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Abstract—A facile and efficient method for one-pot conversion of alcohols into azides using N-(p-toluenesulfonyl)imidazole (TsIm)
is described. In this method, alcohols are refluxed with a mixture of NaN3, TsIm and triethylamine in the presence of catalytic
amounts of tetra-n-butylammonium iodide (TBAI) in DMF affording the corresponding alkyl azides in good yields. This method-
ology is highly efficient for various structurally diverse alcohols with selectivity for ROH: 1� > 2� > 3�.
� 2007 Elsevier Ltd. All rights reserved.
Alkyl azides1 are versatile substrates in organic synthesis
and have been used extensively for the introduction of
primary amino groups and the construction of N-het-
erocycles.2 The most common routes to aliphatic azides
involve nucleophilic substitution of alkyl halides or sul-
fonates with inorganic azides or addition of hydrazoic
acid (HN3) to alkenes.3 Direct synthesis of azides from
the corresponding alcohols would be a highly advanta-
geous and attractive strategy. There are a few methods
established for accessing alkyl azides from alcohols
using Mitsunobu reactions.4 These methods use hydra-
zoic acid as the azide source for alkyl, benzylic, and
allylic alcohols. However, the use of highly toxic and
explosive hydrazoic acid limits the applicability of this
method. Alternatives to HN3 include diphenyl phospho-
razidate (DPPA)5 or zinc azide/bis-pyridine complex6 as
the azide source. Other methods for direct conversion of
alcohols to azides include; NaN3/BF3–Et2O7 and HN3/
TiCl4.8 Thompson and co-workers established a proce-
dure using diphenyl phosphorazidate (DPPA)/1,8-diaza-
bicyclo[5.4.0]undec-7-ene (DBU)9 for conversion of
diverse alcohols to azides. Modifications using bis-
(2,4-dichlorophenyl)chlorophosphate/NaN3/4-(dimethyl-
amino)pyridine (DMAP)10 and bis(p-nitrophenyl)phos-
phorazidate/DBU11 have been reported. The one-pot
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synthesis of allyl azides from allyl alcohols using
NaN3/triphosgene has also been described.12 Alkyl
azides were prepared from alcohols with CBr4/Ph3P/
NaN3 and exemplified by syntheses of azidonucleo-
sides13a and mappicin.13b In contrast to Mitsunobu con-
ditions, 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ)
was used instead of diethyl azodicarboxylate (DEAD)
for conversion of alcohols to azides.14

The aforementioned methods are effective for the con-
version of alcohols to azides, but they have several
drawbacks including the use of highly toxic and explo-
sive HN3

3,4,8 and expensive DEAD,4 the limitation of
various reactions to allylic, benzylic and tertiary alco-
hols,7,8,12 ineffectiveness with some alcohols,9–11 tedious
work-up as well as cumbersome separation from gener-
ated Ph3P@O and unreacted Ph3P.4–6,13,14 In order to re-
duce the above problems and also in our efforts towards
azidation of acyclic nucleosides, we report N-(p-toluene-
sulfonyl)imidazole (TsIm) as a highly efficient, cheap
and stable reagent for conversion of alcohols to azides
in the presence of NaN3, triethylamine (TEA) and cata-
lytic amounts of tetra-n-butylammonium iodide (TBAI)
in DMF (Scheme 1).
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Table 1. Effect of various solvents on the conversion of N-(2-
hydroxyethyl)phthalimide into the corresponding azide

Entry Solvent Time (h) Yieldb (%)

1 DMSO 12 30
2 DMF 5 91
3 DMFa 24 10
4 THF 48 NRc

5 MeCN 18 20
6 HMPA 18 20
7 Toluene 48 NR
8 Acetone/H2Od 24 Trace
9 H2O 48 NR

a Anhydrous DMF.
b Isolated yield.
c No reaction.
d (1:1) Ratio.

Table 3. Effect of various PTCs on the conversion of N-(2-hydroxy-
ethyl)phthalimide into the corresponding azide

Entry PTC Time (h) Yieldb (%)

1 None 48 NRc

2 TBAF 18 25
3 TBAC 12 43
4 TBAB 12 50
5 TBAI 5 91
6 (n-Bu4N)HSO4

a 24 15
7 (n-Bu4N)N3 22 33
8 TBAI/TBAB 12 70

a Two equivalents of TEA was used.
b Isolated yield.
c No reaction.

