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Abstract: New methodology for the synthesis of variously substi-
tuted 2-oxazolines and one dihydrooxazine using aldehydes, amino
alcohols, and N-bromosuccinimide as an oxidizing agent is de-
scribed. This one-pot synthesis is characterized by mild reaction
conditions, broad scope, high yields, and its preparative simplicity.
Key words: amino alcohols, oxidative coupling, oxazolines, ox-
azolidines, N-bromosuccinimide

Since their first description in the 19th century! 2-oxazo-
lines (1, IUPAC: 4,5-dihydrooxazoles)? have played an
increasingly important role in many areas of chemistry.
Oxazolines are used as carboxylate protection groups,’ as
an auxiliary to enable ‘directed ortho-metalations’,* or as
monomers in polymerization reactions.> Moreover, chiral
oxazolines are important fragments of many biologically
active compounds,® chiral auxiliaries,’ or as key elements
in numerous ligands for asymmetric catalysis, like bisox-
azolines or phosphinooxazolines.® As a result of this inter-
est in oxazolines, many useful methods for the preparation
of oxazolines have been developed.? In particular, the re-
action of amino alcohols with acid chlorides (A), carbox-
ylic acids (B), nitriles (C), and imidates (D) are commonly
used (Scheme 1). The three-step method A generally re-
sults in good yields; following the formation of the amido
alcohol, the hydroxy group is converted into a good leav-
ing group and the molecule is cyclized under basic condi-
tions.? A mild one-pot method uses carboxylic acids under
Appel conditions (B),’ however, this method often re-
quires a tedious separation of the product from the

byproducts. Another very efficient one-pot process is the
Lewis acid catalyzed condensation of amino alcohols with
nitriles at elevated temperatures (C).!° Imidates and their
salts, prepared by treatment of primary amides with Meer-
wein salt or by the reaction of nitriles with hydrogen chlo-
ride gas and ethanol, react smoothly with amino alcohols
to give the desired oxazolines (D).!! However, despite
their success, some disadvantages of these methods must
be mentioned: several steps must be used (A), a number of
byproducts is formed requiring elaborate purification (B),
the carboxylic acid derivative must be prepared (D), or
rather forcing reaction conditions are necessary (A and
O).

The nearly exclusive use of carboxylic acid derivatives as
oxazoline precursors piqued our attention; complementa-
ry methods for the synthesis of oxazolines would be high-
ly desirable. Oxidative methods for the formation of
heterocycles are attractive and many methods can be
found for the formation of benzoxazoles,'?> benzimid-
azoles,'? and imidazolines'® from aldehydes. However,
oxidative oxazoline syntheses using aldehydes are rare.
The few reported methods are not very practical: they re-
quire undesirable substrates, like 2-azidoethanol deriva-
tives; they are unselective; or they have a very limited
substrate scope.'* In contrast, we report a versatile method
for the highly practical oxidative synthesis of 2-oxazo-
lines (Scheme 2).!3

At the outset of this project we envisaged that the conden-
sation of an aldehyde 2 with an amino alcohol 3 would
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Scheme 1 Most common routes for the synthesis of 2-oxazolines.
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lead to an oxazolidine 5 and that subsequent oxidation
would yield an oxazoline. The first step of this sequence
is well described in the literature and the oxazolidine S can
either be preformed and isolated or, alternatively, pre-
pared in situ.* In solution, however, oxazolidines 5 exist
in an equilibrium with their open-chain imine form 4, ren-
dering the analysis of these compounds difficult.!® Several
reaction conditions were compared using L-valinol and
benzaldehyde as reactants for the initial oxazolidine for-
mation. Stirring a dichloromethane solution of these reac-
tants in the presence of 4 A molecular sieves was found to
be optimal, resulting in the complete formation of the cor-
responding oxazolidines. For reasons of convenience, the
reactions were performed in a sealed flask under an atmo-
sphere of air, not under an inert gas. In addition, dry or
moist solvents were found to give comparably good re-
sults.

Comparison of several oxidizing agents in the subsequent
oxidation step at ambient temperature indicated N-bromo-
succinimide to be the oxidizing agent of choice. Whereas
manganese dioxide and iron(IIT) chloride were not active,
copper(II) chloride, copper(Il) bromide, and N-chlorosuc-
cinimide resulted in a rather unselective oxidation yield-
ing mixtures of 2- and 3-oxazolines. 2,3-Dichloro-5,6-
dicyano-1,4-benzoquinone gave partial overoxidation and
the use of elemental halogens like bromine or iodine re-
sulted in incomplete conversion and increased formation
of byproducts. N-Bromosuccinimide was found to be op-
timal, no matter if one equivalent or a slight excess was
used. Besides dichloromethane, other solvents like tolu-
ene, ethyl acetate, tetrahydrofuran, or ethanol also gave
good results. Under optimized conditions, the in situ for-
mation of the oxazolidines is followed by the addition of
one equivalent N-bromosuccinimide, resulting in the for-
mation of the oxazoline hydrobromide salts. In general,
this salt was subsequently deprotonated using an aqueous
basic workup. This also allowed rapid separation of the
water-soluble succinimide byproduct. In many cases, the
purity of the oxazolines was remarkably high after this
simple purification step, in some cases obviating the need
for an additional purification step.

