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Abstract: A practical and simple method that allows preparation of
azides from alcohols is described. The process involves oxyphos-
phonium-type activation and it is based upon the use of nicotinoyl
azide (NCA), a cheap and easily accessible azide ion source.

Key words: azides, alcohols, nicotinoyl azide (NCA)

Simple, practical and high-yielding methods that allow
preparation of azides directly from alcohols are frequently
required in the synthesis of N-containing compounds.
Azides are useful precursors of amines through catalytic
hydrogenation1 and the Staudinger reaction.2 Further-
more, imines3 and nitrogen-containing heterocycles such
as, for example, [3+2] cycloaddition,4 the aza-Wittig reac-
tion,5 and the Aubé modification of the Schmidt rear-
rangement,6 could be obtained starting from azides.

Alkyl azides are generally prepared by SN2 displacement
of halides,7 sulfonates8 and imidazylates.9 Methods that
employ standard Mitsunobu10 conditions (PPh3, dialkyl
azodicarboxylate), HN3,

11 Zn(N3)2·2Py,12 DPPA,13 and
Me3SiN3 (for 1,2-diols)14 are also commonly used. Recent
examples based on a Mitsunobu-like procedure, employ
DDQ instead of DEAD and NaN3

15 or Bu4N
+ N3

–.16 On the
other hand, sets of reagents like DPPA/DBU17 or (p-
NO2)DPPA/DBU18 exploit a different reaction mecha-
nism, involving displacement of intermediate phosphate
esters with azide ions.

Our interest in using a cheap and easily accessible source
of azide ion in Mitsunobu-type reactions, prompted us to
test aroyl azides as reagents. We hoped that the Morrison–
Brunn–Huisgen (MBH) betaine19 (1, Scheme 1) would
trigger the release of the nucleophile via formation of the
oxyphosphonium ion intermediate (2, Scheme 1) which
would undergo the classical SN2 reaction with azide ion.
Generation of the oxyphosphonium ions should, in princi-
ple, avoid any competitive esterification of the aroyl
azide.

To this end, we first explored benzoyl azide (3, Scheme 1)
(mp 32 °C), prepared in nearly quantitative yield from
benzoyl chloride.20 Using the classical redox couple PPh3/
DEAD, THF as the solvent and a temperature range from
0 °C to room temperature, a nearly quantitative isolated
yield was achieved in the case of 3-b-hydroxycholestane,
after three hours (Table 1, entry 1).

Complete conversion and excellent yield were achieved
by increasing the amount of the redox couple and the ben-
zoyl azide in the case of axial 3-a-hydroxycholestane
(Table 1, entries 2 and 3).

Having demonstrated the flexibility of the conversion of
model alcohols to azides with benzoyl azide under Mit-
sunobu conditions, we decided to expand the scope and
evaluate limitations of this procedure. However, it was
soon discovered that benzoyl azide was not the reagent of
choice. From a practical point of view the low melting

Scheme 1
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point hampers easy handling of the reagent. Moreover,
problems were encountered in purifying some of the de-
sired products either from excess benzoyl azide or from
the main by-product diethyl N-benzoylhydrazine dicar-
boxylate (5, Scheme 1). We then turned our attention to
nicotinoyl azide (NCA) 4, as a more practical reagent. It
is easily prepared on a multi-gram scale from the corre-
sponding commercially available hydrazide21 (Scheme 2).

Scheme 2 Synthesis of nicotinoyl azide (NCA).

HPLC retention time and TLC retention factor were, as
expected, different from the benzoyl azide. Predictably,
similar carbonyl-carbon atom partial positive charge
emerged from the comparative force field MMFF9422

analysis of benzoyl azide and NCA, using the Titan® soft-
ware.

Furthermore, NCA (mp 47 °C) is non-hygroscopic, with a
safe DSC profile until 70 °C23 and excellent shelf life at
room temperature. NCA is completely soluble in the most
frequently used organic solvents; it also shows good aque-
ous solubility as the free base and as its hydrochloride. It
could be converted into the corresponding isocyanate
through Schmidt rearrangement by refluxing in ben-
zene,24 or simply by heating at 80 °C in an open vessel.

