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Abstract.1 A convenient two-step method for the synthe-
sis of novel 1,3-benzoxathiol-2-ones and naphtho[2,1-
d][1,3]oxathiol-2-ones bearing (1H-tetrazol-1-yl)phenyl 
motif was developed. As a key step of the synthesis, an 
arylation of quinones (1,4-benzoquinone, 1,4-naphtho-
quinones) with the (1H-tetrazol-1-yl)arenediazonium salts 
was studied and efficient protocols were elaborated to 
obtain a variety of substituted ((1H-tetrazol-1-yl)phenyl) 
benzo/naphtho-1,4-quinones in good to excellent yields. 
An alternative synthesis of ((1H-tetrazol-1-yl)phenyl) 
naphtho-1,4-quinones via Diels-Alder reaction of tetra-
zolylphenyl-1,4-benzoquinones was demonstrated. The 
prepared benzo/naphtho-1,4-quinones readily react with 
thiourea at room temperature in the presence of a strong 
mineral acid to form intermediate isothiuronium salts, 
which cyclize with high yields to condense 1,3-oxathiol-2-
ones under heating. 
 
Keywords: tetrazole, quinone, oxathiolone, Meerwein 
arylation, cyclization. 

1. Introduction 

Tetrazoles are an important class of polynitrogen-
containing heterocyclic compounds with a wide range of 
practical applications. They are used as potential explo-
sives, complexing agents, ligands, drugs, etc. In particular, 
their active use in drug discovery over the past 15 years 
has been acknowledged in recent reviews.1,2 One of the 
reasons for tetrazole success in drug discovery is a com-
monly assumed bioisosterism of the metabolically stable 
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tetrazole ring to cis-amide and carboxyl groups.3 The 
compounds containing aryltetrazole fragments are privi-
leged among the tetrazole drug candidates. As an example 
of scaffolds bearing (1H-tetrazol-1-yl)phenyl pharma-
cophore, several compounds demonstrated in Fig. should 
be noted. Thus, compound A is a potent ROMK channel 
inhibitor,4 clinical candidate AZD-8165 (compound B) is 
a neutral thrombin inhibitor.5 There is a number of prom-
ising tetrazole derivatives with a pronounced antifungal 
effect. For instance, compound C (TAK-456) bearing the 
1,2,4-triazolyl and (tetrazol-1-yl)aryl moieties has shown 
a strong inhibitory effect on Candida spp., A. fumigatus, 
and Cryptococcus neoformans,6 tetrazole-containing 
aminopyrimidines (compound D)7 and 1-(4-(1H-tetrazole-
1-yl)phenyl)-3-arylprop-2-en-1-one (compound E)8 dis-
played high in vitro antifungal activity comparable to that 
of fluconazole, against C. albicans, S. cerevisiae, A. niger, 
and A. fumigatus. Several types of polynuclear heterocyc-
lic compounds F and G containing tetrazolyl moieties are 
promising COX-1 and COX-2 inhibitors demonstrating 
anti-inflammatory activity comparable to that of the 
known drugs (diclofenac and indomethacin).9 

Among other applications, it is worth mentioning 
the effectiveness of tetrazole derivatives as metal com-
plexes, which are also used in biomedical research.10,11 It 
is interesting to use them as a co-ligand for copper π-
complexes.12-14 Finally, 1H-tetrazoles were used for tran-
sannulation reaction to synthesize condensed pyrimidi-
nones15 for anticancer research.16-18 

Quinoid compounds are widespread in nature. 
They are involved in many biological processes and are 
extremely important for almost every living organism.19,20 
At the same time, the features of the structure of quinones 
determine a wide range of their chemical reactions. They 
are active in many homolytic and heterolytic reactions, 
and capable of cycloaddition. The heterolytic reactions of 
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quinones with nucleophilic reagents, in particular with S-, 
N-, and C-nucleophiles, are of special interest and impor-
tance. Due to such reactions, various derivatives are ob-

tained, which are used as drugs, herbicides, fungicides, 
restrictive drugs, analytical reagents, polymer modifiers, 
catalysts, and reagents for fine organic synthesis.21 

 

 
 

Fig. Biologically active compounds bearing (1H-tetrazol-1-yl)phenyl motif 
 

Recently, there has been a growing interest in the 
chemical and biological properties of quinones, the struc-
ture of which includes aryl substituents. Increased interest 
in arylquinones is due to the fact that these compounds, on 
the one hand, are quite common in nature, and on the 
other hand, show a variety of biological and pharmacol-
ogical activity.22-24 

The reaction of some disubstituted 1,4-benzo-
quinone derivatives with arenediazonium salts (Meerwein 
reaction) is a rather convenient path to arylated 1,4-
benzoquinones.25-27 In the case of 1,4-naphthoquinones, 
Meerwein arylation requires the use of catalysts based on 
copper and its compounds, and still ends with the forma-
tion of arylnaphthoquinones but with yields lower than in 
the case of 1,4-benzoquinones.25 This, obviously, has led 
to the search for new effective reagents and the develop-
ment of favorable conditions for arylation reactions. The 
reactions, which are proven in the case of 1,4-naph-
thoquinones, include palladium-catalytic arylation accord-
ing to Heck or Suzuki.28-31 

In recent years, several more groups of methods for 
direct C–H functionalization of the quinone cycle with 
aryl fragments have been developed: arylation with aryl-
boronic acids in the presence of transition metal-based 
catalysts,24, 32-37 arylation with arylhydrazines,38 ben-
zamides,39 diaryl iodonium salts,40 and a number of oth-
ers.41 However, they usually require the use of expensive 
catalysts, specific reaction conditions, and, in some cases, 

hard-to-reach starting materials. Thus, the arylation of 1,4-
quinones with arenediazonium salts remains an effective 
and affordable method for introducing aryl moieties into 
the quinone cycle. 

