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Direct oxidative conversion of aldehydes and alcohols to
2-imidazolines and 2-oxazolines using molecular iodine
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Abstract—Aldehydes were converted to the corresponding 2-imidazolines and 2-oxazolines in good yields by the reaction with ethylenedi-
amine and aminoethanol, respectively, using molecular iodine and potassium carbonate. Moreover, primary alcohols were directly converted
to the corresponding 2-imidazolines and 2-oxazolines via aldehydes in one-pot manner with ethylenediamine and aminoethanol, respectively,
using molecular iodine and potassium carbonate.
� 2006 Published by Elsevier Ltd.
1. Introduction

Preparation of 2-substituted imidazolines and oxazolines has
become of great interest and importance because of their
pharmaceutical1 and synthetic material applications.2 To
date, there are several synthetic methods for 2-imidazolines
and 2-oxazolines starting from mainly nitriles,3 esters,4 car-
boxylic acids,5 and acyl benzotriazoles.6 Aldehydes can also
be used as the starting substrate, such as for BF3-promoted
oxazoline formation from the reaction of azidoalcohols
with aldehydes,7 and 2-arylmethyl imidazolines formation
from the reaction of 2-aryl-1,1-dibromoethenes with ethylene-
diamine.8 More recently, preparation of 2-imidazolines9,10

and 2-oxazolines10 could be performed by the reaction
of aldehydes with ethylenediamine and aminoethanol,
respectively, with NXS9 (X¼Cl, Br, and I) and pyridinium
hydrobromide perbromide.10 Once 2-imidazolines and
2-oxazolines are formed, they can be smoothly oxidized to
the corresponding 2-imidazoles and 2-oxazoles by oxidants
such as MnO2,11a NiO2,11b Pd/C,11c DMSO,3f KMnO4,11d

trichloroisocyanuric acid,11e (COCl)2–DMSO,8 and IBX,11f

etc. As a part of our basic study of molecular iodine for
organic synthesis, previously we reported an efficient prep-
aration of various alcohols to esters12 and nitriles,13 and very
recently we reported the preparation of 2-imidazolines and
2-imidazoles from aldehydes with molecular iodine and
(diacetoxyiodo)benzene as a preliminary study.14 Here, we
would like to report as a full form for the preparation of
2-imidazolines and 2-oxazolines from aldehydes, and direct
one-pot oxidative conversion of primary alcohols to the
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corresponding 2-imidazolines and 2-oxazolines with ethyl-
enediamine and aminoethanol, respectively, using molecular
iodine in the presence of potassium carbonate.

2. Results and discussion

2.1. Preparation of 2-imidazolines and 2-oxazolines
from aldehydes

The addition of molecular iodine to a mixture of p-tolualde-
hyde and ethylenediamine in the presence of K2CO3

provided the corresponding 2-(4-methylphenyl)imidazoline,
and the use of 1.25 equiv of molecular iodine gave the prod-
uct quantitatively as shown in Table 1 (entry 3). According to
our previously reported reaction conditions using molecular
iodine,12b t-BuOH was used as a solvent in the present reac-
tion. ICl also works; however, molecular iodine is much

Table 1. Formation of 2-(4-methylphenyl)imidazoline from p-tolualdehyde
with ethylenediamine and iodine

N

H
N

H2N NH2

CHO

2 2
I2 and K2CO3 (3.0 equiv.)

(1.1 equiv.)

t-BuOH   70 °C, 3 h 
R R

R = CH3

Entry I2 (equiv) Yield (%)a

1 0.75 82
2 1.00 89
3 1.25 100
4 1.50 100
5 2.5b 83

a Isolated yield.
b ICI was used, instead of I2.

mailto:togo@faculty.chiba-u.jp
mailto:togo@faculty.chiba-u.jp


1475M. Ishihara, H. Togo / Tetrahedron 63 (2007) 1474–1480
more efficient in terms of operational utility of the
reagent and the yield (entry 5). The same treatment of
p-tolualdehyde with (diacetoxyiodo)benzene (DIB), instead
of molecular iodine, gave a complicated reaction mixture,
and 2-(4-methylphenyl)imidazoline was not formed at all.
Based on these results, various aromatic aldehydes were
treated with ethylenediamine and molecular iodine under
the same conditions to provide the corresponding 2-
substituted imidazolines in good yields, as shown in
Table 2. Thus, aromatic aldehydes bearing electron-donating
substituents and electron-withdrawing substituents can be
successfully converted to the corresponding 2-arylimidazo-
lines in good yields. Adamantanecarboxaldehyde can be
also transformed to 2-adamantylimidazoline quantitatively
(entry 10). However, cyclohexanecarboxaldehyde and 3-
phenylpropionaldehyde, bearing the a-hydrogen atom, gave

Table 2. Preparation of 2-substituted imidazolines from aldehydes with
ethylenediamine and iodine

R CHO
N

H
N

H2N NH2
I2 (1.25 equiv.),
K2CO3 (3.0 equiv.)

