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Abstract—4-Substituted 1-naphthyl selenocyanates and thiocyanates, as well as 2-naphthyl selenocyanate,
were synthesized from the corresponding naphthylamines and were converted into 5-naphthyl-1H-tetrazoles by
treatment with sodium azide in the presence of triethylamine hydrochloride in toluene. The structure of the
newly synthesized compounds was confirmed by IR, 'H NMR, and mass spectra.
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Sulfur is a digestion cleansing and antiseptic. Sulfur
is found in grains, walnut, almond, and fatty plants.
Sulfur is one of the basic components of black gun-
powder and batteries and is used in the manufacture of
chemicals (fungicides) and rubber. Among recently
synthesized insecticides, acaricides, herbicides, and
fungicides, 30% of chemicals contain sulfur [1].
Although the use of elemental sulfur as medicine is
strongly limited [2], its numerous organic and inor-
ganic derivatives are used in industry, agriculture, and
medicine. Sulfur-containing compounds are also used
in the manufacture of paper, cloths, sponge, petroleum,
steel, dyes, and other materials [3]. Organosulfur com-
pounds unquestionably form an important curative
resource, and their potential remains to be further
explored [2]. Selenium is an element which resembles
sulfur in chemical properties. Humans and animals
need it for various biological functions. Adult human
beings have to take up 15 pg/kg of selenium daily [4].
Deficiency of selenium in human’s body may cause
cancer, subfertility, and heart diseases [5, 6]. It is also
known that many selenium-containing organic com-
pounds are antibacterial and antifungal agents [7].

In the recent years, a lot of studies on tetrazole
derivatives have been reported [8]. Tetrazoles have
become very popular due to their functionality and
wide range of applications. They are used in explo-
sives [9], photography, and synthesis of nitrogen-con-
taining heterocycles [10]. Tetrazoles may be regarded
as biological equivalents of the carboxy group, and
extensive studies on tetrazoles have been performed in
the field of medicinal chemistry [11]. Remarkable de-
velopments have been made in the design of potential
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antiinflammatory, antiasthmatic [12], and antiviral
agents, central nervous stimulants, and hypertensive
agents. Pentamethylenetetrazole has been extensively
used in models for anxiety [13]. 5-Substituted-1H-
tetrazoles have found general application as isosteric
replacement of carboxylic acids.

Various methods for the synthesis of tetrazoles are
known. Alterman and Hallberg showed that aryl- and
vinyl-substituted tetrazoles can be prepared by reac-
tion of the corresponding nitriles with ammonium
azide under microwave irradiation [14].

In the present communication we report on the
synthesis of new selenium- and sulfur-containing tetra-
zole derivatives according to Scheme 1. 4-Substituted
I-naphthylamines Ia—Id were treated with sodium
nitrite to obtain the corresponding diazonium salts I1a—
IId which reacted with potassium selenocyanate or
thiocyanate. As a result, we obtained 1-naphthyl
selenocyanates IIla—IIld and thiocyanates Ille-IIlg,
respectively. Reaction of compounds IITa—IIIg with
sodium azide in the presence of triethylamine hydro-
chloride in toluene gave 5-substituted 1H-tetrazoles
IVa-IVg in 61-78% yield. In the synthesis of seleni-
um-containing compounds, pH control of the medium
was very important; at pH < 5 selenium derivatives
decomposed with formation of red elemental selenium,
which reduced the product yield and favored formation
of other impurities. Following a similar scheme,
2-naphthylamine (Ie) was converted into 5-(naphtha-
len-2-ylselanyl)-1H-tetrazole (IVh) (Scheme 2).

The structure of 5-(naphthylselanyl)- and 5-(naph-
thylsulfanyl)-1H-tetrazoles IVa—IVh was confirmed
by their IR, "H NMR, and mass spectra. The IR spectra
of IVa—IVh lacked absorption bands typical of C=N
stretching vibrations in initial seleno(thio)cyanates III.
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Scheme 1.
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Characteristic tetrazole absorption bands appeared in
the IR spectra as broad bands in the region 3000-
1990 cm ™' due to the presence of different tautomers of
IV, the N=N bonds gave rise to absorption at 1567—
1592 cm', and stretching vibrations of aromatic C—H
bonds were observed at ~3040 cm . In the '"H NMR
spectra of compounds IVa—IVh we observed no NH
proton signal, presumably because of fast tautomeric
transformations. The mass spectra of IVa—IVh were
consistent with the assumed structures.

Taking into account that tetrazole derivatives and
compounds containing sulfur and selenium are used in
medicine [2, 7, 11-13], compounds IVa-IVh contain-
ing both tetrazole ring and selenium (or sulfur) atom in
a single molecule seem to be very interesting from the
viewpoint of their potential use in the treatment of
some diseases. The newly synthesized tetrazole deriva-
tives possess both acidic and basic properties; there-
fore, they can be easily bound to various structures to
produce tetrazole-containing drugs or complex mole-
cules stable in acidic and basic media and resistant to
oxidants and reducing agents.

EXPERIMENTAL

Substituted aryl amines and other chemicals were
obtained from Merck. All melting points were deter-
mined in sealed capillaries and are uncorrected. The

IVh

FT-IR spectra were recorded in KBr on a Mattson
1000 spectrometer. The '"H NMR spectra were meas-
ured on a Varian Gemini 300 spectrometer (300 MHz)
from solutions in DMF-d; and CD;OD. The mass
spectra were obtained on a Thermo Finnigan Trace
DSQ instrument.

