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Abstract: An analysis of the 'H- and "?*C-NMR spectra of a series of 1,2-diaryl-1H-4,5-
dihydroimidazoles and comparisons with 4,5-dihydroimidazoles having different
substitution patterns are presented. The influence of different 1-aryl and 2-aryl group
substituents on spectroscopic parameters of the heterocyclic ring and on the contributions
of possible mesomeric structures in the system was determined. Spectroscopic features
are coherent with the presence of two conjugated systems (Ar;-N and Ar,-C=N) which
compete with the delocalization characteristics of the amidine system.
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Introduction

1H-4,5-Dihydroimidazoles (2-imidazolines, 1) are cyclic amidines of pharmacological interest
owing to certain properties exhibited by some members of the class, such as antihypertensive [1],
antihelminthic [2,3], hypoglycemic [5], antiinflamatory and analgesic activity [4]. These biological
effects were attributed to activation of three groups of imidazoline receptors (I, I, I3) [6]. From a
chemical point of view, the synthesis and study of such compounds is of interest because they are
synthetic intermediates in the preparation of 1,3-diazole derivatives [7-12] and of acyclic compounds
carrying the ethylenediamine structural unit (>N-(CH,),-N<)[12-15]. Imidazoline nuclei were also
employed as a source of carbon units in transfer reactions [15,16]. N-Alkyl substituted compounds
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have been extensively investigated while the N-aryl derivatives have been less studied, with the latest
reports on the latter coming mostly from our laboratories [12-14, 17-19]. Spectroscopic analysis is a
suitable method to throw light upon electronic perturbations inherent to a system and to exhibit its
structural features. The scarce antecedents concerning this subject in imidazoline field led us to present
in this work a 'H- and >C-NMR analysis of a series of 1,2-diaryl-1H-4,5-dihydroimidazoles 1-11 and
a comparison with compounds 12-14 having different substitution patterns (Table 1).

Table 1. 1H-4,5-Dihydroimidazoles

0\

RI—NYN
)
Compound R; R,
1 CeHs CeHs
2 4-CH;C¢Hy CeHs
3 4-CH;0C¢H4 CeHs
4 4-C1C6H4 C6H5
5 4-NO,Ce¢Hy C¢Hs
6 3,4-(CH;0),CsHj3 CeHs
7 CeHs 4-CH3;0C¢H4
8 C¢Hs 4-CICeH4
9 CeHs 3-NO,C¢H4
10 4-NO,CgHy4 4-NO,CgHy
11 2-NO,C¢Hy 4-NO,CcHy4
12 CH; CeHs
13 iso-C;H5 CeHs
14 CeHs CH;3

Results and Discussion

The studied 1,2-diaryl-1H-4,5-dihydroimidazoles 1-11 are compounds capable of exhibiting cross
conjugation, where different possibilities of electron delocalization must be evaluated in order to
interpret their spectroscopic features. Thus, together with mesomeric structures typical of amidines (I-
I1) we should consider the resonance of the aniline system Ar-N1 (111) and the conjugation of the C2-
aryl with the amidine C=N (V) (Scheme 1). '"H-NMR spectra of compounds 1-14 are presented in
Table 2. Chemical shifts of the protons in the ethylenediamine moiety of the heterocyclic ring show
accidental coincidence in compounds 1-4, 7-10 and yield a sharp singlet in the 3.98-4.20 ppm region.
On the other hand, they appear as a centrosymmetric signal typical of an AA'BB’ system in
compounds 5 and 6 and as two triplets in compound 11. In all cases, these protons appear at lower
fields than those of 1-alkyl-2-aryl imidazolines 12, 13 used as reference. This fact reveals a lower
electron density in the amidine system of the 1,2-diaryl derivatives due to the contribution of canonic
forms 111 [20] (with positively charged N1) resulting from competition of the 1-aryl group for the N1
lone electron pair.
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Scheme 1. Mesomeric structures in 1,2-diaryl-1H-4,5-dihydroimidazoles
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Taking compound 1 as reference, the presence of electron donors or lightly withdrawing
substituents on the 1-aryl group (H, CH3, Cl, OCH3) in general does not lead to substantial changes in
the heterocyclic hydrogen chemical shifts. In the case of the 1-p-nitrophenyl compound 5 a
paramagnetic shift of 0.12 ppm is observed, also demonstrating a difference in the magnetic
neighborhood of protons which appear as a centrosymmetric multiplet as a result of the contribution of
structure V. The contribution of canonic structures 11 is revealed in the shielding observed for 1-aryl
ortho and para hydrogens. However, this effect is less than that previously observed in N-aryl-
ethylenediamines [19], since the N1 lone electron pair is also involved in electron delocalization of
amidine system (I« 11).

