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New phosphacoumarins containing aldehyde group:
synthesis and properties
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New phosphacoumarins containing an aldehyde group at
the periphery were obtained in a ‘one-pot’ reaction of
2-ethoxyvinylphosphonic dichloride with 2,4-dihydroxy-
benzaldehyde derivatives. The further reaction of these
compounds with 2,4-dinitrophenylhydrazine afforded
new hydrazones which exist only as E-isomers.
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Coumarins and their derivatives attract attention due to their high
biological activity and wide possibilities of use in medical
practice. Unlike coumarins, their phosphorus-containing
analogues have been less studied. At the same time, phospha-
coumarins are known to inhibit cholesterol esterase! and tyrosine
protein phosphatase SHP-1.2 This is of interest from the viewpoint
of creating antidiabetic drugs, their antibacterial activity? and
cytotoxicity against cancer cell lines.*> These data on biological
activity make phosphacoumarins and their derivatives attractive
for the creation of new types of effective drugs for the therapy of
human diseases. Currently, several approaches to the construction
of the phosphacoumarin structure are known. Some of the most
common ones are gold complex-catalyzed intramolecular
cyclization of O-aryl alkynylphosphonates,®’ the reaction of
alkynylphosphonates with (2-hydroxyaryl)boronic acids,'° and
the reaction of 2-alkenylphenols with phosphorus(1ll/V)
chlorides.!" The synthesis of phosphacoumarins through the
reaction of 3-aryl-1-(2-hydroxyaryl)propane-1,3-diones with
diethyl phosphite'? or phosphorus(V) oxychloride,'? as well as the
reaction between trihalobenzodioxaphospholes and alkynes!#-10
are documented. We would like to note our approach to such
compounds based on the reaction of substituted phenols with
2-ethoxyvinylphosphonic ~ dichloride. Phosphacoumarins!7—2°
thus obtained are strong Brgnsted acids. Organophosphorus acids
are actively used in organocatalysis, including asymmetric
synthesis (the Akiyama—Terada catalysts).?!-2° There is little
information about the production of phosphacoumarins with an
aldehyde group on the periphery. The synthesis of such
phosphacoumarins should open up new opportunities for their
targeted modification and creation of new substances with high
and diverse biological activity. They can also be used as
organocatalysts. Therefore, research in this area is an important
and urgent task for organic and organophosphorus chemistry.
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The synthesis of phosphacoumarins containing an aldehyde
group was herein carried out through a ‘one-pot’ reaction
between the corresponding derivatives of dihydroxybenzaldehyde
and 2-ethoxyvinylphosphonic dichloride 1 (Scheme 1) in dry
benzene in the presence of triethylamine. The resulting
O-phosphorylated phenol when boiled for 15 h in the presence
of trifluoroacetic acid undergoes the intramolecular Friedel—
Crafts-type alkylation with the formation of new
phosphacoumarins 2, 3a,b in yields of 72-75%. These
compounds are white powders well soluble in DMSO.
Importantly, the initial phosphorylation occurred exclusively at
4-positioned hydroxy group for all 2,4-dihydroxybezaldehydes
while the final cyclization should involve free =CH position. As
a result, 3-methylated 2,4-dihydroxybezaldehyde was converted
into 7-hydroxy phosphacoumarin 2 while 5-alkylated analogues
were transformed into 5-hydroxy ones 3a,b.

The reaction completion was monitored by 3'P{'H} NMR.
Structure of the obtained compounds 2, 3a,b was proven using 3'P,
'H, 3C NMR and IR spectroscopy as well as mass spectrometry
and elemental analysis. Their *'P NMR spectra contained a singlet
in the ~4 ppm region, which is typical for compounds with a four-
coordinated phosphorus atom in phosphacoumarins. The olefinic
protons are presented as doublet of doublets, the proton of the
aldehyde group as a singlet. The characteristic signals for
compound 2 in the 'H NMR spectrum are as follows: 6.26 (1H,
dd, 2Jyp 20.0, 3y 12.7 Hz, P-CH=), 7.41 (1H, dd, 3Jp 42.7,
3Jun 12.7 Hz, P-CH=CH), 9.97 (1H, s, -CHO).

The structure of the phosphacoumarins was confirmed by
X-ray analysis of the representative compound 2 (Figure 1)."

