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Improved Conditions for the Formation of Tetrazoles

P.R. Bernstein,* E.P. Vacek

Medicinal Chemistry Department, Stuart Pharmaceuticals, Division of
ICI Americas Inc., Wilmington, DE 19897 U.S.A.

Tetrazoles can be prepared from nitriles and sodium azide in improved
yield over shorter reaction time using triethylammonium chloride as the
catalyst and 1-methyl-2-pyrrolidinone as the solvent.

Tetrazoles have long been of interest to the medicinal chemist
as possible choices when carboxylic acid mimics were desired.!
Frequently, these compounds have been similar in activity to
the parent acids in vitro but have shown different in vivo
profiles. Recently. LY171883 (4), a leukotriene antagonist
which shows enhanced potency and selectivity both i vitro and
in vivo as compared to its parent acid, was described.? We
decided to prepare the tetrazole analogues of a series of novel
acidic leukotriene antagonists, developed in these laboratories,
to examine the activity of such compounds.?

As a result of those efforts, we now report new reaction
conditions which afford enhanced yields of some tetrazoles from
nitriles in significantly shorter reaction times. Standard con-
ditions for the formation of tetrazoles from nitriles call for the
use of ammonium chloride and sodium azide in dimethylforma-
mide at 125-140°C.*> We have modified these conditions to
triethylammonium chloride and sodium azide in 1-methyl-2-
pyrrolidinone at 150°C.

When we attempted to convert 1-(4-cyanobenzyl)-6-hexanoyl-
aminoindole to the corresponding tetrazole 2a using
..standard conditions*, the result was slow decomposition of the
starting nitrile over a period of 24 h. Although aluminum azide
in tetrahydrofuran has been reported as a milder reagent for
tetrazole formation, it is unsuitable for substrates (such as
indoles) which are sensitive to Lewis acids.® Because of this, we
explored other modifications of the reaction conditions. Vari-
ation of the amine hydrochloride catalyst to primary, secondary,
or quarternary ammonium halides has been reported for the
formation of tetrazoles, with the optimum result occurring with
aniline hydrochloride.* We tried using aniline hydrochloride in
dimethylformamide at 120°C. Monitoring of this reaction by
TLC over a 24 h period showed formation of a trace of tetrazole
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2a, no starting nitrile, and much decomposition. A similar result
occurred when we used aniline hydrochloride in dimethyl
sulfoxide. Use of triethylammonium chloride (Et;N-HCI) in
dimethylformamide as the catalyst gave significant product
formation, accompanied by both starting material and decom-
position. We considered it likely that at least part of the
decomposition was cleavage of the amide bond in our substrate
by the free nucleophilic amine that exists under the reaction
conditions. We also thought that a change in solvent would be

Table 1. Preparation of 5-[4-(4-Acetyl-3-hydroxy-2-propylphenoxy)bu-
tylJtetrazole (4, LY 171883) from 5-(4-Acetyl-3-hydroxy-2-
propylphenoxy)pentanenitrile

Reaction Conditions Yield* m.p.

(%) (OP
Ammonium Salt/ Temp. Time
Solvent °C) (h)
NH,Cl/DMF (Lit. %) 125 23 27 113.5-115
NH,Cl/DMF (ours) 125 96 35 128-130
Et;N-HCI/NMP 150 3 76 131-132

* Yield of isolated product.

® Since both we and the original authors® had correct analytical data
on LY 171883 (4) we presume that the difference in melting points is
due to crystallization into different polymorphs.
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desirable since dimethylformamide is known to produce dimeth-
ylamine under similar conditions, e.g. heat and a base (sodium
azide).” To eliminate these amine sources we tried the use of
Et,N-HClin 1-methyl-2-pyrrolidinone as solvent. At ~ 150°C,
these conditions resulted in clean formation of tetrazole 2a after
only 3h of reaction time. Tetrazole 2a was isolated as its
hemthydrate in 46% yield following recrystallization.

When we compared ta¢ preparation of LY 171883 (tetrazole 4)
under the reported® standard conditions and under our modified
conditions, we found the greatly improved results reported in
Table 1.

