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Abstract

Perimidine derivatives are versatile heterocycles with growing significance in medicinal
chemistry and materials sciences. However, their structural variety remains limited. This
study focused on the synthesis and crystal structure characterization of a new perimidine-
based molecule. A bicyclic perimidine lactone, (1S,4R)-4,7,7-trimethyl-1-(1H-perimidin-2-yl)-
2-oxabicyclo[2.2.1]heptan-3-one (1), was synthesized through an intramolecular dehydration
of a monoamide intermediate formed from 1,8-diaminonaphthalene and (1S)-(–)-camphanic
chloride under basic conditions. The product was purified and crystallized from acetone, giv-
ing single crystals suitable for X-ray diffraction. Structural analysis revealed two stereogenic
centers and crystallization in the chiral tetragonal P43212 space group, with stabilization
through N—H···O and C—H···N hydrogen bonds as well as C—H···π interactions.

Keywords: perimidine; bicyclic lactone; intramolecular cyclization; X-ray crystallography;
P43212 space group

1. Introduction
Perimidine is a tricyclic heterocyclic compound that features two nitrogen atoms in

its structure. It has the potential for a variety of applications in both material science and
medicine. This compound could be used to develop novel dyes [1], corrosion inhibitors [2],
and conducting polymers [3]. Moreover, perimidine derivatives are an attractive target
for the development of cytotoxic and anticancer agents. For example, Zhou synthesized
novel perimidine o-quinone derivatives as non-intercalative topoisomerase II catalytic
inhibitors [4]. Kumar reported a solvent-free synthesis of perimidine derivatives that
exhibited inhibitory activity against breast (T47D), lung (NCI-H522), colon (HCT-15), ovary
(PA-1), and liver (HepG2) cancer cell lines [5]. Additionally, Eldeab and coworkers devel-
oped a green synthetic protocol for perimidine compounds that demonstrated cytotoxic
activity against human breast (MCF-7) and liver (HepG2) cancer cells [6]. In the present
report, we synthesized a novel perimidine derivative 1, bearing a bicyclic lactone ring, from
inexpensive, commercially available 1,8-diaminonaphthalene (2) and (1S)-(−)-camphanic
chloride (3). The described method is based on the formation of a monoamide intermediate
4, which undergoes fast intramolecular cyclization to a novel perimidine derivative 1.
Furthermore, as the crystal structures of permidines remain limited [7,8], we obtained and
reported here the crystal structure of a newly synthesized compound.
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2. Results and Discussion
2.1. Synthesis

Commercially available, 1,8-diaminonaphthalene (2), dissolved in tetrahydrofu-
ran, was treated with (1S)-(−)-camphanic chloride ((1S)-3-oxo-4,7,7-trimethyl-2-oxabicy-
clo[2.2.1]heptane-1-carbonyl chloride (3)) in the presence of an excess of trimethylamine
(Scheme 1). We expected to synthesize a monoamide (4) required for further modifications.
Surprisingly, instead of the expected 4 (M = 338.40 g·mol−1), we obtained a product with
a molecular mass M = 320.39 g·mol−1, indicating that during the reaction, a water molecule
must have been formed and separated from product 4. Indeed, under the basic condi-
tions, intermediate 4 underwent rapid intramolecular dehydration, yielding the cyclized
product, bicyclic perimidine lactone 1 with 76% yield. After chromatographic purification
and crystallization of 1 from acetone afforded yellow crystals suitable for X-ray crystal
structure determination.

+

 

Scheme 1. The synthesis of perimidine lactone 1: triethylamine, THF, 0 ◦C to rt, 18 h, 76%.

2.2. Molecular and Crystal Structure of 1

The molecular structure of the titled compound is shown in Figure 1. It has two chiral
centers on carbon atoms (C12 and C14) and crystallizes in the chiral tetragonal P43212 space
group, with 8 molecules in the unit cell and 1 molecule in the asymmetric unit. Selected
geometrical parameters are presented in Table 1. Bond lengths and angles in this molecule
remain within typical ranges.

 

Figure 1. Molecular structure of 1 showing the atom numbering scheme. Non-hydrogen atoms are
presented as 50% ellipsoids.
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Table 1. Selected bond length (Å) and angles (◦) for 1.

