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Abstract: In this paper, we report the crystal structure of 2-[2-(diphenylphosphoryl)phenyl]-1H-perimidine
(L1) obtained from the ring closure reaction of 1,8-diaminonaphthalene and 2-(diphenylphosphino)
benzaldehyde, followed by the dehydrogenation reaction with sodium metabisulfite (Na2S2O5). L1
was characterised using 1H, 13C & 31P NMR, FT-IR and X-ray single structure analyses.
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1. Introduction

N-heterocyclic moieties with substantial biological properties are becoming diverse
and popular with researchers. There are a number of N-heterocyclic compounds that
are broadly dispersed in nature; possess physiological and pharmacological properties;
and are constituents of numerous biologically important molecules, such as vitamins,
nucleic acids, antibiotics and pharmaceuticals [1–4]. The nitrogen heterocycle is electron-
rich; thus, it is able to accept or donate a proton, and it can easily establish diverse weak
interactions. An example of such is the perimidine ligand, which has a rich chemistry
due to the existence of a lone pair of nitrogen atoms capable of transferring their electron
density to the naphthalene ring from the fused heterocyclic ring [5]. Perimidines are
versatile ligand frameworks and are an attractive class of N-heterocycles that have different
applications in medical sciences, industrial chemistry and life sciences [5]. The interest
in perimidine ligands stems from their numerous biological activities as ligands [6–10]
and when coordinated with different transition metals, such as ruthenium, cobalt, nickel,
copper, zinc, vanadium and palladium [11–15]. Due to the excellent electronic features
and diverse applications in different areas, we are interested in the synthesis of mixed-
donor atom ligands of perimidine and phosphorus. Phosphorus is a good electron donor,
and it is easy to optimise its electronic and steric properties. Compounds that contain
soft (P) and hard (N) Lewis bases are able to stabilise different oxidation states of metals,
therefore generating complexes with different reactivities, applications and spectroscopic
properties [16]. This paper reports the single-crystal structural data of a mixed-donor
ligand, 2-[2-(diphenylphosphoryl)phenyl]-1H-perimidine, and its other characterization
data collected using various spectral techniques.

2. Results

2-[2-(diphenylphosphoryl)phenyl]-1H-perimidine (L1) was obtained in moderate yield by
the ring closure reaction of 1,8-diaminonaphthalene and 2-(diphenylphosphino)benzaldehyde
in the presence of sodium metabisulfite in a solution of ethanol and water. The sodium
metabisulfite was used to perform an oxidative dehydrogenation reaction following the con-
densation reaction of 1,8-diaminonaphthalene and 2-(diphenylphosphino)benzaldehyde.
The formation of the compound was revealed by the absence of a singlet peak resonating
at around 5.5 ppm in the 1H NMR spectrum of L1, which suggests that dehydrogenation
occurred during the ring closure, therefore revealing a new C=N bond (Figure S1). The
presence of a broad singlet peak at 9.39 ppm, which corresponds to one proton, assigned
to the -NH group, clearly confirms the formation of a new bond, -NH-C. In the 13C NMR
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spectrum (Figure S2), the expected chemical shifts of L1 are observed, and the presence
of a peak resonating at 154.14 ppm, which corresponds to the new bond between C=N
and C-N, further confirms the formation of L1. In the FT-IR spectrum of L1 (Figure S4),
the appearance of an absorption band at 1657 cm−1 assigned to the C=N group clearly
indicates the successful ring closure reaction of the aldehyde and the diamine. The peak
at 1311 cm−1 corresponds to the vibrational signals of the C-N single bond, which also
confirms the presence of a new C-N single bond. The appearance of one stretching band at
3442 cm−1 confirms the presence of a secondary N-H group, which clearly indicates the
presence of a new C-NH bond in the compound.

Single X-ray analyses of L1 grown via the slow diffusion of methanol solvent in
dichloromethane solution at room temperature were carried out. Figure 1 shows the molec-
ular structure of L1, while Table 1 (bond length and angles) contains selected geometrical
parameters of L1. The solid-state structure of L1 adopts a monoclinic crystal structure and
a P21/n space group. In the structure of the title compound, the bond angles N1-C11-N2,
N1-C11-C12 and N2-C11-C12 are 125.63(12), 116.92(11) and 117.45(11)◦, respectively, in-
dicative of the sp2 hybridization state of the C(11) atom [17]. The torsional angle between
the perimidine ring and the phenyl ring is 48.35◦. The bond length of N2-C11 (1.3581(17)
Å) and the bond length of N1-C11 (1.2948(17)) are both close to the average C-N bond
length [13,18–20] reported. The packing structure of L1 (Figure 2) also indicates strong
intermolecular hydrogen bonding between the N-H · · · · ·OP bonds, which can be clearly
seen in Figure 3.
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Figure 1. ORTEP diagram of L1 with the thermal ellipsoids drawn at the 50% probability level.
Atom colours: (a) blue = nitrogen, (b) white = hydrogen, (c) red = oxygen, (d) orange = phosphorus,
(e) grey = carbon.

