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Abstract: 2,9‐Dimethyl‐11‐(3‐pentadecylphenoxy)dibenzo[c,f][1,2,5]dithiaphosphepine 11‐oxide
was synthesized (yield 50%) by a two‐step procedure. The first step starts with a
benzothiadiphosphole and bis‐Grignard reagent, and the second step consists of adding the sodium
salt of a derivative of cardanol. The structure of newly synthesized compound was elucidated based
on 1H‐NMR, 13C‐NMR, 31P‐NMR, IR, Electron Spray Ionization (ESI)–MS, Gas Chromatography‐
Mass Spectroscopy (GC–MS), and Electron Spray Ionization‐High Resolution Mass Spectroscopy
(ESI–HRMS).
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1. Introduction
The synthesis of heterocyclic systems containing phosphorus is of considerable current interest,
principally because they play a central role in coordination chemistry and homogeneous catalysis [1–
3].
In the past, we reported [4] that benzothiadiphosphole (1) can be easily obtained via a reaction
between p‐methylthioanisole, PCl3 and AlCl3, and it can be used as efficient phosphorus‐donating
reagent to obtain a plethora of phosphine derivatives [5–8]. Subsequently, we found that 1 can be
easily transformed in similar structures bearing P–As, P–Sb, or P–Bi bonds that are able to produce
arsines, stibines, or bismuthines [9]. Now, we report another application of 1 to obtain a new
heterocyclic compound that contains one phosphorus and two sulfur atoms. This compound is of
possible interest in coordination chemistry as a bi‐ or tri‐dentate ligand. In addition, the presence of
a cardanol moiety not only permits to obtain a product with good lipophilicity but also meets the
requirements of the circular economy because the cardanol derivative is obtained as a by‐product in
cashew nut processing.
2. Results and Discussion
The synthesis of 2,9‐dimethyl‐11‐(3‐pentadecylphenoxy)dibenzo[c,f][1,2,5]dithiaphosphepine
11‐oxide is shown in Scheme 1. The first step was the reaction between benzothiadiphosphole 1 and
a bis‐Grignard reagent (e.g., 1,3‐bis(bromomagnesium)propane or 1,4‐(bromomagnesium)butane). In
the second step, the sodium salt of a hydrogenated derivative of cardanol (2) was added to the crude
reaction mixture, and, after quenching with water, the final product 3 was obtained. The product was
recovered in a 50% yield after purification through chromatography on silica gel.
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Scheme 1. Synthesis of compound 3 from benzothiadiphosphole 1 and the cardanol derivative 2.

The structure of the newly synthesized compound was elucidated based on IR, 1H‐NMR, 13C‐
NMR, 31P‐NMR, electron spray ionization (ESI)–MS, GC–MS and ESI–HRMS spectroscopy (All
spectra are show in Supplementary Materials). Particularly diagnostic was the 31P NMR signal at 29.2
ppm in a region typical of tetracoordinated phosphorus compounds. Additionally to that which was
recorded with ESI–HRMS, we recorded Electronic Impact (EI)–MS (with a GC–MS instrument) that
showed two signals with 304 and 291 m/z corresponding to the two moieties derived from the
breakage of the P–OAr bond.
Based on our previously reported studies [7,10], the mechanistic pathway is likely that which is
shown in Scheme 2.

Scheme 2. Proposed mechanism for the formation of compound 3.

