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Acyl rearrangements

The deprotonation of the 4H-imidazoles 1 by lithium hydride
yields the lithiated derivatives 2 which contain a stable
delocalized anion. Surprisingly, the X-ray crystal structure
analysis of 2a reveals one molecule of water in the first
complexation sphere of the lithium cation. This result is in
good agreement with semiempirical calculations (PM3)
which predict an increase in stability on substitution of ether
ligands by water molecules. The deprotonation of 1 is
accompanied by a change of colour from orange to purple
because of the polymethinic character of the resulting anion.

Alkylation, as well as acylation, of 2 leads to the exocyclic
substituted derivatives 3 and 5. The NMR spectra of 3 and 5
and the semiempirical calculations suggest the existence of
two rotamers due to the low rotation barrier of the exocyclic
C-N bond. Another type of acylation is observed when
phenylacetyl chloride is used as an acylating agent. The X-
ray crystal structure analysis of 6c reveals that a
rearrangement forming an unsaturated acid amide
substructure takes place.

Recently, we reported the synthesis of the new deeply col-
oured derivatives of 4H-imidazoles 114, by a simple cyclo-
acylation reaction of bis-imidoyl chlorides!@BIl with sub-
stituted benzamidines. The special structural and spectral
properties of these 5-ring cycloamidines have received par-
ticular attention. These properties arise from the cyclic
meropolymethine-type chromophore which includes a weak
combined C—C bondPl. The cleavage of the exocyclic NH
proton should be accompanied by a bathochromic shift of
the long wavelength absorption, as a consequence of the
clearly defined delocalization of bonds in the resulting
anion 2.

The formation of 2 by addition of a strong base, such as
NaHMDS or LiH, to a THF solution of 1 under nitrogen
is characterized by a distinct colour change from orange to
purple. In the *H-NMR spectrum of 2a the chemical shifts
of the aromatic protons are not significantly different from
those of the starting material 1a. However, the triplets of
the meta- and para-substituted aryl protons are not com-
pletely separated. While the 3C-NMR spectra of la are
characterized by broad lines, all carbon atoms of 2a show
strong signals at lower field. Compared to the UV/Vis spec-
trum of la (A\nax = 481 nm), the anion 2a absorbs with
Amax = 561 nm at longer wavelength. This fact may be
traced back to the transition of a merocyanine (partial
bond alternation) into the polymethinic bond system of 2.
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Surprisingly, 2 showed an unusually high stability. For
example, the colour of the THF solution of 2 remained un-
changed on exposure to air. Even by heating this solution
under reflux no decomposition was observed. Only the ad-
dition of a protic solvent reproduced 1. By using commer-
cial diethyl ether as solvent and LiH, 2a was obtained as
air-stable red crystals. The TH-NMR spectrum shows in ad-
dition to the characteristic coupling pattern of diethyl ether,
a broad singlet at § = 3.12, indicating the presence of water.
The X-ray structure determination of 2a was carried out
and the result is shown in Figure 1.

In the neutral complex 2a, the metal is coordinated in
a twisted tetrahedral environment between both exocyclic
nitrogen atoms of the anionic imidazole system and two
oxygen atoms from water and diethyl ether, respectively.
The presence of a water molecule in the first complexation
sphere of the lithium seems to be startling because of the
well-known moisture sensitivity of organolithium species.
However, in the presence of organic compounds having pK,
values comparable to water and which are able to form hy-
drogen bridges to water, a small number of complexes have
been described as being stablel®l. In contrast to the forma-
tion of three-dimensional polymeric structures in most of
the lithium—aqua complexes described previously, the
strong intermolecular hydrogen bonding (O1A—N2B 2.801
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Figure 1. X-ray structure of 2a; the numberin
used for the X-ray analysi

gi corresponds to that
stal

@ Selected distances [A] and angles []: O1A—N2B 2.801,
C1A—C2A 1.508(4), CIA—N1A 1.374(3), C2A—N2A 1.377(3),
C3A—N1A 1.347(3), C3A—N2A 1.363(3), CLA—N3A 1.293(3).
LiIA—N3A 2.087(5), LIA—N4A 2.075(5) LIA—O1A 1.933(5), Li-
A—O02A 1.956(5), LIA—N3A—C1A 105.3(2), LIA—N4A—C2A
104.3(2),  N4A—-LIA—N3A  86.2(2),  N4A—LIA—02A
123.5(3),01A—LiA—O02A 103.9(2).

/&) in 2a leads to discrete dimeric units showing a head-to-
tail arrangement of the imidazole systems.

In order to investigate the coordinative role of H,O in
this system and the nature of its stabilisation by hydrogen
bonding, we carried out semiempirical PM3 calculations!”!
for the complexes 2a and the ligand-exchanged counter-
parts 2a’ and 2a”. The replacement of an ether ligand by
water is exothermic for the first, as well as the second step
(—8.7 and —4.5 kcal/mol respectively), and therefore the
complexation of water is favoured. In contrast to 2a’, the
complex 2a is able to gain stability by formation of dimeric
units. The calculations predict a dimerization energy of 14.3
kcal/mol, which is achieved by the formation of two inter-
molecular hydrogen bonds. The degree of oligomerization
in solution will be the subject of further investigations.