Table 1. Selected bond length (Å) and angles (◦) of L1.

Atom Length/Å Atom Angle/◦

P1-O1 1.4974(10) O1-P-C17 110.47(6)
P1-C17 1.8237(13) O1-P-C23 109.76(6)
P1-C23 1.8008(13) O1-P-C24 110.19(6)
P1-C24 1.8057(13) C11-N1-C9 117.44(11)
N1-C11 1.2948(17) C11-N2-C1 120.50(11)
N1-C9 1.3989(17) N1-C11-N2 125.63(12)

N2-C11 1.3581(17) N1-C11-C12 116.92(11)
N2-C1 1.3976(17) N2-C11-C12 117.45(11)

C11-C12 1.4868(17)
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Figure 3. A hydrogen-bonded structure of L1 formed via N-H · · · · ·O bonds. Atom
colours: (a) blue = nitrogen, (b) white = hydrogen, (c) red = oxygen, (d) orange = phosphorus,
(e) grey = carbon.

3. Materials and Methods

Ethanol 99.5%, dichloromethane 99.8%, 1,8-diaminonaphthalene 99%, 2-(diphenylphosphino)
benzaldehyde 97%, sodium metabisulfite 99% and anhydrous magnesium sulphate 97% were
purchased from Sigma-Aldrich. All chemicals were of analytical-grade and were used
as supplied. The NMR spectra were recorded on a Bruker Avance III 400 MHz NMR
spectroscope with a 5 mm TBIZ probe at 30 ◦C. Chemical shifts are reported in parts per
million (ppm) in relation to the solvent (CDCl3) residual peak, 7.26 and 77.16 ppm for 1H
and 13C NMR, respectively. The coupling constants (J) were calculated in Hertz (Hz), and
the splitting pattern was designated as s for singlet, d for doublet, t for triplet and m for
multiplet. The infrared spectrum was recorded using a Bruker Alpha II FT-IR spectrometer,
and the data are reported as percentage transmittance at the respective wavenumbers
(cm−1), between 4000 and 450 cm−1.

3.1. Synthesis of 2-[2-(Diphenylphosphoryl)phenyl]-1H-perimidine (L1)

L1 was prepared in moderate yield (Scheme 1) by the ring closure reaction of 1,8-
diaminonaphthalene and 2-(diphenylphosphino)benzaldehyde. A mixture of ethanol
and water (v:v = 5:1) was added to 1,8-diaminonaphthalene (0.501 mmol, 79.4 mg), 2-
(diphenylphosphino)benzaldehyde (0.498 mmol, 144.6 mg) and Na2S2O5 (1.50 mmol,
285.17 mg) in a 100 mL round-bottomed flask. The reaction mixture was refluxed at
75 ◦C for 24 h and formed a precipitate. The resulting precipitate was filtered, washed with
10 mL of ethanol and 20 mL of water, then dissolved in dichloromethane and extracted
with water. Magnesium sulphate was added to the solution and filtered. The solvent
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was removed under reduced pressure to form an orange solid. Yield: 95.2 mg (43.0%),
1H NMR (400 MHz, CDCl3): δ (ppm) 9.39 (s, 1H, NH), 8.64 (d, J = 4.88 Hz, 2H, Ar-H),
8.45 (d, J = 8.17 Hz, 2H, Ar-H), 7.89 (td, J = 7.61, 1.68 Hz, 2H, Ar-H), 7.46 (ddd, J = 12.35,
7.82, 6.20 Hz, 2H, Ar-H), 7.26 (d, J = 7.61 Hz, 2H, Ar-H), 7.09–7.16 (m, 6H, Ar-H), 6.92 (d,
J = 7.33 Hz, 2H,), 6.37 (d, J = 7.04 Hz, 2H). 13C NMR (100 MHz, CDCl3): δ (ppm) = 154.1,
134.9, 133.6 (d, J = 11.4 Hz), 133.1 (d, J = 2 Hz), 132.5 (d, J = 3 Hz, 2 × 4-CH of PPh), 132.0
(d, J = 8.8 Hz), 131.6 (d, J = 10 Hz, 4 × 2-CH of PPh), 131.2, 130.5 (d, J = 12 Hz), 130.2, 129.1,
128.7 (d, J = 12.4 Hz, 4 × 3-CH of PPh), 128.1, 121.4, 119.9. 31P NMR (162 MHz, CDCl3):
δ = 35.03 (s). FT-IR (cm−1): 3442 (NH), 2995 (CH), 2912 (CH), 1657 (C=N), 1420 (C=C), 1311
(C-N), 1031 (C-H), 946 (C-H), 692 (C-H), 525 (C-H).
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Scheme 1. Synthesis of 2-[2-(diphenylphosphoryl)phenyl]-1H-perimidine (L1).

