
Ethyl 3-Benzoyl-5-hydroxybenzofuranyl-2-methylthioglycolate (V). A 1.32-mi (12 mmole) 
sample of ethyl thioglycolate and a solution of 4.5 g (12 mmole) of II in 20 ml of ethanol 
were added successively to a solution of sodium ethoxide (obtained from 0.28 g of sodium) in 
30 ml of ethanol. After 3 days, half the volume of alcohol was removed by distillation, 4 
ml of concentrated hydrochloric acid was added to the concentrate, and the mixture was re- 
fluxed for 1 h. The solvent was removed by distillation, and the residue was recrystallized 
to give 2.7 g (61%) of a product with mp 77-78~ (from ethyl acetate~hexane). Found: S 8.3%; 
M + 370. C=oHIsS05. Calculated: S 8.6%; M 370. 

l~3-Diphenyl-4H-8-acetoxypyridazino[5,4-b]benzofuran (VI). A 2.36-mi (24 mmole) sample 
of N-phenylhydrazine was added at room temperature to a solution of 4.5 g (12 mmole) of II 
in 20 ml of ethanol, and the resulting precipitate was separated and washed on the filter 
with alcohol to give 3.4 g (74.7%) of a product with mp 180~ (dec., from ethyl acetate). 
Found: C 75.3; H 4.7; N 7.1%. C2~H~sN203. Calculated: C 75.4; H 4.7; N 7.3%. 

l-Phenyl-7-hydroxythieno[3,4-b]benzofuran (VII). A solution of 4.5 g (12 mmole) of II 
in 40 ml of ethanol was refluxed for 3 h with 0.9 g (12 mmole) of thioacetamide, after which 
the alcohol was removed by distillation, and the residue was recrystallized from benzene-- 
heptane to give 2 g (63.4%) of a product with mp 170-171~ Found: C 72.1; H 3.8; S 12.0%. 
C16H~oSO2. Calculated: C 72.2; H 3.8; S 12.0%. 

l-Phenyl-7-hydroxy-8-dimethylaminomethylthieno[3,4-b]benzofuran (VIII) Hydrochloride. A 
solution of I g (3.8 mmole) of Vll in 20 ml of dioxane was refluxed for 3 h with 3 ml of bis- 
(dimethylamino)methane, after which the solvent and excess amine were removed by vacuum dis- 
tillation, and the residue was dissolved in ether. The ether solution was neutralized with 
an ether solution of hydrogen chloride, and the precipitate was removed by filtration to give 
0.7 g (51.8%) of a product with mp 192-193~ (from alcohol). PMR spectrum: 6.65 ppm (s, 3-H). 
Found: C 63.3; H 5.2; C1 9.7%. C19H~sCINO2S. Calculated: C 63.4; H 5.0; C1 9.8%. 
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STRUCTURE AND RING-CHAIN TAUTOMERISM OF 3-(I-HYDROXY-4-BROMO-2-NAPHTHYL)PROPENAL 

I. M. Andreeva, E. M. Bondarenko, UDC 547.652.9'655.1.6'816.07:541.62:543.422 
E. A. Medyantseva, and V. I. Minkin 

The previously undescribed 3-(l-hydroxy-4-bromo-2-naphthyl)propenal was synthesized. 
This aldehyde exists primarily in the form of the cyclic 2H-chromene tautomer in the 
crystalline state, in solutions in nonpolar solvents, and in acetonitrile, ethanol, 
and acetone. Ring-chain tautomeric equilibrium between the 2H-chromene and quinoid 
structures is observed in dimethyl sulfoxide. 

Previous studies of the electronic, vibrational, and PMR spectra of 3-(2-hydroxy-l-naph- 
thyl)propenal [i] and 3-(l-hydroxy-4-methyl-2-naphthyl)propenal [2] have made it possible to 
establish that annelation of an additional benzene ring to the benzene ring of 2-hydroxycin- 
namaldehyde in the 5,6 and 3,4 positions shifts the benzenoid--quinoid equilibrium significant- 
ly to favor the quinoid tautomer, which promotes realization of the cyclic 2H-chromene struc- 
ture in the crystalline state and in solutions in nonpolar solvents. Ring-chain tautomeric 
equilibrium between the 2H-chromene and chain (quinoid or benzenoid) forms is observed in 
polar solvents for these aldehydes; the percentage of the chain form increases substantially 
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Fig. i. Electronic absorption spectra of 
3-(l-hydroxy-4-bromo-2-naphthyl)propenal 
(1-3) and 2-hydroxycinnamaldehyde (4) 
[5]: i, 4) in benzene; 2) in dimethyl 
sulfoxide; 3) in acetone. 

on passing from the 5,6- to the 3,4-benzo derivatives of 2-hydroxycinnamaldehyde. 

