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Abstract

The crystal structures of two isomeric urea derivatives—1,1-dimethyl-3-(quinolin-2-yl)urea
(1) and 3-(isoquinolin-1-yl)-1,1-dimethylurea (2)—have been investigated by single-crystal
X-ray diffraction. These compounds differ in the relative position of the heterocyclic ni-
trogen atom and the urea substituent. A structural study revealed that the compounds
exhibit distinct molecular conformations. In 1, the molecule exists predominantly in a
ureide form with a single C–N bond between the quinoline fragment and urea moiety. The
ureide group is out of the plane of the quinoline ring, forming an anti-conformation. In
contrast, 2 adopts an exocyclic C=N configuration with an intramolecular hydrogen bond
between the heterocyclic NH group and ureide oxygen, resulting in a syn-conformation.
The supramolecular organization of the compounds also differs: 1 forms one-dimensional
chains through N–H···O hydrogen bonds, which further assemble into two-dimensional
layers via C–H···O interactions; in 2, the molecules form dimers through intermolec-
ular C–H···O hydrogen bonds. Thus, subtle structural differences between isomeric
urea derivatives can lead to distinct molecular conformations, tautomeric forms, and
supramolecular organizations.

Keywords: quinoline; isoquinoline; urea; tautomers; X-ray diffraction; supramolecular
organization

1. Introduction
Quinoline and isoquinoline derivatives containing a urea (carbamide) moiety consti-

tute a large class of heterocyclic compounds that are actively studied in both fundamental
and applied chemistry. Quinoline and isoquinoline themselves are considered “privileged”
heterocyclic scaffolds in medicinal chemistry, serving as the basis for numerous phar-
maceutical agents [1–5]. Hetaryl ureas with varying positions of the ureide substituent
within the heterocyclic fragment frequently exhibit antimicrobial [6–9], anticancer [10],
and anti-inflammatory properties [11], along with other types of biological activities [12].
Pyridyl- and quinolinyl ureas are of interest for organic synthesis [13], as they can act as
masked isocyanates [14] and be employed to construct pharmaceutically relevant polynu-
clear heterocyclic systems [15]. Ureas can display ligand properties; when combined with a
heteroaromatic ring (quinoline/isoquinoline), such molecules can function as bidentate or
polydentate ligands, forming stable metal complexes that are used in the development of
catalysts, luminescent materials, and medicinal agents [16–19]. The ability of urea groups
to form strong hydrogen bonds enables the design of supramolecular assemblies, gels,
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and porous structures. The presence of the heteroaromatic fragment additionally provides
the possibility of π-stacking interactions, thereby expanding the scope of supramolecular
design [17].

Derivatives in which the urea moiety is located in close proximity to a heteroatom
within the ring (Figure 1) are of particular interest as potential bi-/polydentate ligands
and tectons for supramolecular assembly [20], as well as model systems for studying
tautomeric equilibria and proton transfer—which is important for fundamental research
into reaction mechanisms. In such compounds, the urea fragment is capable of tautomeric
transformations and proton transfer, while the presence of a heteroatom in the ring (the N
atom in quinoline/isoquinoline) can influence the acid–base properties and the dynamics
of these processes.

Figure 1. The tautomeric forms of isomeric compounds 1 and 2.

In this work, the structures of two isomeric compounds—1,1-dimethyl-3-(quinolin-2-
yl)urea (1) and 3-(isoquinolin-1-yl)-1,1-dimethylurea (2)—were studied by single-crystal X-
ray diffraction (XRD). These compounds differ in the relative positioning of the heterocyclic
nitrogen atom and the urea substituent. The interest in these compounds stems from the
fact that, despite their similar overall structures, they exhibit different chemical properties
and reactivity [21]. This study revealed that, in the crystalline phase, these substituted
ureas exist as different tautomeric forms. The structural features of the compounds are
discussed in the following sections.

2. Results
2.1. XRD Analysis and the Structures of Compounds 1 and 2

Suitable crystals of compounds 1 and 2 were grown from 1,2-dichloroethane at room
temperature and studied by XRD.