5-(Naphthalen-1-ylselanyl)-1H-tetrazole (IVa).
Naphthalen-1-amine, 1.43 g (0.01 mol) was carefully
mixed with concentrated hydrochloric acid, 2.49 ml
(0.03 mol), the resulting naphthalen-1-amine hydro-
chloride was dissolved in 20 ml of water, the solution
was cooled to =5 to 0°C, and a solution of 0.69 g
(0.01 mol) of sodium nitrite in 10 ml of water was
added dropwise under stirring over a period of 30 min.
The mixture was adjusted to pH 5.5 by adding a solu-
tion of sodium acetate, and 1.44 g (0.01 mol) of potas-
sium selenocyanate was added in portions. A brown
solid separated and was filtered off with suction, dried,
and purified by recrystallization. We thus obtained
I-naphthyl selenocyanate (IIla) with mp 66—67°C;
published data [15]: mp 65-66°C.

A 250-ml two-necked flask equipped with a reflux
condenser was charged with a suspension of 1.37 g
(0.01 mol) of triethylamine hydrochloride in 20 ml of
toluene. Sodium azide, 0.65 g (0.01 mol) was added in
portions under stirring, and a solution of 1-naphthyl
selenocyanate (I1la), 2.33 g (0.01 mol) in 25 ml of tol-
uene was then slowly added. The mixture was stirred
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for 5 min and heated for 8 h under gentle reflux. The
mixture was cooled, 20 ml of distilled water was
added, the aqueous layer was separated; and the tolu-
ene layer was washed with water (3% 10 ml). The
aqueous phase was combined with the aqueous ex-
tracts (cream colored, pH 8) and acidified to pH 5.5
using dilute hydrochloric acid under stirring for
10 min. The precipitate was filtered off and washed
with water [16]. Yield 78%, mp 149-150°C. IR spec-
trum (KBr), v, cm': 1592 (N=N); 1503 (C=N); 3037
(C—Harom); 1592, 1503, 1496 (C=Cirom). 'H NMR spec-
trum (DMF-d5): & 8.0 ppm, m (Hyom). Mass spectrum,
m/z: 276 [M]", 207 [M — CHN,4]".

Compounds IVb-IVh were synthesized in a similar
way.

5-(4-Nitronaphthalen-1-ylselanyl)-1H-tetrazole
(AVb). Yield 67 %, mp 173—-174°C. IR spectrum
(KBr), v, cm ': 1561 (N=N); 1503 (C=N); 3056
(C—Harom); 1561, 1522, 1503 (C=Cirom). 'H NMR spec-
trum (DMF-d5): & 8.2 ppm, m (Hyom). Mass spectrum:
mlz 251 [M — CHN,]".

5-(4-Chloronaphthalen-1-ylselanyl)-1H-tetrazole
(IVe). Yield 61%, mp 172-173°C. IR spectrum (KBr),
v, cm ;1580 (N=N); 1496 (C=N); 3037 (C—Hrom);
1618, 1580, 1496 (C=Cgom). '"H NMR spectrum
(DMF-d7): 6 8.1 ppm, m (Hyom). Mass spectrum, m/z:
310 [M]", 241 [M — CHN,]".

5-(4-Bromonaphthalen-1-ylselanyl)-1H-tetrazole
IVd). Yield 63%, mp 153—-155°C. IR spectrum (KBr),
v, em 't 1573 (N=N); 1496 (C=N); 3050 (C—Harom);
1618, 1573, 1496 (C=Cgrom). '"H NMR spectrum
(DMF-d7): 8 7.9 ppm, m (H,om). Mass spectrum, m/z:
275 [M —Br]", 207 [M — Br — CHN,4]".

5-(4-Nitronaphthalen-1-ylsulfanyl)-1H-tetrazole
(IVe). Yield 64%, mp 177-178°C. IR spectrum (KBr),
v, em 'z 1569 (N=N); 1503 (C=N); 3056 (C—Hgom);
1620, 1569, 1503 (C=Cgom). '"H NMR spectrum
(DMF-d;): 6 8.1 ppm, m (Huom). Mass spectrum, m/z:
273 [M]", 205 [M — CHN,]".

5-(4-Chloronaphthalen-1-ylsulfanyl)-1H-tetra-
zole (IVf). Yield 38%, mp 188-190°C. IR spectrum
(KBr), v, cm : 1567 (N=N); 1503 (C=N); 3050
(C—Harom); 1645, 1567, 1503 (C=Cyom). 'H NMR spec-
trum (DMF-d5): & 7.9 ppm, m (Hyom). Mass spectrum:
mlz 262 [M — CHN,]".

5-(4-Bromonaphthalen-1-ylsulfanyl)-1H-tetra-
zole (IVg). Yield 61%, mp 172—-173°C. IR spectrum

(KBr), v, cm ': 1580 (N=N); 1510 (C=N); 3056
(C—Harom); 1650, 1580, 1525, 1510 (C=Cyrom). 'H NMR
spectrum (CD;OD): 6 7.9 ppm, m (H,om). Mass spec-
trum, m/z: 306 [M]", 237 [M — CHN,]", 159 [M —
Br — CHN,]".

5-(Naphthalen-2-ylselanyl)-1H-tetrazole (IVh).
Yield 62%, mp 161°C. IR spectrum (KBr), v, cm :
1587 (N=N); 1490 (C=N); 3030 (C—Hgrom); 1625,
1587, 1490 (C=Cyrom). 'H NMR spectrum (DMF-d5):
5 8.0 ppm, m (Hyrom). Mass spectrum, m/z: 276 [M]",
206 [M — CH,N,4]".
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