2. Experimental 

2.1. Materials and Methods 
1H and 13C NMR spectra were recorded on Varian 

Unity Plus 400 (400 and 101 MHz, respectively) and 
Bruker 170 Avance 500 (500 and 126 MHz, respectively) 
spectrometers in DMSO-d6 solutions using TMS or the 
deuterated solvenant as an internal reference. Mass spec-
tral analyses were performed using an Agilent 1100 series 
LC/MSD with API-ES/APCI mode (200 eV). Elemental 
analyses were accomplished using a Carlo Erba 1106 in-
strument. Melting points were determined in open capil-
lary tubes and were uncorrected. 

2.1.1. General procedure, physical and spectral 
data 

The starting tetrazolylanilines were obtained by 
known methods and their characteristics correspond to the 
literature data: 3-(1H-tetrazol-1-yl)aniline 1a,42 3-(5-
methyl-1H-tetrazol-1-yl)aniline 1b,43 4-(1H-tetrazol-1-
yl)aniline 1c,44 4-(5-methyl-1H-tetrazol-1-yl)aniline 1d,45 
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4-(5-(methylthio)-1H-tetrazol-1-yl)aniline 1e,46 3-methyl-
4-(1H-tetrazol-1-yl)aniline 1f.47 

2.1.1.1. General procedures for the preparation  
of 2-(1H-tetrazol-1-yl)arylbenzo-1,4-quinones (4a-f) 

A solution of amine 1 (11 mmol) in 5 mL of con-
centrated hydrochloric acid was cooled to 273 K, and a 
cold solution of 0.76 g (11 mmol) of sodium nitrite in a 
minimal amount of water was added dropwise under stir-
ring. The mixture was stirred at 273–278 K for 10 min, 
filtered (if necessary) to obtain a clear solution of (1H-
tetrazol-1-yl)arenediazonium chloride 2. Under constant 
stirring, the solution was added to a suspension of 1.3 g 
(12 mmol) of 1,4-benzoquinone 3, and 3.7 g of sodium 
acetate trihydrate in 100 mL of water. After nitrogen evo-
lution, the semisolid product was separated via decanta-
tion, washed with a small amount of water and dried. 
Then, the product was purified on flash column chroma-
tography on Al2O3 using ethylacetate as eluent. Quinones 
4a-f were recrystallized from the dioxane-DMF mixture 
with a ratio of 2:1. 
2-[3-(1H-Tetrazol-1-yl)phenyl]-1,4-benzoquinone (4a) 
Yield 75 %; mp 434–435 K (dec.); 1H NMR (400 MHz, 
DMSO-d6) δ 10.10 (s, 1Н), 8.12 (s, 1Н), 8.08–8.00 (m, 
1Н), 7.74−7.66 (m, 2Н), 7.11 (d, 1Н, 4J = 2.4 Hz), 6.98 (d, 
1Н, 3J = 10.0 Hz), 6.93 (dd, 1Н, 3J = 10.0 Hz, 4J = 2.4 Hz). 
Mass spectrum, m/z: 253 [M+H]+. Found, %: C, 61.93; H, 
3.27; N, 22.29. C13H8N4O2. Calculated, %: C, 61.90; H, 
3.20; N, 22.21. 
2-[3-(5-Methyl-1H-tetrazol-1-yl)phenyl]-1,4-
benzoquinone (4b) 
Yield 67 %; mp 443–444 K (dec.); 1H NMR (400 MHz, 
DMSO-d6) δ 7.85−7.65 (m, 4Н), 7.06 (d, 1Н, 4J = 2.4 Hz), 
6.98 (d, 1Н, 3J = 10.0 Hz), 6.92 (dd, 1Н, 3J = 10.0 Hz,  
4J = 2.4 Hz), 2.63 (s, 3Н). Mass spectrum, m/z: 267 
[M+H]+. Found, %: C, 63.17; H, 3.81; N, 20.91. 
C14H10N4O2. Calculated, %: C, 63.15; H, 3.79; N, 21.04. 
2-[4-(1H-Tetrazol-1-yl)phenyl]-1,4-benzoquinone (4c) 
Yield 64 %; mp 436–437 K (dec.); 1H NMR (400 MHz, 
DMSO-d6) δ 10.12 (s, 1Н), 8.02 (d, 2Н, J = 8.8 Hz), 7.77 
(d, 2Н, J = 8.8 Hz), 7.03 (d, 1Н, 4J = 2.4 Hz), 6.96 (d, 1Н, 
3J = 10.0 Hz), 6.91 (dd, 1Н, 3J = 10.0 Hz, 4J = 2.4 Hz). 
Mass spectrum, m/z: 253 [M+H]+. Found, %: C, 61.79; H, 
3.14; N, 22.34. C13H8N4O2. Calculated, %: C, 61.90; H, 
3.20; N, 22.21. 
2-[4-(5-Methyl-1H-tetrazol-1-yl)phenyl]-1,4-
benzoquinone (4d) 
Yield 56 %; mp 472–473 K (dec.); 1H NMR (400 MHz, 
DMSO-d6) δ 7.79 (d, 2Н, J = 8.4 Hz), 7.75 (d, 2Н, J = 8.4 Hz), 
7.04 (d, 1Н, 4J = 1.6 Hz), 6.98 (d, 1Н, 3J = 10 Hz), 6.93 (dd, 
1Н, 3J = 10 Hz, 4J = 1.6 Hz), 2.64 (s, 3Н). Mass spectrum, 
m/z: 267 [M+H]+. Found, %: C, 63.06; H, 3.88; N,  
21.09. C14H10N4O2. Calculated, %: C, 63.15; H, 3.79; N, 
21.04. 

