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Abstract—The review summarizes the methods of functionalization of tetrazoles, which were reported from
2001 to mid 2005, and analyzes main strategies in the development of this field of tetrazole chemistry.
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1. INTRODUCTION

Evident advances achieved in the past decade in the
chemistry of tetrazoles are largely determined by wide
applications of these compounds as corrosion inhibitors
[1], analytical reagents [2], high-energy materials
[3-5], and components of ionic liquids [6] and gas-
generating compositions [7]. Tetrazoles play an im-
portant role in microbiological studies [8, 9] and
studies on the effect of environmental factors on vital
activity of plants [10]. Radiochromic dyes based on
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tetrazolium salts can be used in dosimetry for radiation
treatment of materials [11]. The significance of tetra-
zoles in oligonucleotide synthesis [12—14] and various
catalytic processes [15, 16] also grows. Tetrazole
derivatives were successfully used in organic synthesis
[17-23], including preparation of complex heterocyclic
structures which are difficult or even impossible to
obtain by other methods [24-26].

In the recent years, very important results were
obtained in the design of new drugs containing
a tetrazole ring as structural fragment. First of all, anti-
hypertensive drug Losartan and its analogs [27-30]
must be noted. In addition, a number of tetrazole
derivatives were shown to exhibit antiinflammatory
[31], analgetic [32, 33], and antifungal activity [34], as
well as to inhibit the growth of papilloma viruses [35]
and many others [36—39].

It is quite obvious that wide application of tetra-
zoles in research work and industry, primarily in
pharmaceutical chemistry, has become possible due to
development of new and considerable improvement of
known methods for the preparation of functionally
substituted tetrazoles. This very important period in the
development of tetrazole chemistry has started in the
late 1990s, and the results of studies in that field have
not been discussed so far.
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The goal of the present review was to systematize
new methods for functionalization of tetrazoles, reveal
general trends holding therein and synthetic ap-
proaches, and estimate prospects in further research
in this line. Therefore, the review covers published
data reported during the last 4 years, while general
problems of the tetrazole chemistry (for reviews, see
[40-50]) are not considered.

2. MONOSUBSTITUTED TETRAZOLES

This section deals with methods of synthesis of
1-, 2- and 5-monosubstituted tetrazoles. Traditionally,
methods for the preparation of 5-substituted tetrazoles
were the subject of numerous studies, whereas syn-
theses of 1- and 2-substituted derivatives were studied
to a considerably lesser extent. This problem has
received more attention only in the most recent years
due to increased application of 1- and 2-substituted
tetrazoles in the preparation of drugs [51] and some
other fields [52].

2.1. 1-Substituted Tetrazoles

[2+3]-Cycloaddition of isocyanides to hydrazoic
acid underlies one of the most known methods of
synthesis of 1-substituted tetrazoles. However, until
recently the use of this procedure was restricted,
obviously due to inconvenience in handling iso-
cyanides and hydrazoic acid. The method was es-
sentially improved via replacement of hydrazoic acid
by a more effective and convenient reagent, trimethyl-
silyl azide (Me;SiN3) [53]. Various isocyanides were
reported [53] to react with Me;SiN; in methanol in the
presence of a catalytic amount of hydrochloric acid to
afford 58-92% of 1-substituted tetrazoles (Scheme 1).
The reaction is general, and it can be used to obtain
bis-tetrazole derivatives from the corresponding bis-
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isocyanides (Scheme 2). Another fairly well known
method for the synthesis of 1-functionalized tetrazoles
is based on reaction of amines with ortho esters and
sodium azide in acetic acid. Aliphatic [52], aromatic
[23, 51, 54], and heteroaromatic amines [54] are thus
converted into 1-substituted tetrazoles with equal
efficiency (Scheme 3). Bis-tetrazoles are also available
through analogous reaction [55] (Scheme 4).
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One more reaction frequently used for the synthesis
of 1-substituted tetrazoles is alkylation or arylation of
unsubstituted tetrazole. The main disadvantage of this
method is that mixtures of isomeric 1- and 2-substi-
tuted derivatives are always formed; in many cases,
separation of the isomeric products involves strong
experimental difficulties. Relevant published data have
been reviewed recently [44]. Among recent examples,
hetarylation of tetrazole with 2-cyano-3-fluoropyridine
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[51] (Scheme 5) must be noted. The reaction occurs
under mild conditions, but the yield of 3-(tetrazol-1-
yl)pyridine-2-carbonitrile is very poor (12%).