We first decided to test NCA on 3-b-hydroxycholestane
and 3-a-hydroxycholestane, using the same reaction con-
ditions we found for benzoyl azide (entries 1 and 2,
Table 2). As expected, NCA was found to be as effective
as benzoyl azide with identical conversion and yields.
Different primary, secondary and tertiary alcohols were
then subjected to our azidation procedure with NCA. The
results are shown in Table 2.

Table 2 Preparation of Primary, Secondary and Tertiary Aliphatic Azides Using NCA

Entry Substrate Product Stoichiometry
(see Table 1)

Yield (%)a,b Physical data

1

7a 8a

A 94
White solid25

Mp 64–65 °C 
(lit. 62.5–63 °C)

2

7b 8b

B 96
White solid25

Mp 71.5–72 °C 
(lit. 65–66 °C)

Table 1 Optimization of the Mitsunobu Displacement

Entry Stereochemistry
(substrate/product) 

Stoichiometry Equiv PPh3, 
DEAD

Equiv 3 Conversion
(%)

Reaction time Yield (%)

1 3-b/3-a A 1.5 1.3 100 3 h 94

2 3-a/3-b A 1.5 1.3 79 3 h 71

3 3-a/3-b B 3 2.6 100 3 h 91
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3

7c 8c

A 77
White solid26

mp 119–121 °C 
(lit. 114–115 °C)

4

7d 8d

A 81 Pale yellow oil27

5

7e 8e

A 87 Pale yellow oil

6

7f 8f

A 81 Yellow oil28

7

7g 8g

A 84 Pale yellow oil

8

7h 8h

B 83
White solid
Mp 57–60 °C 

9

7i 8i

A 65 Yellow oil29

10

7j 8j

B 70

Brown solid
Mp 199–200 °C.
[a]D –104 (c = 1, 
CDCl3–MeOH, 1:1)

11

7k 8k

B 40 Pale yellow oil30

12

7l 8l

B 10 Yellow oil

a Isolated yields. 
b All known compounds gave satisfactory elemental analyses (HRMS for oils) and spectral data.

Table 2 Preparation of Primary, Secondary and Tertiary Aliphatic Azides Using NCA (continued)

Entry Substrate Product Stoichiometry
(see Table 1)

Yield (%)a,b Physical data
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All reactions were worked-up after three hours at room
temperature. Good to excellent yields were achieved in
most cases, with complete inversion of configuration
(Table 2, entries 1–10).10,31 Tertiary alcohols not prone to
elimination in agreement with the Bredt’s rule32 (Table 2,
entry 11) gave modest yields of the corresponding azide,
proceeding most probably through a carbonium ion mech-
anism. Surprisingly, 1-benzhydryl-3-hydroxyazetidine 7l

was nicely converted into the corresponding azide 8l us-
ing benzoyl azide (65% isolated yield), but gave a very
poor yield with NCA (Table 3, entry 12).

Primary and secondary benzylic alcohols also underwent
reaction with good isolated yields (Table 3, entries 1–9).

Table 3 Preparation of Primary and Secondary Benzylic Azides Using NCA

Entry Substrate Product Stoichiometry
(see Table 1)

Yield (%)a,b Physical data

1

9a 10a

A 73 Pale yellow oil33

2

9b 10b

A 62
White solid
Mp 47–49 °C

3

9c 10c

A 75 Pale yellow oil34

4

9d 10d

A 83 Yellow oil

5

9e 10e

A 64 Pale yellow oil

6

9f 10f

A 80
Yellow oil35

[a]D + 114 (c = 1, CDCl3)

7

9g 10g

A 70 Yellow oil

8

9h 10h

A 77 Pale yellow oil

9

9i 10i

A 55
White solid36

Mp 200–201 °C 
(lit. 202–204 °C)
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The electronic nature of the substituent(s) on the phenyl
ring does not seem to play a decisive role in influencing
the course of the reaction (Table 3, compare entry 1 with
entries 3 and 5). However, primary and secondary allylic
alcohols turned out to be more difficult substrates, which
required a larger excess of reagents and even then yields
were not higher than 55% (Table 3, entries 10–12). Fur-
thermore, geraniol gave an inseparable mixture of azides
arising from both SN2 and SN2′ attack.