3.2. X-ray Crystallography

The X-ray crystallographic data of L1 were collected and evaluated on a Bruker APEX-
II Duo [21] CCD area detector diffractometer with an Incoatec micro-source working at
30 W power. An Oxford Instruments Cryojet accessory was used to keep the crystal at
104.70 K during data collection. The data were collected with Cu(Kα), λ = 1.54178) at
a crystal-to-detector distance of 50 mm. The data were reduced using the SAINT [22]
program. The non-hydrogen atoms were initially refined isotropically, and then anisotropic
refinement was carried out using a full-matrix least-squares method based on F2. Olex2 [23]
was used to solve the crystal structure, while the SHELXT [24] and SHELXL [25] programs
were used for structural refinement using intrinsic phasing and least-squares minimisation.
The crystallographic data were visualized using WinGX [26] and Mercury v.4.3 [27]. The
crystallographic data and structure refinement parameters of L1 are given in Table 2.

Table 2. Crystal data and structure refinement of L1.

Identification Code for C1 cu_SS_MG_Ligand1_0ma

Empirical formula C29H21N2OP
Formula weight 444.45
Temperature (K) 104.70
Crystal system monoclinic

Space group P21/n
a (Å) 12.4152(3)
b/(Å) 12.6297(3)
c (Å) 14.7434(3)
α (◦) 90
β (◦) 107.8970(10)
γ (◦) 90

Volume (Å3) 2199.90(9)
Z 4

ρcalc (g cm−3) 1.342
µ (mm−1) 1.300

F (000) 928.0
Crystal size (mm3) 0.245 × 0.085 × 0.055

Radiation source, λ (Å) Cu(Kα), λ = 1.54178
2θ range for data collection (◦) 8.168 to 135.448
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Table 2. Cont.

Identification Code for C1 cu_SS_MG_Ligand1_0ma

Index ranges
−14 ≤ h ≤ 14,
−15 ≤ k ≤ 15,
−17 ≤ l ≤ 17

Reflections collected 59,040
Independent reflections 3985 [Rint = 0.0355, Rσ = 0.0123]

Data/restraints/parameters 3985/0/298
Goodness-of-fit on F2 1.073

Final R indexes [I ≥ 2σ (I)] R1 = 0.0310, wR2 = 0.0825
Final R indexes (all data) R1 = 0.0333, wR2 = 0.0846

Largest diff. peak/hole (e Å−3) 0.39/−0.35

4. Conclusions

2-[2-(Diphenylphosphoryl)phenyl]-1H-perimidine (L1) was synthesised from the ring
closure reaction of 1,8-diaminonaphthalene and 2-(diphenylphosphino)benzaldehyde, fol-
lowed by the dehydrogenation reaction with sodium metabisulfite. The purity of L1 was
confirmed using 1H, 13C and 31P NMR, FT-IR and LC-MS spectroscopic techniques and
single X-ray crystallography. L1 crystallizes in the monoclinic crystal system and the P21/n
space group, and it has strong intermolecular hydrogen bonding between the N-H · · · ·
·OP bonds in its packing structure.

Supplementary Materials: The following supporting information can be downloaded. Figure S1: 1H
NMR spectrum of 2-[2-(diphenylphosphoryl)phenyl]-1H-perimidine (L1). Figure S2: 13C NMR
spectrum of 2-[2-(diphenylphosphoryl)phenyl]-1H-perimidine (L1). Figure S3: 31P NMR spec-
trum of 2-[2-(diphenylphosphoryl)phenyl]-1H-perimidine (L1). Figure S4: IR spectrum of 2-[2-
(diphenylphosphoryl)phenyl]-1H-perimidine (L1).
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