2-{4-[5-(Methylthio)-1H-tetrazol-1-yl]phenyl}-1,4-
benzoquinone (4e) 
Yield 66 %; mp 485–486 K (dec.); 1H NMR (400 MHz, 
DMSO-d6) δ 7.80 (d, 2Н, J = 8.2 Hz), 7.73 (d, 2Н, J = 8.2 Hz), 
7.05 (d, 1Н, 4J = 2.2 Hz), 6.96 (d, 1Н, 3J = 10 Hz), 6.91 (dd, 
1Н, 3J = 10 Hz, 4J = 2.2 Hz), 2.82 (s, 3Н). Mass spectrum, 
m/z: 299 [M+H]+. Found, %: C, 56.43; H, 3.34; N,  
18.71. C14H10N4O2S. Calculated, %: C, 56.37; H, 3.38; N, 
18.78. 
2-[3-Methyl-4-(1H-tetrazol-1-yl)phenyl]-1,4-
benzoquinone (4f) 
Yield 73 %; mp 438–439 K (dec.); 1H NMR (400 MHz, 
DMSO-d6) δ 9.75 (s, 1Н), 8.02–8.90 (m, 2Н), 7.64 (s, 1Н), 
7.02 (d, 1Н, 4J = 2.4 Hz), 6.97 (d, 1Н, 3J =10.4 Hz), 6.90 
(dd, 1Н, 3J = 10.4 Hz, 4J = 2.4 Hz), 2.27 (s, 3Н). Mass spec-
trum, m/z: 267 [M+H]+. Found, %: C, 63.25; H, 3.72; N, 
21.11. C14H10N4O2. Calculated, %: C, 63.15; H, 3.79; N, 
21.04. 

2.1.1.2. General procedures for the preparation  
of 6,7-R3-2-(4-1Н-tetrazol-1-yl)aryl-1,4-
naphthoquinones (6a-f) 

A solution of amine 1 (11 mmol) in 5 mL of con-
centrated hydrochloric acid was cooled to 273 K, and a 
cold solution of 0.76 g (11 mmol) of sodium nitrite in a 
minimal amount of water was added dropwise under stir-
ring. The mixture was stirred at 273–278 K for 10 min, 
filtered (if necessary) to obtain a clear solution of (1H-
tetrazol-1-yl)arenediazonium chloride 2. Under constant 
stirring, this solution was added to a suspension of 1,4-
naphthoquinones 5a, b (12.4 mmol), 3.7 g of sodium ace-
tate trihydrate, and 0.5 g of copper(I) oxide in 25 mL of 
acetone. The temperature of the reaction mixture was 
maintained in the range of 303–318 K. After nitrogen evo-
lution, the mixture was left overnight. The formed precipi-
tate was filtered off, washed with a small amount of water 
and dried. The 1,4-naphthoquinones 6a-f were recrystal-
lized from the DMF or ethanol-DMF mixture. 
6,7-Dimethyl-2-[3-(5-methyl-1H-tetrazol-1-yl)phenyl]-
1,4-naphthoquinone (6a) 
Yield 36 %; mp 486–487 K (dec.) (EtOH–DMF, 1:3).  
1H NMR (500 MHz, DMSO-d6) δ 7.92 (s, 1Н), 7.90–7.75 
(m, 5Н), 7.21 (s, 1Н), 2.64 (s, 3Н), 2.42 (s, 6Н). Mass 
spectrum, m/z: 345 [M+H]+. Found, %: C, 69.70; H, 4.73; 
N, 16.34. C20H16N4O2. Calculated, %: C, 69.76; H, 4.68; 
N, 16.27. 
2-[4-(1H-Tetrazol-1-yl)phenyl]-1,4-naphthoquinone 
(6b) 
Yield 55 %; mp 477 K (dec.) (DMF); 1H NMR (400 
MHz, DMSO) δ 10.18 (s, 1H), 8.11–8.00 (m, 4H), 7.94–
7.83 (m, 4H), 7.25 (s, 1H). 13C NMR (126 MHz, DMSO) 
δ 184.58, 183.64, 146.09, 142.37, 135.31, 134.51, 134.46, 
134.30, 134.22, 132.08, 131.64, 131.36 (2хС), 126.59, 
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125.51, 120.64 (2хС). Mass spectrum, m/z: 303 [M+H]+. 
Found, %: C, 67.64; H, 3.21; N, 18.45. C17H10N4O2. Cal-
culated, %: C, 67.55; H, 3.33; N, 18.53. 
2-[4-(5-Methyl-1H-tetrazol-1-yl)phenyl]-1,4-
naphthoquinone (6c) 
Yield 43 %; mp 500 K (dec.) (EtOH–DMF, 2:1); 1H 
NMR (400 MHz, DMSO) δ 8.12–8.04 (m, 2H), 7.81–7.98 
(m, 6H), 7.31 (s, 1H), 2.65 (s, 3H). Mass spectrum, m/z: 
317 [M+H]+. Found, %: C, 68.29; H, 3.61; N, 17.83. 
C18H12N4O2. Calculated, %: C, 68.35; H, 3.82; N, 17.71. 
2-{4-[5-(Methylthio)-1H-tetrazol-1-yl]phenyl}-1,4-
naphthoquinone (6d) 
Yield 54 %; mp 495 K (dec.) (EtOH–DMF, 1:1). 1H NMR 
(500 MHz, DMSO-d6) δ 8.15–8.05 (m, 2Н), 8.00–7.85 
(m, 4Н), 7.81 (d, 2Н, 3J = 8.8 Hz), 7.28 (s, 1Н), 2.83 (s, 
3Н). Mass spectrum, m/z: 349 [M+H]+. Found, %: C, 
62.11; H, 3.40; N, 16.12. C18H12N4O2S. Calculated, %: C, 
62.06; H, 3.47; N, 16.08. 
2-[3-Methyl-4-(1H-tetrazol-1-yl)phenyl]-1,4-
naphthoquinone (6e) 
Yield 32 %; mp 477–478 K (dec.) (EtOH–DMF, 1:1); 1H 
NMR (500 MHz, DMSO-d6) δ 9.92 (s, 1Н), 8.16–8.04 (m, 
2Н), 8.00–7.90 (m, 2Н), 7.78 (s, 1Н), 7.74–7.64 (m, 2Н), 
7.28 (s, 1Н), 2.24 (s, 3Н). Mass spectrum, m/z: 317 
[M+H]+. Found, %: C, 68.46; H, 3.70; N, 17.77. 
C18H12N4O2. Calculated, %: C, 68.35; H, 3.82; N, 17.71. 
6,7-Dimethyl-2-[4-(5-methyl-1H-tetrazol-1-yl)phenyl] -
1,4-naphthoquinone (6f) 
Yield 38 %; mp 494 K (dec.) (EtOH–DMF, 1:2). 1H NMR 
(400 MHz, DMSO) δ 7.90–7.76 (m, 6H), 7.19 (s, 1H), 
2.62 (s, 3H), 2.41 (s, 6H). 13C NMR (126 MHz, DMSO) δ 
184.64, 183.65, 152.26, 145.94, 143.96, 143.92, 135.53, 
135.22, 134.40, 131.06 (2хС), 129.99, 129.69, 127.38, 
126.33, 124.40 (2хС), 19.79, 19.75, 9.45. Mass spectrum, 
m/z: 345 [M+H]+. Found, %: C, 69.84; H, 4.79; N, 16.19. 
C20H16N4O2. Calculated, %: C, 69.76; H, 4.68; N, 16.27. 