In contrast to 1a, in 2a the slight alternation of bond
length of the C—N bonds is completely removed and at the
same time the C—C bond of the imidazole ring is elongated.
Fabian predicted this bond lengthening by means of DFT
calculations of a symmetric anion of 151, While the bond
lengths C1A—N3A and C2A—N4A reflect a partial
double-bond character, the bonds C2A—-N2A and
C1A—NI1A are significantly longer with bond lengths of
1.377 and 1.374 A, respectively. Hence, the negative charge

is especially delocalized inside the 5-ring system, resulting
in the unusual stability of 2.

Accordingly, 2 shows a low reactivity towards electro-
philic agents. Thus, the reactions between 2a and methyl-
or ethyliodide were only completed by refluxing for several
days. In general, no reaction takes place with long-chain
alkylhalides.

Examining these alkylation reactions, the regioselectivity
of the electrophilic attack at 2 was of special interest. The
TLC analysis of the reaction mixture displayed in most
cases the selective formation of only one of both regioiso-
mers. Only by using 2¢ and methyliodide could a by-prod-
uct be detected. The signals in the *H-NMR spectra of alky-
lation products 3 at room temperature were mostly very
broad and no interpretation was possible. A complete sep-
aration of the signal set could be reached by cooling the
samples to —50°C. The low temperature *H-NMR spectra
of 3d and 3e were not in agreement with those of the pro-
posed structure because of the double signal set. This fact
suggested the existence of two isomers, due to the low ro-
tation barrier of the exocyclic C—N single bond. A mi-
gration of the alkyl groups in 3a—e or 4a can be excluded
because all known reactions of alkyl or aralkyl groups are
realized under severe conditions with mostly low yields!®l.

The regioselectivity of the reaction was demonstrated in
NOESY experiments for the derivative 3e by cross peaks
from the methyl groups to the aromatic protons of the exo-
cyclic aryl moieties. According to the drastic alteration of
the chromophoric system, the regioisomeric derivative 4a
constitutes a yellowish compound, absorbing at A = 398
nm. 'H-, 13C-NMR, and mass spectral data confirmed the
structural assignments and the substitution at the ring ni-
trogen could be proved by NOESY investigations.

Apart from alkylation, the reactions of 2 with acylhalides
were also studied. Heating the solution of 2 with acetyl
chloride as well as benzoyl chloride led, after 2—4 hours, to
a change of colour from purple to orange-red. The pure
acylated derivatives of type 5 were obtained as air-stable
crystalline compounds after recrystallization from acetone.
Due to the rapid transfer processes in solution, the NMR
spectra of 5 exhibit only a single signal set for the aryl moi-
eties in positions 4 and 5 of the heterocycle. Even at —70°C,
this dynamic behaviour could not be completely sup-
pressed. The chemical difference of the tolyl residues was
shown in the *H- as well as the 3C-NMR spectra. The X-
ray structure determination of the red tetragonal crystals of
5a was carried out (Figure 2).

In agreement with the NMR spectroscopic studies on 5a,
the acyl group was introduced at the exocyclic nitrogen
atom. Both tolyl rings are slightly twisted relative to each
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Figure 2. Perspective drawing of 5a; the numbering corresponds to
that used for the X-ray analysis@

2 o
c25 O

@ Selected distances [A] and angles [°]: C1—C2 1.495(3), C1—NL1
1. 398(3), C2—N2 1.294(3), C3—N1 1.300(3), C3—N2 1.409(3),
C1-N3" 1.276(3), C2—-N4 1.377(3), N3—C1-N1 130.1(2),
N1-C3—-N2 117.2(2), N2-C2—-N4 123.6(2), C1—-N3-C10
122.7(2), N4—C24—0 118.6(2).

other. In contrast to 2a, the marked alternation of bond
length of 5a may be traced to the substitution of exocyclic
hydrogen by acyl residues.

All NMR spectra of 3 and 5 suggest the existence of two
isomers which arise from the low rotation barrier of the
exocyclic C—N bond. In order to prove the existence of
such a rotameric equilibrium, semiempirical calculations
were performed. A simulated rotation around the C—N sin-
gle bond of the substituted exocyclic compound revealed
for both derivatives the existence of two stable rotamers
which are almost isoenergetic.
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Another type of acylation was observed when phenylace-
tyl chloride was used as an acylating agent. The mass spec-
tral data of both products obtained were in agreement with
those of the acylated structures of type 5 but the NMR
spectra revealed some significant differences. In addition to
the pattern of 4 aromatic systems, the *H-NMR spectrum
of the mainly formed (E)-6a showed two singlets at & =
6.75 and 13.08 which could not be assigned to a carbon
atom by HMQC experiments. The methylene group of the
phenacetyl residue could generally not be detected. The
spectrum of the by-product (Z)-6a revealed the same
phenomenon and differed only in the value of the chemical
shifts, especially of the singlets (6 = 7.45 and 13.82). The
13C-NIMR spectroscopic studies of 6 suggested the quar-
ternization of the methylene group during a intramolecular
rearrangement. Nevertheless, the structural assignment suc-
ceeded by X-ray structure determination of the blue crystals
of (E)-6c, obtained by recrystallization from acetonitrile.
The results of this studies are summarized in Figure 3.