Compound 1 crystallizes in the Pbca space group within the orthorhombic crystal
system. The crystal contains one molecule of 1 as the crystallographically independent unit
(Figure 2). The labile hydrogen atom in the structure is localized on the nitrogen atom of
the amide group. Selected bond lengths and bond angles are listed in Table 1. Analysis
of the bond lengths in the heterocyclic fragment reveals a similarity to the parameters
of an analogous fragment in structurally related compounds, such as 1-(1H-indol-7-yl)-
3-quinolin-2-yl urea (CCDC code CIGSES) [22] or 1-quinolin-2-yl-3-quinolin-8-yl urea
(CIDGIH) [22]. The bond lengths in the peripheral ureide fragment (Table 1) indicate
its existence in carbamide form, with a relatively short C–O bond (1.2371(15) Å) and
elongated C–N bonds (1.3868(15) and 1.3539(15) Å), which is typical for substituted ureas—
for example, in CLPHUR01 [23] or in ureas with a quinoline substituent (CIGSES [22] and
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CIDGIH [22]). The C1–N2 bond (1.3986(15) Å) between the quinoline fragment and the
urea moiety is essentially single in character (ca. 1.40 Å, compared to 1.34–1.42 Å [24] for a
single bond). The carbamide group is out of the plane of the quinoline fragment (the torsion
angle N1–C1–N2–C10 is 147.91(11)◦; the twist angle between the planes of the quinoline
fragment C9N and the ureide N2CO is 134.41(4)◦), indicating negligible or no conjugation
between these two fragments. The quinoline fragment (C1N1) and the urea substituent are
located on opposite sides of the C1–N2 bond, forming an anti-conformation.

Figure 2. The molecular structure of compound 1 is shown with thermal ellipsoids drawn at the 50%
probability level.

Table 1. Selected bond lengths and bond angles in compounds 1 and 2.

Atoms Distance, Å Atoms Angle, ◦

1
O1–C10 1.2371(15) N1–C1–N2 115.21(10)
N1–C1 1.3171(16) C1–N2–C10 124.08(10)
N1–C9 1.3699(15) O1–C10–N2 122.71(11)
N2–C1 1.3986(15) O1–C10–N3 122.59(11)

N2–C10 1.3868(15) N3–C10–N2 114.70(10)
N3–C10 1.3539(15) C10–N3–C11 119.32(10)
N3–C11 1.4549(15) C10–N3–C12 123.79(10)
N3–C12 1.4595(16) C11–N3–C12 116.35(10)

2
O1–C1 1.2547(15) N1–C1–N2 124.66(11)
N1–C1 1.3628(16) C1–N2–C10 119.32(10)
N1–C2 1.3766(17) O1–C10–N2 126.26(11)
N2–C1 1.3215(16) O1–C10–N3 120.10(11)

N2–C10 1.3813(16) N3–C10–N2 113.63(11)
N3–C10 1.3556(17) C10–N3–C11 119.94(11)
N3–C11 1.4540(16) C10–N3–C12 123.21(11)
N3–C12 1.4557(17) C11–N3–C12 116.72(11)

O1A–C1A 1.2584(15) N1A–C1A–N2A 124.42(11)
N1A–C1A 1.3593(15) C1A–N2A–C10A 119.58(10)
N1A–C2A 1.3748(16) O1A–C10A–N2A 126.41(11)
N2A–C1A 1.3257(16) O1A–C10A–N3A 119.76(11)

N2A–C10A 1.3808(15) N3A–C10A–N2A 113.82(10)
N3A–C10A 1.3607(16) C10A–N3A–C11A 120.97(10)
N3A–C11A 1.4530(15) C10A–N3A–C12A 124.10(10)
N3A–C12A 1.4525(15) C11A–N3A–C12A 114.87(10)
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Compound 2 crystallizes in the P21/c space group within the monoclinic crystal
system. The structure comprises two types of crystallographically independent molecules
of 2 (Figure 3). In both molecule types, the labile hydrogen atom is localized on the
isoquinoline nitrogen atom, which exhibits an amide-like character. Bond lengths and bond
angles for both molecule types are presented in Table 1; the corresponding parameters
for the two molecules differ only slightly (within 3σ). For the heterocyclic fragment
in 2, an alternating pattern of bond lengths is observed, characteristic of structurally
similar substituted N-protonated isoquinolines—for example, in ethoxy(isoquinolinium-1-
ylimino)methanethiolate (JEKTID) [25].

Figure 3. Molecular structure of compound 2; one of the two crystallographically independent
molecules is depicted, with thermal ellipsoids shown at the 50% probability level. The intramolecular
hydrogen bond is indicated by a dotted line.

