COMMUNICATIONS

Together with the known substitutions of the resulting
sulfonyl tetrazoles, the two-step sequence is formally equiv-
alent to regioselective cycloadditions of azides with a wide
variety of nitriles. Further studies on the scope of this
chemistry will be reported.?%

Experimental Section

Note: Many low-molecular-weight azides are known to be explosive. In this
lab, no problems have been encountered, but great caution should be
exercised when heating compounds of this type, especially neat. The
reactions described here were run on only a few grams; an increase in the
scale of these reactions will decrease the efficiency of heat dissipation and
explosions may result.

A vial was charged with a stir bar, p-toluenesulfonyl cyanide (905 mg,
5.0 mmol), and azide (5.0 mmol), and tightly capped. The reagents were
stirred neat in an oil bath set to 80°C, for 16 h. If the reaction was not
complete at this time, stirring was continued, in some cases with the
temperature reset to 100°C. In the cases of unhindered azides, the crude
product, a light yellow solid, was analytically pure. To remove color, the
product can be dissolved in a mixture of ethyl acetate (30 %) and hexanes
(70%), and run down a short plug of silica gel to yield a white solid. If
excess toluenesulfonyl cyanide was present, the product was crushed and
placed under vacuum at 80 °C for four hours. In the case of hindered azides,
the product was purified by column chromatography, by eluting with ethyl
acetate (10% ) and hexanes (90 %), to give the product as a white or light-
tan solid. In some cases (9, 14) the product was sufficiently insoluble that
trituration with ethyl acetate (10 %) and hexanes (90 %) was sufficient to
purify the compound.
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own right, and made all the more so by the ease of
nucleophilic substitution of the 5-sulfonyl group. Just being
a highly convergent route to useful tetrazoles makes this
cycloaddition an interesting transformation, but its real value
becomes apparent after examining the experimental details
for the reaction: solvent-free fusion of the reactants at 80—
100°C affords the pure product in essentially quantitative
yield.

Herein, we expand this methodology to include acyltetra-
zoles, which are similarly arranged for rapid functionalization.
As in the preceding report, the yields are very high, and
isolation is simple. In addition, as both azides and acyl
cyanides are readily accessible, a modular approach to the
synthesis of tetrazoles is possible—all in keeping with the
tenets of “click chemistry”.2l Together with its complemen-
tary Huisgen 1,3-dipolar-cycloaddition route to triazoles
(RN;+RC=CR),?l which, in the case of propiolates and
copper acetylides, gives predominantly the 1,4-isomer,*! these
reactions provide a direct route to the various substituent
patterns around an azole-ring system (Scheme 1).

It has been demonstrated that increasing the electron-
withdrawing strength of the substituent bound to a nitrile
tends to increase its rate of cycloaddition to azides.’! Sulfonyl
and perfluoroalkyl groups are among the most electron-
withdrawing uncharged groups commonly encountered in
chemistry,[® thus it is not surprising that nitriles bound to these
groups readily participate in this [24-3] cycloaddition.l> 71 Are
there other electron-poor nitriles which are activated enough
to take part in the formation of synthetically useful tetra-
zoles?

Two obvious choices, fluorinated aromatic nitriles and
heteroaromatic nitriles, did not react with azides when heated,
nor did some other unusual heteroatom-bound nitriles, such
as dialkyl cyanophosphates. Carbonyl cyanides, while not as
electron poor as sulfonyl cyanides, nor as hydrolytically stable,
have the advantage of being readily available.[¥! It has been
demonstrated that certain acyl cyanides undergo a [2+3] cy-
cloaddition with organic azides at a pressure of 10 kbar,[) and
also that ethyl cyanoformate undergoes a [2+3] reaction with
certain organic azides upon heating,['” both in moderate yield.
We were pleased to find that a broad range of acyl cyanides,['!
cyanoformates,'” and cyanoformamides!®! undergo a regio-
selective [24-3] cycloaddition with azides upon heating, neat,
at 120—130°C and ambient pressure, to give 1-substituted-5-
acyl-tetrazoles in high yield (see Scheme 1, left).

To our knowledge, this report describes the first example of
the direct synthesis of 1-substituted-5-acyltetrazoles!'* by an
intermolecular [2-+3] cycloaddition between an organic azide
and an acyl cyanide at ambient pressure. Moreover, when

:
.J\ N3 @ Sl /\/N
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1-substituted-5-acyltetrazole 1-substituted-

4-acyl triazole

Scheme 1. Direct [2+3] cycloaddition routes to disubstituted acyltetrazoles and triazoles.
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aroyl cyanides or alkanoyl cyanides with no o proton are used
in conjunction with unhindered azides as the substrate, the
yields are above 90 %, and the purification is very simple, as it
involves only a liquid—liquid extraction and a filtration—
clearly a good “click” reaction. As dozens of acyl cyanides are
commercially available, and countless more are available in
one step from acyl halides, great diversity can be rapidly
accessed with this cycloaddition. In addition, further impor-
tant synthetic transformations are immediately available
through the active aryl-ketone moiety, oxime, and hydrazone
derivatives, for example.!'’]