As a particular feature of 1,2-diaryl-1H-4,5-dihydroimidazoles, 2-aryl ortho hydrogens appear at
lower fields that the other aromatic hydrogens. This fact may be associated to the contribution of
canonical form IVa. This does not occur in 1-alkyl-2-aryl derivatives (12, 13), in which phenyl
hydrogens appear as singlets, thus indicating a benzene ring practically unperturbed by the amidine
system and the essential contribution of structure Il. Instead, in 1-aryl derivatives conjugation of N1
lone electron pair with the 1-aryl diminishes structure |l contribution, thus making most important the
conjugation of the amidine C=N and 2-aryl (IV).

Again using compound 1 as reference, the presence of electron donor substituents in the 2-aryl
(OCHj3;, Cl) causes a slight upfield shift of ethylene protons by a mesomeric effect, while 1-aryl
resonances are practically unmodified. The shielding effect may be associated to the contribution of
structure V1. On the contrary, introduction of a nitro group on a 2-arylsubstituent (9-11) induces a
paramagnetic shift associated with substituent inductive and mesomeric effects, causing a decrease in
the electron density on the heterocyclic ring (Scheme 2).
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Table 2. '"H-NMR of 1H-4,5-dihydroimidazoles (1-14) (8 ppm, J Hz)

6
Ry

4 3
o
R 7
— 10
11 Ry
R 12

Compd. R, R, CH,-CH, 6H-8H 10H-12H
1 CeHs CeHs 4.03 6H: 6.70, dd, 11H,12H:  7.20-
s J;=8.70,1,=1.01  7.35,m 10H: 7.45,
8H: 6.96, t, J;=7.45 d,]=7.02
7H: 7.10, t, J;= 8.50
2 4-CH;CH, CeHs 4.00 6H: 6.80, d, J=8.20 11H,12H:  7.32- 3.20,s, CHj
S 7H:7.05,d,J=820 7.40, m
10H: 7.52, d,
J=7.07
3 4-CH;0CH, CeHs 4.00 6H: 6.75, dd, 11H,12H:  7.20- 3.75, s, CH;
s J;=8.2, 1,=2.20 7.33,m,
7H: 7.00, dd, 10H: 7.45 dd,
J1=8.2,1,=2.20 11=8.47, 1,=1.72
4 4-CICqH, CeHs 4.01 6H: 6.65, dd, 11H,12H: 7.21-
s 1=6.67,1,=2.21  734,m
7H: 7.08, dd, 10H: 7.42, dd,
1=6.67,1,=2.21  1,=6.90, J,=1.54
5 4-NO,C¢H, CeHs 4.15 6H: 6.67, dd, 10H-12H:7.47-
m [a] 1=7.02,1,=2.20  7.51,m
7H: 8.05, dd,
31=7.02, 1,=2.20
6 3,4-(CH;0),CsH; CeHs 4.00 6H: 6.31,d,J=2.40 11H,12H: 7.20-  3.52,s, OCH;
M s m [a] 6'H: 6.4, dd, 7.33, m 10H: 7.46, 3.80,s, OCH;
Voo 5 J;=8.40,1,=2.40  dd, J;=8.50,
7 7°H: 6.90, d, J=8.40 J,=1.80
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Table 2. Cont.
Compd. R, R, CH,-CH, 6H-8H 10H-12H R
7 CeHs 4-CH;0C¢H, 3.90 6H: 6.78, m [b] 11H: 6.78, m [b]  3.65, s,
s 8H: 6.93-6.98, m 10H: 7.41, d, OCHj;
7H: 7.15, dd, J=8.90
J1=7.50, 1,=2.10
8 CH; 4-CIC4H, 3.98  6H: 6.74, dd, 11H: 7.20, d,
s 1,=8.50, J,=1.10 J=8.50
8H: 6.97, td, 10H: 7.39, d,
1,=7.50, 1,=1.10 1=8.50 N
7H: 7.15, dd,
J1=8.50, J,=7.50
9 CeHs 3-NO,CsH,4 4.08 6H: 6.80, dd, 11'H: 7.43, t,
ON s J,=8.30, I,=1.3 J=7.90
u 10 8H: 7.02, t, J=7.80 10"H: 7.75, td,
12 S 7H:7.18,dd, J;= J1=6.40, 1,=1.50
b 1o 8.30, J,=7.80 12H: 8.12, td,
J,:=17.70, J,=1.50
10H: 8.40, t,
J1=1.80
10 4-NO,Cg¢H,4 4-NO,CgH,4 4.20 6H:6.71,d,J=9.01 10H: 7.70, d,
S 7H: 8.09, d, J=9.01 J=8.80 B
11H: 8.25,d, J=
8.80
11 [c] 2-NO,C¢H, 4-NO,C¢H,  4H:4.00 6'H:7.08,dd,J,= 10H:7.61,d,J=
NO, t,J=9.20 7.90 9.09
= 3H:4.20 8H:7.29,dt,J,= 11H: 8.10, d,
8 s t,J=9.20 7.78,1,=1.20 J=9.09 B
7 6 7'H:7.42,dt,J, =
7.78,1,=1.15
7H: 7.84, dd,
J1=8.09, J,=1.15
12 CH; CeHs 3.80 3.01, s, CH; 10H-12H: 7.30, s B
m [a]
13 CH(CH;), CeHs 3.50 CH;:1.00,d 7.30, s B
m [a] CH:2.30, m
14 CH; CH;, 3.90  GH,8H: 6.80-6.90, m 2.10, s, CH; -
S 7H: 7.40-7.50, m