As shown, the phenacetyl residue is inserted into the exo-
cyclic C—N single bond. Therefore, the protons of the
methylene group migrated to the nitrogen atoms N3 and
N4, resulting in the o,B-unsaturated carboxylic acid amide
substructure. In this case the (E)-isomer was yielded in pref-
erence. The whole molecule is planar, with only the phenyl
ring at carbon C10 in a nearly orthogonal position to the
molecular plane. The most reasonable mechanistic pathway
of this remarkable acylation reaction might be illustrated
by Scheme 2.

The electrophilic attack of the phenacetyl chloride on the
exocyclic nitrogen should lead in the first step to the forma-
tion of an acylation product comparable to 5a or 5c¢. Influ-
enced by the more acidic methylene protons, the acylation
product might predominantly exists in the enol form 5d
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Figure 3. Perspective drawing of (E)-6c; the numberlng corresponds
to that used for the X-ray analysis@

[ Selected distances [A] and angles [°]: C1—C2 1.494(5), C1—N1
1.312(4), C2—N2 1.398(4), C3—N1 1.381(4), C3—N2 1.317(4),
C1-N3 1.333(4), C2-C10 1.347(5), C11—-N4 1.343(4),
N3—-C1-N1 125.1(3), N1-C3—-N2 117.8(3), N2-C2-C10
124.8(3), C1—N3—C18 130.0(4), C11—N4—C26 128.0(3).

which allows a cyclization resulting in the formation of an
unstable B-lactam. The derivative 6 is finally formed by
cleaving the primary C—N bond and subsequent proto-
tropic rearrangement. On the other hand, the intermediary
B-lactam may also be formed directly by a cycloaddition of
preformed phenylketene with the exocyclic imine substruc-
ture in 2al®. Our argument against this pathway is the fact
that no rearranged product could be isolated by the use of
other ketene precursors such as acetyl chloride.

Therefore, the use of weak bases should reduce the in-
terconversion and, hence, the isolation of 5d should be pos-
sible. For the experimental verification of this hypothesis,
la was treated with phenacetyl chloride in the presence of
triethylamine. As a result of this reaction the yellow-col-
oured derivative 5d was isolated. The mass spectrum of 5d
includes, in addition to the expected molecular peak at
m/z = 471, fragments which suggest the exocyclic arrange-
ment of the phenacetyl residue. The 'H- and *C-NMR
spectral data confirmed the structural assignment. In ad-

dition to the signal of OH protons, the singlet of a methine
carbon at & = 5.88 indicates the enolization of the methyl-
ene group in solution. The possibility of arrangement of an
intramolecular hydrogen bond including a tension-free six-
membered ring system seems to be the driving force for the
occurrence of this tautomeric form[°l, By refluxing a solu-
tion of 5d in THF for several hours, the formation of 6 can
also be achieved without the addition of a base. From all
this it follows that the intramolecular rearrangement under
refluxing conditions is feasible only by displacement of pro-
tons.

The supports of the Fonds der Chemischen Industrie, Thiringer
Ministerium fir Wissenschaft, Forschung und Kultur and Deutsche
Forschungsgemeinschaft (SFB 436) are gratefully acknowledged.

Experimental Section

General: All reagents were of commercial quality (Aldrich,
Fluka, Merck) and were used as received. Solvents were dried and
purified using standard techniques. — Reactions were monitored
by thin-layer chromatography (TLC), on plastic plates coated with
neutral alumina with fluorescence indicator (Polygram ALOX N/
UV.,s, from Macherey-Nagel). Separations by flash chromatogra-
phy were carried out on neutral alumina (Merck, aluminium oxide
90 active neutral, activity V, particle size 0.063—0.200 mm, 70—230
mesh ASTM). — Melting points were measured with a Galen 111
(Boetius system) from Cambridge Instruments, and are uncor-
rected. — UV/Vis-spectra were obtained using a Perkin-Elmer
Lambda 19 spectrophotometer. — The *H- and *C-NMR spectra
were obtained with Bruker DRX 400 (400 MHz) and Bruker AC
250 (250 MHz) spectrometers (*H-NMR shifts: relative to *H sig-
nals of the solvent). — Mass spectra were taken from measurements
with a Finnigan MAT SAQ 710 mass spectrometer chemical ioni-
zation (CI) with H,O]. — Elemental analyses were carried out in-
house with an automatic analyzer LECO CHNS 932.

Crystal Structure Determination. — Data Collection: The inten-
sity data for the compounds were collected on an Enraf-Nonius
CADA4 diffractometer, using graphite-monochromated Mo-K,, radi-
ation and a ®—26 scan technique. Data were corrected for Lorentz
and polarization effects, but not for absorption!*] — Structure
Solution and Refinement: The structures were solved by direct
methods (SHELXS[?) and refined by full-matrix least-squares

R
S
RCH,COCI N N RCH,COCI
NEt; = Ar
a —= P — [P :]\ 2a,b
-NEt3*HCI NN “Licl
|
Ar
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4-Me-CsHy 4-MeO-CgHy
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< 4-Me)N-CgHy
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techniques against F? (SHELXL-9313]). The hydrogen atoms were
included at calculated positions with fixed thermal parameters. Im-
portant hydrogen atoms were located by Fourier syntheses and re-
fined isotropically. For 2a these were the hydrogen atoms of the
water atom O1, for 5a all except the methyl hydrogen atoms and
for (E)-6c¢ only the amine hydrogen atoms of N3 and N4. All non-
hydrogen atoms were refined anisotropically. XP was used for struc-
ture representations4l.