We were pleased to find that the substrate scope of this ox-
idative oxazoline formation is rather large. Variously sub-
stituted amino alcohols can successfully be reacted with
benzaldehyde (Table 1). Unsubstituted (entry 2), mono-
(entries 3-5), or disubstituted (entries 6-9) amino alco-
hols were successfully converted into variously substitut-
ed oxazolines 1 under standard conditions (Table 1).!7 Itis
important to note that, in contrast to a previous report,'*
no substantial amounts of the regioisomeric 3-oxazolines
could be detected in any of these reactions under opti-
mized conditions (<1%). In addition, this method is not
limited to the formation of five-membered oxazolines, but
instead using a 1,3-amino alcohol allows the formation of
six-membered dihydrooxazine heterocycle 7 in good
yield (Table 1, entry 1).

In some cases, enantiomerically pure amino alcohols were
employed (Table 1, entries 4-7; Table 2, entry 7; Table 3,

entries 1-4). We believe that the enantiomeric purity of
the substrates remains intact in this reaction sequence.
First, the optical rotations of the purified 2-oxazolines
were comparable to literature values for the optically pure
compounds (Table 4). The deviations observed were
<4%. Second, in cases where the oxazoline product bears
two stereocenters, epimerization would lead to a mixture
of diastereomers (1e,f,0,s,t). However, GC-MS and 'H
NMR analysis of these products revealed only a single
diastereomer, indicating that no loss of enantiomeric puri-
ty has occurred.
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Scheme 2 Oxidative oxazoline formation.

In order to investigate the scope of the aldehyde that could
be used, several benzaldehyde derivatives were employed
in this reaction and mainly treated with (+)-2-aminobutan-
1-ol (Table 2). Not only moderately electron-rich aromat-
ic aldehydes (entries 1, 2) but also those substituted with
an electron-withdrawing group (entries 3—4) or an elec-
tron-poor heteroaromatic system like pyridyl are well-
suited substrates for this reaction (entries 6, 7). Conse-
quently, the well-known pybox ligand can be synthesized
from the corresponding dialdehyde in a single step (entry
7). The electron-poor aromatic substrates generally re-
quired slightly modified reaction conditions, because of
an increased acid-sensitivity of the oxazoline products.
Conducting these reactions in the presence of an added in-
organic base (K,CO;, K5PO,) in toluene as a solvent re-
sulted in the formation of the desired products in high
yields. In contrast, electron-rich aromatic aldehydes like
salicylaldehyde, 4-hydroxybenzaldehyde, or pyrrole-2-
carbaldehyde were found not to be suitable substrates,
since they undergo fast electrophilic aromatic bromina-
tion by the N-bromosuccinimide reagent.

Fortunately aliphatic aldehydes can also be successfully
employed in this oxazoline synthesis. In this study, dec-
anal and pivaldehyde were reacted with (R)-phenylgly-
cinol, (S)-phenylalaninol, L-norephedrine, and 2-amino-
2-methylpropan-1-ol providing the corresponding oxazo-
lines in very good yields (Table 3).

A number of observations shed light on the mechanism of
the final oxidation step, rendering a radical based mecha-
nism unlikely. N-Bromosuccinimide rather acts as a bro-
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Table 1 Oxidative Oxazoline and Dihydrooxazine Formation
Using Benzaldehyde®

Table 2 Oxidative Oxazoline Formation Using (£)-2-Aminobutan-
1-ol*

Entry Product Yield (%)

Entry  Product Yield (%)

1 Q 7 90°
Crn
N

2 o) la 88¢
[ y/ COgMe
N
3 (0] 1b 91
\): />_Ph
N
4 Ie) 1c 70
/ Ph
5 o] 1d 80

\): ) —Ph
Ph N

6 Ph o le 81
;[ pa
N
7 o) 1f 65
/>*Ph
N
8 o) 1g 82
/>—Ph
N
9 1h 88

¥ #CN’,}%

4 General reaction conditions: 3 (I mmol), 2 (1 mmol), 4 A MS
(1.5 g), CH,Cl, (6 mL), r.t., 14 h; NBS (1 mmol), r.t., 0.5 h.

> A 1,3-amino alcohol was used.

