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ABSTRACT

A unprecedented thermally induced rearrangement of 2-bromo-4-substituted oxazolines into 2-bromoisocyanates with high selectivity has
been observed. Isolated yields of 85 −90% were obtained with 2-bromo-4-phenyloxazoline, 2-bromo-4-isopropyloxazoline, or 2-bromo-4,4-
dimethyloxazoline. In addition, chiral aziridinecarboxamides or 2-aminooxazolines could be selectively obtained from the corresponding 2-brom o
isocyanate depending on reaction conditions.

General interest in the synthesis and reactivity of oxazolines
is reflected in the extensive work published on the subject
matter during past decades.1 Oxazolines are useful intermedi-
ates in the synthesis of many classes of compounds;2 in
particular, they can be used as protecting or activating groups.
Oxazoline units can ring-open under certain conditions, by
way of electrophilic attack,3 acidolysis,4 glycolysis,5 Wittig
rearrangement,6 or transition-metal-promoted rearrangement.7

Ring-opening polymerization of 2-oxazolines is also the
focus of current interest.8 The introduction of a chiral center
within the oxazoline ring leads to versatile synthons for

asymmetric synthesis and for the development of ligands in
catalysis.9,10 These chiral enantiopure materials are readily
accessible in a few steps fromR-amino acids.
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In the course of the development of new ligands for
asymmetric catalysis, we have shown that 2-bromooxazolines
may be used as key reagents in the synthesis of 1,1,1-tris-
(oxazolinyl)ethane (“trisox”) ligands11 as well as oxazolinyl-
N-heterocyclic carbenes.12 2-Bromooxazolines, which were
first reported by Meyers and Novachek,13 are readily prepared
by direct lithiation of the 2H-oxazoline14 followed by reaction
with 1,2-dibromo-1,1,2,2-tetrafluoroethane as electrophilic
brominating agent. Upon investigating the reactivity of these
heterocycles (1a-d), we have discovered that they are
thermally sensitive and that a rearrangement occurs to the
respective 2-bromoisocyanates (2a-d) (Scheme 1). This has

prompted a more detailed study of this unprecedented
rearrangement which we report in this work along with the
use of these compounds as synthons for the preparation of
chiral aziridines or 2-aminooxazolines.

The 2-bromooxazoline derivatives can be kept in THF
solution at-30 °C for a few days. However, over time the
formation of a new product is observed, a process which
can be monitored by1H NMR spectroscopy. As shown in
the proton NMR spectra displayed in Figure 1, 2-bromo-4-
phenyloxazoline (1c, top) is selectively and completely
converted into a new product (2c, bottom) by heating the
solution at 90°C for 2 days. A GC-MS analysis of the
reaction mixture confirmed the high selectivity of the reaction
and revealed that the molecular weight of the new product
is unchanged with respect to the reactant, suggesting that a
rearrangement had occurred. In the IR spectrum, the char-
acteristic stretching band of an isocyanate (νCdN ) 2265
cm-1) is observed. The1H, 13C, and15N NMR as well as
the analytical data confirmed the formation of a 2-bromoiso-
cyanate.

The same behavior was observed with the 2-bromo-4-
substituted oxazolines1a-c. Among all substrates studied,
the (4R,5S)-2-bromo-4,5-indanediyloxazoline (1d) was found
to be the least stable derivative,15 and suitable crystals of
the product2d for an X-ray diffraction study were obtained
(Scheme 2 and Figure 2), thus establishing the details of the

molecular structure of the compound.16

The X-ray analysis confirmed the ring-opening of the
oxazoline and the formation of a 2-bromoisocyanate. In this
particular case, the rearrangement of the heterocycle induces
the inversion of the absolute configuration of the carbon C(2),
and only one diastereomeric form was observed in the crystal.
Moreover, the1H NMR spectrum of the crude product
established a dr of 95:5 and, thus, the high stereoselectivity
of the rearrangement (Scheme 2).
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Scheme 1. Thermal Rearrangement of 2-Bromooxazolines to
2-Bromoisocyanates (Yields in Parentheses) Figure 1. 1H NMR spectra (CDCl3, 300 MHz) of (a) (4R)-2-

bromo-4-phenyloxazoline1c; (b) after heating 90°C for 2 days.

Scheme 2. Diastereoselective Conversion of the
(4R,5S)-2-Bromo-4,5-indandiyloxazoline1d into
2-Bromo-1-isocyanato-2,3-dihydro-1H-indene2d

(Neat, 25°C, 5 min)
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The rate of the rearrangement depends on the substitution
pattern of the oxazoline with the stability decreasing in the
order iPr . Bn ≈ Me2 . Ph > Ind. No conversion was
observed upon exposure of the 2-bromooxazolines to radical
initiators such as 2,2′-azobis(4-methoxy-2,4-dimethylvale-
ronitrile) (V70) and 2,2′-azobis(isobutyronitrile) (AIBN) or
to UV radiation, ruling out a radical mechanism. Monitoring
the conversion of the 2-bromo-4,4-dimethyloxazoline by1H
NMR spectroscopy at 60°C at different concentrations gave
the sequence of conversion curves displayed in Figure 3.

Their sigmoidal shape suggests autocatalysis by the product,
and the concentration dependence indicates that overall
reaction is not of first order with respect to the concentration
of bromooxazoline. A detailed mechanistic study is underway
and will be reported elsewhere. However, the involvement
of bromide ions liberated in the course of the transformation
is suggested by the observation that the addition of 1 equiv
of Bu4NBr into a solution of 2-bromo-4,4′-dimethyloxazoline

considerably accelerates the reaction (t1/2 ) 0.5 h vst1/2 )
4.5 h at 60°C andC ) 0.57 mol‚L-1, see the Supporting
Information).

