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A step-wise, room temperature procedure for acyl azide formation and the subsequent Curtius rearrange-
ment of phenyl and heteroaryl acetic acids is described. We have developed a protocol for room temper-
ature Curtius rearrangement in MeOH or CHCl3 that provides an improvement over standard conditions,
avoiding the use of additives or heat. This room temperature optimization of the Curtius rearrangement
prevents the formation of side products often observed with benzylic acids, allowing access to a variety of
benzylic and heteroarylmethyl amines.

� 2010 Elsevier Ltd. All rights reserved.
The Curtius rearrangement is a powerful and widely used trans-
formation in the field of organic synthesis. The rearrangement con-
verts an acyl azide, which can be derived from the corresponding
carboxylic acid, to an isocyanate, excising a single carbon atom.1

The isocyanate is commonly trapped by an alcohol nucleophile to
generate a carbamate-protected amine. The most commonly used
reagent for this transformation is diphenylphosphorylazide
(DPPA), which allows the direct transformation of carboxylic acids
into carbamates.2 The use of this reagent is potentially complicated
by the high temperatures required to achieve conversion to the de-
sired carbamate, which could compromise the stability of sensitive
functionalities. Furthermore, substrates that contain acidic protons
adjacent to the carboxylic acid undergoing rearrangement, such as
benzylic or malonic acid, are problematic for the Curtius rearrange-
ment using DPPA, often leading to ester byproducts.3 This could
potentially occur through elimination of hydrazoic acid, formation
of the ketene, and subsequent trapping with the alcohol nucleo-
phile (Scheme 1, Eq. 1).4 We observed this side reaction when
attempting to convert acid 4 to carbamate 6 by heating 4 with
DPPA and triethylamine in t-BuOH (Scheme 1, Eq. 2).5 To avoid
the side reaction, we found that sequential formation of the acyl
azide 7 and treatment with BCl3 at rt in CH2Cl2 followed by addi-
tion of t-BuOH led to the desired product in moderate yield
(Scheme 1, Eq. 3).

The widespread abundance of benzylic amines in biologically
active molecules as well as the use of benzylic amines bearing ste-
reogenic centers as ligands in asymmetric synthesis prompted us
to further explore the optimization of this procedure.6 A general
method for the formation of benzylic amines from readily available
ll rights reserved.
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n).
carboxylic acids would prove particularly useful, especially when
considering the powerful asymmetric hydrogenation methods that
have been developed for accessing a-chiral benzylic acids.7 Herein
we describe a step-wise procedure for the conversion of benzylic
and heteroarylmethyl acids to carbamate-protected amines via a
room temperature Curtius rearrangement.

Our first task was to screen a variety of Lewis acids and solvents
with the aim of determining the optimal conditions for Curtius
rearrangement of benzylic acyl azides. For this initial study, the
acyl azide 9, derived from 4-methoxybenzoic acid, was employed
Scheme 1. Formation of undesired ester byproducts.
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as our standard substrate, with MeOH as the nucleophile to trap
the isocyanate.8 A wide variety of Lewis acids and solvents were
tested, with no improvement over the initial result. We made a
key observation during these studies that in some instances, acyl
azide 9 was not undergoing rearrangement to the isocyanate until
after the addition of methanol. This observation led us to the dis-
covery that in the presence of MeOH, 9 was cleanly converted to
Figure 1. Room temperature Curtius rearrangement in MeOH.

Table 1
Acyl azide formation and rt Curtius rearrangement

Entry Time Product Yield (%)a

1 18 h
NHCO2Me

MeO
10a 81

2 24 h
NHCO2Me

Cl
10b 80

3 48 h
NHCO2Me

Cl
10c 78

4 48 h
NHCO2Me

OMe
10d 87

5 24 h
NHCO2Me 10e 85

6 18 h NHCO2Me

Cl

10f 70 (>99% ee)

7 18 h NHCO2Me 10g 85 (>99% ee)

8 24 h
O

NHCO2Me 10h 61

9 24 h

O

NHCO2Me

10i 78

10 48 h
N

O

NHCO2Me
Cl

10j 75

11 12 d NHCO2Me 10k 86

12 24 h

NHCO2Me

Br Cl
10l 92

a Isolated yield starting from corresponding carboxylic acid.
the desired methyl carbamate 10a after 18 h at room temperature,
in the absence of any additive (Fig. 1).9