(1.1 equiv.)

t-BuOH   70 °C, 3 h
R

R'

Entry R R0 Yield (%)a

1 H 100

2 CH3O H 100

3 Br H 97

4 O2N H 99

5 NC H 98

6

Cl
H 99

7
S

H 94

8
N

H 97

9 H 99

10 H 100

11 H 50

12 H 53

13 CH3 CH3 98

14 Br CH3
100

a Isolated yield.
2-cyclohexylimidazoline and 2-(2-phenylethyl)imidazoline
in moderate yields, respectively, under the same conditions
(entries 11 and 12). Treatment of 1-methyl-1,2-ethylenedi-
amine under the same conditions gave the corresponding
2-aryl-4-methylimidazolines in good yields (entries 13 and
14). The same treatment of p-tolualdehyde with (R,R)-
(+)-diphenylethylenediamine, instead of ethylenediamine,
provided the corresponding (R,R)-2-(4-methylphenyl)-4,5-
diphenylimidazoline in 92% yield as shown in Eq. 1.

CH3 CHO
t-BuOH 70 °C, 3 h

H2N NH2
I2 (1.25 equiv.), 
K2CO3 (3.0 equiv.)

(1.1 equiv.)

Ph Ph

CH3
N

H
N Ph

Ph92%

ð1Þ

The addition of molecular iodine to a mixture of p-tolualde-
hyde and aminoethanol in the presence of K2CO3 provided
the corresponding 2-(4-methylphenyl)oxazoline, and the
use of 2.0 equiv of molecular iodine gave the product in
the best yield as shown in Table 3 (entries 3 and 4). Based
on these results, various aromatic aldehydes were treated
with aminoethanol and molecular iodine under the same
conditions to provide the corresponding 2-substituted oxazo-
lines in good to moderate yields, as shown in Table 4. For
p-nitrobenzaldehyde, p-cyanobenzaldehyde, 2-pyridinecar-
boxaldehyde, 1-naphthaldehyde, and 2-thiophenaldehyde,
sodium carbonate and sodium hydrogen carbonate gave
the corresponding 2-aryloxazolines in better yields than
that of potassium carbonate (entries 4–8). Reactions of ada-
mantanecarboxaldehyde and cyclohexanecarboxaldehyde
under the same conditions gave 2-adamantyloxazoline and
2-cyclohexyloxazoline in 70% and 32% yields, respectively
(entries 9 and 10). However, 3-phenylpropionaldehyde did
not provide the corresponding oxazoline at all, and instead,
a very complicated reaction mixture was formed (entry 11).

2.2. Preparation of 2-imidazolines and 2-oxazolines
from alcohols

Then, direct one-pot oxidative conversion of primary alco-
hols to the corresponding 2-imidazolines and 2-oxazolines

Table 3. Formation of 2-(4-methylphenyl)oxazoline from p-tolualdehyde
with aminoethanol and iodine

CH3

N

O
H2N OH

CHO
N

H2N
I2 and K2CO3 (3.0 equiv.)

(1.1 equiv.)

t-BuOH   70 °C 
R R

R =

Entry I2 (equiv) Time (h) Yield (%)a

1 1.25 8 69
2 1.25 24 74
3 2.0 24 86
4 2.0 18 88
5 2.0b 18 12

a Isolated yield.
b Without K2CO3.
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through the formation of aldehydes, with ethylenediamine
and aminoethanol, respectively, using molecular iodine
and potassium carbonate was carried out. Thus, primary
alcohols were initially treated with molecular iodine and
potassium carbonate (70 �C, 8 h) to form the corresponding
aldehydes, and then ethylenediamine was added to the
mixture (70 �C, 2 h) to provide the corresponding 2-imid-
azolines. The results are shown in Table 5. Various
p-substituted benzylic alcohols could be directly converted
to the corresponding 2-arylimidazolines in good yields,
except for nitrobenzyl alcohols. In nitrobenzyl alcohols,
the formation of oxidatively condensed ester was observed,
together with the starting nitrobenzylalcohols. In aliphatic
primary alcohols, adamantanemethanol gave 2-adamantyl-
imidazoline quantitatively (entry 10), while cyclohexane-
methanol provided the corresponding 2-imidazoline in
32% yield (entry 11).