In the present research we studied the structure of the previously undescribed 3-(1- 
hydroxy-4-bromo-2-naphthyl)propenal (I), the synthesis of which was realized via a scheme 
similar to that described in [3], which we used in the preparation of 3-(hydroxynaphthyl) ~ 
propenals [i, 2]. The starting l-hydroxy-4-bromo-2-naphthaldehyde was obtained from 4-bromo- 
l-naphthol by the method in [4]. 

OH 011 O C O C t l  3 

CHCI~OC4H9 CHO I. (CHaCO2)O CH(OC2Hs)2 
TiCI4, CHCIs 2. HC(OC2Hs)3 

t 
Br Br Br 
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I ~cllo=_~ 
I. Ctt2=CHOC41|9, ZnCI2 ~ _ / ~ ~ C H O  CH30 H ,,- 
2.CIt~COOH, CtlaCOONa ~ . . . . ~ )  b' a -Cll~ONa 

I 
Br Br 

II IB 

~ - ~  ~------ II "1 I \ o .  
B r ~ H b  

B r  H c 
ib la 

3-(l-Hydroxy-4-bromo-2-naphthyl)propenal exists primarily in the form of the cyclic 2H- 
chromene tautomer (la) in the crystalline state and in solutions (carbon tetrachloride, diox- 
ane, acetonitrile, and acetone). The presence of bands of stretching vibrations of a dihydro- 
pyran ring at 1655 cm -I (C=C) and of an associated hydroxy group at 3150-3450 cm -I in the IR 
spectrum of aldehyde I constitutes evidence in favor of this structure. The electronic ab- 
sorption spectra in nonpolar (carbon tetrachloride, dioxane, and benzene) and polar solvents 
(ethanol, acetonitrile, and acetone), like the spectra of 3-(2-hydroxy-l-naphthyl)propenal 
[i], are characterized by the typical (for 2H-chromenes) clearly expressed vibrational struc- 
ture at 320 and 355 nm and differ markedly from the spectrum of 2-hydroxycinnamaldehyde [5], 
which has a benzenoid structure A ring-chain tautomeric equilibrium of the la § Ib type is 
established in dimethyl sulfoxide (DMS); this is indicated by the appearance of a long-wave 
absorption band of quinoid tautomeric form Ib at 485 nm (Fig. I). 

These data are also confirmed by the PMR spectra of aldehyde I ~Fig. 2). The assignment 
of the signals of the protons was made on the basis of a comparison with the spectra of the 
previously investigated 3-(hydroxynaphthyl)propenals [i, 2]. Signals of protons of only cyc- 
lic 2H-chromene structure la, which form a complex ABMX system, are observed in the PMR spec- 
trum of aldehyde I in acetone (Fig. 2a). The quartet at 5.95 ppm and the doublet at 6.15 ppm 
correspond to the H b and H~ protons (the designations of the protons are given in formulas I 
in the scheme), the doublet at 6.75 ppm corresponds to the H c proton, and the signal of the 
proton of the OH group is located in the aromatic-proton region. Aldehyde I also behaves 
similarly in dioxane (see the experimental section). 

Signals of protons of two tautomeric forms are recorded in the PMR spectrum of aldehyde 
I in DMSO (Fig. 2b). The Ha, Hb, and H c protons of cyclic structure la show up in the form 
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Fig. 2. PMR spectrum of 3-(l-hydroxy-4-bromo-2- 
naphthyl)propenal: a) in acetone; b) in dimethyl 
sulfoxide. 

of a doublet at 6.10 ppm, a quartet at 5.90 ppm, and a doublet at 6.80 ppm, respectively. The 
H a , and Hb' protons of quinoid form Ib are recorded at 9.65 and 6.95 ppm. The signals of the 
remaining protons of aldehyde I inboth solvents are presented in Fig. 2. It follows from the 
relative intensities of the signals of the protons of tautomeric forms Ia and Ib that their 
ratio in the Ia ~ Ib equilibrium in DMSO is ~i :i. 