2.1.1.3. General procedures for the preparation  
of 6,7-dimethyl-2-(4-1Н-tetrazol-1-yl)aryl-1,4-
naphthoquinones (6 g, h) (Diels-Alder reaction) 

A suspension of appropriate compound 4 (4 mmol), 
2,3-dimethyl-1,3-butadiene 748 (0.45 mL, d = 0.726 g/mL) in 
10 mL of glacial acetic acid was stirred for 48 h at room 
temperature. Then the reaction mixture was heated for 3-4 h, 
maintaining a slight boil and 1.1 g of chromium(VI) oxide in 
3 mL of water was added. The mixture was refluxed for an-
other 30 min and cooled to room temperature. Water 
(10 mL) was added and the precipitate was filtered off, 
washed with ethyl alcohol, and dried. The products were 
recrystallized from the ethanol-DMF mixture. 
6,7-Dimethyl-2-[3-(1H-tetrazol-1-yl)phenyl]-1,4-
naphthoquinone (6g) 
Yield 76 %; mp 518 K (dec.) (EtOH–DMF, 1:3). 1H NMR 
(400 MHz, DMSO) δ 10.18 (s, 1H), 8.18 (s, 1H), 8.07 (s, 

1H), 8.00–7.77 (m, 4H), 7.29 (s, 1H), 2.45 (s, 6H). Mass 
spectrum, m/z: 331 [M+H]+. Found, %: C, 69.00; H, 4.43; 
N, 16.91. C19H14N4O2. Calculated, %: C, 69.08; H, 4.27; 
N, 16.96. 
6,7-Dimethyl-2-[4-(1H-tetrazol-1-yl)phenyl]-1,4-
naphthoquinone (6h) 
Yield 81 %; mp 484–485 K (dec.) (EtOH–DMF, 1:2). 1H 
NMR (500 MHz, DMSO-d6) δ 10.19 (s, 1H), 8.04 (d, 2Н, 
3J = 8.6 Hz), 7.90 (d, 2Н, 3J = 8.6 Hz), 7.88 (s, 1Н), 7.81 
(s, 1Н), 7.20 (s, 1Н), 2.43 (s, 6Н). Mass spectrum, m/z: 
331 [M+H]+. Found, %: C, 69.19; H, 4.13; N, 17.11. 
C19H14N4O2. Calculated, %: C, 69.08; H, 4.27; N, 16.96. 

