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The Curtius rearrangement and related reactions are often used to convert carboxylic acids to the corre-
sponding primary amines. However, this reaction often requires harsh conditions for hydrolysis of the
isocyanate intermediates to amines, and can also be contaminated by the formation of corresponding
ureas due to the reactive nature of the intermediates. We have discovered that by quenching the isocy-
anate intermediates with sodium trimethylsilanolate, the free amines can be isolated after aqueous
workup. This mild and fast procedure provides free amines in one pot with good yields.

© 2009 Elsevier Ltd. All rights reserved.

Amines are important functional groups in a variety of biologi-
cally interesting materials, including biopolymers, drugs, and
dyes.! Among a number of methods developed to synthesize
amines, the Curtius rearrangement is particularly popular as it pro-
vides an efficient means to amines from readily available carbox-
ylic acids, especially for the synthesis of sterically hindered
amines.? Discovered in 1890 by Theodor Curtius,? this reaction in-
volves the formation of an unstable acyl azide (2) from a carboxylic
acid (1), followed by the rearrangement to an isocyanate (3) with
the loss of a N,. The isocyanate can be trapped by a variety of
nucleophiles. When the reaction is performed in the presence of
benzyl alcohol, the reaction generates Cbz-protected amines (4),*
while Boc-protected amines are formed with tert-butanol (5). Free
amines (6) can be obtained after deprotection of the Cbz- or Boc-
protected amines (Scheme 1).

The hydrolysis of isocyanate (3) with water should give primary
amines (6) directly. However, this hydrolysis either requires long

reaction times, high temperatures, or the use of strong acids or
base, particularly for sterically hindered precursors.® Often, the
hydrolyzed product may be contaminated with the corresponding
urea’ due to the reactive nature of the isocyanate intermediate. A
mercuration-demercuration method has been reported.®

In this Letter, we now report a very simple modification of Cur-
tius reaction by quenching the isocyanate intermediates (3) with
sodium trimethylsilanolate (NaOTMS), which provides an efficient
one-pot method for direct isolation of free amines. The experiment
was designed as a two-stage process. First, diphenylphosphoryl
azide (DPPA)° was selected to convert the carboxylic acid into an
isocyanate with minimal accumulation of the unstable acyl azide,
and the isolation of isocyanate was avoided. Next, workup with
NaOTMS hydrolyzes the isocyanate to free amine.'® Based on this
strategy, toluene was found to be a suitable solvent for both steps,
and the free amine can be isolated after aqueous workup
(Scheme 2).
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Table 1

NaOTMS-modified Curtius reaction of carboxylic acids?

Entry  Carboxylic acid Amine Yield® (%)
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¢ Conditions: DPPA (1.0 equiv), EtsN (1.2 equiv), toluene, reflux, 2-3 h; NaOTMS
(2.0 equiv, 1 M in THF), 0 °C or rt.

b Yield after column chromatography purification.

€ Crude yield, after the acidic/basic extraction.

4 Hydrolysis complete within 6 h at room temperature.

The following is a typical procedure. To a solution of acid (1i,
44 mg, 0.20 mmol) in toluene (3 mL) were added EtsN (34 pL,
0.24 mmol) and diphenylphosphoryl azide (45 pL, 0.20 mmol),
and then the reaction mixture was heated to reflux for 2-3 h. After
cooling to 0 °C, a 1 M solution of sodium trimethylsilanolate in THF
(0.4 mL) was added and the mixture was stirred for 20 min at room
temperature. After quenching with 5% citric acid (5 mL), the mix-
ture was concentrated to half-volume, and then was washed with
Et,0 (2 times). The remained aqueous solution was made basic
with 1 N NaOH, and then extracted with CH,Cl,. The combined
CH,Cl, extracts were washed with brine, dried, and concentrated.
The crude product was very clean, and could be further purified
by chromatography to give the pure product 6i (26 mg, 67% yield).

These conditions worked very well for aliphatic amines, includ-
ing sterically hindered amines (Table 1).!! A variety of functional
groups were well tolerated (Table 1, entries 1-5). Aromatic amines
were also accessible, though the hydrolysis required a longer time
at room temperature (Table 1, entry 7). In addition to being a mild
and fast reaction, there was no epimerization for the conversion of
chiral carboxylic acids into the corresponding chiral amines (Ta-
ble 1, entries 8-10). For example, when the commercially available
acid 1h (99% ee) was treated under these conditions, 6h was ob-
tained with greater than 78:1 dr as determined by its Mosher ester
derivatives.

In conclusion, we have shown that the NaOTMS-modified Cur-
tius reaction can be used to convert a variety of carboxylic acids di-
rectly to the corresponding primary amines with good functional
group tolerance. This one-pot procedure is simple, mild, and effi-
cient, and is expected to be applied to the synthesis of structurally
more complicated molecules.
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Compound 8: 'H NMR (300 MHz, CDCl5): 7.33-7.18 (m, 5H), 5.85-5.71 (m, 1H),
5.11-5.05 (m, 2H), 4.72-4.64 (m, 1H), 4.23-4.06 (m, 3 H), 3.25 (dd, J=13.3,
3.3 Hz, 1H), 2.79 (dd, J = 17.0, 11.0 Hz, 1H), 2.67 (dd, J = 13.3, 9.9 Hz, 1H), 2.45
(dt,J=13.7, 6.8 Hz, 1H), 2.40 (dd, J = 17.0, 3.9 Hz, 1H), 2.22 (dt, J = 13.7, 7.6 Hz,
1H), 1.39 (s, 9H).Compound 1j: 'H NMR (300 MHz, CDCl5): 5.79-5.66 (m, 1H),
5.11-5.05 (m, 2H), 2.88 (m, 1H), 2.58 (dd, J = 16.7, 9.1 Hz, 1H), 2.23-2.48 (m,
3H), 1.41 (s, 9H).Compound 6j: 'H NMR (300 MHz, CDCls): 5.81-5.67 (m, 1H),
5.11-5.05 (m, 2H), 3.20 (m, 1H), 2.37 (dd, J = 15.9, 4.2 Hz, 1H), 2.00-2.21 (m,
3H), 1.64 (s, 2H), 1.42 (s, 9H). The dr of the Mosher’s ester derivatives was
greater than 60:1.
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