The scope of viable azide substrates is quite broad. Primary
azides, when heated neat with benzoyl cyanide, provide
products in 94-98% yields (see Table1, compounds
1-6). Purification is also very simple—stirring the
crude reaction mixture with aqueous potassium carbonate
in a two-phase system for an hour hydrolyzes all of
the unreacted acyl cyanide and, after passing the organic
layer through a short plug of silica, evaporation yields the
pure product. More hindered azides also react cleanly with
benzoyl cyanide, although the yields are lower (7 and 8).
When aryl azides are used as substrates, only decomposition is
observed.

The scope of the reaction with various acyl cyanides is also
quite broad, provided that there is not a proton in the
a position (see Table 2). Aroyl cyanides react cleanly with
benzyl azide to give the corresponding tetrazoles (9-11);
furoyl cyanide is also a good substrate, although the reaction is
not as clean (12). Pivaloyl cyanide is an excellent substrate
(13), however, alkanoyl cyanides with a proton at the
o position, for example pyruvoyl cyanide, show largely
decomposition upon prolonged heating (14). This decompo-
sition is presumably because of loss of HCN, to form
the highly reactive ketene. Cyanoformamides and cyanofor-
mates are also competent substrates (15 and 16). When
unsaturated acyl cyanides are used as substrates, for example
cinnamoyl cyanide, only decomposition is observed, even
when no o proton was present, such as in a-methyl cinnamoyl
cyanide.

A search for a more versatile route to acyltetrazole
derivatives, one which would enable post-cycloaddition
modification, lead to 4-nitrophenyl cyanoformate (17). When
17 is heated neat with benzyl azide at 120 °C, the correspond-
ing activated tetrazole 18, is produced in excellent yield. As a
nitrophenolate ester of an electron-deficient heterocyclic
carboxylic acid, 18 can be easily derivatized by nucleophiles
(Scheme 2). As nitrophenyl esters are unstable to moisture,
isolation by chromatography or crystallization gives poor
yields. Fortunately, when the tetrazole formation and nucle-
ophilic displacement reactions
are run in one pot, the yields
of the corresponding acyl-
tetrazoles are generally high.

The use of 17 allows one to
bring together an azide and a
nucleophile in one pot to

tuted-5-acyltetrazole (see
Scheme 3). This highly con-
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Table 1. Reaction of azides and benzoyl cyanide.[?

Table 2. Reaction of acyl cyanides with benzyl azidel?.
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[a] Reaction conditions: 1) neat, 120°C, 2) stir with 10 % Na,COs, 3) filter
through silica pad. [b] Product was collected by filtration and trituration.

vergent route elegantly complements the triazole cycloaddi-
tion chemistry mentioned in the introduction, as carbonyl-
substituted acetylene derivatives are known to react with
azides to give 1,4-disubstituted triazoles with relatively good
regioselectivity (see Scheme 1). These two reactions, taken
together, provide a “click” route to the various geometries of
disubstituted acylazoles.
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In summary, outlined here is a simple route to 1-substi-
tuted-5-acyltetrazoles by a [2+3] cycloaddition of readily
available acyl cyanides and aliphatic azides. The reactions are
high yielding and product isolation is simple. In addition, we
found that p-nitrophenyl cyanoformate undergoes the same
cycloaddition process in high yield, and that the resulting
activated esters of the 1-alkyltetrazole-5-carboxylic acid can
be captured insitu by nucleophiles such as amines and
alkoxides.
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Benzyl azide,
\(j\ 120°C, neat, 20 h
1.2 equiv
EtONa
EtOH
18 h
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Scheme 2. Use of p-nitrophenyl cyanoformate as an easily derivatizable acylnitrile source, en route

to disubstituted acyltetrazoles.
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Scheme 3. A general route to 1-substituted-5-acyltetrazoles.

Experimental Section

Note: Many low-molecular-weight azides, and certain tetrazoles and
nitroaromatic compounds, are known to be explosive. In this lab no
problems have been encountered, but great caution should be exercised
when heating compounds of this type, especially neat. The reactions
described here were run on only a few grams; an increase in the scale of
these reactions will decrease the efficiency of heat dissipation and
explosions could result.

General synthesis of acyltetrazoles: A vial was charged with a stir bar, azide
(5.0 mmol), and acyl cyanide (7.5 mmol), and tightly capped. The reagents
were stirred in an oil bath set to 120°C, neat, for 40 h. If the reaction was
not complete at this time, it was continued, in some cases with an increase
in temperature to 130°C, until the reaction was complete. The reaction
mixture was then cooled, and dissolved in ethyl acetate (10 mL) and added
to an aqueous solution of sodium carbonate (10 % w/w, 50 mL) and stirred
for one hour. In some cases, longer stirring times and the addition of
acetone (20 mL) were necessary to effect the full hydrolysis of the acyl
cyanide. The organic layer was isolated and the aqueous layer was extracted
with ethyl acetate (10 mL). The combined organic layers were diluted with
hexanes (60 mL) and run through a short plug of silica gel. The silica plug
was washed with an equal amount and composition of solvent. The solvent
was evaporated to yield the product.
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