The bond lengths in the ureide fragment of 2 differ from those in compound 1. Thus,
the C1–N2 (and C1A–N2A) bond becomes notably shorter (1.3215(16) Å and 1.3257(16)
Å in 2 vs. 1.3986(15) Å in 1), while the O1–C1 bond slightly elongates (1.2547(15) Å and
1.2584(15) Å in 2 vs. 1.2371(15) Å in 1). Furthermore, the C1–N1 bond in the heterocyclic
fragment (1.3628(16) Å and 1.3593(15) Å) is elongated compared to that in 1 (1.3171(16) Å).
All these observations indicate a different distribution of electron density in molecules 1 and
2. This, in turn, suggests the presence of a different tautomer in the case of 2, characterized
by a distinct proton position relative to 1 and a different bond-order pattern (Figure 1).

The C1–N2 bond between the quinoline fragment and the urea moiety is of double-
bond character (ca. 1.32 Å, compared to 1.28–1.32 Å [24] for a double bond). The ureide
group and the isoquinoline fragment are nearly coplanar (the torsion angle N1–C1–N2–C10
is 0.31(14)◦ and 0.93(15)◦; the twist angle between the planes of the isoquinoline fragment
C9N and the ureide N2CO is 0.23(4)◦ and 7.91(4)◦). The isoquinoline fragment and the urea
substituent are located on the same side of the C1–N2 group, forming a syn-configuration
(Figure 3). This configuration is stabilized by an intramolecular hydrogen bond N–H···O
(Figure 3, Table 2). Similar examples of Resonance-Assisted Hydrogen Bonds have been
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repeatedly observed in cyclic H–N–C=N–C=O fragments and have been studied using
various methods, including XRD and computational techniques [26,27].

Table 2. Hydrogen bonds in the structures of compounds 1 and 2.

Contact X–D···A Distance, D–A, Å Distance, X–A, Å Angle X–D–A, ◦ Assignment

1
N2–H2–O1 2.0504(8) 2.9947(13) 153.90(6) intermolecular
C5–H5–O1 2.3621(8) 3.4189(15) 164.21(7) intermolecular

2
C1–H1–O1 1.8214(9) 2.5700(13) 127.21(8) intramolecular

C1A–H1A–O1A 1.8195(9) 2.5762(13) 128.01(7) intramolecular
C2A–H2A–O1 2.3656(9) 3.1170(16) 124.97(7) intermolecular
C2–H2–O1A 2.4387(8) 3.2000(15) 126.07(7) intermolecular

2.2. Intermolecular Interactions and Supramolecular Organization of Compounds 1 and 2

In the structure of 1, two prominent intermolecular hydrogen bonds are formed: N–
H···O and C–H···O (Table 2, Figure 4). The former interactions assemble molecules of 1
into extended one-dimensional chains; these chains, with the participation of the second
type of hydrogen bond, are further connected into two-dimensional pseudo-layers.

Figure 4. A fragment of the molecular structure of compound 1, demonstrating the formation of
intermolecular hydrogen bonds.

In addition to the short intramolecular hydrogen bond, the structure of 2 features two
longer intermolecular C–H···O hydrogen bonds (Table 2, Figure 5). These interactions cause
the molecules of 2 to assemble into dimers. Moreover, adjacent, parallel-oriented molecules
of 2 exhibit a π-stacking interaction between the phenylene and ureide fragments, with an
inter-plane distance of approximately 3.3 Å.
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Figure 5. A fragment of the molecular structure of compound 2, demonstrating the formation of
dimers via intermolecular hydrogen bonds.

3. Discussion
The structural study of two isomeric urea derivatives with a heterocyclic fragment

(compounds 1 and 2) by single-crystal XRD revealed that different tautomeric forms are
stabilized in the solid state (Figure 6). This likely also occurs in solution, which explains
some fundamental differences in the 1H and 13C NMR spectra that we observed earlier [18].
Thus, in CDCl3 solution, compound 1 exhibits a single signal for the NMe2 group in both
the 1H and 13C NMR spectra, whereas the corresponding spectra of compound 2 display
two signals for the NMe2 group [18]. This observation is consistent with the hetarylureide
form of compound 1 and with the scenario in which the other NH bond competes with the
NMe2 group for interaction with the C=O bond. This competition weakens the interaction
of the NMe2 group with C=O, thereby enabling rapid rotation around the C–NMe2 bond
and resulting in the equivalence of the two methyl groups. In contrast, compound 2 features
an intramolecular hydrogen bond and an exocyclic C=N bond, which do not engage in the
same type of competition as in compound 1. Consequently, the interaction between the
NMe2 group and the C=O bond is strengthened. In this case, the free rotation of the NMe2

group is restricted.