2.1.1.4. General procedures for the preparation of 

5-hydroxy-7-[4-(1Н-tetrazol-1-yl)аryl]-1,3-

benzoxathiol-2-оnes (8a-f) and 5-hydroxy-4-[4-(5-

methyl-1H-tetrazol-1-yl)phenyl]naphtho[2,1-

d][1,3]oxathiol-2-ones (10a, b)  

The appropriate benzoquinone 4 or naphtho-
quinone 6 (2.78 mmol) was dissolved in 20 mL of glacial 
acetic acid (to achieve better homogeneity of the suspen-
sion, it was slightly heated). The solution of thiourea 0.3 g 
in 10 mL of 2N hydrochloric acid was added portion-wise 
for 30 min to a constantly stirred warm suspension of 
quinone. The solution was discolored. The reaction mix-
ture was refluxed for 1 h, cooled and the precipitate was 
filtered off. The solid was washed on the filter with aque-
ous ethyl alcohol and dried. 
5-Hydroxy-7-[3-(1H-tetrazol-1-yl)phenyl]-1,3-
benzoxathiol-2-one (8a) 
Yield 66 %; mp 526 K (dec.) (EtOH–H2O, 1:1). 1H NMR 
(400 MHz, DMSO-d6) δ 10.13 (s, 1Н), 9.81 (s, 1Н), 8.17 
(s, 1H), 7.97 (d, 1H, J = 8.0 Hz), 7.78–7.73 (m, 2H), 7.08 
(d, 1Н, J = 2.4 Hz), 6.95 (d, 1Н, J = 2.4 Hz). Mass spec-
trum, m/z: 313 [M+H]+. Found, %: C, 53.93; H, 2.47; N, 
17.81. C14H8N4O3S. Calculated, %: C, 53.84; H, 2.58; N, 
17.94. 
5-Hydroxy-7-[3-(5-methyl-1H-tetrazol-1-yl)phenyl]-
1,3-benzoxathiol-2-one (8b) 
Yield 65 %; mp 526–527 K (dec.) (EtOH). 1H NMR (400 
MHz, DMSO-d6) δ 9.80 (s, 1Н), 7.90 (s, 1H), 7.84 (d, 1H, 
J = 8.0 Hz), 7.82–7.76 (m, 1H), 7.69 (d, 1H, J = 8.0 Hz), 
7.10 (d, 1H, J = 2.4 Hz), 6.92 (d, 1Н, J = 2.4 Hz), 2.66 (s, 
3Н). Mass spectrum, m/z: 327 [M+H]+. Found, %: C, 
55.41; H, 3.18; N, 17.01. C15H10N4O3S. Calculated, %: C, 
55.21; H, 3.09; N, 17.17. 
5-Hydroxy-7-[4-(1H-tetrazol-1-yl)phenyl]-1,3-
benzoxathiol-2-one (8c) 
Yield 73 %; mp 519 K (dec.) (EtOH–H2O, 1:1). 1H NMR 
(400 MHz, DMSO-d6) δ 10.08 (s, 1Н), 9.77 (s 1Н), 8.04 
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(d, 2Н, J = 8.6 Hz), 7.84 (d, 2Н, J = 8.6 Hz), 7.06 (d, 1Н,  
J = 2.4 Hz), 6.89 (d, 1Н, J = 2.4 Hz). Mass spectrum, m/z: 
313 [M+H]+. Found, %: C, 53.76; H, 2.55; N, 17.99. 
C14H8N4O3S. Calculated, %: C, 53.84; H, 2.58; N, 17.94. 
5-Hydroxy-7-[4-(5-methyl-1H-tetrazol-1-yl)phenyl]-
1,3-benzoxathiol-2-one (8d) 
Yield 61 %; mp 502–503 K (dec.) (EtOH). 1H NMR (400 
MHz, DMSO-d6) δ 9.83 (s, 1Н), 7.86 (d, 2Н, J = 8.4 Hz), 
7.78 (d, 2Н, J = 8.4 Hz), 7.11 (d, 1Н, J = 2.0 Hz), 6.92 (d, 
1Н, J = 2.0 Hz), 2.65 (s, 3Н). Mass spectrum, m/z: 327 
[M+H]+. Found, %: C, 55.01; H, 3.11; N, 17.24. 
C15H10N4O3S. Calculated, %: C, 55.21; H, 3.09; N, 17.17. 
5-Hydroxy-7-{4-[5-(methylthio)-1H-tetrazol-1-
yl]phenyl}-1,3-benzoxathiol-2-one (8e) 
Yield 95 %; mp 500–501 K (dec.) (EtOH–H2O, 1:1). 1H 
NMR (400 MHz, DMSO-d6) δ 9.86 (s, 1Н), 7.87 (d, 2Н,  
J = 8.0 Hz), 7.76 (d, 2Н, J = 8.4 Hz), 7.11 (d, 1Н, J =  
= 2.0 Hz), 6.92 (d, 1Н, J = 2.0 Hz), 2.83 (s, 3Н). Mass 
spectrum, m/z: 359 [M+H]+. Found, %: C, 50.21; H, 2.92; 
N, 15.75. C15H10N4O3S2. Calculated, %: C, 50.27; H, 
2.81; N, 15.63. 
5-Hydroxy-7-[3-methyl-4-(1H-tetrazol-1-yl)phenyl]-
1,3-benzoxathiol-2-one (8f) 
Yield 91 %; mp 487–488 K (dec.) (EtOH–H2O, 1:1). 1H 
NMR (400 MHz, DMSO) δ 10.00 (s, 1H), 9.87 (s, 1H), 
7.75 (s, 1H), 7.69–7.62 (m, 2H), 7.20 (s, 1H), 6.92 (s, 1H), 
2.22 (s, 3H). 13C NMR (126 MHz, DMSO) δ 169.02, 
154.89, 144.64, 137.95, 137.39, 133.77, 132.75, 131.47, 
127.29, 126.54, 124.80, 124.29, 114.69, 109.49, 17.40. 
Mass spectrum, m/z: 327 [M+H]+. Found, %: C, 55.32; H, 
3.01; N, 17.08. C15H10N4O3S. Calculated, %: C, 55.21; H, 
3.09; N, 17.17. 
5-Hydroxy-4-[4-(5-methyl-1H-tetrazol-1-
yl)phenyl]naphtho[2,1-d][1,3]oxathiol-2-one (10a) 
Yield 85 %; mp 521–522 K (dec.) (EtOH–DMF, 2:1). 1H 
NMR (400 MHz, DMSO-d6) δ 9.91 (s, 1H), 8.41 (d, 1H, J 
= 8.4 Hz), 8.04 (d, 1H, J = 8.2 Hz), 7.89 (d, 2H, J = 8.4 
Hz), 7.84 (d, 2H, J = 8.4 Hz), 7.76 (t, 1H, J = 7.6 Hz), 
7.69 (t, 1H J = 7.6 Hz), 2.67 (s, 3H). Mass spectrum, m/z: 
377 [M+H]+. Found, %: C, 60.70; H, 3.38; N, 14.81. 
C19H12N4O3S. Calculated, %: C, 60.63; H, 3.21; N, 14.89. 
5-Hydroxy-4-{4-[5-(methylthio)-1H-tetrazol-1-
yl]phenyl}naphtho[2,1-d]-[1,3]oxathiol-2-one (10b) 
Yield 73 %; mp >573 K (dec.) (EtOH–DMF, 1:1). 1H 
NMR (400 MHz, DMSO-d6) δ 9.95 (s, 1H), 8.40 (d, 1H,  
J = 7.7 Hz), 8.03 (d, 1H, J = 7.7 Hz), 7.86 (br.s, 4H), 7.75 
(t, 1H, J = 7.6 Hz), 7.68 (t, 1H, J = 7.6 Hz), 2.84 (s, 3H). 
13C NMR (126 MHz, DMSO-d6) δ 168.51, 155.23, 
147.35, 137.67, 136.10, 132.76, 131.12 (2xC), 128.40, 
126.27, 125.02, 124.77 (2xC), 123.62, 120.41, 120.00, 
118.90, 115.82, 15.27. Mass spectrum, m/z: 409 [M+H]+. 
Found, %: C, 55.94; H, 2.90; N, 13.81. C19H12N4O3S2. 
Calculated, %: C, 55.87; H, 2.96; N, 13.72. 