¢ Methyl 4-formylbenzoate was used instead of benzaldehyde.

monium source, since the reaction took place at ambient
temperature and no radical initiator was necessary. More-
over, radical scavengers like cyclohexa-1,4-diene or 2,6-
di-tert-butyl-4-methylphenol did not inhibit the reaction,
although byproducts were formed and greatly reduced
amounts of product were obtained.'® Hence, the nucleo-
philic oxazolidine reacts with the N-bromosuccinimide to
form an N-bromo-substituted oxazolidine 6.'**!° This as-
sumption is supported by a decrease in the rate of the re-
action observed for the N-bromosuccinimide-mediated
oxidation of sterically hindered oxazolidines. Whereas for
unhindered aromatic aldehydes the oxidation using N-
bromosuccinimide is generally complete within 10 min-
utes at ambient temperature, the oxidation of sterically
hindered aromatic aldehyde substrates, like ortho-substi-
tuted aromatic aldehydes, requires much longer times.
This decrease in reaction rate allowed the formation of
two diastereomeric intermediates to be observed by 'H
NMR spectroscopy; these are thought to be the N-bromo-
substituted oxazolidines. Elimination of hydrogen bro-
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N
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N
6 o — 1n 77°
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X

1o 34be

1p 30°

2 General reaction conditions: 3 (1 mmol), 2 (1 mmol), 4 A MS
(1.5 g), CH,Cl, (6 mL), r.t., 14 h; NBS (1 mmol), r.t., 0.5 h.

b Modified reaction conditions: 3 (1 mmol), 2 (1 mmol), 4 AMS
(1.5 g), toluene (6 mL), r.t., 14 h; NBS (1 mmol), K;PO, (3 mmol),
r.t.,, 1.5h.

¢ (S)-Valinol was used instead of (+)-2-aminobutan-1-ol; not opti-
mized.

mide leads to the oxazoline 1, which forms a salt with the
hydrogen bromide generated. Upon workup, these oxazo-
linium salts were smoothly deprotonated using aqueous
base providing the oxazoline products 1.

In summary, we have developed an efficient oxidative
method for the synthesis of variously substituted 2-oxazo-
lines in good yields making use of readily available alde-
hydes. The mild reaction conditions and preparative
simplicity render this one-pot procedure especially attrac-
tive.

Chemicals were purchased in commercially available qualities
puriss., p.a. or purum from Fluka, Aldrich, Acros, Lancaster, and
Merck and were used without further purification. Toluene and
CH,CIl, were of technical quality and were distilled and dried over
CaH,. Solvents for extractions and column chromatography were of
technical quality and were distilled prior to use. Molecular sieves
(4 A) were activated by microwave irradiation (3 X 3 min.) All re-
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Table 3 Oxidative Oxazoline Formation Using Aliphatic Alde-
hydes?*

Entry Product Yield (%)
1 o) 1q 89
[ />7t-Bu
ph" N
2 Ir 85

O,
Ph\):N/>7t—Bu

3 Ph o 1s 91
J: />7T—Bu
N
Ph o
Lo
N

ie%

2 General reaction conditions: 3 (1 mmol), 2 (1 mmol), 4 A MS
(1.5 g), CH,Cl, (6 mL), r.t., 14 h; NBS (1 mmol), r.t., 0.5 h.

1t 94

actions were carried out in closed vials (10 mL) under an atmo-
sphere of air. Flash chromatography used Merck silica gel 60 (230-
400 mesh), which was pretreated with a small amount of Et;N prior
to use in the cases where Et;N was added to the eluent. NMR spectra
were recorded on a ARX 300 or DRX 400 spectrometer (Bruker) in
CDCl;; chemical shifts (3) are relative to TMS. IR were recorded on
a Bruker IFS 88 spectrophotometer. EI-MS were recorded on a
Varian CH7 (70 eV), and ESI-MS and HRMS were recorded on a
Finnigan LTQ FT or TSQ 700.

Products 1a,'** 1b,% 1¢,2! 1d,272>* 1¢,% 1£,%° 1g,> 1h,”” 1n,% 10,%
1p,* 1q,2*3! 1r,2?* 1u,3? and 7'%3 have previously been described
in the literature. Characterization data for all new compounds and
for compounds whose data is not completely available in the litera-
ture (oxazolines 1b, 1h, and 1u) is given.

2-Oxazolines; General Procedure 1

The amino alcohol (1 mmol) was dissolved in CH,Cl, (6 mL) and
the aldehyde (1 mmol) was added. The mixture was stirred over 4
AMS (1.5 g) for 14 h. NBS (1 mmol) was then added and the soln
was stirred for an additional 30 min. The mixture was filtered and
washed with sat. aq NaHCO; (40 mL) and H,O (10 mL). The organ-
ic layer was dried (MgSO,) and the solvent was evaporated. If re-
quired, the products were purified by column chromatography,
Kugelrohr distillation or crystallization (10).

2-Oxazolines under Basic Conditions; General Procedure 2
The amino alcohol (1 mmol) was dissolved in toluene (6 mL) and
the aldehyde (1 mmol) was added. The mixture was stirred over 4
A MS (1.5 g) for 14 h. K,PO, was then added while stirring. After
5 min, NBS (1 mmol) was added and the soln was stirred for an ad-
ditional 1.5 h. The mixture was filtered and washed with sat. aq
NaHCO; (40 mL) and H,O (10 mL). The organic layer was dried
(MgSO,) and the solvent was evaporated. If required, the products
were purified by column chromatography.