Crystal Data for 2al*®: C,;H3;,LiN,O,, M, = 450.50 g mol~3,
red prism, size 0.40 X 0.38 X 0.36 mm?, triclinic, space group
Plbar a = 10.370(2), b = 11.455(3), ¢ = 11.801(3) A, o =
111.37(1), B = 104.34(1), vy = 94.34(1)°, V = 1243.2(5) A3, Z = 2,
T = —90°C, peaica. = 1.203 g cm~3, p(Mo-K,) = 0.77 cm™%,
F(000) = 480, 5036 reflections in +h, —k, —I, measured in the
range 2.38° = ® = 26.29°, 5036 independent reflections, Riny =
0.0515, 2395 reflections with F, > 4c(F,), 315 parameters, R1yps =
0.0502, WR?%,,s = 0.1114, GOOF = 1.089, largest difference peak
and hole: 0.265/—0.241 e A3

Crystal Data for 5a*!: C,5H,,N4O, M, = 394.47 g mol ™2, red
prism, size 0.40 X 0.38 X 0.36 mm?, triclinic, space group P1, a =
10.477(1), b = 10.478(2), ¢ = 11.457(1) A, o = 93.32(1), B =
116.27(1), v = 102.96(1)°, V = 1081.2(3) A%, Z = 2, T = —90°C,
Peated. = 1.212 g cm 3, u(Mo-K,) = 0.76 cm~1, F(000) = 416, 4380
reflections in +h, —k, —I, measured in the range 2.58° = ® =
26.29°, 4380 independent reflections, R;,, = 0.0229, 2256 reflec-
tions with F, > 4c(F,), 323 parameters, R1ly,s = 0.0487, WR?y,s =
0.1254, GOOF = 1.172, largest difference peak and hole: 0.209/
—0.159 e A3,

Crystal Data for (E)-6¢[*%: C33H3,NgO, M, = 528.65 g mol~2,
blue prism, size 0.40 X 0.38 X 0.36 mm?, monoclinic, space group
P2,/c, a = 12.410(2), b = 7.196(1), ¢ = 31.615(3) A, B = 96.35(1)°,
V = 2806.0(7) A3, Z = 4, T = 20°C, pearca. = 1.251 g cm~3, u(Mo-
K,) = 0.78 cm™2, F(000) = 1120, 4770 reflections in +h, —k, —I,
measured in the range 2.59° = ® = 24.67°, 4770 independent re-
flections, R, = 0.0559, 1686 reflections with F, > 4c(F,), 370 pa-
rameters, R1,,s = 0.0560, WR? s = 0.1218, GOOF = 1.155, largest
difference peak and hole: 0.149/—0.142 e A~3.

General Procedure for the Alkylation and Acylation of 1: A solu-
tion of 1 (0.35 g, 1.0 mmol) and LiH (8 mg, 1.1 mmol) in THF (30
ml) was heated at reflux for 1 h. The colour of solution turned from
orange-red to deep purple. After cooling to room temperature, an
excess (1.5 mmol) of the electrophilic reagent was added and the
solution was refluxed again. The progress of the reaction was moni-
tored by TLC. Usually, reaction times were chosen between 6 h
and 24 h. After filtration the solvent was removed in vacuo and the
residue was purified by column chromatography (aluminia, ethyl
acetate/heptane, 1:5) or recrystallization from acetone/heptane, to
yield the products 3 to 6.

Li Complex 2a: Using diethyl ether as solvent in the general pro-
cedure 2a can be isolated by crystallisation from a concentrated
solution (ca. 15 ml) at 0°C. From 1a in 80% yield, m.p. 186°C. —
UVVis (THF): Amax (Ig €) = 288 nm (4.42), 518 (4.25), 561 (4.19).
— 'H NMR (400 MHz, [Dg]THF): = 8.52 (d, 2 H, 0-Ph), 7.98
(d, 4 H, Tol), 7.42 (m, 3 H, m-, p-Ph), 7.11 (d, 4 H, Tol), 3.39 [q,
3) = 7.5 Hz, 4 H, O(CH,CH,),], 3.12 (s, br, 2 H, H,0), 2.32 (s, 6
H, CH;—Tol), 1.12 [t, 6 H, 3J = 7.5 Hz, O(CH,CHj3),]. — 3C
NMR (100 MHz, [Dg]THF): § = 191.63, 172.95, 147.02, 136.07,
133.80, 132.05, 130.32, 129.46, 128.29, 126.79, 66.19, 21.09, 15.55.
— MS m/z (%): 352 (100) [M* — H,O, — O(C,Hs),, — Li*], 337
(92), 234 (27), 132 (26), 117 (44). — Cy;H33N4O,Li (450.5): caled.
C 71.93, H 6.94, N 12.45; found C 71.42, H 6.84, N 12.78.
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5-(Methyl-4-tolylamino)-2-phenyl-4-(4-tolylimino)-4H-imidazole
(3a): Yield 0.28 g (76%), m.p. 113-116°C. — UV/Vis (CHCIy):
Amax (Ig €) = 264 nm (4.47), 325 (4.21), 472 (4.04). — *H NMR
(400 MHz, CDCls): 6 = 8.38 (d, br, 2 H), 7.49—-7.22 (m, br, 9 H),
2.41 (s, 3 H), 2.34 (s, br, 3 H), 1.57 (s, 3 H). — 3C NMR (100
MHz, CDCl,): § = 137.60, 132.79, 132.41, 129.94, 129.73, 129.26,
128.25, 126.97, 21.30, 21.16. — MS m/z (%): 367 (100) [M+], 351
(8), 292 (10). — Co4H25N, (366.5): caled. C 78.66, H 6.05, N 15.29;
found C 78.32, H 5.91, N 15.45.