2.1.1.5. General procedures for the preparation of 
7-(1H-tetrazol-1-yl)phenyl-2-oxo-1,3-

benzoxathiol-5-yl acetates (9a-c) 

A drop of perchloric acid was added to the mixture 
of compound 8 (5 mmol) and acetic anhydride (5 mL). 
The mixture was stirred at room temperature for 4 h and 
then heated at 353 K for 1 h. The mixture was poured into 
water; the precipitate was filtered off, washed with water, 
and dried. The products were recrystallized from the etha-
nol-DMF (5:1). 
7-[3-(5-Methyl-1H-tetrazol-1-yl)phenyl]-2-oxo-1,3-
benzoxathiol-5-yl acetate (9a) 
Yield 75 %; mp 423 K (dec.). 1H NMR (400 MHz, 
DMSO-d6) δ 8.01 (s, 1H), 7.93 (d, 1H, J = 6.1 Hz),  
7.83–7.77 (m, 2H), 7.67 (s, 1H), 7.46 (s, 1H), 2.63 (s, 3H), 
2.30 (s, 3H). 13C NMR (126 MHz, DMSO) δ 169.60, 
169.03, 152.78, 147.76, 142.95, 136.21, 134.46, 130.82, 
130.68, 125.41, 125.28, 125.00, 124.78, 121.93, 117.43, 
21.18, 9.78. Mass spectrum, m/z: 369 [M+H]+. Found, %: 
C, 55.54; H, 3.38; N, 15.22. C17H12N4O4S. Calculated, %: 
C, 55.43; H, 3.28; N, 15.21. 
7-[4-(5-Methyl-1H-tetrazol-1-yl)phenyl]-2-oxo-1,3-
benzoxathiol-5-yl acetate (9b) 
Yield 75 %; mp 432–433 K (dec.). 1H NMR (400 MHz, 
DMSO-d6) δ 8.04 (t, 1H, J = 1.50 Hz), 7.97 (dt, 1H,  
J = 7.36, 1.50 Hz), 7.85 (t, 1H, J = 7.77 Hz), 7.81 (dt, 1H, 
J = 8.13, 1.50 Hz), 7.71 (d, 1H, J = 2.45 Hz), 7.49 (d, 1H, 
J = 2.47 Hz), 2.65 (s, 3H), 2.33 (s, 3H). Mass spectrum, 
m/z: 369 [M+H]+. Found, %: C, 55.33; H, 3.31; N, 15.07. 
C17H12N4O4S. Calculated, %: C, 55.43; H, 3.28; N, 15.21. 
7-{4-[5-(Methylthio)-1H-tetrazol-1-yl]phenyl}-2-oxo-
1,3-benzoxathiol-5-yl acetate (9c) 
Yield 60 %; mp 462–463 K (dec.). 1H NMR (400 MHz, 
DMSO-d6) δ 7.98 (d, 2H, J = 8.45 Hz), 7.86 (d, 2H,  
J = 8.35 Hz), 7.72 (d, 1H, J = 2.05 Hz), 7.49 (d, 1H, J = 
= 2.06 Hz), 2.82 (s, 3H), 2.34 (s, 3H). Mass spectrum, 
m/z: 401 [M+H]+. Found, %: C, 50.93; H, 3.14; N, 13.91. 
C17H12N4O4S2. Calculated, %: C, 50.99; H, 3.02; N, 
13.99. 