In view of the selectivity of the rearrangements, we
prepared the 2-bromoisocyanates on a millimolar scale for
a first study into their reactivity.17 Various applications of
R-functionalized isocyanates in the synthesis of new com-
pounds are reported in the literature, such as benzimidazole
derivatives,18 oxazolinylpyperazine derivatives,19 oxazolo-
quinazolines,20 2-amino-2-oxazolines,21 fullerene deriva-
tives,22 and 1-amidino-2-imidazolidinones.23 Since the ste-
reogenic center in the 4 position is not affected by the
rearrangement of the bromooxazoline, an interesting applica-
tion appeared to be their use for the determination of the
enantiomeric excess of primary or secondary amines. To
probe this, the enantiomerically pure isocyanates2a-c were
reacted with (S)-1-phenylethylamine orrac-phenylethy-
lamine.24

Depending on experimental conditions, the reaction of the
2-bromo isocyanate with phenylethylamine and a base led
selectively to aziridinecarboxamides3a-c or theO-cyclized
2-aminooxazolines5a-c (Scheme 3). The first reaction

intermediates in these transformations areâ-bromourea
derivatives, which are formed by nucleophilic attack of the
amine and which may be detected at low temperature by
NMR spectroscopy (see the Supporting Information). Adding
the baset-BuOK at low temperature (-20 °C) led selectively
to the aziridinecarboxamides3a-c.25 On the other hand,
carrying out the reaction at room temperature gave the
protonated aminooxazolines4a-cwhich were converted to

Figure 2. Molecular structure of (1R,2R)-2-bromo-1-isocyanato-
2,3-dihydro-1H-indene2d.16 Selected bond lengths (Å) and angles
(deg): C(1)-C(2) 1.537(3), C(1)-N(1) 1.446(3), N(1)-C(10)
1.183(4), C(10)-O(1) 1.182(3), C(2)-Br(1) 1.949(2), N(1)-C(1)-
C(2) 112.0(2), C(1)-N(1)-C(10) 140.5(3), N(1)-C(10)-O(1)
172.5(3). Torsion angle Br(1)-C(2)-C(1)-N(1)-79.7(2).

Figure 3. Conversion of 2-bromo-4,4′-dimethyloxazoline1a in
1-bromo-2-isocyanato-2-methylpropane2a as a function of time
at different concentrations (followed by1H NMR in THF-d8 at
60 °C).

Scheme 3. Formation of Aziridinecarboxamide3, Protonated
Aminooxazoline4, and Aminooxazoline5 (Yields in

Parentheses)
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the corresponding amino-oxazolines5a-c by subsequent
addition of the base.

The formation of the aziridines3a-c was confirmed by
an X-ray diffraction analysis of the (S)-2-isopropyl-N-((S)-
1-phenylethyl)aziridine-1-carboxamide (3b).26 Its molecular
structure is depicted in Figure 4 along with selected bond

lengths and angles. Identification of products4a-c and5a-c
proved to be not trivial since the1H and 13C {1H} NMR
spectroscopic data did not allow the distinction between the
possible formation of imidazolidinones or aminooxazolines.
An unambiguous assignment has been achieved by15N NMR
spectroscopy along with a theoretical modeling of the15N

NMR chemical shifts.27 Several isomers of the parent
compound5 (R1 ) R2 ) H) have been calculated. As
expected, the 2-imidazolidinone is the thermodynamically
favored isomer. However, its calculated15N chemical shifts
(δ 88 and 118 ppm) do not match with the experminental
shifts for 5a-c (δ 77.6-79.8 and 160.0-176.7 ppm). The
latter values are in agreement with the data calculated for
the aminooxazoline isomers (δ 76-95 and 156-179 ppm).
In addition, the infrared data confirm the formation the
aminooxazoline. The infrared spectra of the three derivatives
of 5a-c show a strong absorption between 1672 and 1687
cm-1 which is assigned to theνCdN stretching mode of the
oxazoline.28 Addition of HCl (2 M solution in diethylether)
to 5a-c in chloroform-d1 led to the reformation of4a-c
and confirmed their fomulation as protonated aminooxazo-
lines.

The potential of using the transformations described above
for the determination of the enantiomeric excess of chiral
amines was probed by reaction2b with rac-phenylethy-
lamine. The formation of either the 2-aminooxazoline (5b)
or the carbamoyl-aziridine (3b) enabled the determination
of the enantiomeric excess of the amine by1H NMR
spectroscopy by integration of the completely assigned and
the well-separated signals of the two diastereoisomers.

In conclusion, we have found that 2-bromo-4-substituted
oxazolines, which are readily prepared from 2H-oxazolines,
undergo an unprecedented thermal rearrangement to their
corresponding 2-bromoisocyanates with high selectivity.
Their availablity in good yields may render them key
synthetic intermediates in a variety of organic transforma-
tions.
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Figure 4. Molecular structure of (S)-2-isopropyl-N-((S)-1-phenyl-
ethyl)aziridine-1-carboxamide3b. Selected bond lengths (Å) and
angles (deg): C(1)-O(1) 1.228(3), C(1)-N(2) 1.342(3), C(1)-
N(1) 1.408(3), C(2)-N(1) 1.456(3), C(2)-C(3) 1.485(3), C(3)-
N(1) 1.469(3), N(2)-C(1)-N(1) 113.25(18), N(1)-C(2)-C(3)
59.94(15), N(1)-C(3)-C(2) 59.06(15), C(2)-N(1)-C(3) 61.00-
(15), C(1)-N(1)-C(2) 118.87(18), C(1)-N(1)-C(3) 119.14(19).
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