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From vicinal azido alcohols to Boc-amino alcohols or
oxazolidinones, with trimethylphosphine and Boc2O or CO2
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Abstract—A practical solution to the problem of converting directly 1,2-azido alcohols to Boc-amino alcohols, without recourse
to catalytic hydrogenation, involves the use of Me3P/Boc2O in THF (or CH2Cl2) and aqueous NaOH at rt (90–98% yields). The
same azido alcohols can be converted in one-pot to the corresponding oxazolidinones with Boc2O/DMAP/Me3P or even better
with CO2 and Me3P under basic catalysis (91–96% yields). © 2001 Elsevier Science Ltd. All rights reserved.

Vicinal amino alcohols have an outstanding significance
as chiral ligands and as precursors of chiral oxazolines
and oxazolidin-2-ones;1 applications of these oxazolidi-
nones as chiral auxiliaries1 and as pharmaceuticals2 are
well-known. In this context, very recent papers ‘con-
necting’ Boc-amino alcohols and oxazolidinones
(Scheme 1) deserve to be mentioned;3–5 for instance,
activation of the hydroxyl near the Boc-amino group
causes an intramolecular attack that affords generally
the epimeric oxazolidinone.5 Several methods are avail-
able for both the conversion of amines to N-Boc
derivatives6 and of vicinal amino alcohols to oxazolidi-
nones.7 The conditions for the reverse reactions
(hydrolyses) are well established, and tert-butyl carba-
mates (i.e. N-Boc derivatives) may be interconverted
with other carbamates through isocyanates.8 Taken all
together this constitutes a chart or road map that links
all the species shown in Scheme 1 with isocyanates or
isocyanate precursors and with other carbamates.

A standard entry to non-natural amino-protected alco-
hols involves a selective epoxidation of a double bond,
ring opening by an azide ion or an azido-transfer
reagent,9 hydrogenation (or alternative hydride-based
reduction) of the azido group and amine protection.
The catalytic hydrogenation step is often performed in
the presence of the protection reagent,10 but this proto-
col may be incompatible with polyfunctional substrates
containing other unsaturations, sulphur atoms, sensitive
protecting groups (Z), etc.10e,f

In such cases, the Staudinger reaction between phosphi-
nes and azides11 in the presence of RCOX or ROCOX
could be the method of choice.12 To ensure fast reac-
tions, mild conditions and easy work-up (elimination of
phosphine oxides by extraction with water), we utilised
trimethylphosphine or triethylphosphine.12 In this con-
nection, we tried to convert directly13 �-azido alcohols14

to tert-butyl carbamates by using Me3P and a common
reagent like di-tert-butyl dicarbonate, (tBuOCO)2O, i.e.
Boc2O, or to oxazolidinones, at will, but the yields were
often too low with the formation of several byproducts.
We focused our efforts on understanding the causes of
the erratic results, with the purpose of devising proce-
dures for driving so many concomitant reactions. We
describe here the direct conversion of vicinal azido
alcohols to N-Boc derivatives or to oxazolidinones by
stirring the substrates and appropriate reagents at rt.
Thus, the present report complements the works previ-
ously mentioned.3–10

Scheme 1.
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First of all, let us summarise the shortcomings of the
phosphine-based approach. (i) One-pot reaction of steri-
cally crowded azides with phosphines and Boc2O gives,
after the final work-up, poor-to-moderate yields of
N-Boc derivatives, carbodiimides being the major prod-
ucts.15 In our hands, 1-phenylethyl azide,
PhCH(Me)N3, always afforded carbodiimide
PhCH(Me)N�C�NCH(Me)Ph in significant amounts
independent of the temperature, the order of addition
of the reagents or the amount of trialkylphosphine.12d

The carbon atom of this carbodiimide group must
come from Boc2O, probably from its partial decompo-
sition to CO2.16,17 (ii) It is known that vicinal azido
alcohols and Ph3P give five-membered intermediates
(oxazaphospholidines) that may afford aziridines spon-
taneously.18 We have observed that with Me3P forma-
tion of 2-phenylaziridine from 2-azido-2-phenylethanol
(1) easily takes place (Scheme 2).18g Thus, there is
always a chance for the formation of aziridine
derivatives.19

Therefore, when the azide group of the azido alcohol is
linked to a secondary or tertiary carbon atom, it is
understandable that its reaction with Me3P and Boc2O
gives poor yields of the carbamate, as all the reactions
just mentioned may occur.

To obtain excellent yields of Boc-amino derivatives
from azido alcohols, Me3P and Boc2O under very mild
conditions, it seemed essential to us to avoid the forma-
tion of CO2 (by removing or destroying its sources) or
to trap the CO2 molecules as soon as they appeared
(otherwise they would immediately react with the phos-
phazene which was being formed to give isocyanates
and derivatives such as carbodiimides, oxazolidinones,
etc.),16,17 as well as to avoid the formation of oxaza-
phospholidines or to cleave it rapidly (otherwise aziridi-
nes and derivatives thereof would be formed). We
wanted to perform the reaction in one-pot, mixing
substrate and reagents together, including water if pos-

sible, in which case not only did a certain percentage of
CO2 precursor(s) slowly appear in the reaction flask,
but also one equivalent amount of CO2 could be even-
tually delivered, as deduced from the reaction stoi-
chiometry (see Scheme 3).

