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Abstract: 2-Imidazolineswere easily prepared in quite good yields
from the reaction of aldehydes and ethylenediamine with molecular
iodine in the presence of potassium carbonate. Moreover, 2-imid-
azolines obtained were smoothly oxidized to the corresponding
imidazoles in good yields using (diacetoxyiodo)benzene at room
temperature.
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Synthetic study of 2-imidazoline units and imidazole units
is very important due to their potent biological activity®
and synthetic utility.? To date, there are several synthetic
methods for 2-imidazolines starting from mainly nitriles
and esters.® Recently, Kitaet al. reported an efficient one-
pot preparation of 2-imidazolines from aldehydes and
ethylenediamine with NBS.* Once 2-imidazolines are
formed, they can be smoothly oxidized to the correspond-
ing imidazoles by oxidants such as MnO,,% Pd/C,%
KMnQO,,% trichloroisocyanuric acid,> (COCl),-DM SO,%
and IBX,™ etc. However, there are still several drawbacks
to these methods, i.e., preparation of 2-imidazolines and
imidazoles requires toxic or explosive oxidant, or multi-
step operation. Recently, synthetic use of hypervalent
iodinesfor organic synthesis has been investigated widely
because of their efficient oxidizing ability and less toxi-
city.® Especially, (diacetoxyiodo)benzene (DIB), iodosyl-
benzene, and [hydroxy(tosyloxy)iodo]benzene (HTIB)
are the most popular and useful trivalent iodine reagents
for organic synthesis.”

Here, as a part of our basic study of molecular iodine for
organic synthesis,® we would like to report a useful oxida-
tive conversion of aldehydes to 2-imidazolines with ethyl-
enediamine and iodine, and then to imidazoles with DIB.
Thus, the addition of molecular iodine to a mixture of
p-tolualdehyde and ethylenediamine in the presence of
K,CO; provided the corresponding 2-(4-methyl-
phenyl)imidazoline, and the use of 1.25 equivalents of
molecular iodine gavethe product quantitatively as shown
in Table 1 (entry 3).° According to our previous reported
reaction conditions using molecular iodine,® t-BuOH was
used as a solvent in the present reaction. ICl is also effec-
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tive, but molecular iodine is much more efficient in view
of the operational utility of the reagent and the yield ob-
tained (entry 5). The same treatment of p-tolualdehyde
with DIB, instead of molecular iodine, gave acomplicated
reaction mixture, and 2-(4-methylphenyl)imidazoline was
not formed at all. Based on these results, various ade-
hydes were treated with ethylenediamine and molecular
iodine under the same conditions to provide the corre-
sponding 2-substituted imidazolines in quite good yields,
as shown in Table 2. Thus, aromatic aldehydes bearing
electron-donating substituents and electron-withdrawing
substituents can be converted to the corresponding 2-
arylimidazolines in quite good yields. However, the reac-
tion of aliphatic aldehyde under the same conditions gave
the corresponding 2-alkylimidazoline in moderate yields
(entries 8, 9).

Tablel Formation of 2-(p-Tolyl)imidazolinefrom p-Tolualdehyde
with Ethylenediamine and lodine

HoN NH; (1.1 equiv)

I, and K,CO3 (3.0 equiv) H

CH3OCHO t-BUOH, 70 °C, 3 h CHSF@NJ
Entry I, (equiv) Yield (%)

1 0.75 82

2 1.00 89

3 125 100

4 1.50 100

5 252 83

8] Cl was used in place of |,.

Then, the oxidation of 2-(4-methylphenyl)imidazoline to
2-(4-methylphenyl)imidazole in the presence of K,COs,,
using less-toxic iodine reagents such as molecular iodine
or hypervalent iodine reagents, was carried out as shown
in Table 3.° Though it is well-known that molecular io-
dine has moderate oxidizing ability, unfortunately 2-(4-
methylphenyl)imidazoline could not be oxidized by io-
dine under any conditions. However, hypervalent iodine
reagents such as DIB, iodosylbenzene, and HTIB oxidize
it to 2-(4-methyl phenyl)imidazolein DM SO at room tem-
perature, and DIB showed the most effective reactivity
among them, to give the product in good yield (entry 5).
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Table2 Preparation of 2-Substituted Imidazolinesfrom Aldehydes
with Ethylenediamine and lodine

/N )
HoN NH, (1.1 equiv) H
I, (1.25 equiv) , K,CO3 (3.0 equiv) N
R—CHO R—<\ j
t-BuOH, 70 °C, 3 h N

Entry = Yield (%)
1 Q 100
2 Br@ 97
3 Meo@ 100
S
S
Cl
6 & ?
7 [\ 94
S
8 ©/\¢ 53
9 O .

Table3 Oxidation of 2-(p-Tolyl)imidazoline to 2-(p-Tolyl)imid-
azole with DIB

e KOs (b equn) §
2CO3 (1.1 equiv.

CH3©_<\Nj DMSO, r.t., 24 h CH"’A@_QN]

Entry Reagent Yield (%)

1 I, 0

2 | —H,0, 0

3 KI-H,0,2 0

5 <;>7|(0Ac)2 (DIB) 81
OH

6 ©—|< (HTIB) 23
OTs

aH,0, (3.0 equiv) was added.

