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Abstract—The behaviour of 1,2,5-triaryl-4-amino-5-methyl-4,5-dihydro-imidazoles 2a~e and 1,2,5,5-
tetraphenyl-4-morpholino-4,5-dihydro-imidazole 21 in acidic medium was studied. By heating in 50%
H,SO,, 1,2,4-triaryl-S-methyl-imidazoles and 1,2,4,5-tetraphenyl-imidazole were obtained. When 5-
aryl-5-methyl-derivatives were reacted with various nucleophiles in acidic medium the corresponding
4-substituted imidazolines were formed. Generally, only one isomer (viz E) was obtained. The 5,5-
diaryl-derivative afforded the 1,2,4,5-tetraphenyl-imidazole even in the presence of nucleophiles.

Recently we reported that N-halo-N’-aryl-
benzamidines react with enamines of general for-
mula 1 affording 1,2-diaryl-4-amino-4 5-dihydro-
1m1dazoles disubstituted at the 5-position 2 in good
yield.!

In this paper we wish to report our findings about
the chemical behaviour of this new class of im-
idazole derivatives in acidic medium. By treating
imidazolines 2a—f with 50% H,SO, at 130° a com-
plete conversion to the imidazoles 3a-d was ob-
tained.

The 1,2,4-triaryl-5-methyl-imidazole structure of
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compounds 3a-¢ was assigned on the basis of the
preferred anionotropic shift of the phenyl group
with respect to the methyl group and confirmed by
independent synthesis of imidazole 3a which was
prepared by condensation of N-benzoyl-a-anilino-
propiophenone with ammonium acetate in boiling
acetic acid.

The above aromatization process can also be
completed in anhydrous medium by refluxing the
imidazolines 2a-f in 1,1,2-trichloroethane and in
the presence of an equimolecular amount of dry
triethylammonium chloride.

H + —_—
[ s
/C H
R” CgMy Ar
1 2
block 1
@
H,80, 50% \
s 130°C
5 |
Ar r
2 “"’co"u? R-CHg; X=0 38:Ar=CgHy; R =CH4
b: Ar - CgH,CHy(4);R=CHg; X =0 b:Ar =CyH,CHy(4); R =CHy
c:Ar- CgH,F4); R=CHy; X:=0 c:ArT=CgHyF(4); R=CHy
d:Ar= CEHF(4); R=CHy; X=CHy  d:Ar=CgHy; R=CgHg
0:Ar=c‘M‘F(4); R=CHg ; X=-
t:Ar= CoHy; R=CgHy; X=0
block 2
2375

TETRA Vol. 35, No, 0—D



2376

c‘"‘_f =0 CgHz-COCI

cﬁc"\t&
o

CHgCOO NH,
CH§-COOH I

blogk 3

By employing hydrochloric acid at various con-
centrations (10-35%) at 80-110° instead of sulfuric
acid only imidazoline 2t afforded the corresponding
1,2,4,5-tetraphenyl-imidazole in almost quantita-
tive yield while the imidazolines 28-e¢ were con-
verted into white crystalline compounds whose
analytical and spectral data suggested the structure
of °1,2,5-triaryl-4-hydroxy-5-methyl-4,5-dihydro-
imidazole-hydrochlorides 4a—¢. This structure was
confirmed by the mass spectrometry study of the
free bases.”

This result shows that it is possible to achieve the
exchange of the amine residue with nucleophiles in
acidic medium, avoiding the competitive aromatiza-
tion process. These reactions are both of theoretical
and preparative interest owing to the lack of alter-
native methods for the preparation of such 4-
functionalized imidazoline derivatives.

Accordingly, the 4-amino-imidazolines 2a-e
were reacted with several nucleophiles in the pres-
ence of an acidic catalyst. Thus, we found that the
amino group of such imidazolines is easily replaced
with alkoxy-, phenoxy-, alkylthio-, arylthio- and
other amino groups in mild conditions and with
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yields of preparative interest. A typical procedure
consists in refluxing the 4-amino-imidazoline in
1,1,2-trichloroethane in the presence of an excess
of alcohol or thiol and of an equimolecular amount
of triethylammonium chloride.

The 4-amino-imidazolines were in the E-
configuration' and in all cases examined (except for
the substitution with phenol, as better described
below) only one configurational isomer was pro-
duced as shown by t.L.c. and '"H NMR of the crude
reaction mixture. Only the reaction with phenol
affords a mixture of the E and Z isomers which
were separated by column chromatography on
silica gel.

Stereochemistry of the substitution. The 4-amino-
imidazolines 2a-e employed in this study are unam-
biguously in the E-form as shown by spectroscopic
'"HNMR and mechanistic considerations.' Further-
more the E-configuration was confirmed by a crys-
tallographic study of this kind of imidazolines.’