5-(Ethyl-4-tolylamino)-2-phenyl-4-(4-tolylimino)-4H-imidazole
(3b): Yield 0.25 g (66%), m.p. 141°C. — UV/Vis (CHClz): Amax (9
g) = 264 nm (4.42), 407 (4.07).— *H NMR (250 MHz, CDCly):
8 =777 (d, 2 H), 7.55 (m, 3 H), 7.34 (d, 2 H), 7.14—-7.03 (m, 6
H), 3.90 (q, 3J = 7.1 Hz, 2 H, CH,CHs3), 2.35 (s, 3 H, CH;—Tol),
2.27 (s, 3 H, CHz;—Tol), 1.33 (t, 3J = 7.1 Hz, 3 H, CH,CH,3). —
3C NMR (62 MHz, CDCl,): 8 = 171.38, 151.04, 150.12, 145.19,
14475, 136.24, 133.25, 129.79, 129.42, 129.03, 128.83, 128.69,
128.46, 126.06, 120.94, 38.12, 21.18, 21.04, 14.25. — MS m/z (%):
381 (100) [M*], 365 (14), 176 (4), 132 (5), 105 (8). — CysH24N,
(380.5): calcd. C 78.92, H 6.36, N 14.73; found C 78.85, H 6.39,
N 14.72.

5-(Benzyl-4-tolylamino)-2-phenyl-4-(4-tolylimino)-4H-imidazole
(3c): Yield 0.34 g (78%), m.p. 173°C. — UV/Vis (CHCIy): Amax (19
€) = 243 nm (3.93), 365 (3.88), 471 (3.42). — 'H NMR (400 MHz,
CD,Cl,): & = 7.67 (d, 2 H), 7.58 (t, 1 H), 7.47 (t, 2 H), 7.35 (t, 2
H), 7.31-7.22 (m, 5 H), 7.14 (d, 2 H), 7.10 (d, 2 H), 7.05 (d, 2 H),
5.10 (s, 2 H, CH,), 2.36 (s, 3 H), 2.31 (s, 3 H). — 3C NMR (100
MHz, CD,Cl,): § = 151.87, 150.64, 145.32, 145.25, 137.38, 136.62,
133.94, 132.52, 130.01, 129.36, 129.19, 129.12, 129.05, 127.75,
127.66, 121.19, 46.48, 21.22, 21.11. — MS m/z (%): 443 (100) [M™],
427 (11), 351 (3), 91 (6). — C3oHy6N,4 (442.3): caled. C 81.41, H
5.93, N 12.67; found C 80.87, H 6.24, N 12.29.

4-[4-(Dimethylamino)phenylimino]-5-[4-(dimethylamino)-
phenyl(methyl)amino]-2-phenyl-4H-imidazole (3d): Yield 0.31 g
(73%), m.p. 168°C. — UV/Vis (THF): Amax (Ig €) = 293 nm (4.32),
544 (4.36). — *H NMR (400 MHz, [Dg]THF, 335 K): § = 8.40 (d,
2 H), 7.92 (d, br, 2 H), 7.46 (t, 1 H), 7.40 (t, 2 H), 7.29 (d, br, 2
H), 6.81 (d, 2 H), 6.71 (d, br, 2 H), 3.12 (s, br, 3 H, CH3), 2.99 [s,
6 H, N(CH5)3], 2.97 [s, 6 H, N(CH3)3]. — *H NMR (400 MHz,
[Dg]THF, 243 K): & = 8.48, 8.34 (2d, 2 H), 8.25, 7.70 (2d, 2 H),
7.56—-7.45 (m, 3 H), 7.41, 7.19 (2d, 2 H), 6.82 (d, br, 2 H), 6.80,
6.62 (2d, 2 H), 4.16, 3.79 (2s, 3 H, CHj3), 3.11, 3.04 [2s, 6 H,
N(CHa)3], 3.04, 2.71 [2s, 6 H, N(CH3)3]. — 3C NMR (100 MHz,
[Dg]THF, 243 K): & = 181.35, 180.6, 170.4, 170.21, 159.6, 150.63,
150.29, 149.44, 149.0, 137.74, 136.3, 136.09, 134.51, 134.06, 133.87,
132.08, 131.35, 131.17, 129.71, 129.54, 128.47, 128.34, 127.66,
127.1, 126.3, 112.71, 112.25, 112.12, 111.80, 111.44, 43.22, 40.62,
40.79, 40.22, 39.85, 39.78. — MS m/z (%): 425 (49) [M*], 411 (13),
151 (100), 137 (18), 89 (23). — CyeH2gNg (424.5): calcd. C 73.56,
H 6.59, N 19.79; found 73.61, H 6.63, N 19.70.