Then, under the same conditions, various p-substituted
benzylic alcohols could be successfully converted to the
corresponding 2-aryloxazoline in one-pot manner in good
yields similarly, except for nitrobenzyl alcohols, by the reac-
tion with molecular iodine, followed by treatment with

Table 4. Preparation of 2-oxazoline from aldehydes with aminoethanol and
iodine

N

O
RR CHO

H2N OH (1.1 equiv.)
I2 (2.0 equiv.), 
K2CO3 (3.0 equiv.)

t-BuOH   70 °C, 18 h

Entry R Yield (%)a

1 75

2 CH3O 83

3 Br 75

4 O2N 55, 74,b 76c

5 NC 55, 64,b 64c

6
N

41, 54,b 27c

7 54, 72,b 52c

8
S

17, 40,b 45c

9 70

10 32

11
0

a Isolated yield.
b Na2CO3 (3.0 equiv) was used, instead of K2CO3.
c NaHCO3 (3.0 equiv) was used, instead of K2CO3.
aminoethanol as shown in Table 6. In aliphatic primary alco-
hols, adamantanemethanol gave the 2-adamantyloxazoline
in good yield (entry 10), while cyclohexanemethanol pro-
vided 2-cyclohexyloxazoline in poor yield (entry 11).

Generally, the present oxidative conversion proceeded
efficiently, except for benzylic alcohols bearing electron-
withdrawing groups such as nitrobenzylalcohols, and cyclo-
hexanemethanol containing the b-hydrogen atom (entries 6,
7 and 11 in Table 5 and entries 6, 7 and 11 in Table 6). In the
former case, the formed aldehyde smoothly reacts with the
starting primary alcohol to form the oxidatively condensed
ester via oxidation of the formed hemiacetal,12b and in the
latter case, the formed aldehyde may induce side reactions,
such as aldol reaction or formation of enamine. Thus,
benzylic alcohols bearing electron-donating substituents
on the aromatic ring can be efficiently converted to the cor-
responding 2-arylimidazolines and 2-aryloxazolines in good
yields. Neopentyl-type alcohols such as adamantanemetha-
nol can also be effectively converted to the corresponding
2-alkylimidazolines and 2-alkyloxazolines.

Table 5. Direct oxidative conversion of alcohols to 2-imidazolines

N

H
N

t-BuOH, 70 °C
RR CH2OH

2) H2NCH2CH2NH2,

1)  I2 (2.25 equiv.),
K2CO3 (3.0 equiv.), 8 h 

(1.5 equiv.),  2 h 

Entry R Yield (%)a

1 99

2 CH3 99

3 CH3O 99

4 Br 92 (4b)

5 (CH3)3C 99

6 O2N 20 (26,b 6c)

7

O2N
28 (21,b 8c)

8
S

99

9 96d

10 99e

11
32 (7b)

a Isolated yield.
b Yield of oxidatively condensed ester (RCO2CH2R).
c Recovery of starting substrate.
d Reaction time for the first step was 16 h.
e I2 (2.5 equiv) was used.
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Table 6. Direct oxidative conversion of alcohols to 2-oxazolines

N

O

t-BuOH, 70 °C
RR CH2OH

1) I2 (3.0 equiv.),

2) H2NCH2CH2OH,
K2CO3 (4.0 equiv.), 8 h

(1.5 equiv.),  18 h

Entry R Yield (%)a

1 81

2 CH3 85

3 CH3O 83

4 Br 72 (3b)

5 (CH3)3C 88

6 O2N 16 (14,b 15c)

7

O2N
16 (14,b 9c)

8
S

33

9 55

10 82

11
4

a Isolated yield.
b Yield of oxidatively condensed ester (RCO2CH2R).
c Recovery of starting substrate.

N

X
RR CH2OH

(-HI)

R
H
C O

I

H

R CH=O R
N
H

X

N

X

I

R

H

X = NH or O

R
N

H
XH

(-HI)
(-HI)

(-HI)

1) I2, K2CO3
2) H2NCH2CH2XH

t-BuOH

(- H2O)

I2

I2

H2NCH2CH2XH

Scheme 1. Plausible reaction pathway.
A plausible reaction pathway is shown in Scheme 1. The
rate-determining step is exactly the oxidation of alcohol to
the aldehyde. Thus, it is required that ethylenediamine and
aminoethanol should be added after the formation of alde-
hydes, to form the corresponding 2-substituted imidazoline
and oxazoline effectively, since ethylenediamine and amino-
ethanol are smoothly oxidized by molecular iodine under the
present reaction conditions.

3. Conclusion

In summary, 2-imidazolines and 2-oxazolines could be eas-
ily and efficiently obtained in good to moderate yields from
the reaction of aldehydes and primary alcohols, with ethyl-
enediamine and aminoethanol, respectively, using molecular
iodine and potassium carbonate in tert-butyl alcohol. As is
well known, the advantages of molecular iodine are opera-
tional simplicity, low cost, and low toxicity. Thus, the pres-
ent method is useful for the preparation of 2-substituted
imidazolines and oxazolines.