4-Ethyl-2-phenyl-4,5-dihydrooxazole (1b)*’

Oxazoline 1b was prepared according to general procedure 1 using
(+)-2-aminobutan-1-o0l (89 mg, 1.0 mmol, 1.0 equiv), benzaldehyde
(101 pL, 1.0 mmol, 1.0 equiv), and NBS (178 mg, 1.0 mmol,

1.0 equiv) in CH,CL,. The crude product was purified by column
chromatography (hexane-EtOAc, 90:10). The product was ob-
tained as a colorless oil; yield: 159 mg (91%); R, = 0.13 (hexane—
EtOAc, 90:10).

IR (film): 3063, 2964, 2932, 2897, 2876, 1720, 1650, 1580, 1495,
1451, 1358, 1330, 1315, 1273, 1111, 1078, 1060, 1026, 951, 780,
696 cm™!.

'HNMR (300 MHz, CDCL,): § = 0.98 (t, J = 7.4 Hz, 3 H, CH,CH,),
1.52-1.80 (m, 2 H, CH,CH,), 4.03 (dd, J= 7.8 Hz, /= 8.1 Hz, | H,
OCH,), 4.16-4.28 (m, 1 H, NCHE), 4.45 (dd, J=8.1 Hz,
J=9.4Hz, 1 H, OCH,), 7.35-7.48 (m, 3 H, ArH), 7.92-7.95 (m, 2
H, ArH).

13C NMR (75 MHz, CDCl,): § = 10.1 (CH,CH;), 28.8 (CH,CH,),
68.1 (NCHE), 72.3 (OCH,), 128.0 (C,,), 128.4 (C,,), 128.4 (C,,),
131.4 (C,,), 163.6 (OC=N).

MS (ED): m/z (%) = 159 (9), 146 (35), 130 (4), 105 (25), 104 (8), 91
(15), 77 (11), 51 (3), 41 (8), 32 (21), 28 (100).

HRMS (EI): m/z [M]* caled for C; H;;NO: 175.0992; found:
175.0992.

2,2-Dimethyl-1,3-dioxane-5-spiro-4'-(2’-phenyl-4’,5’-dihydro-
oxazole) (1h)¥

Oxazoline 1h was prepared according to general procedure 1 using
(5-amino-2,2-dimethyl-1,3-dioxan-5-yl)methanol (161 mg, 1.0
mmol, 1.0 equiv), benzaldehyde (101 pL, 1.0 mmol, 1.0 equiv),
and NBS (178 mg, 1.0 mmol, 1.0 equiv) in CH,Cl,. The product
was obtained as a white solid; yield: 217 mg (88%); R,= 0.25 (pen-
tane-MTBE-Et;N, 90:10:1).

IR (KBr): 2994, 1638, 1474, 1449, 1372, 1354, 1327, 1253, 1203,
1082, 1063, 989, 967, 931, 835, 778, 751, 734, 688, 520 cm™.

'H NMR (300 MHz, CDCL,): & = 1.42 (s, 3 H, CH,), 1.56 (s, 3 H,
CH,), 3.62-3.66 (m, 2 H, OCH,), 4.20 (d, J = 11.5 Hz, 2 H, OCH,),
4.56 (s, 2 H, OCH,), 7.38-7.50 (m, 3 H, ArH), 7.91-7.94 (m, 2 H,
ArH).

13C NMR (75 MHz, CDCL): § = 18.6 (CH,), 28.9 (CHy), 67.7
(OCH,), 67.9 (NC4), 77.2 (OCH,), 98.2 (OCO), 127.4, (C,,), 128.5
(Cap), 128.5 (C,), 131.9 (C,,), 165.7 (OC=N).

MS (ED): miz (%) = 247 [M]*, 232 (4), 189 (3), 172 (6), 159 (3), 159
(100), 130 (16), 129 (3), 105 (14), 104 (23), 103 (15), 77 (16), 73
(11), 56 (2), 51 (4), 43 (23), 41 (3), 39 (2), 32 (2), 29 (2), 28 (25),
27 (2).

MS (ESI*, MeOH): m/z =270 [M + Na]*.

HRMS (ESI): m/z [M + Na]* caled for C;,H;;NNaO;: 270.1101;
found: 270.1096.

4-Ethyl-2-mesityl-4,5-dihydrooxazole (1i)

Oxazoline 1i was prepared according to general procedure 2 using
(+)-2-aminobutan-1-o0l (89 mg, 1.0 mmol, 1.0 equiv), 2,4,6-tri-
methylbenzaldehyde (148 mg, 1.0 mmol, 1.0equiv), K;PO,
(636 mg, 3.0 mmol, 3equiv), and NBS (178 mg, 1.0 mmol,
1.0 equiv) in toluene. The crude product was purified by column
chromatography (pentane-MTBE, 20:1). The product was obtained
as a colorless oil; yield: 91 mg (42%); R, = 0.05 (pentane-MTBE,
20:1).

IR (film): 2962, 2922, 1665, 1613, 1579, 1461, 1378, 1346, 1326,
1295, 1266, 1239, 1167, 1048, 958, 940, 890, 851 cm™".