2-Phenyl-4-[3-(trifluormethyl) phenylimino]-5-[3-(trifluormeth-
yDphenyl(methyl)amino]-4H-imidazole (3e): Yield 0.23 g (48%),
m.p. 128°C. — UV/Vis (CH,Cl,): Amax (Ig €) = 249 nm (4.47), 328
(4.35), 466 (3.97). — *H NMR (400 MHz, CDCls, 223 K): § =
8.43,8.26 (2d, 2 H), 7.94 (m, 1 H), 7.81, 7.70 (2d, 1 H), 7.67—7.37
(m, 18 H), 4.19, 3.85 (s, 3 H). — MS m/z (%): 474 (100) [M*], 455
(13), 405 (18), 356 (8), 300 (9), 145 (18), 103 (43). — C,4H1N4F6
(474.4): calcd. 60.76, H 3.40, N 11.81; found C 61.07, H 3.47, N
11.56.

4,5-Dihydro-1-methyl-2-phenyl-4,5-bis[3- (trifluoromethyl)-
phenylimino]-1H-imidazole (4a): Yield 0.1 g (22%), m.p.
140—142°C. — UV/Vis (CH,Cl,): Amax (I3 €) = 269 nm (4.43), 398
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(4.17). — 'H NMR (400 MHz, CDCly): § = 7.87 (d, 2 H), 7.67 (t,
1 H), 7.62 (s, 1 H), 7.60 (t, 2 H), 7.51 (d, 1 H), 7.50—7.45 (m, 2
H), 7.42—7.37 (m, 3 H), 7.28 (d, br, 1 H), 3.55 (s, 3 H, CH3). —
13C NMR (100 MHz, CDCl,): & = 172.94, 152.43, 151.78, 148.15,
147.12, 132.80, 130.80 [q, 2J(C,F) = 32 Hz, ipso-CF3], 130.75 [q,
2J(C,F) = 31.9 Hz, ipso-CF3], 129.26, 129.00, 128.88, 128.73,
128.24, 125.62 [q, tJ(C,F) = 268.5 Hz, CF3], 125.34 [q, 1J(C,F) =
270.1 Hz, CF3], 123.9, 122.82 [q, 3J(C,F) = 3.6 Hz, 0-CFs], 122.51
[, 2J(C,F) = 3.8 Hz, 0-CF3], 120.50 [q, 3J(C,F) = 3.8 Hz, 0-CF3],
117.83 [q, 3J(C,F) = 3.7 Hz, 0-CF3]. — MS m/z (%): 474 (100)
[M™], 455 (24), 405 (56), 227 (13), 200 (13), 145 (20), 118 (53), 103
(21). — CyuH1sN4Fs (474.4): calcd. 60.76, H 3.40, N 11.81; found
C 60.58, H 3.45, N 11.88.

5-[Acetyl (4-tolyl)amino]-2-phenyl-4-(4-tolylimino)-4H-imid-
azole (5a): Yield 0.19 g (48%), m.p. 141°C. — UV/Vis (CHCIly):
Amax (Ig €) = 336 nm (4.06), 437 (3.86). — *H NMR (400 MHz,
CDCly): 6 = 8.44 (d, 2 H), 7.61 (t, 1 H), 7.52 (t, 2 H), 7,34 (s, br,
4 H), 7.19 (d, 4 H), 2.74 (s, 3 H, COCHy), 2.38 (s, 6 H, CHj). —
H NMR (400 MHz, CD,Cl,, 223 K): 5 = 8.41 (d, 2 H), 7.66 (t,
1 H), 755 (t, 2 H), 7.45 (d, 2 H), 7.25 (d, 2 H), 7.16 (d, 2 H), 7.12
(d, 2 H), 2.77 (s, 3 H, COCHy), 2.41 (s, 3 H, CHy), 2.33 (5, 3 H,
CH3). — 13C NMR (100 MHz, CD,Cl,, 223 K): § = 180.70, 173.65,
171.12, 159.91, 143.30, 140.68, 138.19, 137.10, 133.96, 130.66,
129.87, 129.54, 129.44, 128.82, 128.14, 127.84, 26.59, 21.31, 21.03.
— MS m/z (%): 395 (32) [M*], 353 (61), 150 (100), 121 (70), 107
(31), 91 (74). — CyxsH2,N4O (394.5): caled. C 76.12, H 5.62, N
14.20; found C 75.84, H 5.66, N 14.12.

5-[Benzoyl(4-tolyl)amino]-2-phenyl-4-(4-tolylimino)-4H-
imidazole (5b): Yield 0.24 g (53%), m.p. 123°C. — UV/Vis
(CHLCl,): Amax (Ig €) = 245 nm (4.25), 342 (4.04), 466 (4.05). —
1H NMR (400 MHz, [Dg] THF, 198 K): § = 8.36 (d, 2 H), 7.91 (d,
2 H), 7.80 (d, 2 H), 7.66 (t, 1 H), 7.53 (t, 2 H), 7.44 (t, 1 H),
7.39-7.35 (m, 4 H), 7.29 (d, 2 H), 7.20 (d, 2 H), 2.39 (s, 3 H, CH3),
2.34 (s, CH3). — 13C NMR (100 MHz, [Dg]THF, 198 K): § =
183.81, 175.72, 172.83, 160.29, 144.12, 141.27, 140.45, 138.02,
137.88, 134.85, 133.23, 132.08, 130.9 (br), 130.67, 130.36, 129.80,
129.58, 129.38, 127.67, 21.53, 21.21. — MS m/z (%): 457 (100)
[M™], 441 (7), 351 (15), 248 (6), 212 (7), 105 (19). — CzoH24N,O
(456.5): calcd. C 78.92, H 5.29, N 12.27; found C 78.75, H 5.38,
N 12.36.