Bond Lengths Angles

C12—O1 1.475(2) O1—C13—O2 122.0(2)
C13—O1 1.359(2) C12—O1—C13 106.0(1)
C13—O2 1.206(2) O1—C12—C17 101.6(1)
C1—N1 1.296(2) O2—C13—C14 130.0(2)
C2—N1 1.411(2) C12—C17—C14 91.5(1)
C1—N2 1.364(2) C13—C14—C17 98.7(1)

C10—N2 1.399(2) C18—C17—C19 109.1(1)

The crystal structure of 1 contains molecules linked into dimers through intermolecu-
lar N—H···O hydrogen bonds (H2···O2i, 2.04(2) Å; N2···O2i, 2.920(2) Å; N—H—O, 157(2)◦;
Figure 2) involving the NH groups and the carbonyl O atoms. There is also a quite short
distance between the etheric oxygen atoms in the dimer (O1···O1i, 2.937(2) Å). In turn, the
dimers are stabilized together in the crystal lattice by the formation of weak intermolecular
C—H···N hydrogen bonds (H4···N1iii, 2.702 Å; C4···N1iii, 3.607(2) Å; C—H—Niii, 159.7◦;
Figure 2) and some C—H···π interactions between methyl groups and aromatic rings
of the neighboring molecules (C2···C19ii, 3.701(2) Å; C10···C18ii, 3.913(2) Å; N2···C20ii,
3.596(2) Å; Figure 2).

 

Figure 2. Fragment of the crystal structure showing some intermolecular interactions (black dotted
lines) and contacts (red dotted lines) between neighboring molecules (symmetry codes: (i) y, x, −z + 1;
(ii) x + 1, y, z; (iii) x + 0.5, −y +2.5, −z + 1.25; (iv) x − 0.5, −y +2.5, −z + 1.25).

3. Materials and Methods
Commercially available chemicals were of reagent grade and used without further

purification. Reactions were monitored by thin-layer chromatography (TLC) using silica
gel plates (Kieselgel 60 F254, E. Merck, Darmstadt, Germany). Column chromatography
was performed using silica gel 60 M (0.040–0.063 mm, E. Merck, Darmstadt, Germany).
Melting points are uncorrected and were measured using a Büchi Melting Point B-540
apparatus (New Castle, DE, USA). The 1H and 13C spectra were recorded in DMSO-d6 at
the Department of Chemistry, University of Warsaw, using an AVANCE III HD 500 MHz
spectrometer (Bruker, Billerica, MA, USA); shift values in parts per million are relative
to the internal reference Me4Si. A high-resolution mass spectrum was recorded at the
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Laboratory of Mass Spectrometry, Institute of Biochemistry and Biophysics, PAS (Warsaw,
Poland), using an LTQ Orbitrap Velos instrument (Thermo Scientific, Waltham, MA, USA).

The crystal structure measurement was performed on a Rigaku SuperNova (Agilent
Technologies SuperNova (Oxford, UK) (dual source) four-circle diffractometer working
with an EOS CCD detector and a mirror-monochromated Cu Kα radiation (λ = 1.54184 Å)
from a microfocus Nova X-ray source. CrysAlis PRO software (CrysAlisPro, version
1.171.43.143a; Rigaku Oxford Diffraction: Abingdon, UK, 2024) was used for all necessary
operations, including data collection, data reduction, and multi-scan absorption correction.
The structure was solved by direct methods and then refined by full-matrix least-squares
treatment on F2 data using the SHELXS and SHELXL programs [9,10], integrated with
the OLEX2 version 1.3 crystallographic software [11]. The Mercury program was used to
graphically present the molecular structure of the studied compound [12]. Anisotropic
displacement parameters were achieved during the refinement procedure for all non-
hydrogen atoms. Hydrogens bonded to carbons were inserted in calculated positions with
C−H = 0.99 (methylene), 0.98 (methyl), and 0.95 Å (aromatic) and refined isotropically as a
riding model with Uiso(H) equal to 1.5Ueq(C) for methyl H atoms and 1.2Ueq(C) for methy-
lene and aromatic H atoms. Only the H atom of the NH group was located from a different
Fourier map, and its position was freely refined. CCDC 2505086 contains the supplemen-
tary crystallographic data for this paper, accessed on 24 November 2025. These data can be
obtained free of charge via https://www.ccdc.cam.ac.uk/ (or from the CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK; Fax: +44-1223-336033; E-mail: deposit@ccdc.cam.ac.uk).