As already said, the stereochemically pure im-
idazolines 2a~-e afforded only one of the two possi-
ble isomers. In the case of the substitution of the
amino group with different amino residue the pro-
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duct was found to have the same configuration (E).
In the case of the hydroxy-, alkoxy-, phenoxy-,
alkylthio and arylthio- derivatives the configuration
cannot be assigned with complete confidence from
the spectral (IR, 'H NMR) or other physicochemi-
cal properties. However, at least for the alkoxy
derivatives, the lanthanide induced shift effect with
Eu(fod), suggests the analogous E configuration.

Configurational assignment to 5i and 5j. The
configuration of the isomers 81 (m.p. 260°) and 5j
(m.p. 278°) was assigned on the basis of their 'H
and *CNMR spectra.

The '"H NMR spectra show a noteworthy differ-
ence between the chemical shifts of the H, and the
methyl protons: for the isomer melting at 260°
these protons resonate at 5.63 and 1.1p.p.m.
respectively whereas in the jsomer melting at 278°
the same protons resonate at 5.25 and 0.95 p.p.m.
respectively. Clearly the phenyl groups are respon-
sible for the observed difference because of the
shielding effect of the C; phenyl groups on the H,
and of the phenoxy group on the CH, in the
E-isomer.

The chemical shifts of the >C of the methyl
groups confirm the above stercochemical attribu-
tions, since the methyl group of the isomer melting
at 260° resonates at 22.7 p.p.m. whereas the methyl
of the partner melting at 278 resonates at
20.85 p.p.m. thus evidencing the higher steric con-
striction of the neighbouring phenoxy group.*
Another noteworthy feature of the '*CNMR

51 (isomer meiting at 260°C)

spectra is the wide difference between the C, chem-
ical shift whereas the C; values are very near.
This is probably due to the different inductive
effect of the phenoxy groups in the two isomers.
The inductive effect of the phenoxy group is pre-
sumably higher in the E-isomer in which there are
no preventions to a complete delocalisation of ox-
ygen atom electrons on the phenyl ring whereas in
isomer Z such a delocalisation could be hindered
by the presence of the phenyl group at C;. Further-
more, other short- and medium-range non-bonded
interactions could be important and may have to be
taken into consideration to explain this difference.

DISCUSSION

The substitution of the amino residues with nuc-
leophiles occurs most likely through an inter-
mediate carbonium ion because the direct substitu-
tion of the protonated amine residue would clearly
afford the products with inversion of the configura-
tion.

A difference in the activation energies between
the rearrangement and the substitution processes
could explain the easier aromatization (with rear-
rangement) observed for the 5,5-diphenyl deriva-
tive.

According to this mechanistical hypothesis the
stereoisomer mainly obtained should be the less
hindered one. This was confirmed when the nuc-
leophile reacted was an amine or an alcohol. On
the same grounds it seems logical to assign the

8 j (isomer melting st 278°C)
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same configuration to the products obtained by
exchanging the amino group with hydroxy-,
cthylthio- and phenylthio-groups.t

EXPERIMENTAL

M.ps. were taken with & Biichi apparatus and are not
corrected. 'H NMR spectra were recorded with both
Varian HA-100 and Varian A-60 instruments (Me,Si as
internal standard). IR Spectra were recorded with a8 Beck-
mann Acculab 4 spectrometer and Mass spectra with a
Perkin Elmer 270 mass spectrometer at an electron
encrgy of 80 c.V. The direct insertion technique was used
with a probe temperature of 130-170" and an ion source
temperature of 150-200°.

1,2-diaryl-4-amino-4,5-dihydroimidazoles 2a-f. The 4-
morpholino derivatives 2a, 2b, 2¢, 22 are known com-
pounds.! The 4-piperidino- and the 4-pyrrolidino deriva-
tives 2d (60%, m.p. 197°. Found: C, 78.6; H, 6.9; N,
10.4. Calc. for C, H, N: C, 78.45; H, 6.75; N, 10.15) and
2¢ (58%, m.p. 151°. Found: C, 78.10; H, 6.25; N, 10.65.
Cale. for C, H, N: C, 78.2; H, 6.50; N, 10.50) were
prepared in the same way.

1,2,5-triarylimidazoles 3a-d from 4-aminoimidazoles
28-L. General procedure: Method A. 1-Aryl-2,5-
diphenyl-4-amino-5-methyl-4,5-dihyroimidazoles  2a-f
{2mmol) were refluxed in 50% aqueous sulfuric acid
(10 mi) for 24 h. The cooled solution is diluted with water
(50ml) and the precipitate was filtered and crystallized
from ethanol.
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Method B. Imidazolines 2a-¢ (2 mmol) were refluxed
for 15h in 1,1,2-trichlorocthane (20 ml) in the presence
of an equimolecular amount of triethylamine hydro-
chloride. The reaction mixture was cooled at room temp-
erature and the solvent evaporated under reduced pres-
sure. The crude residue was washed with water and
extracted twice with chloroform. The organic layer was
dried (Na,SO,) and freed from the solvent under reduced
pressure. The crude residue was crystallized from ethanol.