[a] Centrosymmetric multiplet; [b] Exchangeable assignment; [c] Signals were unequivocally assigned
by HMQC and HMBC spectra. Correlation between signal 6 4.20 ppm and C2 (160.9 ppm) in the

HMBC spectrum confirm the assignment of protons in the ethylenediamine moiety.

Compound 11 is the only 4,5-dihydroimidazole in which the proton signals of the ethylenediamine

moiety are resolved and appear as two triplets. Assignment was unequivocally confirmed by two-
dimensional heteronuclear correlation spectra (HMQC and HMBC). The lowest field triplet (6: 4.20)
corresponds to methylene adjacent to N=C and the one at 6: 4.00 to methylene bonded to N-aryl.
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Taking compound 10 as a reference, the shielding of the last methylene can be rationalized as the
result of 0-nitrophenyl twisting with respect to the amidine ring in order to avoid steric interaction with
the vicinal 2-aryl group, thus determining the lowest contribution of structures Il (with nitrogen
positively charged). When comparing compounds 1 and 14, it can be seen in the former a shielding of
meta hydrogens of 1-aryl which could be attributed to 2-aryl anisotropy.

PC-NMR spectra of compounds 1-11 are presented in Table 3. The typical signal is that
corresponding to heterocyclic ring C2 which generally appears at 160-163 ppm. Taking compound 1
as a reference, the different substitution on 1- and 2-aryl groups affects its chemical shift in such way
that the presence of electron donor groups (compounds 3, 6, 7) induces a shift to low fields while
electron acceptor groups shields it in 0.8-1.5 ppm (compounds 5, 9-11).

Table 3. "C-NMR of 1H-4,5-dihydroimidazoles 1-11 (5 ppm)

4 3
R7 ¢ i
10
11
R12
Compd. 1-Aryl 2-Aryl 2C 3C,AC 5C-12C R
1 C¢Hs C¢H; 161.7 52.5,53.9 5C: 142.1; 6C: 122.5;

7C,10C,11C: 128.6, 128.7,
128.0; 8C: 123.4; 9C:
130.7; 12C: 129.9

2 4-CH;3CgH,4 CeH; 162.0 52.7,53.9 5C:142.0; 6C: 123.0; CH;: 20.5
7C,10C,11C: 128.2, 128.9,
129.1; 8C: 131.0; 9C:
130.4; 12C: 128.5

3 4-CH;0C4¢H,4 CeH; 163.2 54.8,55.1 5C:136.1;6C: 124.9; 7C:
113.8; 8C: 156.1; 9C:
130.9; 10C,11C: 127.8,
128.4;12C: 1294

4 4-CICgH,4 CeH; 162.1 52.8,53.1 5C:141;6C: 123.5;
7C,10C,11C: 128.7, 128.5,
128.4; 8C: 128.4; 9C:
130.7; 12C: 130.1

5 4-NO,C¢H,4 CeH; 160.1 522,529 5C:147.4;6C:119.3;7C:
124.2; 8C: 140.9; 9C:
131.4; 10C,11C: 128.0,
128.3; 12C: 131.4

6 |3,4-(CH;0),CH; CeHs 1632  53.0,54.1 5C: 136.4; 6: 1082; CH;0:552,
MeO [a] 6'C,7°C: 111.3, 115.1; 7C: 56.0 [a]
7 6
. ] 149.2; 8C: 145.4; 9C:
MeO