4. Experimental

4.1. General

1H and 13C NMR spectra were obtained with JEOL-JNM-
LA-400, JEOL-JNM-LA-400s, JEOL-JNM-LA-500, spec-
trometers. Chemical shifts are expressed in parts per million
downfield from tetramethylsilane (TMS) in d units. IR spec-
tra were measured with JASCO FT/IR-810 and FT/IR-4100
spectrometers. Mass spectra were recorded on JEOL-HX-
110 and JEOL-JMS-ATII15 spectrometers. Melting points
were determined on Yamato melting points apparatus Model
MP-21. Silica gel 60 (Kanto Kagaku Co.) was used for
column chromatography and Wakogel B-5F was used for
preparative TLC.

4.2. Typical procedure for preparation of 2-imidazolines
from aldehydes

To a solution of p-tolualdehyde (120.2 mg, 1 mmol) in
tert-butyl alcohol (10 ml) was added ethylenediamine
(66.1 mg, 1.1 mmol). The obtained mixture was stirred at
room temperature under an argon atmosphere for 30 min,
and then K2CO3 (414.6 mg, 3 mmol) and I2 (317.3 mg,
1.25 mmol) were added to the mixture and stirred at
70 �C. After 3 h, the mixture was quenched with satd aq
Na2SO3 until the iodine color almost disappeared, and was
extracted with CHCl3. The organic layer was washed with
satd aq NaHCO3 and brine, and dried over Na2SO4. After
filtration, the mixture was evaporated in vacuo to provide
160.2 mg of 2-(4-methylphenyl)imidazoline in 100% yield
in an almost pure state.

4.2.1. 2-(4-Methylphenyl)imidazoline. Mp 181–182 �C
(lit.15 mp 181 �C); IR (KBr): 3140, 2925, 1600, 1495, 985,
830 cm�1. 1H NMR (400 MHz, CDCl3): d¼2.38 (s, 3H),
3.77 (s, 4H), 7.21 (d, J¼8.3 Hz, 2H), 7.67 (d, J¼8.3 Hz, 2H).

4.2.2. 2-Phenylimidazoline. Mp 101.5–102 �C (lit.15 mp
100–101 �C); IR (KBr): 3200, 2930, 1600, 1510, 1270,
985, 695 cm�1; 1H NMR (400 MHz, CDCl3): d¼3.90



1478 M. Ishihara, H. Togo / Tetrahedron 63 (2007) 1474–1480
(s, 4H), 7.46 (t, J¼7.2 Hz, 2H), 7.57 (t, J¼7.2 Hz, 1H), 7.95
(d, J¼7.2 Hz, 2H).

4.2.3. 2-(4-Methoxyphenyl)imidazoline. Mp 136–138 �C
(lit.16 mp 137–139 �C); IR (KBr): 3120, 2830, 1605, 1490,
1255, 1035, 845 cm�1; 1H NMR (400 MHz, CDCl3):
d¼3.77 (s, 4H), 3.84 (s, 3H), 6.91 (d, J¼8.9 Hz, 2H), 7.73
(d, J¼8.9 Hz, 2H).

4.2.4. 2-(4-Bromophenyl)imidazoline. Mp 177–177.5 �C;
IR (KBr): 3150, 2930, 1610, 1470, 1270, 1010, 835 cm�1;
1H NMR (400 MHz, CDCl3): d¼3.79 (s, 4H), 7.54 (d,
J¼8.7 Hz, 2H), 7.65 (d, J¼8.7 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d¼125.0, 128.5, 129.4, 131.6, 163.8;
HRMS (FAB); obsd M+H¼225.0021. Calcd for
C9H10N2Br M+H¼225.0027.

4.2.5. 2-(4-Nitrophenyl)imidazoline. Mp 235–237 �C
(lit.17 mp 231 �C); IR (KBr): 3180, 2935, 1580, 1520,
1335, 1105, 855 cm�1; 1H NMR (400 MHz, CDCl3): d¼
3.85 (s, 4H), 7.95 (d, J¼8.9 Hz, 2H), 8.27 (d, J¼8.9 Hz, 2H).

4.2.6. 2-(4-Cyanophenyl)imidazoline. Mp 195–196 �C; IR
(KBr): 3160, 2230, 1595, 1490, 1275, 985, 850 cm�1; 1H
NMR (400 MHz, CDCl3): d¼3.83 (s, 4H), 7.70 (d,
J¼8.5 Hz, 2H), 7.88 (d, J¼8.5 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d¼114.2, 118.4, 127.7, 132.4, 134.7,
163.2; HRMS (FAB) obsd M+H¼172.0883. Calcd for
C10H10N3 M+H¼172.0875.