In the first step, the benzothiadiphosphole 1 reacted with the bis‐Grignard reagent to give the
intermediate A [7], which underwent attack from the sodium phenolate 2 to give, after quenching
with water and work‐up, the final product 3 and the phosphine oxide 4. In particular, after quenching
with water, the phosphine precursor of 4 and the phosphinite precursor of 3 were formed but, after
the work‐up, compounds 4 and 3 were produced.
3. Materials and Methods
The 1H and 13C spectra were recorded on an Inova 600 (Varian, Palo Alto, CA, USA) spectrometer
operating at 600 MHz (for 1H NMR) and at 150.8 MHz (for 13C NMR). The 31P NMR spectrum was
recorded on a Mercury 400 (Varian, Palo Alto, CA, USA) spectrometer operating at 161.9 MHz.
Chemical shifts were referenced to the solvent for 1H and 13C NMR (δ = 7.26 and 77.0 ppm,
respectively for CDCl3) and to an 85% H3PO4 external standard for 31P NMR. Signal multiplicities
were established by Distortionless Enhancement by Polarization Transfer (DEPT) experiments.
Chemical shifts were measured in δ (ppm). J values are given in hertz. Electron spray ionization mass
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spectra (ESI–MS) were recorded with a WATERS 2Q 4000 instrument (Waters, Etten‐Leur, The
Netherlands). GC–MS analyses were performed on a gas chromatograph (Agilent 6890 series,
Agilent, Santa Clara, CA, USA) that was equipped with a (5%‐phenyl)‐methylpolysiloxane column
(30 mm length, 0.250 mm depth, and 0.25 μm thickness), that was interfaced to a quadrupole mass
detector (Agilent 8973 network). The GC–MS mass spectrum was recorded at an ionization voltage
of 70 eV in EI mode. Chromatographic purifications (FC) were carried out on glass columns that were
packed with silica gel (Merck grade 9385, 230−400 mesh particle size, and 60 Å pore size) at medium
pressure. Thin layer chromatography (TLC) was performed on silica gel 60 F254‐coated aluminum
foils (Fluka). Benzothiadiphosphole was prepared as reported in the literature [2–9]. Cardanol
derivatives were purchase from Sigma‐Aldrich.
Synthesis of 2,9‐Dimethyl‐11‐(3‐pentadecylphenoxy)dibenzo[c,f][1,2,5]dithiaphosphepine 11‐oxide (3)
A solution of bis‐Grignard reagent (1 mmol) in Tetrahydrofuran (THF) was added dropwise,
under a dry nitrogen atmosphere, to a solution of 1 (1 mmol, 0.306 g) in THF (15 mL) at room
temperature. The mixture was stirred for 120 min at room temperature. A solution of the sodium salt
of hydrogenated cardanol (2.0 mmol, 0.652 g) in dry THF (10 mL) was then added. The reaction
mixture was allowed to stand overnight at room temperature. Then was quenched with H2O and
extracted with CH2Cl2. The organic layer was dried over anhydrous sodium sulphate and
concentrated ‘in vacuo’. The final compound was purified by FC on a silica gel column (diethyl
ether/light petroleum ether 1:1; r.f. = 0.27), and 0.297 g (50% yield) of 3 were obtained as greasy solid.
1H‐NMR (CDCl3, 600 MHz) δ (ppm): 8.24 (dd, J1 = 11.5 Hz, J2 = 1.5 Hz, 2H), 7.39 (dd, J1 = 7.6 Hz, J2 =
5.3 Hz, 2H), 7.23 (d, J = 7.6 Hz, 2H), 7.05 (app t, J = 8.8 Hz, 1H), 6.92 (s, 1H), 6.91 (d, J = 7.2 Hz, 1H),
6.82 (dd, J = 7.7 Hz, 1H), 2.45 (t, J = 7.9 Hz, 2H), 2.38 (s, 6H), 1.43 (quint., J = 7.3 Hz, 2H), 1.32–1.22 (m,
24H), and 0.88 (t, J = 7.0 Hz, 3H); 13C‐NMR (CDCl3, 150.8 MHz) δ (ppm): 150.4 (d, J2PC = 8.9 Hz), 144.6,
138.9 (d, J2PC = 11.7 Hz), 138.2 (d, J3PC = 9.9 Hz), 137.4 (d, J3PC = 6.7 Hz), 133.5 (d, J4PC = 2.6 Hz),132.7,
132.1 (d, J1PC = 135.7 Hz), 130.9 (d, J2PC = 11.6 Hz), 129.0, 124.8, 120.8 (d, J3PC = 4.4 Hz), 118.1 (d, J3PC = 4.7
Hz), 35.6, 31.9, 31.3, 29.69, 29.68, 29.65, 29.57, 29.48, 29.3, 29.1, 22.7, 21.0, and 14.1 (three signals
overlapped); 31P‐NMR (CDCl3, 161.9 MHz), δ (ppm): 29.2; IR (cm−1): 3024, 2903, 1221 (P=O), 1206 (P–
OAr), 787, 727, 675; GC–MS (70 eV) m/z (%): 594 (M+, 13), 304 (18), 291 (46), 259 (20), 244 (12), and 108
(100); UV‐vis λmax = 304 nm, log e = 3.34; ESI–MS (m/z): 595 (M + H)+, 617 (M + Na)+, 633 (M + K)+; ESI–
HRMS (m/z): calculated for C35H48O2PS2 [M + H]+: 595.2828, found: 595.2833.
4. Conclusions
We have reported an easy, one‐pot, two step synthesis of a new heterocyclic compound of
possible interest in coordination chemistry.
Supplementary Materials: The following are available online, Figure S1: 1H‐NMR spectrum of the compound
3, Figure S2: 13C‐NMR spectrum of the compound 3, Figure S3: 31P‐NMR spectrum of the compound 3, Figure
S4: GC–MS spectrum of the compound 3, Figure S5: ESI–MS spectrum of the compound 3, Figure S6: ESI–HRMS
spectrum of compound 3; Figure S7: IR spectrum of compound 3.
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