5-{Benzoyl[4-(dimethylamino)phenylJamino }-4-[4-(dimethyl-
amino)phenylimino]-2-phenyl-4H-imidazole (5¢): Yield 0.3 g (58%),
m.p. 222—223°C — UV/Vis (CHCl3): Amax (Ig €) = 259 nm (4.46),
303 (4.46), 593 (4.64). — 'H NMR (250 MHz, CD,Cl,): 8 = 8.30
(d, 2 H), 7.80 (d, 2 H), 7.56—7.42 (m, 6 H), 7.33—7.25 (m, 4 H),
6.72 (d, br, 4 H), 3.05 [s, br, 12 H, N(CHg3)s]. — 3C NMR (62
MHz, CD,Cl,): 6 = 178.19, 172.99, 138.25, 132.84, 132.62, 131.59,
129.58, 129.48, 128.89, 128.55, 40.58. — MS m/z (%): 515 (100)
[M*], 241 (28), 135 (6), 105 (9). — CzH3NeO (514.6): calcd. C
74.68, H 5.88, N 16.33; found C 74.60, H 5.83, N 16.21.

5-[Phenacetyl(4-tolyl)amino]-2-phenyl-4-(4-tolylimino)-4H-
imidazole (5d): Yield 0.35 g (74%), m.p. 185—187°C — UV/Vis
(CHCI3): Admax (g €) = 286 nm (4.28), 307 (4.24), 367 (4.08). — H
NMR (250 MHz, [Dg]DMSO): § = 11.75 (s, br, 1 H, NH), 8.40 (d,
2 H), 7.83 (t, 2 H), 7.70 (t, 2 H), 7.43 (d, 2 H), 7.33-7.12 (m, 12
H), 5.88 (s, br, 1 H), 2.27 (s, 6 H). — ¥C NMR (62 MHz,
[Dg]DMSO): & = 158.45, 135.10, 133.8, 133.65, 130.00, 129.25,
129.21, 129.10, 128.85, 128.16, 125.4, 121.72, 120.34, 116.47, 45.33,
20.49. — MS m/z (%): 471 (49) [M™*], 353 (41) [M*—COCH,Ph],
338 (15), 305 (11), 269 (65), 226 (25), 137 (16), 119 (100), 91 (64).
— Caz1H,6N4O (470.6): caled. C 79.12, H 5.57, N 11.91; found C
79.57, H 5.63, N 11.43.
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(E)-2-Phenyl-2-[2-phenyl-4-(4-tolylamino)imidazol-5-ylidene]-
N-(4-tolyl)acetamide [(E)-6a]: Yield 0.2 g (42%), m.p. 206—208°C.
— UVNis (CHCI3): Amax (Ig €) = 255 nm (4.41), 353 (4.33), 484
(4.23). — IH NMR (400 MHz, CDCly): & = 13.01 (5, 1 H, NH),
8.47 (d, 2 H), 7.71 (d, 2 H), 7.66 (m, 3 H), 7.58 (m, 3 H), 7.48 (m,
2 H), 7.23 (d, 2 H), 7.21 (d, 2 H), 7.08 (d, 2 H), 6.75 (s, 1 H, NH),
2.34 (s, 3 H), 2.29 (s, 3 H) — 3C NMR (100 MHz, CDCly): § =
177.85, 167.41, 163.03, 150.14, 136.40, 135.07, 134.88, 133.71,
133.65, 132.91, 131.95, 131.45, 130.12, 130.07, 129.84, 129.78,
129.72, 129.56, 128.75, 119.73, 119.67, 20.99, 29.96. — MS m/z (%):
471 (100) [M*], 364 (4), 336 (7), 89 (4). — Cs;Hy6N4O (470.6):
caled. C 79.12, H 5.57, N 11.91; found C 78.93, H 5.33, N 11.80.

(Z)-2-Phenyl-2-[2-phenyl-4-(4-tolylamino)imidazol-5-ylidene]-
N-(4-tolyl)acetamide [(Z)-6a]: Yield 0.13 g (27%), m.p. 188°C. —
UVNVis (CHCL3): Amax (Ig €) = 258 nm (4.36), 362 (4.30), 518
(4.14), — 'H NMR (400 MHz, CDCl,): & = 13.82 (s, 1 H, NH),
8.29 (d, 2 H), 8.02 (d, 2 H), 7.58 (d, 2 H), 7.55—7.46 (m, 4 H), 7.44
(s, br, 1 H, NH), 7.39 (t, 2 H), 7.33 (d, 2 H), 7.23 (d, 2 H), 7.14 (d,
2 H), 2.37 (s, 3 H, CH3). — 3C NMR (100 MHz, CDCly): § =
180.22, 166.56, 165.83, 158.32, 136.63, 136.58, 135.46, 134.60,
134.31, 132.43, 132.04, 131.20, 130.90, 129.84, 129.68, 129.61,
128.90, 128.63, 128.19, 121.33, 120.77, 21.12, 20.99. — MS m/z (%):
471 (100) [M*], 369 (62), 257 (16), 107 (8), 89 (40). — C3;H»6N,O
(470.6): caled. C 79.12, H 5.57, N 11.91; found C 79.03, H 5.46,
N 12.05.