4.2.7. 2-(2-Chlorophenyl)imidazoline. Mp 83 �C (lit.18 mp
69–70 �C); IR (KBr): 3100, 2920, 1610, 1505, 1260, 985,
765 cm�1; 1H NMR (400 MHz, CDCl3): d¼3.80 (s, 4H),
7.28–7.41 (m, 3H), 7.78 (dd, J¼7.5 and 1.9 Hz, 1H).

4.2.8. 2-(2-Thienyl)imidazoline. Mp 175 �C (lit.16 mp 175–
177 �C); IR (KBr): 3150, 2935, 1595, 1495, 1270, 985,
710 cm�1; 1H NMR (400 MHz, CDCl3): d¼3.78 (s, 4H),
7.06 (dd, J¼4.9 and 3.7 Hz, 1H), 7.36 (dd, J¼3.7 and
0.9 Hz, 1H), 7.40 (dd, J¼4.9 and 0.9 Hz, 1H).

4.2.9. 2-(2-Pyridyl)imidazoline. Mp 95–96 �C; IR (KBr):
3270, 1595, 1505, 1280, 975, 805, 750 cm�1; 1H NMR
(400 MHz, CDCl3): d¼3.85 (s, 4H), 7.36 (dd, J¼4.8 and
1.2 Hz, 1H), 7.77 (td, J¼7.7 and 1.7 Hz, 1H), 8.14 (d,
J¼8 Hz, 1H), 8.57 (dt, J¼4.9 and 0.7 Hz, 1H); 13C NMR
(100 MHz, CDCl3): d¼50.4, 122.2, 125.0, 136.5, 148.5,
148.6, 164.2; HRMS (FAB); obsd M+H¼148.0876. Calcd
for C8H10N3 M+H¼148.0875.

4.2.10. 2-(1-Naphthyl)imidazoline. Mp 131–133 �C (lit.19

mp 134 �C); IR (KBr): 3140, 2860, 1570, 1515, 1270, 980,
775 cm�1; 1H NMR (400 MHz, CDCl3): d¼3.89 (s, 4H),
7.45–7.57 (m, 3H), 7.75 (dd, J¼7.1 and 1.2 Hz, 1H),
7.85–7.91 (m, 2H), 8.68 (d, J¼8.5 Hz, 1H).

4.2.11. 2-(1-Adamantyl)imidazoline. Mp 162.5–163.5 �C;
IR (KBr): 3230, 3000, 1590, 1495, 1250, 1085, 980 cm�1;
1H NMR (400 MHz, CDCl3): d¼1.69–1.77 (m, 6H), 1.86–
1.87 (m, 6H), 2.03 (m, 3H), 3.56 (s, 4H); 13C NMR
(100 MHz, CDCl3): d¼28.1, 35.1, 36.5, 40.3, 49.4, 174.5;
HRMS (FAB); obsd M+H¼205.1703. Calcd for C13H21N2

M+H¼205.1705.
4.2.12. 2-Cyclohexylimidazoline. Mp 130.5–131 �C (lit.15

mp 134 �C); IR (paraffin): 3085, 1600, 1510, 1275, 1060,
980 cm�1; 1H NMR (400 MHz, CDCl3): d¼1.16–1.43 (m,
5H), 1.67–1.92 (m, 5H), 2.22 (tt, J¼11.5 and 3.4 Hz, 1H),
3.56 (s, 4H).

4.2.13. 2-(2-Phenylethyl)imidazoline. Mp 101–103 �C; IR
(KBr): 3160, 2925, 1605, 1500, 1285, 960, 700 cm�1; 1H
NMR (400 MHz, CDCl3): d¼2.54 (t, J¼8.0 Hz, 2H), 2.96
(t, J¼8.0 Hz, 2H), 3.55 (br s, 4H), 7.21–7.36 (m, 5H); 13C
NMR (100 MHz, CDCl3): d¼31.3, 32.9, 126.3, 128.3,
128.6, 141.1, 167.2; HRMS (FAB); obsd M+H¼175.1237.
Calcd for C11H15N2 M+H¼175.1235.

4.2.14. 2-(4-Methylphenyl)-4-methylimidazoline. Mp 162–
164 �C; IR (paraffin): 3400, 1590, 1540, 1330, 1015, 830,
730 cm�1; 1H NMR (400 MHz, CDCl3): d¼1.29 (d,
J¼6.3 Hz, 3H), 2.38 (s, 3H), 3.36 (br s, 1H), 3.91 (br s,
1H), 4.11 (br s, 1H), 7.20 (d, J¼8.0 Hz, 2H), 7.66 (d,
J¼8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3): d¼21.3,
22.0, 51.2, 53.2, 118.3, 129.7, 130.0, 146.4, 164.1; HRMS
(FAB); obsd M+H¼175.1236. Calcd for C11H15N2

M+H¼175.1235.