Acetonitrile and DMF, instead of DM SO, also gave 2-(4-
methyl phenyl)imidazole under the same conditions; how-
ever, the yield was much decreased. Based on these re-
sults, various 2-substituted imidazolines were efficiently
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Table4 Oxidation of 2-Substituted Imidazolines to 2-Substituted
Imidazoles with DIB

H H

N DIB (1.1 equiv), K,COg3 (1.1 equiv) N
R—Q\ j R—Q ]

N DMSO, r.t., 24 h N
Entry R= Yield (%)
: O "
2 SO T
3 Meo@ 76
4 02N~< >— 73
; O

Cl
6 Cr "
7 ¢\ 70
S

8 ©/\, 38
: O .

Ph,  Ph

HoN NH; (1.1 equiv)

I (1.25 equiv), K,CO3 (3.0 equiv)
t-BuOH, 70 °C, 3 h

DIB (1.1 equiv),
H bh ( quiv)
ol
N™"pn

K,COg3 (1.1 equiv)
92%

DMSO, r.t, 24 h

N__ph
T
N™>pp
73%

Scheme 1

oxidized to the corresponding 2-substituted imidazolesin
good yieldsas shownin Table 4. However, the same treat-
ment of 2-alkylimidazoline with DIB gave the corre-
sponding 2-alkylimidazole in low yields (entries 8, 9).
Finally, the same treatment of p-tolualdehyde with (R R)-
(+)-diphenylethylenediamine, instead of ethylenedi-
amine, provided the corresponding (R,R)-2-(p-tolyl)-3,4-
diphenylimidazoline in 92% yield, and the oxidation with
DIB produced the corresponding 2-(p-tolyl)-3,4-di-
phenylimidazole in 73% yield (Scheme 1). A plausible
reaction mechanism for imidazolines and imidazoles is
shown in Scheme 2.
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(@) R—CHO + H)N

N
NH; ————> R~ _\—NHZ
(= H20)

i ¢
N H/, Iy
4
R_<Nj ) R><Nj ( HI) _<Nj
H H H
/N _</Nj\
b +  Phl(OA — > R
® R—<Nj ©A% ~—rcom .y
H G—ph

N
R—</N]
H

‘/C')Ac
_em
(- AcOH)

N
R—<N/j

Scheme 2 Plausible reaction mechanisms for imidazoline (a) and
imidazole (b)

In summary, 2-imidazolines could be easily obtained in
quite good yields by the reaction of aldehydes and ethyl-
enediamine with molecular iodine in the presence of po-
tassium carbonate under warming conditions. Then, 2-
imidazolines obtained could be smoothly oxidized to the
corresponding imidazoles in good yields using (diacet-
oxyiodo)benzene at room temperature. Both reactions
proceed under environmentally benign conditions, i.e.,
without using any toxic reagents. Further synthetic study
of the present reactions is underway in this laboratory.
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Typical Procedurefor Preparation of 2-midazolines
from Aldehydes: To a solution of p-tolualdehyde (120.2
mg, 1 mmol) in t-BuOH (10 mL) was added
ethylenediamine (66.1 mg, 1.1 mmol). The obtained mixture
was stirred at r.t. under an argon atmosphere for 30 min, and
then K,CO; (414.6 mg, 3 mmol) and |, (317.3 mg, 1.25
mmol) were added to the mixture and stirred at 70 °C. After
3 h, the mixture was quenched with sat. aq N&,SO; until the
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iodine color almost disappeared, and was extracted with
CHCI,. The organic layer was washed with sat. ag NaHCO,
and brine, and dried over Na,SO,. After filtration, the
mixture was evaporated in vacuo to provide 160.2 mg of 2-
(4-methylphenyl)imidazoline in 100% yield in an amost-
pure state. Mp 181-182 °C (lit. mp 181 °C). IR (KBr):
3140, 2925, 1600, 1495, 985, 830 cm 2. *H NMR (400 MHz,
CDCl,): 6 =2.38 (s, 3H),3.77 (s,4H), 7.21 (d, J = 8.3 Hz,
2H),7.67 (d, J=83Hz 2H).

Typical Procedurefor Oxidation of 2-midazolinesto

I midazoles: Toamixtureof 2-(4-methylphenyl)imidazoline
(160.2 mg, 1 mmoal) and K,CO; (152.0 mg, 1.1 mmol) in
DMSO (10 mL) wasadded DIB (354.3mg, 1.1 mmol). Then
the mixture was stirred for 24 h at r.t. under an argon
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atmosphere. After the reaction, the reaction mixture was
diluted with sat. ag NaHCO; and EtOAc, and was stirred for
5 min. The mixture was extracted with EtOAc and the
organic layer was dried over Na,SO,. After filtration, the
mixture was evaporated in vacuo. The residue was
chromatographed on neutral silicagel (EtOAc—-MeOH,
30:1) to give 128.1 mg of 2-(4-methylphenyl)imidazole in
81% yield in an almost-pure state. Mp 217-218 °C (lit.5 mp
218-220 °C). IR (KBr): 3460, 1515, 1445, 1100, 820, 730
cm L. 'H NMR (400 MHz, DM SO-dg): § =2.31 (s, 3H), 6.97
(brs,1H),7.19 (brs,1H),7.21(d,J=8.2Hz,2H), 7.81(d,
J=8.2Hz, 2H), 12.38 (s, 1 H).

(11) Levesque, G. ynthesis 1981, 963.
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