T Crystallographic data for 2. C;HoOsP (M = 240.14), colorless plate
crystal, triclinic, P1, a = 4.7873(10), b = 6.8584(15) and ¢ = 14.831(3) A,
a=90.842(6)°, B=98.581(6)°, y=92.956(6)°, V=480.73(18) A3,
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Scheme 1 Reagents and conditions: i, EN, C¢Hg, room temperature, 5 h; ii, CF;CO,H, reflux, 15 h; iii, 2,4-(O,N),C4H;NHNH,, EtOH, reflux, 5 h.

Figure 1 ORTEP view of the molecule in the crystal of 2. Displacement
ellipsoids are drawn at the 50% probability level.

The crystal structure of 2 was solved in the triclinic space group
P1, the asymmetric part of the unit cell is represented by a single
molecule (Z'=1). In the crystal of 2, a dimer is formed by the
O-H:--O=C interactions.

Next, we studied the chemical properties of the obtained
phosphacoumarins. The presence of an aldehyde group in the
molecule predetermined the choice of reagents. Convenient
reagents for aldehyde groups are arbitrary hydrazines. It was
necessary to find out the influence of a strong acid group in the
molecule on the synthetic result. As a result of optimization of
experimental conditions, it was found that the most suitable
solvent for the reaction was ethanol. The condensation of
phosphacoumarins 2, 3a,b with 2,4-dinitrophenylhydrazine was
carried out in ethanol upon boiling the reaction mixture for 5 h
(see Scheme 1), which afforded hydrazones 4, S5a,b in 85-88%
yields. These compounds are orange powders that are highly

Z'=1, d.=1.659 gem™3, u(Mo Ka)=0.288 mm~'. F(000) =248,
reflections collected = 11938, unique = 2094, R;, = 0.0651, full-matrix
least-squares on F2, parameters = 154, restraints =2. Final indices
R, =0.0678, wR, = 0.1620 for 1937 reflections with I > 20(I), goodness-
of-fit on F?=1.255, largest difference in peak and hole (0.838 and
—0.376 ¢ A=3), data completeness 0.999. X-ray diffraction (XRD) data
were collected on a Bruker D8 QUEST three-circle diffractometer with a
PHOTON 1II area detector and an InS DIAMOND microfocus X-ray
tube at 150(2) K: A(Mo Ka) = 0.71073 A, /@ scanning mode with a step
of 0.5°. Data collection and indexing, determination, and refinement of
unit cell parameters were carried out using the APEX3 software package.
Numerical absorption correction based on the crystal shape, additional
spherical absorption correction, and systematic error correction were
performed using the SADABS-2016/2 software.”® The structure was
solved by the intrinsic phasing method using the SHELXT-2018/2
program® and refined by full-matrix least-squares on F? using the
SHELXL-2018/3 program.?” Non-hydrogen atoms were refined
anisotropically. Positions of H(O) hydrogen atoms were determined from
difference electron density maps and refined isotropically. The positions
of hydrogen atoms of methyl group were inserted using the rotation of the
group with idealized bond angles. The remaining hydrogen atoms were
refined using a riding model. Most calculations were performed using the
WinGX-2021.3 software package.

CCDC 2440419 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via https://www.ccdc.cam.ac.uk.

soluble in DMSO and insoluble in ethanol, from which they
precipitate.

The structure and composition of hydrazones 4, S5a,b was
proven using 3'P, 'H, '3C NMR, IR spectroscopy, ESI-TOF mass
spectrometry, and elemental analysis. In addition, 1D/2D
correlation NMR experiments were used. Only the E-isomers
were observed in the spectra, the assignment was made by
analogy with our previous wark.?” According to published data,
the chemical shift of the a.-carbon of the hydrazone group in the
Z-isomer is lower than that for the E-isomer, namely, ~140 ppm
and ~150 ppm, respectively. In our case, the chemical shift of
CH=N-NHAr atom is 149.8 ppm, which corresponds to the
E-isomer. Moreover, a definitive criterion is the direct spin—spin
coupling constant 1Jy in the fragment CH=N-. For the Z-isomer,
this value is ~180 Hz, while for the E-isomer it is ~15 Hz less.
For the studied compound 2, the Jcy was 165.6 Hz, which
agrees with the literature data for the E-isomer.

To conclude, a ‘one-pot’ reaction between 2-ethoxyvinyl-
phosphonic  dichloride and 2,4-dihydroxybenzaldehydes
afforded new phosphocoumarins bearing aldehyde group at the
periphery. Their reaction with 2,4-dinitrophenylhydrazine gave
the corresponding new hydrazones which exist as E-isomers.
Based on the new phosphacoumarins obtained, a large library of
compounds with various practically useful properties, including
effective organocatalysts, can be purposefully synthesized.
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