4.2.15. 2-(4-Bromophenyl)-4-methylimidazoline. Mp
102 �C; IR (paraffin): 3140, 1610, 1270, 1130, 1015, 840,
730 cm�1; 1H NMR (400 MHz, CDCl3): d¼1.29 (d,
J¼5.8 Hz, 3H), 3.37 (br s, 1H), 3.92 (br s, 1H), 4.12 (br
s, 1H), 7.53 (d, J¼8.5 Hz, 2H), 7.64 (d, J¼8.5 Hz, 2H);
13C NMR (100 MHz, CDCl3): d¼21.8, 124.8, 128.5,
129.5, 131.5, 162.4; HRMS (FAB); obsd M+H¼
239.0170. Calcd for C10H12BrN2 M+H¼239.0184.

4.2.16. (4R,5R)-2-(4-Methylphenyl)-4,5-diphenylimid-
azoline. Mp 146.5 �C; IR (paraffin): 3150, 1600, 1130,
1020, 830, 765, 700 cm�1; 1H NMR (400 MHz, CDCl3):
d¼2.43 (s, 3H), 4.75 (br, 1H), 5.07 (br, 1H), 5.33 (br, 1H),
7.26–7.37 (m, 12H), 7.84 (d, J¼8.2 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d¼21.4, 126.7, 127.3, 127.4, 128.6,
129.2, 143.6, 163.0; HRMS (FAB); obsd M+H¼313.1676.
Calcd for C22H21N2 M+H¼313.1705.

4.2.17. 2-(4-tert-Butylphenyl)imidazoline. Mp 167–169 �C;
IR (KBr): 3140, 2970, 1600, 1470, 1270, 985, 840 cm�1; 1H
NMR (400 MHz, CDCl3): d¼1.33 (s, 9H), 3.78 (s, 4H), 7.42
(d, J¼8.5 Hz, 2H), 7.71 (d, J¼8.5 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d¼31.1, 34.8, 50.4, 125.3, 126.7, 127.6,
153.9, 164.6; HRMS (FAB); obsd M+H¼203.1549. Calcd
for C13H19N2 M+H¼203.1548.

4.2.18. 2-(3-Nitrophenyl)imidazoline. Mp 156–157 �C
(lit.18 156–157 �C); IR (KBr): 3150, 2940, 1600, 1525,
1350, 980, 700 cm�1; 1H NMR (400 MHz, CDCl3):
d¼3.63 (br s, 2H), 4.07 (br s, 2H), 4.87 (br s, 1H), 7.61 (t,
J¼7.9 Hz, 1H), 8.17 (d, J¼7.9 Hz, 1H), 8.31 (d, J¼7.9 Hz,
1H), 8.59 (s, 1H).

4.3. Typical procedure for preparation of 2-oxazolines
from aldehydes

To a solution of p-tolualdehyde (120.2 mg, 1 mmol) in tert-
butyl alcohol (10 ml) was added aminoethanol (67.2 mg,
1.1 mmol). The mixture was stirred at room temperature
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under an argon atmosphere for 30 min, and K2CO3

(414.6 mg, 3 mmol) and I2 (507.6 mg, 2 mmol) were added
to the mixture and stirred at 70 �C. After 18 h, the mixture
was quenched with satd aq Na2SO3 until the iodine color
almost disappeared and was extracted with Et2O. The or-
ganic layer was washed with brine and dried over Na2SO4.
After filtration, the solvent was removed in vacuo. The
residue was chromatographed on neutral silica gel (AcOEt)
to give 141.9 mg of 2-(4-methylphenyl)oxazoline in 88%
yield.

4.3.1. 2-(4-Methylphenyl)oxazoline. Mp 71–72 �C (lit.3b

mp 69–71 �C); IR (KBr): 3040, 2940, 1650, 1355, 1260,
1070, 940 cm�1; 1H NMR (400 MHz, CDCl3): d¼2.39 (s,
3H), 4.04 (t, J¼9.4 Hz, 2H), 4.41 (t, J¼9.4 Hz, 2H), 7.21
(d, J¼8.1 Hz, 2H), 7.83 (d, J¼8.1 Hz, 2H).

4.3.2. 2-Phenyloxazoline. Bp 80 �C/2 mmHg (lit.20 bp 68–
70 �C/0.5 mmHg); IR (Neat): 2975, 1650, 1360, 1260,
1065, 780, 690 cm�1; 1H NMR (400 MHz, CDCl3):
d¼4.07 (t, J¼9.5 Hz, 2H), 4.44 (t, J¼9.5 Hz, 2H), 7.41 (t,
J¼7.0 Hz, 2H), 7.48 (t, J¼7.0 Hz, 1H), 7.95 (d, J¼7.0 Hz,
2H).