Figure 6. Structures of compounds 1 and 2.

Such tautomerism is typical for amino derivatives of azaheterocycles [28]. Topological
charge stabilization plays an important role in this process [29]. 1- And 2-aminoquinolines
preferably exist in the form of amines [29,30], although the energy difference between
the amine and imine forms for these condensed heterocycles is much smaller than for
2-amino pyridine. However, when switching to acylamine derivatives, the situation may
change [31], and in this case, non-covalent interactions begin to play a significant role,
which will be very different for 1- and 2-substituted systems. Therefore, it is not surprising
that in our case, compounds 1 and 2 exhibit different crystalline structures.

The existence of different tautomers for compounds 1 and 2 can be explained by the
difference in the electronic structure between the quinoline and isoquinoline fragments,
which leads to changes in the basicity and reactivity of their derivatives. Thus, unsubsti-
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tuted isoquinoline is slightly more basic than quinoline (pKa of quinoline is about 4.9, while
that of isoquinoline is about 5.4) [32,33]. The higher basicity of the isoquinoline fragment
increases the stability of the tautomer with a protonated heterocyclic nitrogen atom and the
resulting exocyclic C=N bond in compound 2, compared to compound 1. The lower basicity
of the quinoline fragment favors the ureide form for compound 1. Another explanation for
the structural difference may be a greater preference for the syn-configuration (relative to
the C1=N2 bond) over the anti-configuration for compound 2. The latter configuration is
unfavorable due to steric hindrance arising from the close proximity of the ureide group
and the phenylene fragment. The syn-configuration, in turn, is geometrically favorable for
proton transfer from the ureide nitrogen atom to the heterocyclic nitrogen atom, leading
to the formation of a planar six-membered ring stabilized by an intramolecular hydrogen
bond. For compound 1, there are no significant obstacles to the formation of either the syn-
or anti-conformation (relative to the C1–N2 bond). It is likely that the anti-conformation of
1 is realized in the solid state as the more favorable one in terms of packing effects.

The differences in the structures of the isomeric compounds 1 and 2 determine their
distinct supramolecular organization in the solid state. In compound 1, intermolecular
N–H···O hydrogen bonds drive the assembly of one-dimensional chains; these chains
are then linked via C–H···O hydrogen bonds into two-dimensional pseudo-layers. In the
structure of 2, the ureide group is involved in forming an intramolecular N–H···O hydrogen
bond, while mutual C–H···O interactions between two molecules lead to the formation of
supramolecular dimers.

The obtained results demonstrate the fundamental importance of studying tautomeric
transformations of urea derivatives with heterocyclic fragments. The revealed structural
differences between isomeric compounds 1 and 2 open up new opportunities for designing
supramolecular assemblies with tailored structures and properties.

4. Materials and Methods
Compounds 1 and 2 were synthesized by us earlier [18]; the description of their synthe-

sis is available in the Supplementary Materials. Crystals of 1 and 2 were grown by the slow
evaporation of their solutions in 1,2-dichloroethane in air at RT. X-ray diffraction data were
collected at 100(2) K on a Rigaku XtaLAB Synergy diffractometer (Rigaku Corporation, Ak-
ishima, Tokyo, Japan) with Cu-Kα radiation (λ = 1.54184 Å). Data reduction was performed
using CrysAlisPro 1.171.40.71a software (Rigaku Oxford Diffraction, Abingdon, UK, 2020).
The structures were solved with the ShelXT [34] structure solution program using Intrinsic
Phasing and refined with the ShelXL [35] refinement package incorporated in the OLEX2
program package [36] using full-matrix least-squares method for non-hydrogen atoms.
All hydrogen atoms were placed in ideally calculated positions determined according to
neutron diffraction statistical data [37] and refined as riding atoms with fixed isotropic
displacement parameters. Crystal data and structure-refinement details for both structures
are summarized in Table S1, Supplementary Materials.

Supplementary crystallographic data have been deposited at Cambridge Crystallo-
graphic Data Centre: 2579605 (1) and 2579606 (2). They can be obtained free of charge via
www.ccdc.cam.ac.uk/data_request/cif (accessed on 11 August 2026).

Supplementary Materials: The following supporting information can be downloaded online.
Table S1: Crystal data and structure refinement for 1 and 2; preparation of compounds 1 and 2.
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