There are few reports of low temperature Curtius rearrange-
ments; one notable exception is the work by Lebel and co-workers
where they report a useful one-pot Curtius rearrangement using
TMSN3, Boc2O, and Zn(OTf)2 at 40 �C.10 The authors reveal that a
benzylic acid substrate was problematic, leading to a mixture of
desired product and the anticipated ester byproduct, thus high-
lighting the utility of our discovery. This simple solution to the
problematic Curtius rearrangement of benzylic and heteroaryl-
methyl acyl azides is complementary to existing methods and pro-
vides an alternative procedure for more sensitive compounds that
are unstable to heat or Lewis Acids. For example, the acyl azide de-
rived from 2-(benzofuran-3-yl)acetic acid forms extensive side
products in the presence of Lewis acids at room temperature or
when heated with DPPA, but converts cleanly to carbamate 10i
at room temperature in methanol (Table 1, entry 9).

To determine the generality of the step-wise acyl azide forma-
tion and room temperature Curtius rearrangement in methanol,
the scope of the transformation was investigated (Table 1). A wide
variety of benzylic and heterocyclic acids convert to the corre-
sponding methyl carbamates in good yield (Table 1). Chiral, non-
racemic acids can also be converted to the corresponding protected
amines without racemization of the adjacent stereogenic center
(Table 1, entries 6 and 7). The reaction can be run under an air
atmosphere without strict moisture exclusion, and purification of
the resulting products is simplified by the absence of additives.
In many applications, simply concentrating the reaction mixture
provides product of sufficient purity for subsequent chemical
transformations. Aromatic acids also undergo rearrangement
cleanly in high yield (Table 1, entry 12), however aliphatic acids
provide the corresponding carbamate in poor yields due to com-
petitive hydrolysis of the acyl chloride during acyl azide formation.
Substrates bearing a quaternary carbon adjacent to the acyl azide
undergo the rearrangement at a slower rate, achieving 86% yield
after 12 d. (Table 1, entry 11). This limitation is not especially trou-
bling, since substrates bearing quaternary carbons will not be sus-
ceptible to ester byproduct formation using established
procedures.11 It should also be noted that increasing the reaction
temperature (40–60 �C) can shorten the reaction time considerably
for substrates listed in Table 1, but often leads to increased forma-
tion of undesired byproducts.

The procedure described above provides a convenient and mild
method for accessing benzylic and heteroarylmethyl amines with-
out forming ester byproducts, however, removal of methyl carba-
Table 2
Solvent screen

Entry Solvent (condition) Product % Conv.a

1 THF, MeOH (5 equiv) 10a, R = Me 37
2 p-Dioxane, MeOH (5 equiv) 10a, R = Me 21
3 MeCN, MeOH (5 equiv) 10a, R = Me 46
4 Benzene, MeOH (5 equiv) 10a, R = Me 68
5 CH2Cl2, MeOH (5 equiv) 10a, R = Me 74
6 CHCl3, MeOH (5 equiv) 10a, R = Me 87 (81)b

7 CHCl3, MeOH (3 equiv) 10a, R = Me 75
8 CHCl3, MeOH (1 equiv) 10a, R = Me 47
9 iPrOH 10m, R = iPr 48b

10 t-BuOH 10n, R = tBu 28b

11 CHCl3, t-BuOH (5 equiv) 10n, R = tBu Trace

a Conversion to product 10 measured by HPLC–LRMS.
b Isolated yield.
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mates can often require harsh basic conditions. Thus, we sought to
further expand this protocol so that alternative alcohol nucleo-
philes could be utilized to form more readily deprotected carba-
mates. A simple solution would be to perform the rearrangement
in t-BuOH to form the Boc carbamate, however, we found that both
iPrOH and t-BuOH provided slow conversion to products 10m and
10n, revealing that the steric nature of the alcohol nucleophile
greatly effects the rate of product formation (Table 2, entries 9–11).

An important consideration was to determine whether the rear-
rangement would take place without using the desired alcohol as
the solvent. This would allow the preparation of alternative carba-
mates that could be deprotected under more mild conditions with-
out using excessive amounts of potentially expensive alcohol
nucleophiles. A variety of solvents were screened using 5 equiv
of MeOH as an additive. Chloroform was uniquely effective in pro-
viding the fastest rearrangement.12 Comparison of entries 6–8 (Ta-
ble 2) reveals that the 5 equiv of the alcohol nucleophile is the
optimal condition to achieve a reasonable yield in 24 h.