"H NMR (300 MHz, CDCl,): § = 1.05 (t,J = 7.4 Hz, 3 H, CH,CH,),
1.57-1.85 (m, 2 H, CH,CHs;), 2.27 (s, 3 H, Ar-p-CH;), 2.29 (s, 6 H,
Ar-0-CH;), 4.02 (dd, J=7.7 Hz,J = 7.8 Hz, 1 H, OCH,), 4.21-4.31
(m, 1 H, NCHEt), 4.43 (dd, J=8.1 Hz, J=9.4 Hz, 1 H, OCH,),
6.84 (s, 2 H, ArH).
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13C NMR (75 MHz, CDCL,): § = 10.4 (CH,CH,), 19.7 (Ar-0-CH,),
21.3 (Ar-p-CHy), 29.0 (CH,CH,), 68.5 (NCHEY), 71.8 (OCH,),
126.4 (C,,), 128.8 (C,), 136.9 (C ), 139.1 (C,,), 164.0 (OC=N).

MS (EI*): m/z (%) = 218 (15), 217 (3), 217 (100) [M]*, 189 (4), 188
(84), 172 (20), 162 (9), 161 (31), 160 (80), 158 (3), 148 (5), 147
(86), 146 (63), 145 (17), 144 (6), 133 (41), 132 (6), 131 (10), 130
(21), 119 (11), 118 (7), 117 (18), 116 (5), 115 (13), 104 (3), 103
(10), 91 (40), 78 (3), 77 (17), 65 (8), 55 (4), 53 (3), 52 (2), 51 (5),
43 (7), 41 (50), 39 (40), 32 (5), 29 (28), 28 (52), 27 (57).

MS (ESI*, MeOH): m/z =218.2 [M + H]*.

HRMS (ESI): m/z [M + H]* calcd for C,,H,,NO: 218.1539; found:
218.1539.

4-Ethyl-2-tolyl-4,5-dihydrooxazole (1j)

Oxazoline 1j was prepared according to general procedure 1 using
(+)-2-aminobutan-1-ol (89 mg, 1.0 mmol, 1.0 equiv), 2-methyl-
benzaldehyde (116 pL, 1.0 mmol, 1.0 equiv), and NBS (178 mg,
1.0 mmol, 1.0 equiv) in CH,Cl,. The crude product was purified by
column chromatography (pentane-MTBE-Et;N, 98:2:1). The prod-
uct was obtained as a colorless oil; yield: 176 mg (93%); R,= 0.31
(pentane-MTBE-Et;N, 98:2:1).

IR (KBr): 3027, 2963, 2925, 1645, 1603, 1575, 1492, 1456, 1383,
1350, 1328, 1305, 1265, 1241, 1137, 1043, 951, 898, 775, 729 cm™".

'H NMR (300 MHz, CDCL,): 8 = 1.01 (t, J=7.4 Hz, 3 H, CH,),
1.56-1.83 (m, 2 H, CH,CH,), 2.58 (s, 3 H, CH,), 4.02 (dd,
J=17.6Hz, J=79Hz, 1 H, OCH,), 4.22-4.32 (m, | H, NCHEY),
442 (dd, J=79Hz, J=9.4 Hz, 1 H, OCH,), 7.18-7.35 (m, 3 H,
ArH), 7.75-7.78 (m, 1 H, ArH).

13C NMR (75 MHz, CDCl,): § = 10.1 (CH;), 21.7 (ArCH,), 28.9
(CH,CH,), 68.4 (NCHEY), 71.6 (OCH,), 125.6 (C,,), 127.6(C,,),
129.9 (C,,), 130.5 (C,,), 131.2 (C,,), 138.8 (C,,), 164.2 (OC=N).

MS (ED): m/z (%) = 190 (5), 189 (100) [M]*, 161 (14), 161 (2), 166
(76), 144 (16), 134 (5), 133 (3), 132 (31), 130 (2), 119 (14), 118 (5),
117 (6), 116 (3), 106 (2), 105 (32), 104 (2), 103 (2), 91 (26), 90 (13),
89 (9), 77(3), 65 (12), 63 (2), 51 (2), 41 (8), 39 (13), 32 (5), 29 (4),
28 (42), 27 (9).

MS (ESI*, MeOH): m/z = 190 [M + HJ".

HRMS (ESI): m/z [M + HJ* calcd for C,,H;(NO: 190.1226; found:
190.1228.

2-(2-Chlorophenyl)-4-ethyl-4,5-dihydrooxazole (1k)

Oxazoline 1k was prepared according to general procedure 2 with
(+)-2-aminobutan-1-ol (89 mg, 1.0 mmol, 1.0 equiv), 2-chloro-
benzaldehyde (140 mg, 1.0 mmol, 1.0 equiv), K;PO, (636 mg,
3.0 mmol, 3 equiv), and NBS (178 mg, 1.0 mmol, 1.0 equiv) in tol-
uene. The crude product was purified by column chromatography
(pentane-MTBE-Et;N, 90:10:1). The product was obtained as a
yellowish oil; yield: 146 mg (69%); R, = 0.19 (pentane-MTBE~
Et;N, 90:10:1).

IR (film): 3070, 2974, 2932, 1652, 1594, 1570, 1479, 1436, 1355,
1329, 1305, 1240, 1129, 1094, 1035, 945, 900, 766, 735 cm™.

