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Catalyst-free addition of secondary phosphine
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(Chalcogenophosphoryl)(hydroxyl)methyl-substituted
pyrazoles were obtained by catalyst-free reaction between
4- and 5-pyrazolecarbaldehydes and secondary phosphine
chalcogenides R,P(X)H [R = Ph, (CH,),Ph, X = O, S, Se] at
23-50°C in toluene.
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Hybrid molecules containing pyrazole cycle and phosphine or
phosphine chalcogenide moieties represent attractive objects for
medicine, coordination chemistry, fine organic synthesis and
advanced materials.'~* Platinum, palladium and copper complexes
of phosphorylated pyrazoles possess cytotoxic activities against
leukemia® and melanoma.® Today, a particular attention is targeted
to lanthanides (specifically, Eu and Tb) pyrazole-tailored complexes
as promising candidates for optoelectronics with extremely low
energy consumption (OLEDs, displays and the like).” In the most
known phosphorylated pyrazoles, the heterocycle ring is directly
linked with the phosphorus atom, while the congeners wherein the
pyrazole and phosphorus counterparts are separated by one carbon
spacer are less studied. Among synthetic methods for their prepa-
ration are the reaction of 3(5)-chloromethyl pyrazole with lithium
diphenylphosphide anion,® addition of diarylphosphine oxides to
4-benzylidenepyrazol-5-ones,? addition of pyrazole to (2-acyl-
vinyl)(diphenyl)phosphine oxide,'? and the reaction of phospho-
rylated diketones with hydrazines.!!

Herein, we have performed a convenient and efficient synthesis
of a new family of functionalized pyrazoles with (chalcogeno)-
phosphoryl and hydroxyl groups by the catalyst-free addition of
secondary phosphine chalcogenides to 4- and 5-pyrazolecarb-
aldehydes, which represents a novel (non-catalytic) extension of
the classic Abramov reaction.!?

After a series of experiments with diphenylphosphine oxide 1a
and 1-methylpyrazole-5-carbaldehyde 2a as model reactants, we
have found suitable conditions for the synthesis of [(hydroxyl)-
(phosphoryl)methyl]pyrazole 3a (Scheme 1, Table 1).” The reaction
course was monitored by 3'P NMR, following the replacement

T General procedure for synthesis of chalcogenophosphoryl hydroxymethyl
pyrazoles 3 or 5. A mixture of the corresponding secondary phosphine
chalcogenide 1 (1.00 mmol) and carbaldehyde 2 or 4 (1.05 mmol) in toluene
(2 ml) was stirred at 23-50°C for 6 to 94 h in argon atmosphere (see
Online Supplementary Materials for details). Toluene was removed under
vacuum, and the residue was washed with Et,O (1 ml), dissolved in CHCl,
and re-preciptated with n-hexane. The resulting solid was collected, dried
under vacuum to afford alcohols 3 or 5.
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of signal at 19 ppm [Ph,P(O)H] by signal at ~ 30 ppm (adduct 3a).
The best parameters for the reaction providing 95% yield were
as follows: the reactant molar ratio 1la:2a = 1:1.05, toluene,
45-50°C, 6 h (see Table 1, entry 4). Although the reaction can
proceed at room temperature (entries 1 and 2), it takes a longer
time (8—24 h) with lower yields of the adduct. The positive solvent
effect (cf. entries 1 and 4) is associated with dilution of the reaction
mixture since under solvent-free conditions the precipitate of rapidly
formed adduct 3a would prevent stirring. For aprotic solvents
like benzene, toluene, THF, 1,4-dioxane (entries 4—7) no specific
solvent effect was observed, the yield being just insignificantly
decreased. In polar protic EtOH the reaction slowed down drasti-
cally, and the conversion of reactant 1a and the yield of adduct
3a for 12 h were only ~10% (entry 8).

Interestingly, a slight excess of pyrazolecarbaldehyde 2a favored
the clean processing of the reaction, the adduct yield being near
to quantitative. The synthesis is easily scaled up five-fold without
affecting the yield (see Table 1, entry 9). To evaluate the scope of the
reaction, we have varied the nature of both phosphine chalcogenide

Table 1 Optimization of the conditions for the reaction between Ph,P(O)H
1a and pyrazolecarbaldehyde 2a.”