Pnpamuoa of 1,2,5-triphenyl-4-methylimidazole 3a.
a-] propiophenone  (1.5g, 4.5 mmol)
and ammonium acetate (6.6 g, 8.57 mmol) were dissolved
in glacial acetic acid (60 ml} and refluxed for 18 h. The
reaction mixture was cooled at room temperature and
freed from solvent under reduced pressure; the crude
residue was worked up with water (20 ml) until crystalli-
zation and filtered. The resulted solid was extracted sev-
eral times with ether. The collected organic layers were
dried (Na,SO,), evaporated under reduced ure and
the residue crystallized from ethanol. Yield 1.01 g (73%)
m.p. 152°, mixed melting point 151-2°,

1,2-Diaryl-4-hydroxy-4,5-dihydroimidazoles 4a—<c by
hydrolysis of 4-aminoimidazolines 2a-e. Method
A: Aminoimidazolines 2a~¢ (2 mmol) were refluxed for
15 h in hydrochloric acid 10-30% (15 ml). The reaction
mixture was cooled and the white precipitate was filtered
and subsequently treated with aqueous sodium hydrogen
carbonate and extracted with dichloromethane. The or-
ganic layer was dried (Na,SO,) and freed from the solvent
under reduced pressure. The crude residue was crystal-

Table 1. Imidazoles 3a-d

Compound Yield Found [%]
no. R Ar m.p.[°C] [%] [Required (%)]
80(A) 8545 545 9.0
3a CH, CeHs 152 65(B) [85.15 5.80 9.05]
85(A) 8535 5.95 8.71
i CH,  CGHOCH,@4) 161 708) [852 6.15 8.65)
3 - CHFE®) 170 %0(A) 802 51 845
3 . 60(B) [80.5 5.2 8.55]
34 CeHs  CeH, 213 (it%) 90(A)
85 (B)

lized from isopropyl ether yielding 78-95% of 4-hydroxy
derivatives 4a-¢.

Method B: Amino-imidazolines 2.-0 (Zmmol) were
refluxed for 18 h in 1,1,2-trichlorocthane (30 ml) in the
presence of water (0.56 mi) and of an equimolecular
amount of triethylamine bydrochloride. The solvent is
evaporated and the crude residue washed with sodium
hydrogen carbonate solution and extracted with
chloroform. The organic layer was dried (Na,SO,) and
evaporated under reduced pressure. The residue was crys-
tallized from isopropylether yielding 4-hydroxy-
derivatives 4a-c.

1,2-Diaryl-4-alkoxy-4,5-dihydroimidazolines 5a. Gen-
eral procedure. 4-Aminoimidazolines 28~e (2 mmol) were
refluxed, for the time reported in Table 2, in 1,1,2-
trichloro ethane (15 ml) in the presence of the appropriate
alcohol (10ml) and of an equimolecular amount of

+The formation of two isomers in the case of the
phenozy derivatives fits only partially in this picture.
However, in this case too, the main product is the E-
isomer.

tricthylamine hydrochloride. The reaction solvent was
evaporated and the crude residue washed with water and
extracted several times with ethylacetate. The organic
layer was dried (N&,S0,) and freed from the solvent
under reduced pressure. The crude product was purified
by a chromatography cofumn of silica gel using benzene—
THF (90:10) as eluent and recrystallized from the suita-
ble solvent.

1-(4- Fluorophenyl)-2,5- diphenyl-4-phenoxy-5-methyl-
4,5-dihydroimidazoles 81, 5§: preparation and separation
of E from Z-isomer. 1-(4-Fluorophenyl)-2,5-diphenyl-
4-morpholino-5-methyl-4,5-dihydroimidazole (4.0g,
9.6 mmol) was refluxed for 13 days in carbon tetra-
chloride (60ml) in the presence of phenol (12.0g,
127.6 mmol) and triethylamine hydrochloride (2.64 g,
13.2 mmol). The solvent was evaporated and the crude
residue washed with sodium hydroxide solution and ex-
tracted with ethyl acetate. The organic layer was dried
(Na,SO,) and evaporated under reduced pressure. From
the residue, the two products were separated by a
chromatography column on silica gel using ether as
eluent. The (Z) form crystallizes from isopropyl ether
yiclding 1.21g (30%), m.p. 260°; M.S.. m/e 422 (24,
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Table 2. 4-Substituted imidazolines prepared from 4-amino-imidazolines

