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Organic Azides. 3.* Ultrasound Synthesis of Propargyl Azide,

Azidoacetonitrile and Primary Allylic Azides

HANNO PRIEBE

Department of Chemistry, University of Oslo, P.O. Box 1033, Blindern, 0315 Oslo 3, Norway

The title azides were prepared from the corre-
sponding activated primary halides and aqueous
sodium azide under ultrasonic irradiation.

Various applications of ultrasound in hetero-
geneous reactions have been published.? This
paper describes the direct formation of azides
from activated primary organic halides and
aqueous sodium azide solution under ultrasonic
irradiation [)))].

A mixture of the alkyl halide and saturated
aqueous sodium azide is irradiated in an Erlen-
meyer flask using a commercial ultrasonic clean-
er. After 1-4 h, the corresponding alkyl azide
can be easily condensed or extracted from the
water phase.

The advantage of the new method is the direct
use of sodium azide as a cheap, available azide
ion source. Additional reaction steps to generate
another azide group-transfer reagent like hydra-
zoic acid,’ trimethsylsilyl azide* or tetramethyl-
guanidinium azide ° are not necessary. The use of
co-solvents® like ethanol often leads to sepera-
tion problems, especially from low boiling orga-
nic azides as in this case. Water as sole solvent
can easily be seperated by decantation and usual
drying operations. The use of phase-transfer
catalyst” is not necessary, because ultrasound
works as an effective ‘“non-chemical phase-trans-
fer reagent”. If the alkyl halide and the saturated
aqueous sodium azide solution are left 1—4 h at
60 °C without ultrasonic irradiation, nearly no
conversion was observed. Ultrasonic irradiation
is decisive for good conversion in this liquid

* Part 2, see Ref. 1.
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biphasic system. Reaction conditions and yields
of the isolated products are given in Table 1.
Also the influence of sodium iodide on the
reaction has been investigated. Only in the case
of 3a and 5b did an equimolar amount of sodium
iodide increase the rate of conversion to the
azide. A greater sodium azide excess increases
the rate of conversion as expected. It is most
advantageous to prepare I and 3 from the
corresponding bromides. Chlorides in general
require longer reaction times. Shorter reaction
times lead to mixtures of alkyl azide and un-
reacted alkyl halide. Longer reaction times in-
crease the conversion but decrease the isolated
yield due to decomposition or cycloaddition
dimerisation of the azide. The density-difference
between halide and the corresponding azide
influences the conversion. In the case den-
SItY patige=>1.18 >density 5,4 the water phase
separates product and educt and the conversion is
high. A 30 % aqueous solution of sodium azide
has a density of 1.18. In all other cases, where
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Table 1. Reaction conditions and yields.

RN, RX Molar ratio Reaction Isolation Yield Lit. Yield
RX/NaN,/Nal time (h) method ? (%) (%)

1 Ila 1:4:0 3.0 A 60 Not reported®

1 la 1:4:1 3.0 A 35

1 Ib 1:4:0 1.5 A 88

1 1b 1:2:1 1.5 A 72

2 2a 1:4:0 3.0 B 64 641“&54

2 2a 1:4:1 3.0 B 61 83.5"

3 3a 1:4:1 3.0 A 88 30%

3 3a 1:4:0 3.0 A 56

3 3b 1:4:0 1.5 A 91 100*

3 3b 1:4:1 1.5 A 57

4 4a 1:4:0 4.0 B 81 —

4 4a 1:4:1 2.0 B 41

5 5b 1:4:1 1.0 B 52 —

5 5b 1:4:0 2.0 B 48

4 A=Condensation; B=Extraction.

halide and azide remain dissolved in each other,
the conversion is lower.

The reaction of 1-bromopropane with two
equivalents sodium azide solution yields only
20 % propyl azide after 3 h ultrasonic irradiation
at 60 °C. The method seems to require propar-
gylic or allylic activation or a neighbouring cyano
group. The spectroscopic and physical data are
given in Table 2.

EXPERIMENTAL

Warning. All these compounds are known to be
potentially explosive and appropriate caution
should be applied!

Synthesis of the described azides; General
procedure: The alkyl halide (0.04 mol) is added
to a 30 % aqueous solution of sodium azide (0.16
mol) in an Erlenmeyer flask with reflux conden-
ser. Sodium iodide (0.04 mol) is added to the
solution only in the cases 3a and 5b, where it is
advantageous. The flask is immersed 1-2 cm
under the water surface in an ultrasonic cleaner
(Bandelin, Sonorex RK 255, 500 W/35 kHz) at
50 °C. During the reaction time the temperature
is allowed to rise up to 65 °C.

Isolation method A (for low-boiling azides).
The product is condensed under low pressure
into a trap, cooled with liquid nitrogen. The
product is recondensed and dried by condensa-

tion through a U-shaped tube, filled with phos-
phorus pentoxide dessicant. If necessary, the
product can be distilled under low pressure.
Isolation method B. The product is extracted
four times with ether (4x100 ml). After drying
the solution with calcium chloride the ether is
removed in water-pump vacuum. The residue is
pure enough for most purposes. If necessary, the
product can be distilled under low pressure.
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