After many trials with 1-phenylethyl azide as a model20

and with azido alcohol 1, reaction of vicinal azido
alcohols 1–3 (and, for comparison, of 1,3-azido alcohol
4) was performed with Me3P (1.2–1.4 equiv.) and
Boc2O (1.1 equiv.), in THF at rt in the presence of 1 M
aq. NaOH (1.1 equiv.). Yields of carbamates 1a–3a
were excellent, as shown in Table 1, within a few hours.
It is worthy to mention that the presence of a basic
medium, to avoid the protonation of tBuOCOO− to
tBuOCOOH (which would decompose even more
rapidly affording CO2) and/or to remove CO2 as
HCO3

− or CO3
2−, is essential for success.17,20 Protection

of 3 was repeated in CH2Cl2–H2O, i.e. with the two
layers completely immiscible, by shaking for 3 h, from
0 to 20°C, a mixture of 3, Me3P, Boc2O and NaOH as
above, with the same excellent result.

On the other hand, to convert vicinal azido alcohols
into oxazolidinones in a one-pot reaction, it was appar-
ently required that isocyanates (Scheme 4) were formed
more rapidly than oxazaphospholidine intermediates
shown in Scheme 2. This turned out to be the case
when 1 was treated in anhydrous THF at rt with
different Boc2O/DMAP/Me3P ratios. Yields of oxazo-
lidinone 1b ranged between 50 and 72% when the
addition order to the THF-containing flask was Boc2O,
DMAP, 1 and Me3P. The best yield (72% of 1b, plus
15% of 2-amino-2-phenylethanol) was obtained with 1.2
mmol of DMAP, 1.2 mmol of Boc2O, 1.0 mmol of 1
and 2.0 mmol of Me3P, in 10 mL of THF. Larger
excesses of DMAP and/or Boc2O did not enhance that
yield. By sharp contrast, when 1.0 equiv. of H2O was
added to anhydrous THF, it was not necessary to use
an excess of DMAP or Me3P. In practice, we added the
following reagents to the moist THF: Boc2O (1.2
equiv.), DMAP (0.25 equiv.), 1 and Me3P (1.2 equiv.).
The yield of 1b was 75%. Thus, a high percentage of the
CO2 molecules generated from the catalysed hydrolysis
of Boc2O react with the phosphazene that is being
generated. It is likely that the yield is not higher
because the cyclisation of hydroxy isocyanate to oxazo-
lidinone is not very rapid, which gives other reactions a
chance. The paradox is that a controlled addition of
water plays a significant role in favour of the hydroxy
isocyanate.

To further improve the oxazolidinone yields, it seemed
reasonable at first sight to increase the amount of CO2

in the medium, looking for a ready formation of
isocyanate21 and its cyclisation to oxazolidinone
(Scheme 4). Thus, a solution of 1 in THF at −78°C was
saturated with a stream of CO2, Me3P was added and
the temperature was allowed to rise to rt maintaining a
positive CO2 pressure. However, the yield of 1b reached
only 65–70%. This result indicates that it does not
matter whether an excess of CO2 or a controlled
amount from Boc2O/DMAP/H2O is used.

Scheme 2.

Scheme 3.
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a In THF, plus aq NaOH, at rt. Typical procedure: A solution of Me3P in THF (ca. 1 M, 1.4 mL, ca. 1.4 mmol) is added to a vigorously 
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affords chromatograpically and spectroscopically pure oxazolidinones 1b–3b.
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Table 1. Conversion of azido alcohols 1–4 to carbamates 1a–4a, and of 1–3 to oxazolidinones 1b–3b

Scheme 4.
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lidinone 1b. At first sight, the involvement of
oxazaphospholidines and aziridines could be circum-
vented by protection of the hydroxyl group. However, we
had noted (Ref. 12b) that �-benzyloxy and �-t-
butyldimethylsilyloxy phosphazenes gave poor yields of
carboxamides in reacting with mixed anhydrides (proba-
bly as a consequence of the formation of P-chelated
intermediates, the hydrolysis of which was not selective).
Protection of the hydroxyl groups as acetates was inap-
propriate, since acetoxy phosphazenes afforded oxazoli-
nes by intramolecular attack; we had to protect 1,2-azido
alcohols as O-benzoyl derivatives to suppress these aza-
Wittig-like reactions. (This is not the case with 1,3-azido
alcohols, as protection of the hydroxyl groups either as
silyl ethers, as acetates, or as benzoates avoids these
concomitant reactions.)

20. In anhydrous THF, i.e. without adding water from the
very beginning, the yield of Boc-amine from 1-
phenylethyl azide, Me3P and Boc2O was only 40% (the
major product was the corresponding carbodiimide, as
already mentioned). If an excess of water is present, i.e. in
THF–H2O, the highest yield of Boc-amine was 70% (and
10% of the corresponding urea, likely arising from the
carbodiimide, was isolated). In the presence of 1.1 equiv.
of NaOH (THF–H2O biphasic solution), the isolated
yield of Boc-amine was 92%. According to independent
experiments monitored by NMR, hydrolysis of P-con-
taining species is rapid under the reaction conditions and
contributes to the success, but the crucial point was the
control of tBuOCOO− and CO2 (Ref. 17).

21. The reaction of Ph3P-derived phosphazenes with CO2, in
refluxing benzene, to give isocyanates in excellent yields is
known: (a) Molina, P.; Alajarı́n, M.; Arques, A. Synthesis
1982, 596–597. For a review, see: (b) Johnson, A. W.
Ylides and Imines of Phosphorus ; Wiley: New York, 1993;
p. 428.

22. Trapping of CO2 as an alkyl carbonate might also be
involved.

Scheme 5.
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