RT. Crist. m.p. Yield Found (%)
Compound X R, R, &  8a, [  sov.  [C] [%] [Required (%)]
4 O H H 56369 158079 18 P40 176 85 oro0 &0 830
# O CH, H 56769 15607 18 P40 181 85 (g0 e3 1
& O F H 55 (565 145(16) 18  PdO 179 85 62:;5 g Z}]S
7645 571 17
$s O F CH, 50 143 24 P40 138 75 (¢ 59 74
S5 O F CD, 50 143 24 PO 138 76 PM-347byMS
7 595 7.
S O F GHy 510 143 24 Lpewoleum 116 78 150 o5 7]
: 9 7.
54 O F oGH, 513 143 24 Lpewolum 136 80 773 ¢7 17
. 776 62 13
S O F iCH, 517 140 48 MeCN 147 8 ;% 03 73
774 66 68
7755 6.1 69
5§ O F tCH, 528 137 24 MeON 12 T8 (10 6% gos]
846 775 7.4
5\ O CH, sCH, 516 143 36 PO 129 68 g% 70079
79.35 5.75 6.4
S O F CH, 56 L1 300 PO 260 30 70 57 66l
S§§ O F CH, 525 095 30 MCN 28 S0 (104 37 e
765 55 63
66 S F CH, 551 16 8 PHO 160 60 ;03 3300y
780 6.85 7.2
6 S CH, CH, 525 16 24 P40 15T 80 (179 o7 73]

* The values in parenthesis refers to the singlets (~5-10%) which could be assigned to H, and CH, of Z isomers.

However, no effort was made to isolate these compounds.

M*); 407 (3, M—CH,); 214 (8, 6“’\o--hm—

C4H,F); 209 (100, CGH,MH—N=C—CSH,) 158 (11
FCH,—RN==C—CH,); 106 (16, CsH—O=CH); th
(E) form crystallizes from acetonitrile yielding 20g
(50%), m.p. 278°. MS: mje 422 (4, M™); 209 (100,
CsH. — ); 198 (5, FCJL—
CsHy); 106 (11, CH,

1-(4-Methyl-phenyl)-2,5- phenyl#ahyiduo-S methyl-
4,5-dihydroimidazole (Gb) from  4-aminoimidazoline
2b. 1-(4-methyl-phenyl)-2,5-diphenyl-4-morpholino-5-
methyl-4,5-dihydroimidazole (1.0g, 2.4 mmol) was
refluxed in 1,1,2-trichloroethane (20 ml) containing
cthanethiol (15 ml) and in the presence of tricthylamine
hydrochloride (0.66 g, 4.8 mmol). After 24 h, the solvent
was evaporated and the crude residue was chromatog-
raphed on a silica gel column (benzene/THF; 9:1). The
isolated product was recrystallized from isopropylether
yielding 0.74 g (80%) of 6b, m.p. 157°; MS: m/e 325
(100 M—SC,H;); 222 (34, M—SC,H,—C,H,CN); 207

M—SC,H,—CH,CN—CH,); 177 (6, C,H,—

—N=C—C,H,); 104 (12, CsH,—CNH); 91 (13,

CeH,—CH,).

1-(4-Fluorophenyl)-2,5-diphenyl-4-phenylthio-5-methyl-
4,5-dihydro-imidazole 6a from 4-aminoimidazoline
2¢.  1-(4-Fluorophenyl)-2,5-diphenyi-4-morpholino-5-
methyl-4,5-dihydroimidazole (3.0g, 7.2mmol) was
refluxed in carbon tetrachloride (30ml) containing
thiophenol (9.7 ml) in the presence of triethylamine hyd-
rochloride (1.98 g, 14.4 mmol). After 8 h the solvent was
evaporated and the crude residue washed with sodium
hydroxide solution and extracted with chloroform. The

+,

organic layer was dried (Na,SO,) and evaporated under
reduced pressure. The product crystallised from isop-
ropylether (60%), m.p. 160°; MS: m/e 325 (100, M—
CN); 211 (37, M—

1-(4-Fluorophenyl)-2,5- dlphenyt-«t-»movphohuo -5-
methyl-4,5-dihydroimidazole (2¢) from 4-amino-imidazo-
lines 2d and 2e. 1-(4-Fluorophenyl)-2,5-diphenyl-4-
pyrrolidino- or  4-piperidino-5-methyl-4,5-dihydroimi-
dazole 2a and 2d (1.2 mmol) were refluxed for 24 h in
morpholine (20 ml) in the presence of an equimolecular
amount of triethylamine hydrochloride. Morpholine was
evaporated under reduced pressure and the residue
treated with water and extracted with dichloromethane.
The organic layer was dried (Na,SO,) and evaporated
under reduced pressure and the residue ised from
acetonitrile yielding 0.43 g (87%) of the morpholino de-
rivative 2¢.
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