Table 4. Comparison of TsIm reactivity with analogues in the
conversion of N-(2-hydroxyethyl)phthalimide into the corresponding
azide

Entry Reagent Time (h) Yielda (%)

1 Me S
O

O
N

N
24 20

2 F3C S
O

O
N

N
24 32

3 S
O

O
N

N
5 91

O
N
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To obtain optimized reaction conditions, we chose
the reaction of N-(2-hydroxyethyl)phthalimide with
excess NaN3 (3 equiv), freshly prepared TsIm15

(1.5 equiv) and a catalytic amount of TBAI as a reaction
model; the effect of various solvents on reaction
times and yields was studied. The results are depicted
in Table 1.

As Table 1 indicates, DMF (Table 1, entry 2) was the
most efficient solvent hence it was the solvent of choice.
Using anhydrous DMF afforded a low yield of the cor-
responding azide. The role of base in the reaction was
critical for activation of the alcohols to react with TsIm.
In this case, we evaluated the potency of various organic
and inorganic bases on reaction times and yields of the
model reaction (Table 2). The results in Table 2 demon-
strate that among the examined bases TEA (Table 2,
entry 7) was the most appropriate for activation of
N-(2-hydroxyethyl)phthalimide.

We also investigated the role of phase transfer catalysts
(PTC) on the reaction (Table 3). In the absence of PTC
no reaction occurred even when reflux was prolonged up
to 48 h. Other PTCs (Table 3, entries 2–4, 6 and 7) were
not as effective as TBAI (Table 3, entry 5). Moreover,
the use of an equal mixture of TBAI and TBAB (Table
3, entry 8) was less efficient. Using further amounts of
TBAI and other PTCs had negligible effects on the
reaction.
Table 2. Effect of various bases on the conversion of N-(2-hydroxy-
ethyl)phthalimide into the corresponding azide

Entry Base Time (h) Yielda (%)

1 DBU 48 Trace
2 DABCO 24 20
3 DMAP 24 20
4 MgO 48 Trace
5 Cs2CO3 18 35
6 K2CO3 48 NRb

7 TEA 5 91
8 NaH 12 45

a Isolated yield.
b No reaction.
The optimized amount of TsIm was found to be 1.5–
2.0 equiv per equivalent of alcohol. We also examined
other TsIm analogues (Table 4).

As the data in Table 4 indicates, a higher yield of azide
and short reaction time were obtained with TsIm (Table
4, entry 3) in comparison with other sulfonyl analogues.
Replacing the tolyl in TsIm with methyl, trifluromethyl
and phenyl gave no improvement in reaction yield
(Table 4, entries 1, 2 and 4). Furthermore, changing
the imidazole residue to other azole derivatives did not
affect the reaction efficiency (Table 4, entries 5 and 6).
N-Tosyl phthalimide and tosyl azide2a (Table 4, entries
7 and 8) were inactive for the conversion of N-(2-
hydroxyethyl)phthalimide to the corresponding azide
even after reflux for 48 h.
4 S
O

N 12 60

5 S
O

O
N

N

NO2

12 54

6 S
O

O
N

N

N
12 48

7 S
O

O
N

O

O

48 NRb

8 S
O

O
N3 48 NR

a Isolated yield.
b No reaction.



Table 5. Effect of various sulfonyl chlorides in the conversion of N-(2-
hydroxyethyl)phthalimide into the corresponding azide

Entry Sulfonyl chloride Time (h) Yielda (%)

1 Me S
O

O
Cl 24 31

2 F3C S
O

O
Cl 24 38

3 S
O

O
Cl 24 27

4 S
O

O
Cl 24 22

a Isolated yield.

Table 6. One-pot conversion of alcohols to azides using TsIm/TBAB/
TEA in refluxing DMF

Entryref. R–N3
a mb (cm�1) Time

(h)
Yieldc

(%)

17d,14,17a–c N3 2097 7 86

26,14
N3

2097 6 93

314 N3 2098 8 92

4 N3

NO2

2166 10 82

517b N3

2NO
2106 8 90

66,7d N3 2096 8 83

711,14,17a–d
N3 2100 6 88

811,14

N3
2167 10 62

917e
N3 2098 12 56

1014
N3

2168 12 50

1114,17c,d
N3 2090 9 79

1217c
N3 2103 9 82

136,9,11,17c

N3

2106 8 75d

147d,14,7d

N3

2099 10 73

157d

O

N3

2156 11 67

16 N

O

O

N3 2112 5 91

17 N N

CH3

O2N

N3 2102 6 90

18 N

N

O
N3

2102 10 65

19 N

N

N3
2187 12 54

209

N3

( )
3

2114 12 41
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Various sulfonyl chlorides were examined instead of
TsIm (Table 5). Lower yields of azide were obtained
when sulfonyl chlorides were used for sulfonylation of
(2-hydroxyethyl)phthalimide instead of TsIm. This
probably results from the fact that the highly reactive
sulfonyl chlorides have less selectivity for reaction with
alcohols.