Alkene by-products arising from potentially competitive
E2 elimination, particularly in those cases in which the re-
sulting double bonds are conjugated (Table 2, entries 3–8;

Table 3, entries 6–8), were isolated only in trace amount
whenever detected.

Spectral data for new compounds are listed in Table 4.

When the expected product is not a Brønsted base, NCA
offers a potential advantage over, for instance, DPPA.
Acidic work-up allows removal of unreacted NCA along
with the main by-product, diethyl N-nicotinoylhydrazine
dicarboxylate (6, Scheme 1).

Removal of those ingredients from the crude reaction
mixture turned out to be beneficial both in the purification
step of polar azides and in performing the Staudinger

10

9j 10j

B 52 Yellow oil37

11

9k 10k

B 55 Pale yellow oil38

12

9l 10l

B 50c Yellow oil39

a Isolated yields.
b All known compounds gave satisfactory elemental analyses (HRMS for oils) and spectral data.
c Mixture of geranyl azide and linalyl azide (8:2).

Table 3 Preparation of Primary and Secondary Benzylic Azides Using NCA (continued)

Entry Substrate Product Stoichiometry
(see Table 1)

Yield (%)a,b Physical data

Table 4 Spectral data for New Products

Product IR n (N3) (cm–1) 1H NMR (CDCl3) d (ppm), J (Hz)

8e 2094 1.58–1.75 (m, 2 H), 1.89 (d, J = 13.2 Hz, 2 H), 2.17 (t, J = 9.7 Hz, 2 H), 2.77 (d, J = 11.7 Hz, 2 H), 
3.3–3.5 (m, 1 H), 3.5 (s, 2 H), 7.21–7.36 (m, 5 H)

8g 2100 1.44–1.52 (m, 2 H), 1.55–1.73 (m, 4 H), 3.27 (t, J = 6.9 Hz, 2 H), 3.49 (t, J = 6.3 Hz, 2 H), 4.51 (s, 
2 H), 7.20–7.43 (m, 5 H)

8h 2098 3.07 (t, J = 7.3 Hz, 2 H), 3.61 (t, J = 7.2 Hz, 2 H), 7.35 (dd, J = 8.2, 1.47 Hz, 1 H), 7.42–7.53 (m, 
2 H), 7.68 (s, 1 H), 7.76–7.88 (m, 3 H)

8j 2090 1.41–1.65 (m, 2 H), 2.12–2.32 (m, 2 H), 2.52 (s, 3 H), 2.6–2.72 (m, 1 H), 2.99 (d, J = 10.8 Hz, 2 
H), 3.12–3.32 (m, 1 H), 3.41 (dd, J = 14.7, 4.4 Hz, 1 H), 6.8–6.98 (m, 2 H), 7.15–7.22 (m, 1 H), 
7.41–7.53 (m, 1 H), 7.93 (s, 1 H)

10b 2098 4.51 (s, 2 H), 7.43 (dd, J = 8.5, 1.8 Hz, 1 H), 7.48–7.57 (m, 2 H), 7.78 (s, 1 H), 7.81–7.98 (m, 3 H)

10d 2100 4.31 (s, 2 H), 6.8–6.98 (m, 1 H), 7–7.08 (m, 3 H), 7.1–7.22 (m, 1 H), 7.25–7.48 (m, 4 H)

10e 2090 4.50 (s, 2 H), 7.50 (d, J = 9.1 Hz, 2 H), 8.24 (d, J = 8.8 Hz, 2 H)

10g 2088 1.76–1.88 (m, 1 H), 2.01 (d, J = 5 Hz, 3 H), 2.64–2.99 (m, 2 H), 4.4–4.65 (m, 1 H), 7.08–7.17 (m, 
1 H), 7.20–7.43 (m, 3 H)

10h 2110 1.53 (d, J = 7 Hz, 3 H), 2.86–2.98 (m, 4 H), 4.60 (q, J = 6.7 Hz, 1 H), 7.09–7.45 (m, 9 H)
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reaction2 on the crude product (Scheme 3). The isolation
of the expected amine proved to be simpler.

Scheme 3 Staudinger reaction.