4.3.3. 2-(4-Methoxyphenyl)oxazoline. Mp 61.5–62 �C
(lit.16 mp 62.5–63.5 �C); IR (KBr): 2905, 1645, 1510,
1255, 1165, 1070, 940 cm�1; 1H NMR (400 MHz,
CDCl3): d¼3.85 (s, 3H), 4.04 (t, J¼9.5 Hz, 2H), 4.41 (t,
J¼9.5 Hz, 2H), 6.92 (d, J¼8.8 Hz, 2H), 7.89 (d, J¼8.8 Hz,
2H).

4.3.4. 2-(4-Bromophenyl)oxazoline. Mp 95–97 �C; IR
(KBr): 2910, 1645, 1395, 1260, 1075, 835, 730 cm�1; 1H
NMR (400 MHz, CDCl3): d¼4.06 (t, J¼9.6 Hz, 2H), 4.42
(t, J¼9.6 Hz, 2H), 7.55 (d, J¼8.5 Hz, 2H), 7.81 (d,
J¼8.5 Hz, 2H); 13C NMR (100 MHz, CDCl3): d¼55.0,
67.7, 125.9, 126.7, 129.7, 131.6, 163.9; HRMS (FAB);
obsd M+H¼225.9859. Calcd for C9H9NOBr M+H¼
225.9868.

4.3.5. 2-(4-Nitrophenyl)oxazoline. Mp 174 �C (lit.21 mp
178–179 �C); IR (KBr): 2360, 1650, 1520, 1335, 1070,
940, 700 cm�1; 1H NMR (400 MHz, CDCl3): d¼4.13 (t,
J¼9.7 Hz, 2H), 4.51 (t, J¼9.7 Hz, 2H), 8.12 (d, J¼8.9 Hz,
2H), 8.28 (d, J¼8.9 Hz, 2H).

4.3.6. 2-(4-Cyanophenyl)oxazoline. Mp 113–114 �C; IR
(KBr): 2225, 1650, 1265, 1070, 940, 850, 670 cm�1; 1H
NMR (400 MHz, CDCl3): d¼4.11 (t, J¼9.7 Hz, 2H), 4.49
(t, J¼9.7 Hz, 2H), 7.71 (d, J¼8.5 Hz, 2H), 8.05 (d,
J¼8.5 Hz, 2H); 13C NMR (100 MHz, CDCl3): d¼55.1,
68.0, 114.6, 118.2, 128.6, 131.8, 132.1, 163.0; HRMS
(FAB) obsd M+H¼173.0722. Calcd for C10H9N2O
M+H¼173.0715.

4.3.7. 2-(2-Pyridyl)oxazoline. Bp 90 �C/2 mmHg; IR (Neat):
3400, 2940, 1640, 1370, 1100, 945, 800 cm�1; 1H NMR
(400 MHz, CDCl3): d¼4.13 (t, J¼9.7 Hz, 2H), 4.54 (t,
J¼9.7 Hz, 2H), 7.39–7.42 (m, 1H), 7.79 (t, J¼7.8 Hz, 1H),
8.05 (d, J¼8.0 Hz, 1H), 8.71 (d, J¼4.9 Hz, 1H); 13C NMR
(100 MHz, CDCl3): d¼54.9, 68.0, 123.6, 125.3, 136.4,
146.5, 149.5, 163.6; HRMS (FAB) obsd M+H¼149.0707.
Calcd for C8H9N2O M+H¼149.0715.
4.3.8. 2-(1-Naphthyl)oxazoline. Bp 150 �C/2 mmHg; IR
(Neat): 2970, 1640, 1590, 1320, 1120, 1000, 780 cm�1; 1H
NMR (400 MHz, CDCl3): d¼4.17 (t, J¼9.4 Hz, 2H), 4.39
(t, J¼9.4 Hz, 2H), 7.44–7.51 (m, 2H), 7.56–7.61 (m, 1H),
7.84 (d, J¼8.3 Hz, 1H), 7.92 (d, J¼8.3 Hz, 1H), 8.08 (dd,
J¼7.3 and 0.2 Hz, 1H), 9.13 (d, J¼8.5 Hz, 1H); 13C NMR
(100 MHz, CDCl3): d¼55.6, 66.4, 124.4, 124.5, 126.0,
126.3, 127.2, 128.3, 128.5, 131.0, 131.8, 133.6, 164.3;
HRMS (FAB) obsd M+H¼198.0904. Calcd for C13H12NO
M+H 198.0919.

4.3.9. 2-(2-Thienyl)oxazoline. Mp 57–59 �C (lit.16 mp 58–
60 �C); IR (KBr): 3165, 2880, 1645, 1530, 1055, 1015,
740 cm�1; 1H NMR (400 MHz, CDCl3): d¼4.05 (t,
J¼9.4 Hz, 2H), 4.43 (t, J¼9.4 Hz, 2H), 7.08 (dd, J¼5 and
3.6 Hz, 1H), 7.45 (dd, J¼5 and 1 Hz, 1H), 7.59 (dd, J¼3.6
and 1 Hz, 1H).

