1eOs. Calculated: C 77.6, H 6.1%. 

2-Phenyl-3-methyl-6,7-dimethoxy-l-naphthol (VIIb). A) A suspension of 0.45 g (i mmole) 
of salt Ib in I0 ml of alcohol containing two drops of 36% HCI was refluxed for 2 h, after which 
the resulting solution was cooled and poured into 50 ml of water. The resulting precipitate 
was removed by filtration, washed with water, and dried to give 0.27 g (81%) of light-gray 
crystals with mp I03~ (from ethanol). IR spectrum: 3250, 1610, 1575, and 1500 cm -I. PMR 
spectrum (CF3COOH): 1.70 (s, CH3), 3.58 (s, two OCH3), and 6.73-7.08 ppm (m, aromatic 8-H). 
The product had Rf (AI2Os/CHCI3) 0.8 with a characteristic yellow-green coloration upon de- 
velopment with iodine vapors. Found: C 77.8, H 6.2%. C19H~eOs. Calculated: C 77.6, 
H 6.1%. 

Naphthols VIIa,c-i were obtained by a similar method (Table i). 

B) A reaction product that was identical to the product described in experiment A was 
obtained in 80% yield when the reaction was carried out in the presence of perchloric acid. 

C) A suspension of 0.45 g (i mmole) of salt Ib was refluxed in I0 ml of 36% HCI for 
15 min, during Which the salt dissolved, and the solution became turbid. The solution was 
cooled, and the precipitate was removed by filtration, washed with water, and dried to give 
0.26 g (78%) of naphthol VIIb. 

D) Naphthol VIIb was obtained in 80% yield by refluxing isochromene IIIb in ethanol in 
the presence of 70% HCIO4 for 2 h. 

E) A suspension of 0.4 g (i mmole) of salt Ib in 50 ml of 30% NaOH was refluxed for 
8 h, after which it was cooled, and the undissolved product was removed by filtration. The 
filtrate was acidified with hydrochloric acid, and the resulting precipitate was removed by 
filtration, washed with water, and dried to give 0.I g (40%) of naphthol VIIb. 

2-Phenyl-3-hydroxy-3-methyl-6,7-dimethoxy-l-tetralone (VIb) and 2-Phenyl-3-methyl-6,7- 
dimethoxy-l-naphthol (VIIb). A) A suspension of 0.4 g (I mmole) of salt Ib in 50 ml of 
water containing five drops of 70% HCIO4 was refluxed for 1 h~ and 25 min after hot filtra- 
tion and cooling of the filtrate the resulting precipitate was separated and dried. The 
mixture was separated by means of preparative column chromatography (AI=O3/CHCI3, dry filling 
of the column'. Rf(vib) and Rf(vIib) 0.8). EvaporatiOno of the chloroform gave 0.i g (36%) 
of cream-colored crystals of VIb with mp 178 C (from ethanol). IR spectrum: 3200, 1660, 
1600, and 1520 cm -x. PMR spectrum (d~-CH~OH):I i.I0 (s, CH3), 3.00 (s, CH2), 3.73 (s, IH), 
3.83 (s, OCH3), 3.90 (s, OCH3), and 6.90-7.55 ppm (m, aromatic 7-H). Found: C 72.3, H 6,2%. 
CxgH2oO~. Calculated: C 72.7, H 6.4%. 
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B) Naphthol Vllb was obtained in quantitative yield by heating hydroxytetralone Vlb 
in a solution of 30% NaOH for 4 h. It was also obtained in quantitative yield after hydrox- 
ytetralone Vlb was allowed to stand for 24 h in a solution of trifluoroacetic acid (with 
subsequent precipitation by means of ether) or when it was heated in xylene for i0 h~ 

2-Phenyl-3-methyl-6,7-dimethoxy-l-naphthol Acetate (Vllb, R 3 = COCH3). A) A solution 
of 0.3 g (i mmole) of naphthol Vllb in 5 ml of acetic anhydride was refluxed for 4 h, after 
which it was cooled and poured into water. The aqueous mixture was neutralized with sodium 
carbonate, and the crystallized oil was separated to give a product with mp 126~ (from 
ethanol). IR spectrum: 1750, 1640, 1600, and 1580 cm -:. Found: C 78.4; H 6.1%. C21H2oO3. 
Calculated: C 78.8, H 6.3%. 

B) Naphthol acetate VIIb (R ~ = COCH3) was isolated in 70% yield when 3-hydroxytetra- 
lone VIb was refluxed in acetic anhydride for 12 h with subsequent workup as in experiment A. 

w 
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