A comparison of the electronic and PMR spectra of aldehyde I with the spectra of 3~(2- 
hydroxy-l-naphthyl)- and 3-(l-hydroxy-4-methyl-2-naphthyl)propenals ~ecorded in acetone and 
acetonitrile (see the experimental section), as well as with the previously published data 
[i, 2], shows that an equilibrium of the Ia ~+ Ib type is observed in DMSO for all three alde- 
hydes, whereas in the case of 3-(l-hydroxy-4-methyl-2-naphthyl)propenal ring-chain equilib- 
rium is recorded in acetonitrile, acetone, and DMSO with ratios of the cyclic (Ia) and quinoid 
(Ib) structures of 3:1 [2] and 2:1 and i:i [2], respectively. Thus the character of the sub- 
stituent in the naphthalene ring and the position of the annelated benzene ring have a sub- 
stantial effect on the position of the tautomeric equilibria of 3-(hydroxynaphthyl)propenals. 

EXPERIMENTAL 

The electronic absorption spectra of solutions of the compounds (10 -5 to 10 -4 mole/liter) 
were recorded with a Specord UV-vis spectrophotometer. The IR spectra of mineral oil suspen- 
sions were obtained with a UR-20 spectrometer. The PMR spectra of 10-15% solutions of the 
compounds were measured with a Varian XL-100/15 radiospectrometer (i00 MHz). In the descrip- 
tion of the PMR spectra the protons of the naphthalene ring of the tautomers of the Ib type 
are designated by the numbers of the positions of the corresponding protons of the cyclic 
tau tome rs. 

!-Hydroxy-4-bromo-2-naphthaldehyde. This compound was obtained by formylation of 4- 
bromo-l-naphthol with dichloromethyl butyl ether in the presence of titanium tetrachloride in 
dry chloroform by the method in [4]. It was previously obtained by reduction of the corre- 
sponding acid with mercury amalgam [6]. To isolate the aldehyde the chloroform was removed, 
the solid residue was dissolved in benzene, the side products were precipitated with petroleum 
ether and separated by filtration, and the filtrate was evaporated to give light-yellow crys- 
tals, with mp I12~ (from ethanol; this value was in agreement with the melting point present- 
ed in [6]), in 31% yield. IR spectrum: 1655 cm -I (C=O). PMR spectrum (acetone): 12.66 (IH, 
s, OH), i0.00 (IH, s, CHO), and 7.48-8.10 ppm (SH, m, Ar). 

l-Hydroxy-4-bromo-2-phenyliminomethylnaphthalene. This compound was obtained in the form 
of light-orange crystals with mp 161~ (from ethanol) [6]. A side product, viz., a brown pow- 
der (from benzene-petroleum ether), which melted above 225~ with decomposition, was evident- 
ly formed via polymeric self-arylation under conditions similar to those in the Friedel--Crafts 
reaction. This is indicated by the substantially reduced percentage of bromine in this product 
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(11.1% instead of the 31.9% in the aldehyde) and the formation of a similar product under 
the same conditions without the formy!ating agent. 

l-Acetoxy-4-bromo-2-naphthaldehyde. This compound was prepared in 70% yield by acyla- 
tion of l-hydroxy-4-bromo-2-naphthaldehyde with acetic anhydride in dry pyridine, The fine 
white crystals had mp 142~ (from ethanol). IR spectrum: 1680 and 1760 cm -I (C=O). Found: 
C 53.6; H 3.2; Br 27.0%. C13HgBr03. Calculated: C 53.2; H 3.1; Br 27.3%. 

l-Acetoxy-4-bromo-2-naphthaldehyde Diethylacetal. This compQund was obtained in 60% 
yield from l-acetoxy-4-bromo-2-naphthaldehyde and excess ethyl orthoformate in the presence 
of a catalytic amount of phosphoric acid. The light-yellow crystals had mp 82~ (from ben- 
zene--petroleum ether). IR spectrum: 1760 cm -I (C=O). PMR spectrum (CCI~): I.ii (6H, t, 
CH3--CH2), 2.30 (3H, s, CH3CO), 3.55 (4H, q, CH2--O), 5.66 (IH, s, 2-CH), and 7.15-8.25 ppm 
(5H, m, Ar). Found: C 55.8; H 5.0; Br 21.3%. C17HIgBr04, Calculated: C 55.6; H 5.2; Br 
21.8%. 