131.1; 10C,11C: 129.1,
76 129.2; 12C: 130.1
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Table 3. Cont.
Compd. 1-Aryl 2-Aryl 2C 3C,4C 5C-12C R
7 C¢Hs 4-CH;OC¢H, 1623 [b] 52.6,54.0 5C: 143.6; 6C: 122.5; 7C:  CH;0: 55,1

128.3; 8C: 123.2; 9C:
123.6, 10C: 130.2; 11C:
113.3; 12C: 160.7 [b]

8 CeHs 4-CIC¢H4 161.4 52.7,53.9 5C: 142.6; 6C: 122.5,
7C,11C: 128.1, 128.6; 8C:
123.5; 9C: 129.7; 10C:
129.8; 12C: 135.6

9 CeHs 3-NO,CgHs  160.1  53.3,54.4 5C: 142.4; 6C: 123.1; 7C:
ON 129.1; 8C,10C,12C: 123.7,
1y __\10 124.4, 124.6; 9C: 132.8;
12 - 10°C: 134.3; 11C: 147.8; -
i 11'C: 129.3
10 4-NO,CH, 4NO,CeHs 1604 534,549 6C,7C,10C, 11C: 121.9,

126.2, 127.2, 130.7; 9C:
137.9; 5C,8C,12C: 143.3,

1473, 151.1
11 [c] 2-NO,CsH, 4-NO,C4H, 160.9 4C:54.5  5C: 136.9; 6C: 145.6; 6'C:
NO, 3C:54.8  128.6; 7C: 125.4; T7°C:
= 133.8; 8C: 126.7; 9C: -
8 . 136.0; 10C: 129.5; 11C:
. s 123.5; 12C: 148.7

[a] Exchangeable assignment. [b] Exchangeable assignment.[c] Signals were unequivocally assigned by HMQC
and HMBC spectra.

It could be expected that the decrease in electron density on imidazoline ring induced by the
presence of nitro substituent in aryl groups would exert a paramagnetic effect. Therefore, the observed
diamagnetic effect must be associated to a decrease in the C-N bond order, so that the balance between
both effects is the responsible for the shielding observed in the signal of carbons bonded to nitrogen
atoms. A similar effect was reported in other nitrogen heterocyclic systems, when ring electron density
decreased and polarization effects were overpassed by a diminution in bond order, leading to an
effective upfield shift of the C ¢ to the heteroatom [21]. Carbons 4 and 5 of the 4,5-dihydroimidazole
system (C3 and C4 respectively in Table 3) appear between 52.2 and 55.8 ppm and are affected in a
similar way as C2 by the different substitution on aryl groups.

Conclusions

Spectroscopic features of 1,2-diaryl-1H-4,5-dihydroimidazoles are coherent with the presence of
two conjugated systems (Ar;-N and Ar,-C=N), which are responsible of the observed differences with
1-alkyl-2-aryl derivatives. Thus, conjugation of N1 lone pair with 1-aryl competes with the electron
delocalization typical of the amidine system, making most important conjugation of 2-aryl with
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amidine C=N. This determines the shielding of 1-aryl ortho and para hydrogens and deshielding of 2-
aryl ortho hydrogens.

As a result of electron deficit on N1, ethylene hydrogens show in general a higher deshielding than
those observed for 1-alkyl-2-aryl-1H-4,5-dihydroimidazoles, and substituent influence is rationalized
on the basis of its inductive and mesomeric effects.
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Experimental
General

Melting points were taken on a Biichi capillary apparatus and were uncorrected. The NMR spectra
were obtained on a Bruker MSL 300 MHz spectrometer using deuteriochloroform as solvent at room
temperature and the standard concentration of samples was 0.10 M. The HMQC and HMBC spectra
were recorded using a Bruker AM-500 spectrometer. Chemical shifts are reported in parts per millon
(0) from tetramethylsilane. Signals are quoted as: s (singlet), d (doublet), dd (double doublet), t
(triplet), dt (double doublet), td (triple doublet) and m (multiplet). J values are given in Hertz (Hz).
Compounds 1, 2, 5 and 9 [17]; 3, 8 and 13 [12]; 4, 6 and 10 [18]; 7 [14]; 12 [22] and 14 [19] were
prepared following literature procedures.
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