An additional head-to-head comparison of these modified
conditions and the standard protocols was obtained with 4-(6-
nitro-1-indolylmethyl ibenzonitrile. After a reaction time of 2.5
hours under our new conditions, TLC analysis showed complete
conversion of the nitrile and tetrazole 3 was isolated 1 55%
yield of recrystallized product. As a comparison, after a reac tion
time of 11 hours under the original conditions significant
amounts of the nitrile still remained (yield of tetrazole 3 not
determined). Tn contrast to the above findings, 5-(4-acetyl-
aminophenyl)tetrazole (5) was formed from 4-acetylamino-
benzonitrile in the same yield (~ 95 % before recrystallization)
after identical reaction fimes (3.5 h) using either the standard or
our modified conditions.

Table 2. 5-Substituted Tetrazoles 2-5 Prepared

Product  Yield* ("C) m.p. (C) Molecular Formula”

2a 46 (-9) 134-136 C2,H,aN4O - 0.5H,0
(388.5)

b 43 (67) 210-212 Cy3H, NGO, (418.5)

2¢ 51 (60) 214-216 C,H NGO (38K.5)

24 43 195) 114-115 ot 6N O (354.4)

2e 73 (98) 158-161 CoH,5Ng0O - 0.25H,0
(368.5)

2f 72 (98) 133-135 C,1H3oNGO (332.5)

3 55 (-9 230-231 Ci6H NGO,z - 0.33H,0
(320.3)

4 76 (-%) 131-132 Cy6H32N405 (318.4)°

5 -4(95) -d CoHoNO (203.2)

* Yield of recrystallized product (yields before recrystallization in
parentheses).

b Satisfactory microanalyses obtained: C £0.39, H +0.5, N +£0.33,

¢ Compound LY 171883; cf. Table 1.

4 No data.

¢ Lit.® m.p. 113.5-115

As shown in Table 2. a variety of other tetrazoles containing an
indole moiety were prepared in reasonable yield via the use of
these modified conditions.

Melting points are uncorrected. All new compounds were characterized
by microanalyses and spectral data: MS, on a Kratos MS-80; IR, on a
Perkin-Elmer 727B spectrometer: 'H-NMR, using a Bruker WM-250
spectrometer.

The {-methyl-2-pyrrolidinone used was Aldrich 99% solvent grade and
was dried over 4A molecular sieves before use.

5-[4-(6-Hexanoy\aminoindol-l-y\methyl)phenyl}(etrazole (2a); Typical
Procedure:

A mixture of 1»(4-cyannbenzyl)-ﬁ-hcxanoylaminnindn]e:‘ (350 mg,
1.0 mmol), sodium azide (200mg. 3.07 mmol), and Et;N-HCI
(212 mg, 1.55 mmol) in 1-methy)-2-pyrrolidinone (10 mL) is siirred at
150°C under N, for 4 h. After cooling, the mixture is diluted with H,0
(30 mL), acidified to pH 1 with 10% (w/w) HCI/H,O [Caution: hy-
drazoic acid], and extracted with EtOAc (2x 20 mL). The organic layer

SYNTHESIS

is extracted with 10% w/w NaOH/H,0 (2x10mL). The alkaline
extract is washed with Et,0 (2x 15 mL), then acidified with HCI, and
extracted with EtOAc (2 x 20 mL). This organic extract is evaporated
and the solid residue is recrystallized from MeOH/H,0 to afford
tetrazcle 2a hemihydrate as a colorless solid; yield: 183 mg (46%); m.p.
134-136°C.

C,;Ha NGO 0.5 H,0 cale. C 6648 H634 N2i.14

(383.5, without H,0) found ©6.39 6.13 20.94

(397.5, with H,0)

MS-DCI: mje = 389 (M* + 1, 63%), 233 (72), 133 (100).

IR (KBr): v = 3280 (NH), 1660(COyem ™.

TH-NMR (DMSO-ds/TMS,,): 6 = 0.86 (t, J = 7.5 Hz, 3H); 1.16-1.37
(m, 4 H); 1.5-1.66 (m, 2H); 2.25 (1. / = 7.5 Hz, 2 H); 5.47 (s, 2H); 6.47
(d, J = 4Hz, 1H): 7.17 (d, J = 10 Hz, 1 H); 7.36 (d, / = 10 Hz, 2H);
7.62 (m, 2H); 7.89 (s, 1 H): 8.03 (d, J = 10 Hz, 2H); 9.8 (s, 1 H).

We would like to thank Dr. H.S. Shapiro and Mr. E.J. Adams for
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