3. Results and Discussion 

The starting (1H-tetrazol-1-yl)anilines were ob-
tained from the available nitroanilines in several steps 
(Scheme 1). Thus, 5-unsubstituted tetrazoles were synthe-
sized directly from nitroanilines by convenient reaction 
with ethyl orthoformate and sodium azide in acetic acid 
according to the previously described method.49 Subse-
quent reduction of nitrotetrazoles led to the target com-
pounds 1a-c. At the same time, (5-methyl-1H-tetrazol-1-
yl)anilines 1d, e were obtained by pre-converting nitroani-
lines into acetyl derivatives following the annulation of 
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the tetrazole ring by a one-pot reaction with phosphorus 
oxychloride and sodium azide via the protocol developed 
by us recently.50 Finally, the reduction of the nitro group 
in N-(4-nitrophenyl)acetamide led to the formation of 
monoacetylphenylenediamine, which was converted via 
the Kaluza reaction to N-(4-isothiocyanatophenyl)acetamide. 
The next 1,3-dipolar cycloaddition with sodium azide 
formed 5-mercapto-tetrazole, which gave the target 

(5-(methylthio)-1H-tetrazol-1-yl)aniline 1f after alkylation 
with methyl iodide and removal of acetyl protection. 

For the synthesis of 2-tetrazolylphenyl-1,4-benzo-
quinones 4a-f, the arylation reaction of 1,4-benzoquinone 
3 with diazonium salts 2a-f obtained from amines 1a-f 
was used. The reaction was carried out at room tempera-
ture in an aqueous medium in the acetate buffer. Com-
pounds 4a-f were prepared with high yields (Scheme 2). 

 

 
 

Scheme 1. Synthetic routes to starting (1H-tetrazol-1-yl)anilines 
 

 
 

Scheme 2. Synthesis of 2-tetrazolylphenyl-1,4-benzoquinones 4a-f 
 

It is known that 1,4-naphthoquinones can also be 
arylated with arenediazonium salts under conditions of the 
catalytic action of copper or its salts.51,52 However, it is 
noted that the yields of arylation products are low. Only 
when the anilines with a strong acceptor group, such as 
NO2, were used, the yields of arylation reactions reached 
50 %. Due to the fact that the tetrazolylphenyl moiety is 
an electron density acceptor, an increase in the reactivity 
of the arylation of naphthoquinones 5a, b could be ex-
pected. It is established that in the aqueous-acetone solu-
tion in the presence of catalytic amounts of copper(I) ox-
ide, tetrazolyl substituted naphthoquinones 6а-f are 
formed with moderate yields (Scheme 3). 

Since the yields in the arylation of naphtho-
quinones were slightly lower than in the arylation of 1,4-
benzoquinones, we have proposed their alternative syn-
thesis via the Diels-Alder reaction of tetrazolylphenyl-1,4-
benzoquinones 4 with the following one-pot oxidation of 
the intermediate adduct with chromium(VI) oxide. 1,4-
Benzoquinones have been previously shown as active 
dienophiles due to a significant activating effect of car-
bonyl groups. Butadiene and 2,3-dimethyl-1,3-butadiene 
reacted with quinone at room temperature or ~ 323 K in 
alcohol, acetic acid, or benzene in a solution forming the 
corresponding adducts with high yields. We found that the 
synthesized 2-tetrazolylphenyl-1,4-benzoquinones easily 
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reacted with diene, such as 2,3-dimethyl-1,3-butadiene 7, 
via 2+4-cycloaddition leading to the corresponding prod-
ucts 6g, h (Scheme 4). 2,3-Dimethyl-1,3-butadiene was 
obtained by dehydration of pinacol in hydrobromic acid.48 
Cycloadditions of 2-tetrazolylphenyl-1,4-benzoquinones 
with 2,3-dimethyl-1,3-butadiene were performed with an 
equimolar mixture of quinone with diene in glacial acetic 

acid at room temperature. 2+4-Cycloaddition in situ was 
easily converted to the corresponding naphthohydro-
quinones by heating for 3-4 h. The obtained 6,7-dimethyl-
2-tetrazolylphenyl-1,4-hydro-naphthoquinones were oxi-
dized to the corresponding 6,7-dimethyl-2-tetrazo-
lylphenyl-1,4-naphthoquinones by the addition of chro-
mium(VI) oxide. 
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Scheme 3. Synthesis of 2-tetrazolylphenyl-1,4-naphthoquinones 6a-f 
 

 
 

Scheme 4. Alternative synthesis of 2-tetrazolylphenyl-1,4-naphthoquinones via Diels-Alder reaction 
 

The method of obtaining naphthoquinone deriva-
tives proved to be more effective than the two-step proce-
dure with the extraction of intermediate adducts. The cur-
rent approach allows to significantly simplify the experi-
mental technique and improve the yields of the target pro-
ducts ((1H-tetrazol-1-yl)phenyl)-1,4-naphthoquinones 6. 