Scheme 5.
F
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2.2. 2-Substituted Tetrazoles

2-Substituted tetrazoles are usually synthesized by
alkylation (or arylation) of tetrazole [44, 48]. However
(see above), the reaction is characterized by low
selectivity and poor yield of the alkylation products.
Examples are reactions of tetrazole with 1,3-dibromo-
propane [56] and 1,4-dibromobutane [57] (Scheme 6).

Scheme 6.
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In the first case, preliminarily prepared tetrazole
sodium salt was treated with 1,3-dibrompropane in
boiling acetonitrile (4 days), and the yield of 1,3-bis-
(tetrazol-2-yl)propane was 12.8%. In the alkylation of
tetrazole with 1,4-dibromobutane under the same con-
ditions, the corresponding bis-tetrazole was formed in
9.8% yield. 2-Substituted tetrazoles were obtained as
the only products when propan-2-ol, 2-methylpropan-
2-0l, cyclohexanol, propene, or 2-methylpropene were
used as alkylating agents in the presence of 96% sul-
furic acid [58] (Scheme 7).
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Analogous pattern was observed in the reaction of

tetrazole with chloro(triphenyl)methane under condi-

tions of phase-transfer catalysis [59] (Scheme 8).

Scheme 8.
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2.3. 5-Substituted Tetrazoles

5-Substituted tetrazoles can be prepared in several
ways, the main of which is [2+3]-cycloaddition of
nitriles to azides [40—42]. The reaction is general and
is widely used in the synthesis of tetrazoles having
various substituents in position 5. Scheme 9 illustrates
the potential of this approach [60]. Unsaturated
nitriles, those possessing various functional groups,
and dinitriles can be used as initial compounds.
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Zubarev et al. recently applied this procedure to
obtain complex heterocyclic systems including more
than two tetrazole rings [61] (Scheme 10).

Functionally substituted aromatic mono- and di-
nitriles [51, 62], benzyl thiocyanates [12], and hetero-
cyclic nitriles [18, 32, 63] smoothly reacted with
hydrazoic acid salts to give the corresponding 5-sub-
stituted tetrazoles in good yield (Schemes 11-14).
When the reaction with benzyl thiocyanate [12] was
performed in aqueous dioxane instead of DMF, the
reaction time sharply increased (up to 90 h).

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 4 2006



472 KOLDOBSKII
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As noted above, the reaction of nitriles with
inorganic azides is general. It can be used to obtain
polyfunctional 5-substituted tetrazoles, for no other
functional group than cyano is involved. This is
exceptionally important in the synthesis of medical
diagnostic reagents and tetrazole-containing medical
agents, primarily of those used in the treatment of
cardiovascular diseases and disorders of nervous
systems. Scheme 15 illustrates the synthesis of one of
such diagnostic reagents [64]. Likewise, other func-
tional groups in polyfunctional nitriles remained intact
in analogous syntheses of medical agents shown in
Schemes 16 and 17, despite fairly severe conditions
(160°C, 12 h), and the corresponding tetrazoles were
formed in a good yield [65-68].

Interesting results were obtained while studying
reactions of polymer-supported polyfunctional nitriles
with trimethylsilyl azide in the presence of Bu,SnO in
o-xylene [69] (Scheme 18). Another interesting ex-

N—N

ample is the synthesis of 5-substituted tetrazoles from
polymeric nitriles. Such reactions were discussed in
detail in the recent review [47]. Among the latest
studies, the synthesis of poly(5-vinyltetrazole) from
poly(acrylonitrile) and sodium azide should be noted
(Scheme 19), where the reaction mixture in dimethyl-
formamide was slowly heated from 60 to 120°C over
a period of 12 h [70].

Analysis of vast experimental data, including the
pioneering study by Finnegan et al. (1958) [71] on
reactions of nitriles with hydrazoic acid salts as a uni-
versal synthetic route to 5-substituted tetrazoles, leads
to the following important conclusions. Despite ob-
vious advantages of this method, some its drawbacks
must be pointed out, namely fairly high reaction tem-
perature (110-160°C) and long reaction time (in some
cases, 80—90 h is necessary for the reaction to be com-
plete). In addition, such processes cannot be regarded
as safe. Sharpless and co-workers [72—74] succeeded

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 4 2006



474

in solving the above problems: they found that various
nitriles smoothly react with sodium azide in water in
the presence of Lewis acids, e.g., ZnCl, or ZnBr,
(Scheme 20). Under these conditions, 5-substituted
tetrazoles are successfully formed from functionally
substituted, heterocyclic, and aromatic nitriles [72, 75—
78] (Scheme 21). In all cases, the yields of the target
products are good, and the use of aqueous medium
makes the process almost safe. Moreover, zinc(I])
bromide turned out to be quite effective catalyst in the
synthesis of poly(5-vinyltetrazole) [79].

