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Chiral nonracemic N-amino cyclic carbamates (ACCs) are important auxiliaries for certain asymmetric
transformations. In the past they have been synthesized from oxazolidinones using methods that require
the preparation and use of non-atom economical aminating agents that can be difficult to prepare, and
often strong bases. In what follows we describe a mild and operationally simple method for the direct
N-amination of oxazolidinones that use NH2Cl derived from commercial bleach.

� 2016 Elsevier Ltd. All rights reserved.
Chiral nonracemic N-amino cyclic carbamates (ACCs) have
gained attention as auxiliaries for important asymmetric transfor-
mations. The synthetic utility of these systems was first demon-
strated by Friestad in 2000 (Scheme 1a).1 In that work,
hydrazones (5) obtained from the condensation of ACCs and alde-
hydes were found to undergo diastereoselective radical additions
to produce hydrazines (6). Subsequent acylation and then cleavage
of the nitrogen–nitrogen bond furnished the corresponding amines
(7) with excellent overall levels of asymmetric induction. Prior to
these studies, no such methods were available for the direct asym-
metric alkylation of imines via radical methods. Further refinement
of this method by Friestad2 resulted in a manganese-mediated rad-
ical addition procedure that is tolerant of an impressive range of
functional groups and alkyl motifs.3 The latter procedure also
forms the basis of an efficient hybrid radical-ionic annulation
method that enables the highly stereoselective synthesis of pyrro-
lidines and piperidines (cf. Scheme 1b).3 Aldehyde-derived ACC
hydrazones have also been shown to undergo In-promoted allyla-
tion using either an allyl silane4 species or allyl iodide5 as the allyl
source. Asymmetric Mannich-type reactions between aldehyde-
derived ACC hydrazones and a variety of silyl enol ethers also
proceeds with excellent levels of asymmetric induction to give
b-amino carboxylate derivatives.6 Somewhat more recently we
introduced the use of ACC hydrazones as a simple and effective tool
for the asymmetric a-alkylation and a,a-bisalkylation of ketones
(cf. Scheme 1c).7 In contrast to other asymmetric alkylation meth-
ods,8 these auxiliaries are both easily introduced into and removed
from ketones, with near quantitative recovery. Moreover, deproto-
nation is rapid and alkylation does not require extreme low tem-
perature, yet it proceeds with excellent stereoselectivity and in
excellent yield.

An obvious and straightforward approach to these synthetically
useful ACCs is via the direct N-amination of oxazolidinones.
Oxazolidinones are readily accessible from a-amino acids using
well-established procedures, and a large number are also commer-
cially available. Consequently, the ability to directly N-aminate
these species would provide rapid access to a range of ACCs.
Indeed, such an approach has been used in the past.9 Unfortunately
the reported methods for the N-amination of oxazolidinones
require the sometimes cumbersome preparation and use of non-
atom economical aminating agents (Fig. 1), and often strong bases.
In what follows, we describe an operationally simple, mild, and
inexpensive procedure for the N-amination of oxazolidinones
using atom economical monochloroamine as the aminating agent,
itself easily derived from commercially available bleach. The
resulting ACCs are obtained in excellent yield.

When we began our studies on the N-amination of oxazolidi-
nones our main objective was to circumvent the use of the non-
atom economical reagents listed in Fig. 1. To do this, we first tried
an indirect approach wherein we would conduct an N-nitrosyla-
tion, followed by a reduction of the nitrosyl group to generate
the N-amino cyclic carbamate (Scheme 2a). To test this idea, we
first attempted the nitrosylation of 17 using nitrous acid,10,11

which produced the desired product (18) in 70%, following silica
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Scheme 1. Representative asymmetric methods employing N-amino cyclic carba-
mate hydrazones.

Scheme 2. Indirect amination approach.
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gel chromatography (Scheme 2b). Nitrosylation was also tried
using nitrosonium tetrafluoroborate,12 and produced an even bet-
ter result, giving a 98% yield of product that, even in its crude form,
was extremely pure (>98%, as judged by 1H NMR).

With compound 18 in hand, we tried the reduction of the
nitroso group. A common approach to performing this reduction
is to use zinc in glacial acetic acid.12,13 However, in our system
we found that this method gave at best a 60:40 mixture of hydra-
zide to oxazolidinone (Table 1). Modifications to the reaction con-
ditions, including dilution of the acetic acid, and variation of the
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Figure 1. Aminating agents.
reaction time and temperature gave no improvement. We next
tried the reduction using a Ti(II) complex, generated in situ by
the reaction of TiCl4 and Mg,14 which gave an 85:15 ratio of desired
hydrazide to oxazolidinone (Table 1). Unfortunately, despite this
promising result, the use of these conditions for the reduction
proved extremely inconsistent, and often resulted in complete
over-reduction of the N-nitroso compound to the oxazolidinone.