To evaluate the general applicability and versatility of
the method, the optimized conditions were applied to
various structurally diverse alcohols (Table 6). As the
results in Table 6 indicate, various alcohols including:
primary, secondary and tertiary were successfully con-
verted into the corresponding azides in good yields.
The generality of the method was confirmed with respect
to allylic (Table 6, entry 6), benzylic (Table 6, entries 1,
4, 5, 13–15 and 19), aliphatic (Table 6, entries 7–9), ali-
cyclic (Table 6, entries 10–12 and 20) and other alcohols
containing N-heterocycles (Table 6, entries 16–19 and
21). Furthermore, the conversion of complex or natu-
rally occurring alcohols into their corresponding azides
is feasible using this method (Table 6, entries 20 and
21). For example, 5 0-trityl-thymidine was converted into
its azide (Table 6, entry 21) which can be transformed
into AZT (Zidovudine)4d,16 after detritylation.

Mechanistically, we suggest that firstly reaction of base-
activated alcohol with TsIm affords an alkyl tosylate.
Subsequently, the azide ion reacts with the alkyl tosylate
to give the alkyl azide via nucleophilic substitution. Two
roles for TBAI can be considered: (1) by anion exchange
more azide anions enter as (n-Bu4N)N3; (2) some tosyl-
ate can be exchanged by iodide which is a better leaving
group than tosylate for nucleophilic substitution.
Indeed, iodide ions considerably catalyze the reaction
(Table 3). We also examined other sources of iodide
including: LiI, NaI and KI for the conversion of N-(2-
hydroxyethyl)phthalimide to the corresponding azide.
The azide was obtained in 25%, 31% and 32% yields,
respectively. This experiment manifested the significance
of the tetrabutylammonium cation and iodide anion
simultaneously. Using our method for the conversion
of optically pure R-(+)-1-phenylethanol into its corre-
sponding azide (Table 6, entry 13) was followed with a
reduction in optical purity (64% ee). This can be ex-
plained as a result of partial inversion and retention of



Table 6 (continued)

Entryref. R–N3
a mb (cm�1) Time

(h)
Yieldc

(%)

2116,4d

O

N3

TrO N

HN

O

O
2085 12 47

a All products were characterized by 1H and 13C NMR, IR, CHN and
MS analysis.

b IR signal of azide in wavenumbers (cm�1).
c Isolated yield.
d Also obtained from optically pure R-(+)-1-phenylethanol, ½a�20

D þ45
(c 5, in MeOH) in 64% ee.
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configuration at the same time. Finally, it is interesting
to note that there was a remarkable tendency for TsIm
to react with alcohols rather than nucleophiles present
in the reaction mixture: no tosyl azide was observed
through the course of reactions even in trace amounts.

In conclusion, a convenient method has been established
for the one-pot conversion of alcohols into the corre-
sponding azides using TsIm/TEA/TBAI (cat.) in reflux-
ing DMF. This method has favorable generality and
applicability for primary, secondary and tertiary alco-
hols with selectivity: 1� > 2� > 3�.

General procedure for the one-pot conversion of alcohols
to azides: In a double-necked round bottom flask
(100 mL) equipped with a condenser was added a
mixture, consisting of alcohol (0.01 mol), TsIm
(0.015 mol),15 TEA (0.02 mol), NaN3 (0.03 mol) and a
catalytic amount of TBAI (0.1 g) in DMF (30 mL).
The mixture was refluxed, and in most cases, darkening
occurred. Reflux was continued until TLC monitoring
indicated no further improvement in the conversion
(Table 6). The solvent was evaporated under vacuum
and the remaining foam was dissolved in CHCl3
(100 mL) and subsequently washed with water
(2 · 100 mL). The organic layer was dried (Na2SO4)
and evaporated. The crude product was purified by
column chromatography on silica gel eluting with
n-hexane–EtOAc (15:1).18
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