Scheme 20.
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[82] recently showed that reactions of nitriles with
sodium azide in DMF under microwave irradiation
give the corresponding 5-substituted tetrazoles in
high yield and that the reaction time is shortened by
1-2 orders of magnitude as compared to conventional

Scheme 21. process (Scheme 23).
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wave (MW) activation [81]. Alterman and Hallberg

R = i-Pr, +-Bu, Ph.
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Functionally substituted and heterocyclic nitriles
react in a similar way with trimethylsilyl azide in the
presence of Bu,SnO in such solvents as 1,2-dimeth-
oxyethane or dioxane [83, 84] (Scheme 24).

To conclude discussion on the methods for prepara-
tion of 5-substituted tetrazoles, some procedures which
have not still received wide application should be
noted. First of all, these include multistep reaction of
aldehydes with iodine in aqueous ammonia, followed
by treatment with sodium azide and zinc(II) bromide
[85] (Scheme 25), and transformation of 1,5-disub-
stituted tetrazoles into 5-substituted derivatives as
a result of a process analogous to retro-Michael addi-
tion [33, 37] (Scheme 26). Mo et al. [86] described
a novel synthesis of 5-(pyridin-2-yl)tetrazole via reac-
tion of (pyridin-2-yl)methanamine with benzaldehyde
and subsequent treatment of the Schiff base thus
formed with sodium azide in the presence of magne-
sium or copper salts.

Scheme 25.
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Finally, tetrazoles having polyfunctionalized sub-
stituents in the S-position may be obtained by mod-
ification of the side-chain in a tetrazole-containing
substrate. An example of such transformation is
illustrated by Scheme 27. Depending on the reaction
time, treatment of Losartan with manganese dioxide
under microwave irradiation could lead to formation of
the corresponding aldehyde or carboxylic acid [29].

Scheme 27.
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3. DISUBSTITUTED TETRAZOLES

Among a variety of methods for the preparation
of 1,5- and 2,5-disubstituted tetrazoles [40—42], only
those applicable to the synthesis of functionally sub-
stituted derivatives are considered in the present
review. Just these trends are typical of searching for
new synthetic routes to disubstituted tetrazoles in the
past decade.

3.1. 1,5-Disubstituted Tetrazoles

The most promising route to functionalized 1,5-di-
substituted tetrazoles implies modification of side
chain in the corresponding heterocyclic substrates.
Typical examples utilizing this approach are given
below. A new simple procedure for the synthesis of
1,5-disubstituted tetrazoles was proposed by Aly and
Shaker [87]. It is based on the reaction of 1-aryl-5-
methyltetrazoles with dehydrobenzene generated from
benzenediazonium carboxylate (Scheme 28). The reac-
tion is carried out by heating the reactants in boiling
acetonitrile for 12—18 h, and the yield of the corre-
sponding tetrazoles attains 60—78%.

Polyfunctional 1,5-disubstituted tetrazoles can also
be prepared by acylation of 1-methyltetrazolo[5,1-a]-
isoindolium perchlorate in the presence of triethyl-
amine [88] (Scheme 29). One more procedure involves
reaction of tetrazolo[1,5-a]quinoline-4-carbaldehyde
with substituted acetophenone, followed by treatment

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 4 2006



476 KOLDOBSKII
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of the o,B-unsaturated ketone thus formed with thio- tetrazoles. Michael addition of 1-methyltetrazole-5-
urea [31] (Scheme 30). In the recent years, interesting  thione to compounds having an activated double C=C
studies were performed on the use of l-alkyl(aryl)- bond [89] (Scheme 31), alkylation of 1-phenyltetra-
tetrazole-3-thiones in the synthesis of 1,5-disubstituted  zole-5-thione with diphenylmethyl p-toluenesulfonate
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[90] (Scheme 32) and 1,3-dibromo-2,2-bis(bromo-
methyl)propane [91] (Scheme 33), and reactions of
I-methyltetrazole-5-sulfenyl chloride as electrophile
with substrates having a complex structure [92]
(Scheme 34) were reported.