Crystal data C20H20N2O2 (M = 320.38 g·mol−1): yellow, crystal dimensions
0.15 × 0.12 × 0.10 mm, tetragonal, space group P43212 (No. 96), a = 7.81547(12) Å,
b = 7.81547(12) Å, c = 53.8654(8) Å, α = β = γ = 90◦, V = 3290.18(11) Å3, Z = 8,
µ(CuKα) = 0.672 mm−1, Dcalc = 1.294 g·cm−3, T = 100 K, Goodness of fit on F2 1.079,
18,287 reflections measured, 3052 unique (Rint = 0.0294), which were used in all calculations.
The final R1 [I > 2σ(I)] was 0.0515, and wR2 (all data) was 0.0773. Largest diff. peak and
hole were 0.148 and −0.219 e·Å−3.

Synthesis of 1: 1,8-Diaminonaphthalene (1, 1.64 g, 10.4 mmol, 1 equiv) was dissolved
in 50 mL of dry THF, then triethylamine (8.82 mL, 31.1 mmol, 3 equiv.) was added, and
the obtained solution was cooled down to 0 ◦C. (1S)-(−)-camphanic chloride (2, 2.47 g,
11.4 mmol, 1.1 equiv.) was added dropwise as a solution in dry THF (20 mL), and the
reaction mixture was stirred at rt for 18 h. The reaction mixture was evaporated with silica
gel, and the crude product was purified by column chromatography using 5%, 10%, and
finally 15% v/v ethyl acetate in toluene. (1S,4R)-4,7,7-trimethyl-1-(1H-perimidin-2-yl)-2-
oxabicyclo[2.2.1]heptan-3-one (1) was obtained as a yellow solid. Mp.: 259.5–261.5 ◦C.
Yield: 76%. 1H NMR (500.2 MHz, DMSO-d6) 10.32 (s, 1H, NH), 7.15–7.11 (m, 1H, HAr),
7.10–7.02 (m, 2H, HAr), 7.01–6.97 (m, 1H, HAr), 6.63 (dd, 1H, J1 = 1.0 Hz, J2 = 7.5 Hz, HAr),
6.56 (dd, 1H, J1 = 1.0 Hz, J2 = 7.5 Hz, HAr), 2.65–2.54 (m, 1H, CH2), 2.03–1.86 (m, 2H, CH2),
1.62–1.52 (m, 1H, CH2), 1.05 (s, 3H, CH3), 1.04 (s, 3H, CH3), 0.95 (s, 3H, CH3); 13C NMR
(125.79 MHz, DMSO-d6) 178.12 (C=O), 151.64 (CIV), 144.05 (CIV), 137.68 (CIV), 135.01 (CIV),
128.72 (CH), 127.94 (CH), 121.90 (CIV), 119.49 (CH), 117.95 (CH), 113.68 (CIV), 103.31 (CH),
91.68 (CIV), 54.53 (CIV), 53.87 (CIV), 30.53 (CH2), 28.13 (CH2), 16.46 (CH3), 16.38 (CH3),
9.77 (CH3); HRMS (ESI): m/z [M + H]+ calcd for C20H21N2O2: 321.15975, found: 321.16009.
The figures of NMR and HRMS spectra are included in the Supplementary file.

4. Summary and Conclusions
In this work, we synthesized a new perimidine-based bicyclic lactone, (1S,4R)-4,7,7-

trimethyl-1-(1H-perimidin-2-yl)-2-oxabicyclo[2.2.1]heptan-3-one (1), and characterized its
structure using single-crystal X-ray diffraction. The molecule crystallizes in a tetragonal

https://www.ccdc.cam.ac.uk/
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chiral space group and forms a three-dimensional network stabilized by intermolecular
hydrogen bonds and C–H···π contacts.

Supplementary Materials: The following supporting information can be downloaded online, Fig-
ure S1: 1H-NMR spectrum of 1; Figure S2: 13C NMR spectrum of 1; Figure S3: Dept135 NMR
spectrum of 1; Figure S4: HRMS spectrum of 1.
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