3- (l~Hy droxy- 4-b romo- 2-naphthyl) p ropenal (I). 3- (l-Acetoxy-4-br omo-2-naphthyl) p ropenal 
(II) was obtained by the method described in [i] from l-acetoxy-4-bromo-2-naphthaldehyde di- 
ethylacetal and vinyl butyl ether in the presence of a 10% solution of anhydrous zinc chlor- 
ide in dry ethyl acetate and a catalytic amount of phosphoric acid. ~The product was iso- 
lated in the form of a yellow powder consisting of a mixture with l-hydroxy-4-bromo-2-naphth- 
aldehydein a ratio of 1:2.6, respectively, determined from the relative intensities of the 
signals of the protons of both compounds in the PMR spectrum of the mixture in acetone: CHO 
(i0.00 ppm, s) and OH (12.66 ppm, s) groups of l-hydroxy-4-bromo-2-naphthaldehyde and H a , 
(9.65 ppm, dd) and H b, (6.75 ppm, q) protons of II. Aldehyde I was prepared by treatment of 
the mixture with a methanol solution of sodium methoxide. The product was purified to remove 
the l-hydroxy-4-bromo-2-naphthaldehyde by repeated washing with benzene to give a yellow pow- 
der, with mp 130~ in 20% yield. UV spectrum, %max (E'I0-3) : in benzene 315 (4.7), 325 (4.8), 
338 (4.3), and 355 (4.0); in CCI4 320 (4.3), 332 (4.3), 340 (3.8), and 357 (3.6); in dioxane 
328 (4.7), 338 (4.8), 355 (3.3), and 375 (1.4); in acetonitrile 335 (4.4), 355 (4.0), and 
365 (2.3); in acetone 322 (4.2), 338 (4.2), 355 (3.8), and 375 (2.6); in ethanol 290 (6.6), 
310 (4.7), 338 (4.0), 355 (3.6), and 385 (1.5); in DMSO 310 (7.4), 390 (1.8), and 485 nm 
(6.1). PMR spectrum (dioxane), signals of the protons of form la: 5.70 (IH, q, Jab = 4 Hz, 
Jbc = i0 Hz, Hb) , 5.90 (IH, q, Jab = 4 Hz, JaoH = i0 Hz, Ha) , 6.70 (IH, d, Jcb = i0 Hz, Hc) , 
7.4-7.7 (3H, m, 5,8,0-H3), 8.05 (IH, m, 7-H), and 8.25 ppm (IH, m, 10-H). Found: C 56.1; H 
3.3; Br 28.4%. C13HgBr02. Calculated: C 56.3; H 3.2; Br 28.9%. The starting l-hydroxy-4- 
bromo-2-naphthaldehyde (mp I12~ was regenerated from the wash waters. 

3-(l-Hydroxy-4-methyl-2-naphthyl)propenal. This compound was prepared by the method in 
[2]. UV spectrum, %max (~'i0-~) : in acetone 333 (7.7), 353 (5.6), 377 (3.9), and 490 nm (2.0). 
PMR spectrum (acetone), signals of the protons of form Ia: 6.00 (2/3H, q, Jba = 4 Hz, Jbc = 
i0 Hz, Hb) , 6.17 (2/3H, d, Jab = 4 Hz, Ha) , 6.80 (2f3H, d, Jcb = i0 Hz, Hc) , and 7.15 ppm 
(2/3H, s, 5-H); signals of the protons of form Ib: 6.80 (I/3H, m, Hb,) , and 9.72 (I/3H, d, 
Ja'b' = 8 Hz, Ha,) ; signals of the protons of both forms: 7.4-7.7 (3H, m, 8,8'-H; 9,9'-H; 5'- 
H; OH), 7.92 (1.33H, m, 7,7'-H, Hc,) , and 8.30 ppm [1.33H, m, 10,10'-H, (OH)']. 

3-(2-Hydroxy-l-naphthyl)propenal. This compound was obtained by the method in [I]. PMR 
spectrum (acetonitrile), signals of the protons of form Ia: 4.75 (IH, d, JOH = 8 Hz, OH), 
6.00 (2H, m, Ha, Hb) , and 7.00-8.25 ppm (7H, m, Hc, Ar). 
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