Using the optimal conditions from Table 2 (entry 6) a variety of
substrates and different alcohol nucleophiles were tested (Table 3).
Table 3
Formation of easily deprotected carbamates

Entry Time R3OH Product Yield (%)b

1 18 h MeOH N
H

OMe

O

MeO

10a 77

2 18 h SEMOHa N
H

OSEM

O

MeO

10o 80

3 18 h BnOH N
H

OBn

O

MeO

10p 82

4 18 h
Allyl-
OH

N
H

O

O

MeO

10q 88

5 24 h SEMOH

O

N
H

MeO

OSEM

O

10r 90

6 72 h SEMOH

O
N

N
H

OSEM

O

10s 81

7 24 h SEMOH N
H

OSEM

O

S

10t 76

8 24 h SEMOH N
H

OSEM

O

10u
89
99%
ee

a SEMOH = 2-(Trimethylsilyl)ethanol.
b Isolated yields.
Again, the transformation appears to be general for both benzylic
and heteroaryl substrates with less sterically hindered nucleo-
philes.13 Carbamate derivatives bearing a variety of more easily
deprotected side chains were formed in good yield.

In conclusion, a simple step-wise procedure to achieve a room
temperature Curtius rearrangement of benzylic and heteroarylm-
ethyl carboxylic acids is reported. The conditions described herein
provide an alternative to the already described one-pot procedures
that require heating or the use of Lewis acids. It is our hope that
reporting this simple result will enable others to easily prepare
benzylic and heteroarylmethyl carbamates without the formation
of unwanted ester byproducts or other deleterious side reactions.
The mild nature of these conditions and the ease of purification
will hopefully encourage their use in more complicated synthetic
applications.
Experimental section

Representative synthesis of acyl azide intermediates

To a flask under nitrogen atmosphere containing 4-methoxy-
phenylacetic acid (11a, 166.2 mg, 1.0 mmol) was added CH2Cl2

(5 mL, 0.2 M). The resulting solution was cooled to 0 �C and oxalyl
chloride (175 lL, 2.0 mmol) was added followed by DMF (39 lL,
0.5 mmol). The solution was allowed to warm to rt and maintained
until gas evolution ceased (�1 h). The solution was concentrated in
vacuo and the resulting residue was taken up in acetone (5 mL,
0.2 M) and transferred dropwise to a vigorously stirring aqueous
solution (0.4 M) of sodium azide (130.0 mg, 2.0 mmol) at 0 �C.
The resulting solution was maintained at 0 �C for 15 min, at which
time it was partitioned between EtOAc (10 mL) and H2O (5 mL).
CAUTION: the aqueous layer may contain hydrazoic acid (HN3) as
a byproduct.14 The layers were separated and the aqueous layer
was extracted with EtOAc (2 � 5 mL) and the combined organic
layers were washed with deionized water (10 mL), brine (5 mL),
then dried (Na2SO4) and concentrated in vacuo to provide acyl
azide 9, which could be stored at rt for several hours, or at –
20 �C for several days without decomposition or rearrangement.15

Preparation of methyl carbamates (Table 2)

To a flask charged with acyl azide 9 (1.0 mmol, prepared as de-
scribed above) was added 5 mL of MeOH; the solution was main-
tained at rt for 18 h, at which time it was concentrated in vacuo.
The residue was purified by silica gel chromatography using a gra-
dient of 2–80% EtOAc in hexanes to yield 158.0 mg (81% yield) of
methyl 4-methoxybenzylcarbamate (10a).

Preparation of alternative carbamates (Table 3)

To a flask charged with 2-(6-methoxyubenzofuran-3-yl-)acetyl
azide (0.84 mmol, prepared from 2-(6-methoxybenzofuran-3-
yl)acetic acid (11r) analogously to azide 9) was added CHCl3

(5 mL, anhydrous, stabilized with amylenes)13 followed by 2-(tri-
methylsilyl)ethanol (0.60 mL, 4.2 mmol). The resulting solution
was maintained at rt for 24 h, at which time it was concentrated
in vacuo. The residue was purified by silica gel chromatography
using a gradient of 2% EtOAc in hexanes –100% EtOAc to yield
242 mg (90% yield) of (2-(trimethylsilyl)ethoxy)methyl (6-meth-
oxybenzofuran-3-yl)methylcarbamate (10r).

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2010.03.101.
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