Entry EOIZ Tato g lvent T/°C  t/h  Yield of 3a (%)
1 1:1 none 23-25 24 65
2 1:1 PhMe 2325 8 80
3 1:1 PhMe 45-50 6 90
4 1:1.05 PhMe 4550 6 95
5 1:1.05 PhH 4550 6 94
6 1:1.05 THF 4550 6 93
7 1:1.05 dioxane 45-50 6 90
8 1:1.05 EtOH 4550 12 ~10
9 1:1.05 PhMe/CH,Cl,  45-50 8 95

4 Reactants: Ph,P(O)H 1a (1 mmol), pyrazolecarbaldehyde 2a (1-1.05 mmol),
solvent (2 ml), argon. ¥ Pyrazolecarbaldehyde 2a (5.25 mmol) and Ph,P(O)H
1a (5 mmol) in PhMe (15 ml) were stirred during 6 h (45-50°C), then CH,Cl,
(2 ml) was added, and the resulting solution was stirred at 45-50 °C for 2 h.
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Scheme 1 Reagents and conditions: i, toluene, 23-50°C, 6-90 h.

and pyrazolecarbaldehyde components (see Scheme 1). The
reactions proceeded at room temperature or at 45-50 °C in toluene,
and the yields of products 3 and 5 ranged within 78-95% (Table S1,
see Online Supplementary Materials).

Evidently, the reaction occurs as the addition of P-centered
nucleophile to the C=0 bond. According to previous reasoning,'3
in similar processes four-coordinating phosphine chalcogenides
actually react with electrophiles in their three-coordinated tauto-
meric forms which have a higher nucleophilicity due to the lone
electron pair on the phosphorus atom. The substituent effect is in
a satisfactory agreement with the mechanism. Indeed, secondary
phosphine oxides of higher nucleophilicity '3 are more reactive
than the corresponding sulfur and selenium analogues. When di-
phenylphosphine oxide 1a reacted with carbaldehyde 2a at room
temperature, the reaction lasted 8 h to result in 93% yield of
adduct 3a, while the process with the corresponding selenide 1d
required 7 h and the yield of adduct 3g was 80%. Steric effects
of the substituents in phosphine chalcogenides are noticeable, i.e.,
addition of diphenylphosphine oxides 1a to aldehyde 2a occurs
2.5 times faster than that of bis(2-phenylethyl)phosphine oxide
1b (Table S1, see Online Supplementary Materials). A similar
phenomenon is observed for comparison between phosphine
selenides 1d and 1e.

The [(chalcogenophosphoryl)(hydroxy)]methylpyrazoles 3 or
5 seem to be prospective building blocks for organic synthesis.
Steric, electronic and affinity demands make them prospective
ligands that can be easily and diversely modified at hydroxyl
function of the methylene spacer. Herein, quantitative O-silylation
of adduct 3¢ with hexamethyldisilazane leading to silyl ether 6
was accomplished (Scheme 2).

The pharmacophore properties of the pyrazole counterpart
and its bio-transport through membranes can be readily improved
by their conversion into salts with various acids. In this study,
compound 3a was converted into its hydrotriflate 3a-TfOH.
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; Ph
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Scheme 2 Reagents and conditions: i, (Me;Si),NH, reflux, 2 h.

In summary, the one-pot atom-economic high-yield synthesis
of a new family of pyrazole-phosphine chalcogenide ensembles
separated by functionalized one carbon hydroxymethylene spacer
has been performed based on catalyst-free reaction between 4- and
5-pyrazolecarbaldehydes and secondary phosphine chalcogenides.
The synthesized compounds seem to be promising ligands for metal
complexes, key components for optoelectronics with extremely low
energy consumption’ as well as drug precursors.*
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Supplementary data associated with this article can be found
in the online version at doi:10.1016/j.mencom.2019.11.027.
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