Replacement of the methylsulfinyl or methylsul-
fonyl group in 1-aryl-5-methylsulfinyl- and 1-aryl-5-
methylsulfonyltetrazoles by the action of carbon-,
nitrogen-, and oxygen-centered nucleophiles [49, 91,
93, 94] (Schemes 35, 36) may be regarded as a simple
and promising method for the preparation of functional
1,5-disubstituted tetrazole derivatives. The chlorine
atom in 5-chloro-1-phenyltetrazole is replaced by the
action of C- and N-nucleophiles [95, 96] (Scheme 37).
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It should be emphasized that the methylsulfinyl or
methylsulfonyl group in 5-methylsulfinyl-1-phenyl-
and 5-methylsulfonyl-1-phenyltetrazoles is replaced by
nucleophiles under considerably milder conditions
than the chlorine atom in 5-chloro-1-phenyltetrazole.
Furthermore, tetrazole-5-thione derivatives are much
more accessible (from the preparative viewpoint) than
the corresponding 5-chlorotetrazoles. Chlorine atom in
the side chain of tetrazole-containing substrates is also
smoothly replaced in reactions with nitrogen-centered
nucleophiles [97] (Scheme 38). Electrophilic substitu-
tion in the side chain of 1,5-disubstituted tetrazoles

Scheme 37.
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provides one more method for functionalization of
these compounds [98] (Scheme 39). A promising
method for modification of substituents in 1,5-disub-
stituted tetrazoles was recently demonstrated using
5-R-tetrazol-1-ylacetamides as examples; their treat-
ment with sodium azide and tetrachlorosilane afforded
the corresponding polytetrazoles in a good yield [99]
(Scheme 40).

As previously, N-monosubstituted amides and thio-
amides are widely used in the synthesis of 1,5-disub-
stituted tetrazoles [33, 37, 100-102]. In the recent
years, the procedure was essentially improved to avoid
the use of unsafe and hazardous hydrazoic acid (which
was used previously in the synthesis of tetrazoles from
amides); instead, convenient and effective trimethyl-
silyl azide in the presence of diisopropyl azodicar-
boxylate (DIAD) [33, 100] (Scheme 41) and sodium
azide in combination with trifluoromethanesulfonic an-
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hydride [37] or mercury(I) chloride [101] (Scheme 42)
have been proposed.

Alkylation of 5-substituted tetrazoles provides
a fairly frequently used method for the preparation of
1,5-disubstituted tetrazoles. Despite certain intrinsic
disadvantages (see above), the procedure attracts
researchers’ attention due to its simplicity and the pos-
sibility of using functionalized alkylating agents. Here,
the common problem is separation of isomeric 1,5- and
2,5-disubstituted tetrazoles which are formed in most
alkylation reactions. Nevertheless, numerous examples
of successful application of this reaction to the syn-
thesis of functionally substituted tetrazoles have been
reported in a few past years. One of these is the alkyla-
tion of tert-butyl [2-(tetrazol-5-yl)benzyl]carbamate
with methyl iodide; the reaction gave a 1:1.5 mixture
of isomeric 1,5- and 2,5-disubstituted tetrazoles which
were separated by HPLC [51] (Scheme 43). A more
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Scheme 43.
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complex mixture of products was obtained in the al-
kylation of 5-(pyridin-2-yl)tetrazole with 1,3-dibromo-
propane (Scheme 44); it contained three isomeric bis-
tetrazole derivatives at a ratio of 1:1:1; the isomers
were separated by column chromatography on silica

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42

gel [103]. Column chromatography was successfully
used by Balle ef al. [68] to separate isomeric 1,5- and
2,5-disubstituted tetrazoles formed in the alkylation
with methyl iodide of 5-substituted tetrazoles having
a complicated structure.
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In some cases, 1,5-disubstituted tetrazole may be
isolated from the isomer mixture by fractional crystal-
lization, even when 2,5-disubstituted isomer strongly
predominates [104] (Scheme 45). 1,5-Disubstituted
tetrazoles were also synthesized by alkylation of
5-substituted tetrazoles with complex oxiranes [34, 63]
(Scheme 46).

Ek et al. [ 105] proposed one more procedure for the
synthesis of 1,5-disubstituted tetrazoles by cyclization
of tetrazoles having an unsaturated alkyl chain in the
5-position. The reaction was called iodocyclization by
the authors; it may be regarded as regioselective intra-
molecular alkylation (Scheme 47). Scheme 48 illus-
trates a modification of this procedure [106].

