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A novel method for the preparation of alkyl azides from
alcohols and trimethylsilyl azide by a new type of oxidation–
reduction condensation using phenyl diphenylphosphinite and
trimethylsilylmethyl azide is described. Chiral secondary and
tertiary alcohols are converted into the corresponding chiral
azides with almost complete inversion of configuration under
mild and neutral conditions.

Conversion of alcohols to their corresponding azides1 is one
of the most important functional group transformations in organ-
ic synthesis.2 The most fundamental method known for azidation
is the Mitsunobu reaction,3 using hydrogen azide as an azide
source.4 The applicability of this reaction is limited owing to
the use of highly toxic and explosive hydrogen azide and
therefore alternative methods using diphenyl phosphorazidate
(DPPA)5 or zinc azide/bis-pyridine complex6 are commonly
used. Further, methods using DPPA/DBU,7 p-NO2DPPA/
DBU,8 and so forth9 have been reported more recently. In these
reactions, primary and secondary alcohols are the most suitable
substrates, and chiral secondary alkyl azides are formed from
chiral secondary alcohols with complete inversion of configura-
tion by an SN2 displacement. On the other hand, sterically
hindered tertiary alcohols are known not to be converted to the
corresponding tertiary alkyl azides.10

It was also reported from our laboratory that the oxidation–
reduction condensation11 of tertiary alkyl diphenylphosphinites
(ROPPh2), that were prepared from the corresponding tert-alco-
hols, with trimethylsilyl azide (TMSN3) gave the corresponding
azides (R–N3) in the presence of methoxybenzoquinone.12 It is
noted that a chiral tert-alcohol is converted into the correspond-
ing chiral tert-alkyl azide with inversion of configuration. How-
ever, in the case of tert-alcohol with an �-ester group, azidation
that affords an �,�-disubstituted �-amino acid derivative does
not proceed efficiently.

Recently, a newer type of oxidation–reduction condensa-
tion13,14 by using a combination of phenyl diphenylphosphinite
(PhOPPh2) and an azide compound as oxidant15 was reported
from our laboratory, which was applied to the stereospecific syn-
thesis of sulfides from alcohols and 2-sulfanyl-1,3-benzothiazole
as a sulfur nucleophile. In this reaction, chiral tert-alcohols with
an �-ester group are converted into the corresponding chiral tert-
alkyl sulfides with inversion of configuration. In order to extend
the utility of this type of reaction, stereospecific azidation of al-
cohols including tert-alcohols with an �-ester group was next
studied.

In this communication, we would like to describe a new
method for stereospecific synthesis of sec- and tert-alkyl azides

from alcohols and trimethylsilyl azide by a new type of oxida-
tion–reduction condensation using phenyl diphenylphosphinite
and an azide compound as oxidant.

In order to find the most suitable azidation reagent, a reac-
tion using tertiary alcohol 1a in the presence of phenyl diphenyl-
phosphinite (PhOPPh2) and benzyl azide was first examined
(Table 1, Entries 1–3). The reaction using tetrabutylammonium
azide (Bu4NN3) did not afford the desired azide 2a while 2a was
obtained in a low yield when DPPA was used. In the case of
TMSN3, the yield of 2a increased up to moderate yield and
therefore TMSN3 was chosen as a reagent for this azidation.
Next, various azide compounds were examined to find the suit-
able oxidant (Entries 4–6). Then, the use of ethyl azidoacetate
and 1-azidoadamantane was shown to lower the yield of 2a
while trimethylsilylmethyl azide gave 2a in high yield.