(E)-2-(4-Methoxyphenyl)-2-[2-phenyl-4-(4-tolylamino)-
imidazol-5-ylidene]-N-(4-tolyl)acetamide [(E)-6b]: Yield 0.26 ¢
(52%), m.p. 226°C — UV/Vis (CHCIs): Anax (Ig €) = 357 nm (4.28),
484 (4.20). — 'H NMR (400 MHz, CDClg): 6 = 13.39 (s, 1 H,
NH), 8.48 (d, 2 H), 7.73 (d, 2 H), 7.62 (m, 3 H), 7.43 (d, 2 H), 7.29
(d, 2 H), 7.20 (m, 4 H), 7.12 (d, 2 H), 7.06 (s, 1 H, NH), 3.98 (s, 3
H), 2.36 (s, 3 H), 2.32 (s, 3 H). — **C NMR (100 MHz, CDCly):
6 = 177.48, 167.54, 163.19, 160.92, 150.10, 136.45, 135.20, 134.82,
133.64, 132.80, 131.90, 131.76, 131.52, 129.74, 129.71, 129.55,
128.73, 125.25, 119.72, 119.64, 115.48, 55.65, 20.98, 20.96. — MS
m/z (%): 501 (6) [M*], 257 (6), 146 (9), 107 (6), 89 (100). —
C3,H2sN4O, (500.6): caled. C 76.78, H 5.64, N 11.19; found C
76.75, H 5.80, N 11.12.

(E)-2-[4-(Dimethylamino)phenyl]-2-[ [4-(4-(dimethylamino)-
phenylamino]-2-phenylimidazol-5-ylidene]-2-phenylacetamide [(E)-
6¢]: Yield 0.18 g (34%), m.p. 203—206°C. — *H NMR (400 MHz,
CDCl3): 6 = 14.18 (s, 1 H, NH), 8.33 (d, 2 H), 8.09 (d, 2 H), 7.61
(d, 2 H), 7.54 (t, 2 H), 7.54 (t, 2 H), 7.46 (m, 2 H), 7.41 (m, 3 H),
7.37 (d, 2 H), 6.83 (d, 2 H), 6.70 (d, 2 H), 3.02 (s, 6 H), 2.95 (s, 6
H). — 3C NMR (100 MHz, CDCls): § = 179.95, 166.41, 164.70,
158.24, 148.55, 148.09, 137.19, 132.91, 131.61, 131.30, 129.68,
129.50, 129.23, 128.51, 128.07, 126.63, 122.76, 122.34, 112.85,
112.60, 40.71, 40.62. — MS m/z (%): 529 (8) [M™*], 395 (7), 365
(11), 281 (6), 264 (11), 163 (100), 135 (19). — Cs3H3,NgO (528.7):
calcd. C 74.97, H 6.10, N 15.89; found C 74.74, H 5.93, N 16.12.

(Z2)-2-[4-(Dimethylamino)phenyl]-2-[ [4-(4-(dimethylamino)-
phenylamino]-2-phenylimidazol-5-ylidene]-2-phenylacetamide [(Z)-
6¢]: Yield 0.12 (24%), m.p. 219—221°C. — UV/Vis (THF): Anax (I9
€) = 274 nm (4.47), 378 (3.84), 566 (4.00). — *H NMR (400 MHz,
CDCl3): 6 = 13.01 (s, 1 H, NH), 8.43 (d, 2 H), 7.75 (d, 2 H),
7.65—7.55 (m, 8 H), 7.50—7.25 (m, 4 H), 6.81 (s, 1 H, NH), 6.65
(d, 2 H), 2.96 (s, 6 H), 2.94 (s, 6 H). — MS m/z (%): 529 (7) [M*],
393 (6), 369 (12), 269 (5), 255 (25), 163 (100), 137 (19). —
C33H3,NgO (528.7): caled. C 74.97, H 6.10, N 15.89; found C
74.62, H 6.14, N 16.24.

(E)-2-[4-(Dimethylamino)phenyl]-2-[[4-[4- (dimethylamino)-
phenylamino]-2-phenylimidazol-5-ylidene]-2-(4-methoxyphenyl)-
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acetamide [(E)-6d]: Yield 0.19 g (34%), m.p. 228—231°C. — UV/
Vis (CHCI3): Anax (Ig €) = 280 nm (4.61), 395 (4.14), 572 (4.34). —
IH NMR (400 MHz, CDClg): § = 12.99 (s, 1 H, NH), 8.49 (d, 2
H), 7.75 (d, 2 H), 7.59 (m, 3 H), 7.43 (d, 2 H), 7.32 (d, 2 H), 7.19

(d,

2 H), 7.05 (s, 1 H, NH), 6.79 (d, 2 H), 6.67 (d, 2 H), 3.92 (s, 3

H), 2.97 (s, 6 H), 2.94 (s, 6 H). — MS m/z (%): 559 (5) [M*], 395
(6), 163 (100), 137 (22). — Ca4H34NgO; (558.7): calcd. C 73.09, H
6.13, N 15.04; found C 73.37, H 6.37, N 14.87.
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