Scheme 47.
|
H I, NaHCO;
H20¢\/\/N\ MeCN N/N\\
| N —— N
N 74 ~. 7/
' N—N
\
~ /
N
Scheme 48.
CH,

Me3SiN3, BUZSnO

Br
@ PhMe
CH
CN 2 N

Inter- and intramolecular [2+3]-cycloaddition of
nitriles to alkyl or aryl azides is known to afford
1,5-disubstituted tetrazoles [40—42]. In the recent
years, this method was developed mainly via extension
of a series of reagents which may be used for the syn-

Scheme 49.
\\ CN
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R = CH,N;, MeO, H, F.
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Scheme 50.
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Scheme 51.
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R
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R
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R =4-MeO, 4-Me, 3-CF;.

thesis of functionally substituted tetrazoles. The most
typical example is the formation of 1,5-disubstituted
tetrazoles by [2+3]-cycloaddition of p-toluenesulfonyl
cyanide to various alkyl and aryl azides [107]
(Schemes 49-51). Elevated temperature (130—150°C)
promotes intramolecular [2+3]-cycloaddition, presum-
ably due to steric effects in the substrate molecule
[108-110] (Schemes 52, 53).

Scheme 52.
—N
5\" \
Ph cl Ph N_ N
I NaNa, DMF, 150°C I j
Me ll\l/\CN Me II\I
Me Me

The Schmidt reaction of ketones with excess
hydrazoic acid underlies one of the first methods used
for the synthesis of 1,5-disubstituted tetrazoles at the
early stage of the development of tetrazole chemistry.
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Scheme 53.
N/N\\N
\ i
CN N
R X N3 130-140°C, PhMe R | X
N N

R =#Bu, R'=H; R =Ph, R'= H; RR' = (CH,)..

However, this procedure gradually lost its original
significance because of the necessity of working with
hydrazoic acid which is unsafe to handle with. Con-
siderably increased interest in the Schmidt reaction as
a promising method for the preparation of 1,5-disub-
stituted tetrazoles was observed as a result of replace-
ment of HN; by trimethylsilyl azide in combination
with ZnBr; [111] (Scheme 54) or by sodium azide and
TiCl, [60] or SiCly [112] (Scheme 55).

Scheme 54.
Me
0 Me Ve Et
M\WOH MeSiN, ZnBr, N/ CooE!
Me \
Et 5 N\N//N
Scheme 55.
O
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R
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__
R
R=H, CI, Me.

Another well known way of building up tetrazole
derivatives implies reaction of cyclic imidoyl chlorides
or bromides with sodium azide [113, 114]. The reac-
tion smoothly occurs at 120°C in such solvent as
1-methylpyrrolidin-2-one (NMP) [115] (Scheme 56).
Intermediate azide can also be generated from the cor-
responding hetarylhydrazine [116] (Scheme 57).

There are two more methods for the synthesis of
1,5-disubstituted tetrazoles, which have never been
discussed in all known reviews on the chemistry of
tetrazoles. One of these methods is based on the
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Scheme 56.
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Scheme 59.

—
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multicomponent Ugi reaction which makes it possible
to obtain various tetrazolopiperazines under mild con-
ditions [117] (Scheme 58). Obviously, this is one of the
first examples of multicomponent reactions in the
chemistry of tetrazoles. After some modification, the
procedure can find wide application in the synthesis of
functionally substituted tetrazoles. The other method
involves treatment of 5-substituted tetrazoles with bis-
(2,4-hydroxybenzothioyl) sulfoxide in boiling meth-
anol [118] (Scheme 59).

3.2. 2 5-Disubstituted Tetrazoles

This section covers reactions leading to 2,5-disub-
stituted tetrazoles, which have been reported in the last
three years. Early information on this topic has been
reviewed in detail in [48].

Among methods for the preparation of 2,5-disub-
stituted tetrazoles, first of all various modifications of
arylation of 5-aryltetrazoles with diaryliodonium salts
in water [119] or methanol [120] in the presence of
copper should be noted (Scheme 60).

Scheme 60.

NH .
7/ \ o+ [(p-RCgHa)II" Br
N N
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N

Ar

N
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-

N\\N/ N\CGH4R-p

KOH, Cu, H,0, 100°C

Ar = Ph, 4-Py; R = H, MeO.