'"H NMR (300 MHz, CDCl,): § =1.02 (t, J=7.4 Hz, 3 H, CH,),
1.59-1.86 (m, 2 H, CH,CH,), 4.09 (dd, J=7.7 Hz,J = 7.8 Hz, 1 H,
OCH,), 426-4.35 (m, 1 H, NCHEt), 449 (dd, J=8.0Hz,
J=9.5Hz, 1 H), 7.28-7.45 (m, 3 H, ArH), 7.72-7.75 (m, 1 H,
ArH).

13C NMR (75 MHz, CDCl,): § = 10.0 (CH;), 28.6 (CH,CH,), 68.4
(NCHR), 72.3 (OCHEY), 126.6 (C,,), 128.0 (C,,), 130.7 (C,,),
131.4 (Cy,), 131.6 (C,,), 133.5 (C,)), 161.8 (OC=N).

MS (ED): m/z (%) = 211 (3) [M]*, 209 (15) [M]*, 183 (5), 182 (48),
181 (17), 180 (9), 180 (100), 179 (7), 166 (5), 164 (23), 154 (8), 153
(3), 152 (27), 151 (2), 141 (4), 140 (4), 139 (15), 138 (21), 137 (2),
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127 (15), 126 (3), 125 (35), 117 (2), 113 (3), 111 (13), 103 (2), 102
(20), 89 (6), 76 (5), 75 (17), 51 (4), 50 (4), 43 (4), 41 (8), 39 (8), 29
(3), 28 (20), 27 (11).

HRMS (ESI): m/z [M + H]* calcd for C;;H,;CINO: 210.0680;
found: 210.0680.

Methyl 4-(4-Ethyl-4,5-dihydrooxazol-2-yl)benzoate (11)
Oxazoline 11 was prepared according to general procedure 1 using
(¥)-2-aminobutan-1-ol (89 mg, 1.0 mmol, 1.0 equiv), methyl 4-
formylbenzoate (164 mg, 1.0 mmol, 1.0 equiv), and NBS (178 mg,
1.0 mmol, 1.0 equiv) in CH,Cl,. The crude product was purified by
column chromatography (pentane-MTBE-Et;N, 90:20:1) The
product was obtained as a white solid; yield: 193 mg (83%); R, =
0.27 (pentane-MTBE-Et;N, 90:20:1).

IR (KBr): 2962, 2918, 1716, 1646, 1611, 1508, 1441, 1409, 1383,
1359, 1283, 1195, 1116, 1066, 1019, 967, 949, 871, 783, 710 cm™'.

'H NMR (300 MHz, CDCL,): § = 1.01 (t, J=7.4 Hz, 3 H, CH,),
1.60-1.85 (m, 2 H, CH,CH;), 3.94 (s, 3 H, OCH,), 4.08 (t,
J=8.0Hz, 1 H, OCH,), 424-4.34 (m, 1 H, NCHEY), 4.53 (dd,
J=84Hz,J=9.2 Hz, 1 H), 8.00-8.10 (m, 4 H, ArH).

13C NMR (75 MHz, CDCL,): § =9.1 (CH5), 27.7 (CH,CH,), 51.4
(OCH,), 67.3 (NCHR), 71.5 (OCHEY), 127.3 (C,,), 128.6 (C,,),
131.1 (Cy,), 131.5 (C,,), 161.8, 164.2.

MS (ED): m/z (%) = 233 (7) [M]*, 205 (11), 204 (2), 204 (100), 103
(2), 202 (4), 188 (5), 176 (5), 163 (5), 162 (7), 149 (2), 145 (2), 132
(3), 117 (5), 105 (5), 104 (2), 103 (6), 102 (2), 90 (3), 77 (2), 76 (5),
75 (4), 59 (19), 50 (3), 43 (4), 41 (4), 39 (3), 29 (4), 28 (14), 27 (10).

HRMS (EI): m/z [M]* caled for C;3H;sNO;: 233.1046; found:
233.1055.

4-Ethyl-2-(4-nitrophenyl)-4,5-dihydrooxazole (1m)

Oxazoline 1m was prepared according to general procedure 2 using
(+)-2-aminobutan-1-o0l (89 mg, 1.0 mmol, 1.0 equiv), 4-nitrobenz-
aldehyde (151 mg, 1.0 mmol, 1.0equiv), K;PO, (636 mg,
3.0 mmol, 3 equiv), and NBS (178 mg, 1.0 mmol, 1.0 equiv) in tol-
uene. The crude product was purified by column chromatography
(pentane-MTBE-Et;N, 90:10:1). The product was obtained as a
pale yellow solid; yield: 150 mg (68%); R,=0.21 (pentane-MTBE~
Et;N, 90:10:1).

IR (film): 2971, 2894, 1647, 1597, 1520, 1471, 1410, 1345, 1287,
1263, 1104, 1070, 1010, 969, 956, 897, 862, 851, 704, 654 cm™".