After a suitable azidation reagent and an oxidant were
chosen, condensation reactions of various chiral alcohols with
TMSN3 were tried in order to examine the scope of this reaction
under the optimized conditions (Table 2). A reaction of chiral
secondary alcohol 1b proceeded smoothly to afford the corre-
sponding azide in quantitative yield with complete inversion
of stereochemistry (Entry 1). The reaction of secondary alcohol
with an �-ester group 1c also afforded the inverted azide in
high yield (Entry 2). When benzylic alcohol such as (S)-1-(2-
naphthyl)ethanol (1d) was employed, the desired product was
obtained in high yield with high enantiomeric excess though
optical purity was lowered slightly (Entry 3). Further, more hin-
dered tertiary alcohols were employed for substrates so as to in-
vestigate potential application of this reaction to the asymmetric
construction of quaternary carbon (Entries 4 and 5). Then, the re-
action of chiral tert-alcohol with an �-ester group 1e proceeded
smoothly to afford the corresponding azide in high yield with

Table 1. Optimization of reaction conditionsa

(2.0 equiv)1a (1.0 equiv)

PhOPPh2 (2.0 equiv)

Toluene, rt, 48 h

Oxidant (2.0 equiv)
Ph CO2Me

Me OH

Ph CO2Me

Me N3

2a

Azide

Entry Azide Oxidant Yield/%b

1c Bu4NN3 N3CH2Ph N.D.
2c DPPA N3CH2Ph 34
3 N3CH2Ph 57
4

TMSN3
N3CH2CO2Et 9

5 AdN3 12
6 N3CH2TMS 82

aThe solution of PhOPPh2 and oxidant was stirred at 80 �C for
20min, followed by addition of alcohol and azide at rt. bIsolated
yield. cThe reaction time was 24 h.
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high enantiomeric excess (Entry 4). Similarly, chiral benzylic
alcohol with an �-ester group 1f gave the desired product in high
yield with complete inversion of stereochemistry (Entry 5).

Since the chiral tert-alkyl azide 2f was converted to the cor-
responding chiral �-tertiary amine in high yield by hydrogena-
tion, a concise method for the preparation of chiral amines from
the corresponding alcohols was established (Scheme 1).

A plausible reaction mechanism is shown in Scheme 2: a
reaction of phenyl diphenylphosphinite (PhOPPh2) and tri-
methylsilylmethyl azide gave initially the corresponding imino-
phosphorane which in turn resulted in the formation of inter-
mediate A by subsequent N-silylation with trimethylsilyl azide.
The following nucleophilic attack of an alcohol to the positively
charged phosphorus atom led to an intermediate B. Finally, a
nucleophilic attack of the azide anion (N3

�) to its phosphonium
part via SN2 manner gave the inverted azide.

Thus, a new method for the preparation of sec- or tert-alkyl
azides from the corresponding alcohols and trimethylsilyl azide
by a new type of oxidation–reduction condensation using phenyl
diphenylphosphinite and trimethylsilylmethyl azide is establish-
ed. It is noted that chiral tert-alkyl azides were formed from the
corresponding chiral alcohols with almost complete inversion
of configuration under mild and neutral conditions. This is the
first example of the stereospecific synthesis of an inverted chiral
tert-alkyl azide prepared directly from a chiral tert-alcohol by an
SN2 displacement.

K. K. was granted a Research Fellowship of Japan Society
for the Promotion of Science for Young Scientist.
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Table 2. Azidation of various chiral alcohols

2

3

Ph Me

OH

R2 R3 R2 R3

 1b-1f
Toluene, rt, 5 h

Ph Me

N3
1

Entry Yield/%a
ROH Product 2 (%ee)

Et CO2Bn

Me OH

Et CO2Bn

Me N3

Ph CO2Me

Me OH

Ph CO2Me

Me N3

R1 OH R1 N3

quant
(>99)b

85
 (97)b

86
(>99)b

1b

1c

1f

(2.0 equiv) 2b-2f

1

TMSN3

4d,e

5d,g,h

1e 84
 (96)f

PhOPPh2 (2.0 equiv)

H H

1d

Ph CO2Et

OH

Ph CO2Et

N3H H

Me

OHH

Me

N3H

98
(>99)c

TMSCH2N3 (2.0 equiv)

aIsolated yield. bThe ratio of enantiomer was determined by HPLC
analysis after reducing the azide to amine. cThe ratio of enantiomer
was determined by HPLC analysis. dPhOPPh2 (3.0 equiv), tri-
methylsilylmethyl azide (3.0 equiv), TMSN3 (3.0 equiv) were used.
eThe reaction time was 24 h. fRef. 16. gThe reaction time was 48 h.
hRef. 17.
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