Related methods involve regioselective arylation of
S-aryltetrazoles with diaryliodonium salts in DMF in
the presence of palladium and copper catalysts [121]
and arylation of 5-aryl-2-tributylstannyltetrazoles in
methylene chloride in the presence of copper(Il)
acetate [122] (Scheme 61). The efficiency of palladium
catalysts in the synthesis of 2,5-disubstituted tetrazoles

Scheme 61.

>:N\

+ Phyl*CI
N\\N/N\SnBu3

>—N

N\Ph

CU(OAC)g, CH20|2

R =Ph, 4-MeC¢H,4, 4-BrCgHy, indol-3-yl.

KOLDOBSKII

was demonstrated by Kamijo ef al. [123, 124]. The
authors showed that the corresponding 5-substituted
2-allyltetrazoles are formed in high yield from the
three-component system nitrile—allyl methyl carbo-
nate—trimethylsilyl azide on heating in the presence of
Pd,(dba); (Scheme 62).

Scheme 62.
RCN + H,C=CHCH,0C(O)OMe + Me;SiN;

Pd,(dba)sz, P(Fu-2);

>7NN\/\CH2

\
R = Me,N, 4-O,NC4H,, PhO, Ts.

Messmer and co-workers [125, 126] described
a novel synthesis of 2,5-disubstituted tetrazoles via re-
action of tetrazolopyridinium salts with various nucle-
ophiles (Scheme 63).

Scheme 63.
H
_ N N R
| N BF; +
NSy
N S
Ar
N
2 \N~Ar
NaH, THF = N=N
—_—

In some cases, well known reactions of p-tolylsul-
fonylhydrazones with arenediazonium salts give good
results [127-129] (Scheme 64). Despite known dif-
ficulties involving separation of 1,5- and 2,5-disub-
stituted isomers [44, 48], alkylation of 5-substituted

Scheme 64.
N3 CI-
(j\;N
NaOH 0°C O
R =1, ArO, ArS.
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tetrazoles is frequently used in the synthesis of 2,5-di-
substituted tetrazoles containing functional groups
[130-132]. This method offers a wide choice of func-
tionally substituted reagents, primarily 5-substituted
tetrazoles, simple experimental procedure, and mild
reaction conditions. Therefore, it is not surprising that
the problem of regioselectivity in the alkylation of
tetrazoles has attracted much attention over several
past decades. Unfortunately, advances in this field of
tetrazole chemistry are not so great as it would be
desirable.

An example of successful solution of the regio-
selectivity problem is the alkylation of 5-substituted
tetrazoles with various unsaturated compounds in the
presence of mineral acids [48]. Under these conditions,
the corresponding 2-substituted derivatives are formed
exclusively [131] (Scheme 65).

Scheme 65.

4. CONCLUSION

While preparing the present review, more than
300 original articles published since 2001 till mid 2005
on various aspects of the tetrazole chemistry (methods
of preparation, physical and chemical properties, and
applications) were analyzed. No patent information
was taken into account. Among the reported data, only
those most relevant to the subjects under consideration
were selected.

On the basis of detailed analysis of the available
experimental data, a conclusion can be drawn that no
common approach to solution of the tetrazole func-
tionalization problem exists so far. Two strategies may
be proposed for this purpose: functionalization of sub-
stituents in substituted tetrazoles and incorporation of
tetrazole ring into functionally substituted substrates.

Taking into account that new efficient versions of
building up tetrazole systems appeared in the recent
years, namely microwave activation, multicomponent
syntheses, and the use of Me;SiN; or SiCl;—NaNj in-
stead of hazardous hydrazoic acid, the second strategy
seems to be preferred.

At the same time, one more quite promising syn-
thetic route to functionally substituted tetrazoles
should be given strong attention, i.e., highly regio-
selective alkylation of 5-substituted tetrazoles with
olefins in the presence of mineral acids and the use of
metal complexes as catalysts in the synthesis of 2,5-di-
substituted tetrazoles.

One can state with certainty that development of
the chemistry of tetrazole in the nearest future will
largely involve search for new and improvement of
known methods for functionalization of these com-
pounds and their application in the synthesis of com-
plex tetrazole-containing substrates.

I would like to conclude the present review by
citing two famous specialists in organic synthesis,
L. Tietze and T. Eicher, who accurately noted that just
specific reactions of particular functional groups con-
stitute the basis of organic synthesis [133].

This review was prepared under financial support
by the Russian Foundation for Basic Research (project
no. 06-03-32286a).
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