4.3.10. 2-(1-Adamantyl)oxazoline. Mp 40–41 �C (lit.20 mp
39–40 �C); IR (paraffin): 3320, 1660, 1345, 1225, 1060,
955 cm�1; 1H NMR (400 MHz, CDCl3): d¼1.69–1.76 (m,
6H), 1.89–1.90 (m, 6H), 2.01 (m, 3H), 3.80 (t, J¼9.4 Hz,
2H), 4.19 (t, J¼9.4 Hz, 2H).

4.3.11. 2-Cyclohexyloxazoline. Bp 90 �C/2 mmHg (lit.20 bp
120 �C/15 mmHg); IR (neat): 3050, 2980, 1560, 1120, 1000,
810, 780 cm�1; 1H NMR (400 MHz, CDCl3): d¼1.20–1.47
(m, 3H), 1.63–1.95 (m, 6H), 2.30 (t, J¼11.3 Hz, 2H), 3.82
(t, J¼9.5 Hz, 2H), 4.21 (t, J¼6.5 Hz, 2H).

4.3.12. 2-(4-tert-Butylphenyl)oxazoline. Mp 72–75 �C; IR
(KBr): 2970, 1650, 1360, 1265, 1065, 940, 680 cm�1; 1H
NMR (400 MHz, CDCl3): d¼1.33 (s, 9H), 4.05 (d,
J¼9.4 Hz, 2H), 4.42 (d, J¼9.4 Hz, 2H), 7.43 (d, J¼8.5 Hz,
2H), 7.87 (d, J¼8.5 Hz, 2H); 13C NMR (100 MHz,
CDCl3): d¼31.2, 34.9, 54.9, 67.5, 124.9, 125.3, 127.9,
154.7, 164.7; HRMS (FAB); obsd M+H¼204.1386. Calcd
for C13H18NO M+H¼204.1388.

4.3.13. 2-(3-Nitrophenyl)oxazoline. Mp 120–121 �C (lit.20

mp 117–118 �C); IR (paraffin): 3410, 1650, 1540, 1350,
1260, 1115, 700 cm�1; 1H NMR (400 MHz, CDCl3):
d¼4.12 (t, J¼9.6 Hz, 2H), 4.51 (t, J¼9.6 Hz, 2H), 7.61 (t,
J¼8.0 Hz, 1H), 8.29 (d, J¼8.0 Hz, 1H), 8.34 (d, J¼8.0 Hz,
1H), 8.79 (s, 1H).

4.4. Typical procedure for preparation of 2-imidazolines
from alcohols

To a solution of 4-methylbenzyl alcohol (122.2 mg, 1 mmol)
in tert-butyl alcohol (8 ml) were added K2CO3 (414.6 mg,
3 mmol) and I2 (584 mg, 2.3 mmol). The obtained mixture
was stirred at 70 �C. After 8 h, ethylenediamine (90.2 mg,
1.5 mmol) in tert-butyl alcohol (2 ml) was added to the reac-
tion mixture and stirred for another 2 h. The reaction mixture
was quenched with satd aq Na2SO3 until the iodine color
almost disappeared, and was extracted with CHCl3. The or-
ganic layer was washed with aq NaOH, brine, and dried over
Na2SO4. After filtration, the solvent was removed in vacuo to
provide 158.6 mg of 2-(4-methylphenyl)imidazoline in 99%
yield in an almost pure state. If necessary, the product was
purified by flash column chromatography on neutral silica
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gel (CHCl3/Et3N¼10:1) to give pure 2-(4-methylphenyl)
imidazoline.

4.5. Typical procedure for preparation of 2-oxazolines
from alcohols

To a solution of 4-methylbenzyl alcohol (122.2 mg, 1 mmol)
in tert-butyl alcohol (8 ml) were added K2CO3 (552.8 mg,
4 mmol) and I2 (761.4 mg, 3 mmol). The obtained mixture
was stirred at 70 �C. After 8 h, aminoethanol (91.6 mg,
1.5 mmol) in tert-butyl alcohol (2 ml) was added to the re-
action mixture and stirred for another 18 h. The reaction
mixture was quenched with satd aq Na2SO3 until the iodine
color almost disappeared, and was extracted with Et2O. The
organic layer was washed with aq NaHCO3, brine, and dried
over Na2SO4. After filtration, the solvent was removed in
vacuo. The residue was chromatographed on neutral silica
gel (AcOEt) to give 137.0 mg of the pure 2-(4-methylphenyl)-
oxazoline in 85% yield.
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