While we were conducting this work, we came across a report15

that showed that monochloroamine (NH2Cl) could be used for the
N-amination of pyrroles and indoles. The NH2Cl was conveniently
generated by combining NH4Cl, NH4OH, and NaOCl (in the form
of commercial bleach) in Et2O.16 Inspired by this work, we won-
dered about the possibility of using these conditions to effect the
N-amination of oxazolidinones. To test this idea, oxazolidinone
17 was subjected to t-BuOK and then NH2Cl.17 We were pleased
to find that the desired product (2) was indeed formed, but, unfor-
tunately, in only 37% yield. Repeated attempts at the reaction gave
variable results, with 2 being obtained in low to very good yield.
The literature procedure that we were following called for the
use of a nitrogen sparge during addition of NH2Cl. In our hands,
we found this sparging process to be problematic, as it caused
solvent evaporation to occur in a manner that was difficult to reg-
ulate, which was likely the source of our inconsistent amination
results. Fortunately, we found that in our system omitting the
nitrogen sparge and just conducting the reaction under an Ar
atmosphere led to consistently high conversions. After trying
several variations of the reaction conditions, we found that use
t-BuOK in THF, followed by addition of NH2Cl produced the desired
N-aminated hydrazide (2) with 97% conversion.

Using these conditions, we carried out the N-amination of
several different oxazolidinones, as shown in Table 2. In each case
the desired product was obtained as a clean mixture along with
only unreacted oxazolidinone. The extent of conversion to the
N-aminated products was uniformly excellent (91–99%). However,
all attempts to increase the extent of conversion through modifica-
tion of the reaction conditions were unsuccessful.

Unfortunately, purification of the ACC from the unreacted oxa-
zolidinone by chromatography proved extremely difficult. Thus, in
an effort to purify the ACCs, an ethereal solution of the crude reac-
tion mixture corresponding to entry 1 in Table 2 was treated with
HCl gas to generate the HCl salt of 1. This proved extremely effec-
tive, as the salt was obtained in 82% yield over the two steps (ami-
nation; HCl sat formation) starting from 19. We next tried this
approach using the crude reaction material corresponding to entry
2 of Table 2. Unfortunately, the HCl salt obtained in this case was
very hygroscopic and it could not be isolated in a manageable form.

Given that HCl salt formation was not going to prove to be gen-
erally useful as a purification strategy, we turned our attention to
forming the acetone hydrazones of the desired ACCs. This was done



Table 1
Nitroso group reduction

Entry Conditions Temp (�C) Time (min) 2:17

1 Zn, HOAc 10 40 50:50
2 Zn, HOAc 10 15 60:40
3 Zn, HOAc, Et2O 0 15 60:40
4 TiCl4, Mg, CH2Cl2, Et2O rt 10 85:15a

a Best result of multiple attempts ranging from 0:100 to 85:15.

Table 2
Direct amination of oxazolidinones using monochloroaminea

Entry Oxazolidinone ACC Conversion (%)b

1

19

1 93

2

17

2 97

3

20

3 99

4

21

4 91

5

22 25

92

Table 2 (continued)

Entry Oxazolidinone ACC Conversion (%)b

6

23 26

94

7

24 27

92

a Prepared by combining NH4OH, NH4Cl, bleach, and Et2O (see the supporting
information for details).

b Based on the ratio of ACC to unreacted oxazolidinone in the crude reaction
mixture. Crude reaction mixtures contained only the ACC and oxazolidinone.

Table 3
Oxazolidinone amination and hydrazone formation

Entry Oxazolidinone Conditions R2 ACC hydrazone Yield (%)

1 19 A Me 28 72
2 17 A Me 29 85
3 20 A Me 30 90
4 21 A Me 31 91
5 22 A Me 32 85
6 23 A Me 33 90
7 24 A Me 34 91
8 19 B Et 35 92
9 17 B Et 36 88
10 20 B Et 37 93
11 21 B Et 38 80
12 22 B Et 39 83
13 23 B Et 40 84
14 24 B Et 41 86

aPrepared by combining NH4OH, NH4Cl, bleach, and Et2O (see the supporting
information for details).
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in a very straightforward way by treating an acetone solution of
the crude reaction mixtures with p-TsOH�H2O. In this way, the
ACCs were converted to the corresponding hydrazones in high
yield (Table 3). We also established that the crude amination reac-
tion mixtures could be readily converted to the corresponding
3-pentanone-based ACC hydrazones 35–41. In all cases, the ACC
hydrazones were obtained in high yield over the two step process,
establishing that purification of the ACC prior to hydrazone forma-
tion is unnecessary.

We have previously demonstrateded7 that ACC 1 could be
obtained from its acetone hydrazone (28) upon treatment with
HCl�H2NOH in THF-H2O (4:1). Thus, using these conditions, but
substituting EtOAc for THF – which gave a better result in the pre-
sent case – each of the acetone-based hydrazones prepared accord-
ing to Table 3 (28–34) was converted to its respective ACC
(Table 4). In each case the desired product was obtained in excel-
lent yield.



Table 4
Conversion of acetone hydrazones to ACCs

Entry ACC hydrazone ACC Yield (%)

1 28 1 95
2 29 2 89
3 30 3 92
4 31 4 81
5 32 25 93
6 33 26 91
7 34 27 93
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In conclusion, we have established that oxazolidinones are
effectively N-aminated to produce N-amino cyclic carbamates
(ACCs) using a combination of t-BuOK and NH2Cl. Not only is the
monochloroamine used in this procedure atom economical, but
given that it is readily accessible from commercial bleach, it is also
convenient and inexpensive. This mild and reliable procedure was
applied to several oxazolidinones and in all cases the correspond-
ing ACCs were obtained with excellent conversion. Conveniently,
the crude reaction mixtures could be converted directly into
hydrazones, for use in subsequent transformations.
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