'H NMR (300 MHz, CDCL,): § = 1.02 (t, J=7.4 Hz, 3 H, CH,),
1.57-1.85 (m, 2 H, CH,CH,), 4.11 (dd, J= 8.0 Hz, /= 8.0 Hz, | H,
OCH,), 4.25-4.35 (m, 1 H, NCHE), 4.54 (dd, J=82Hz,
J=9.5Hz, 1 H), 8.09-8.14 (m, 2 H, ArH), 8.24-8.28 (m, 2 H,
ArH).

13C NMR (75 MHz, CDCl,): § = 10.1 (CH;), 28.7 (CH,CH,), 68.6
(NCHR), 72.0 (OCHEY), 123.6 (C,,), 129.4 (C,,), 133.9 (C,,),
149.6 (C,NO,), 161.8 (OC=N).

MS (ED): m/z (%) = 220 (5) [M]*, 192 (12), 192 (2), 191 (100), 175
(5), 163 (11), 117 (13), 104 (2), 103 (5), 90 (6), 76 (8), 75 (2), 43
(4), 41 (3), 39 (2), 32 (4), 28 (46), 27 (3).

HRMS (EI): m/z [M]* caled for C;;H,,N,05: 220.0842; found:
220.0844.

(4S,5R)-2-tert-Butyl-4-methyl-5-phenyl-4,5-dihydrooxazole (1s)
Oxazoline 1s was prepared according to general procedure 1 using
L-norephedrine (151 mg, 1.0 mmol, 1.0 equiv), pivalaldehyde
(110 pL, 1.0 mmol, 1.0 equiv), and NBS (178 mg, 1.0 mmol,
1.0 equiv) in CH,Cl,. The product was obtained as a colorless oil;
yield: 197 mg (91%); [alp*' —214 (¢ 1.01, CHCLy); R, = 0.50 (pen-
tane-MTBE-Et;N, 90:10:1).
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IR (film): 3442, 3033, 2974, 2931, 2871, 1661, 1497, 1480, 1456,
1394, 1363, 1339, 1317, 1140, 1027, 980, 942, 918, 748, 700 cm™'.

'H NMR (300 MHz, CDCl): § =0.75 (d, J=7.0 Hz, 3 H, CH;),
1.32 [s, 9 H, C(CH;);], 4.37 4.48 (m, 1 H, NCHMe), 5.55 (d,
J=99Hz, 1H, OCHPh), 7.16-7.38 (m, 5 H, ArH).

13C NMR (75 MHz, CDCLy): § = 18.1 (CH,), 28.0 [C(CH,);], 33.4
[C(CH,);], 65.1 (NCHMe), 83.8 (OCHPh), 126.2 (C,,), 127.8 (Cp),
128.4 (Cy,), 137.7 (C,,), 173.2 (OC=N).

MS (EI): mlz (%) =216 (<1), 132 (3), 112 (2), 111 (25), 107 (3), 106
(3), 105 (46), 96 (2), 91 (2), 84 (9), 77 (14), 57 (24), 55 (33), 51 (2),
44 (15), 43 (100), 42 (2), 41 (23), 39 (4), 29 (11), 28 (30), 27 (5).

HRMS (ED): m/z [M]* caled for C;,H,(NO: 217.1461; found:
217.1468.

(4S,5R)-4-Methyl-2-nonyl-5-phenyl-4,5-dihydrooxazole (1t)
Oxazoline 1t was prepared according to general procedure 1 using
L-norephedrine (151 mg, 1.0 mmol, 1.0 equiv), decanal (156 mg,
1.0 mmol, 1.0 equiv), and NBS (178 mg, 1.0 mmol, 1.0 equiv) in
CH,Cl,. The product was obtained as a yellowish oil; yield: 270 mg
(94%); [alp® -110 (¢ 1.01 CHCL); R, = 0.75 (pentane-MTBE-
Et;N, 90:10:1).

IR (film): 3031, 2926, 2855, 1743, 1669, 1495, 1455, 1377, 1234,
1168, 1087, 981, 916, 746, 700, 536 cm™".

'H NMR (300 MHz, CDCL,): § =0.76 (d, J = 7.0 Hz, 3 H, CH,),
0.83-0.93 [m, 3 H, CHy(CH,);], 1.17-1.46 [m, 12 H, (CH,),], 1.68—
1.78 (m, 2 H, CH,CH,), 2.36-2.42 [m, 2 H, CH,C(O)=N], 4.36—
4.48 (m, 1 H, NCHMe), 5.56 (d, J=9.8 Hz, 1 H, OCHPh), 7.17—
7.21 (m, 2 H, ArH), 7.27-7.40 (m, 3 H, ArH).

13C NMR (75 MHz, CDCl,y): § = 14.2 (CH,), 18.1 (CHj), 22.8
(CH,), 26.2 (CH,), 28.4 (CH,), 29.4 (CH,), 29.5 (CH,), 29.6 (CH,),
32.0 (CH,), 65.0 (NCHMe), 83.9 (OCHPh), 126.2 (C,,), 127.9
(Cp), 1284 (C,), 137.4 (C,,), 167.4 (OC=N).