In order to further functionalize the obtained 
tetrazolylquinones, we studied their interaction with 
thiourea. The formation of a 1,3-benzoxathiol cycle 
based on 1,4-quinones was achieved mainly in several 
ways: by the interaction of quinones with thiocyanic 

acid or potassium ethyl xanthate,53 with derivatives of 
dithiocarboxylic acids and dithiocarbamates of alkali 
metals,54,55 arylthioamides or arylthioacetamides,56 
thiobenzoic and thioacetic acids.57 It is also noteworthy 
that the reaction of 1,4-benzoquinone with thiosulfate 
anion leads to the formation of sulfothio-hydroquinone, 
which reacts with potassium cyanide and gives 5-
hydroxy-2-imino-1,3-benzoxathiol.53 However, in our 
opinion, the most convenient and quite promising one-
stage method for obtaining 1,3-benzoxathiols is the 
reaction of quinones with thiourea.58-60 
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The substituted 1,4-quinones 4a-f readily react 
with thiourea at room temperature in the presence of a 
strong mineral acid to form intermediate isothiuronium 
salts, which cyclize with high yields to 5-hydroxy-1,3-
benzoxathiol-2-ones 8a-f under heating (Scheme 5). It 
should be noted that the high reactivity of tetrazoly-
larylquinones indicates their synthetic potential, which 
can be realized in a number of transformations.61,62 

Benzoxathiolones containing a phenolic group are 
known to react well with acylating and alkylating re-
agents.59,60,63 5-Hydroxy-7-tetrazolylphenyl-1,3-benzo-
xathiol-2-ones 8a-f were readily acylated with acetic an-
hydride in the presence of hydrochloric acid by short heat-
ing of the reaction mixture. Compounds 9a-c were pre-
pared in good yields (Scheme 5). 

Similarly to 2-tetrazolylphenyl-1,4-benzoquinones 
4, ((1H-tetrazol-1-yl)phenyl)naphtho-1,4-quinones 6 were 
also studied in the reactions with thiourea. It was found 
that the reaction of substituted 1,4-naphthoquinones 6c, d 
with an excess of thiourea in a diluted hydrochloric acid 
occurred with the closure of the naphthooxathiolane cycle, 
and the formation of 5-hydroxy-4-[4-(5-methyl-1H-tet-
razol-1-yl)phenyl]-naphtho[2,1-d][1,3]oxathiol-2-ones 
10a, b. It turned out that despite the possible steric hin-
drances of the aryl nucleus in position 3 of the naphtho-
quinone cycle, thiolanes 10a, b were formed relatively 
easily with yields of 70–85 % (Scheme 6). The structure 
of compound 10 was confirmed by NMR spectroscopy. 
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Scheme 5. Synthesis of 1,3-benzoxathiol-2-one derivatives 
 

 
 

Scheme 6. Synthesis of naphtho[2,1-d][1,3]oxathiol-2-ones 
 

4. Conclusions 

Thus, the arylation of quinones (1,4-benzoquinone, 
1,4-naphthoquinones) with the (1H-tetrazol-1-
yl)arenediazonium salts was studied and efficient proto-
cols were elaborated to obtain a variety of substituted 
((1H-tetrazol-1-yl)phenyl) benzo/naphtho-1,4-quinones in 
good to  excellent yields.  Alternative  synthesis  of  ((1H- 

tetrazol-1-yl)phenyl)naphtho-1,4-quinones via Diels-
Alder reaction of tetrazolylphenyl-1,4-benzoquinones was 
demonstrated. The obtained benzo/naphtho-1,4-quinones 
bearing (1H-tetrazol-1-yl)phenyl readily react with thio-
urea to form annulated 1,3-oxathiol-2-ones. The approach 
we have found is a novel, convenient and scalable method 
for the preparation of 1,3-benzoxathiol-2-ones and naph-
tho[2,1-d][1,3]oxathiol-2-ones bearing (1H-tetrazol-1-
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yl)phenyl motif, which are potentially privileged scaffolds 
for medicinal chemistry. 
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(1Н-ТЕТРАЗОЛ-1-ІЛ)АРЕНДІАЗОНІЄВІ СОЛІ  
ЯК ЗРУЧНІ РЕАГЕНТИ ДЛЯ АРИЛУВАННЯ 

ХІНОНІВ: СИНТЕЗ 1,3-БЕНЗОКСАТІОЛ-2-ОНІВ 
ТА НАФТО[2,1-d][1,3]ОКСАТІОЛ-2-ОНІВ,  

ЩО МІСТЯТЬ (1Н-ТЕТРАЗОЛ-1-ІЛ)ФЕНІЛОВИЙ 
ФРАГМЕНТ 

 
Анотація. Розроблено зручний двостадійний метод син-

тезу нових 1,3-бензоксатіол-2-онів і нафто[2,1-d][1,3]окса-
тіол-2-онів, що містять (1Н-тетразол-1-іл)феніловий фраг-
мент. Як ключовий етап синтезу вивчено арилування хінонів 
(1,4-бензохінонів, 1,4-нафтохінонів) солями (1H-тетразол-1-
іл)арендіазонію та розроблено ефективні методики для отри-
мання різноманітних заміщених ((1Н-тетразол-1-іл)феніл) 
бензо/нафто-1,4-хінонів з хорошими або високими виходами. 
Продемонстровано альтернативний синтез ((1Н-тетразол-1-
іл)феніл)нафто-1,4-хінонів за допомогою реакції Дільса–
Альдера тетразолілфеніл-1,4-бензохінонів. Отримані бен-
зо/нафто-1,4-хінони легко реагують з тіосечовиною за кімнат-
ної температури в присутності сильних мінеральних кислот з 
утворенням проміжних ізотіуронієвих солей, які циклізуються 
під час нагрівання, утворюючи 1,3-оксатіол-2-они з високим 
виходом. 
 

Ключові слова: тетразол, хінон, оксатіолон, арилуван-
ня Меервейна, циклізація. 

 