Careful analysis of a model reaction mixture helped us to
cast light over the reaction mechanism.19,40,41 Thus, excess
NCA was recovered after column chromatography in only
trace amount because of the almost quantitative conver-
sion into diethyl N-nicotinoylhydrazine dicarboxylate (6,
Scheme 1). This latter compound, however fragile, was
isolated and characterized,42 thus demonstrating the plau-
sibility of the proposed reaction mechanism (Scheme 1).

In conclusion, the aforementioned results clearly demon-
strate that the cheap and easily accessible NCA is an ef-
fective reagent in the direct conversion of alcohols into
azides.

Melting points were determined in open glass capillaries with a Bü-
chi 535 melting point apparatus, and are uncorrected. Elemental
analyses were performed on a Carlo Erba 1110 instrument. 1H and
13C NMR spectra were recorded on a Varian Oxford 300 spectro-
meter, using the solvent as internal standard; chemical shifts are ex-
pressed in ppm (d). Electron impact (EI) mass spectra (MS) were
obtained on Finnigan-MAT TSQ 700 triple quadrupole instrument.
(ESI) mass spectra were obtained on LCQ-ion trap thermo Finni-
gan. IR spectra were recorded on a ThermoNicolet Avatar 360 FT-
IR spectrometer. Optical rotations were recorded on a Perkin-Elmer
241 polarimeter in a 1 dm cell at ambient temperature with a sodium
lamp (wavelength of 589 nm). All the reactions were performed
with oven-dried glassware and under a blanket of N2. Triphe-
nylphosphine was recrystallized prior to use from petroleum ether–
ethanol (6:4). THF was distilled under positive pressure of anhyd N2

from sodium/benzophenone ketyl. DEAD was purchased from Lan-
caster and used without further purification.

CAUTION: although safe, NCA should be considered potentially
dangerous like any other azido-containing compound. Precautions
during its preparation and handling are thus strongly recommended
(goggles, efficient hoods, protective shields, etc.).

Preparation of Nicotinoyl Azide (NCA) (4); Typical Procedure
To concd HCl acid (0.29 mol, 24 mL) stirred and chilled in an ice
bath, nicotinoyl hydrazide (20 g, 0.15 mol) was added portionwise,
while keeping the temperature below 10 °C. A solution of NaNO2

(20.5 g, 0.29 mol) in water (34.5 mL) was added dropwise, again
keeping the temperature below 10 °C. The aqueous phase was then
extracted with Et2O and the organic layer was washed with sat. aq
NaHCO3 solution and dried over Na2SO4. The solvent was removed
under reduced pressure at r.t. to afford pure NCA (4), brown solid,
mp 47–49 °C. Neutralization of the aqueous phase with NaHCO3

and extraction with Et2O yielded an additional amount of NCA. The
overall yield was 12.4 g (58%).

IR: 2140–2130 cm–1.
1H NMR (300 MHz, DMSO-d6): d = 7.58–7.62 (dd, J = 8.1, 4.8 Hz,
1 H), 8.27–8.31 (ddd, J = 8.1, 1.9, 1.8 Hz, 1 H), 8.85–8.88 (dd, J =
5.0, 1.8 Hz, 1 H), 9.07–9.08 (d, J = 2.3 Hz, 1 H).

13C NMR (75.46 MHz, CDCl3): d = 123.68, 126.73, 136.9, 150.83,
154.77, 171.42.

MS: m/z = 149.11 [MH+].

Anal. Calcd for C6H4N4O: C, 48.65; H, 2.72; N, 37.82. Found: C,
48.35; H, 2.75; N, 37.05.

General Experimental Procedure
To an ice-cooled stirred solution of 7a (200 mg, 0.51 mmol) and
PPh3 (203 mg, 0.77 mmol) in anhyd THF (5 mL), DEAD was slow-
ly added dropwise (0.21 mL, 0.77 mmol), under N2. After 15 min
NCA (98 mg, 0.66 mmol) was added in one portion, the reaction
mixture was allowed to warm to r.t. and then stirred until the starting
material disappeared (detected by TLC). The solvent was removed
under reduced pressure and the crude product was purified by flash
chromatography (hexane) to give 8a (198 mg, 94%) of the pure
azide.
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