MS (EI): miz (%) = 287 (<1) [M]*, 188 (7), 181 (7), 180 (11), 176
(@), 175 (61), 167 (2), 166 (74), 152 (43), 139 (8), 138 (54), 134
(13), 133 (6), 132 (13), 125 (5), 124 (38), 117 (4), 111 (20), 110
(19), 105 (6), 97 (10), 96 (25), 95 (2), 91 (6), 84 (10), 83 (11), 82

(32), 81 (20), 80 (2), 79 (4), 77 (7), 71 (5) 70 (13), 69 (50), 68 (19),
67 (11), 58 (3), 57 (14), 56 (5), 55 (35), 54 (17), 44 (100), 43 (33),
42 (25), 41 (62), 39 (3), 32 (3); 29 (23), 28 (46), 27 (9).

MS (ESI*, MeOH): m/z = 288.3 [M + HJ*.

HRMS (ESI): m/z [M + H]"* calcd for C,yH;,NO: 288.2322; found:
288.2323.

4,4-Dimethyl-2-nonyl-4,5-dihydrooxazole (1u)*

Oxazoline 1u was prepared according to general procedure 1 using
2-amino-2-methylpropan-1-ol (89 mg, 1.0 mmol, 1.0 equiv), dec-
anal (156 mg, 1.0 mmol, 1.0 equiv), and NBS (178 mg, 1.0 mmol,
1.0 equiv) in CH,Cl,. The product was obtained as a colorless oil;
yield: 217 mg (96%).

IR (film): 2926, 2855, 2061, 1746, 1720, 1668, 1464, 1364, 1277,
1248, 1192, 1152, 1115, 997, 925, 818, 723,593 cm™.

'H NMR (300 MHz, CDCL,): & = 0.80-0.90 [m, 3 H, CHy(CH,),
1.18-1.36 [m, 18 H, CH,CH,(CH,)q, 2 x CH,], 1.54-1.65 (m, 2 H,
CH,CH,), 2.19-2.24 [m, 2 H, CH,C(O)=N1, 3.88 (s, 2 H, OCH,).

13C NMR (75 MHz, CDCLy): § = 14.2 (CH,), 22.8 (CH,), 26.2
(CH,), 28.3 (CH,), 28.6 (CH,), 29.3 (CH,), 29.4 (CH,), 29.6 (CH,),
29.7 (CH,), 32.0 (CH,), 67.0 (NCMe,), 79.0 (OCH,), 166.3
(OC=N).

MS (ED): m/z (%) = 224 (10), 193 (3), 126 (3), 113 (35), 72 (10), 69
(7), 58 (67), 57 (10), 56 (2), 55 (17), 54 (11), 43 (16), 42 (23), 41
(100), 39 (19), 32 (11), 29 (75), 28 (65), 27 (10).

MS (ESI¥, MeOH): m/z = 226.3 [M + HJ*.

HRMS (ESI): m/z [M + H]* calcd for C,,H,sNO: 226.2165; found:
226.2165.
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Table 4 Comparison of the Optical Rotations with the Literature Values

Entry Product Measured Literature
[alp c[10-,gL™] Solvent [alp c[10 gL7'] Ref.

1 1c [a]p? -83 0.63 CHCl, [a]p? —85.2 1.09 2a
2 1c CHCl, [0]p?> —83.2 0.56 216
3 1c CHCl, [a]p? -72 6.5 2e
4 1d [a]p? +22 1.25 MeOH [a]p2 +22.9 1.23 2
5 le [a]p'7 -369 3.24 CHCl, [a]p?* =355 3.23 »
6 1f [0]p2° ~169 0.99 MeOH [0]p2 -177.1 0.99 %
7 1o [a]p? —106 0.70 CH,Cl, [a]p2° —110 0.70 »
8 1q [a]p? +86 1.55 MeOH [o]p? +89.2 4.54 3l
9 Ir [0]p2 -36 1.34 CHCl, [0]p2 -38.2 1.31 2

10 1s [a]p? 214 1.01 CHCl, - - -

11 1t [alp® -110 1.01 CHCl, - - -
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Note added in proof (14) (a) Intramolecular redox reaction of 2-formylbenzaldehyde,
Af h bmissi £ thi . lated h i see: Shipchandler, M. T. J. Heterocycl. Chem. 1977, 14,
ter the su mission o this manuscrlpt, are ate rep01.‘t as ap 305. (b) Reaction of aldehydes with 1,2-hydroxy azides, see:
peared: A Convenient Synthesis of Oxazolines and Imidazolines Badiane. J. G.- Aubé. J. J. Ore. Ch 1996. 61. 2484
. . . g,J. G.; Aubé, J. J. Org. Chem. ,61, .
from Aromatic Aldehydes with Pyridinium Hydrobromide Perbro- . . : :
[ (c) Synthesis of 3-oxazolines (with the formation of 2-
mide in Water, Sayama, S. Synlett 2006, 1479. . . . LT .
oxazoline as minor byproducts), see: Favreau, S.; Lizzani-
Cuvelier, L.; Loiseau, M.; Duiiach, E.; Fellous, R.
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