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A novel reaction between 3- and 3,5-substituted pyrazoles with selenium dioxide proceeds with for-
mation of bis(3R,5R’-1H-pyrazol-4-yl)selenides in high yield. On this basis, an efficient one-pot synthetic
procedure has been developed. In the case of the unsubstituted pyrazole a selenonium compound has
been obtained. The identity and structure of the isolated selenium derivatives have been confirmed by
spectral methods and their molecular structures investigated by X-ray analysis.
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1. Introduction

Diaryl selenides are central reagents in organoselenium
chemistry.! They have long proved to be valuable intermediates
and useful synthons in organic synthesis as selenium atoms can
readily be removed from organic molecules. Also, diaryl and
dihetaryl selenides attract considerable attention due to their
remarkable biological activity and their potential as efficient
antioxidants,? antitumor and anti-infective agents,Zb'C enzyme
inhibitors, 2 glutathione peroxidase mimics,?*¢ and immuno-
modulators.”> Moreover, diaryl selenides themselves are key
intermediates in synthesis of a variety of biologically and
pharmaceutically important organoselenium compounds such
as selenonium salts, selenoxides, selenimines, and selenide
dihalides."?®3 Dihetalryl selenides have rarely been studied and
apart from the evident pharmacological interest, these com-
pounds are promising multidentate ligand systems having both
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‘hard’ and ‘soft’ binding sites for creation of supramolecular
frameworks.*

Traditional preparative methods for diaryl selenides include
the reactions of metal selenides or selenocyanates with aryl
halides, the conversion of aryl halides to the corresponding
aryllithium, -magnesium or -tin compounds, and subsequent
reaction with diaryl diselenides,"?>> formation of selenides via
diazonium intermediates,' the cross-coupling reactions of aryl
halides with aryl selenols,® or the oxidation of selenols or sele-
nolates.”?® In many cases these methods are laborious and
involve multi-step syntheses or have significant limitations or
disadvantages. Therefore, in spite of the versatility of available
synthetic pathways, there is a high demand for development of
convenient and straightforward methods for the synthesis of
diaryl selenides.

Direct synthesis of organic selenides from selenium dioxide may
be considered as a reasonable alternative approach but is poorly
studied. All reported organic selenides prepared from SeO; are
collected in Table 1. As seen, in several cases this method provides
reasonable yields, but mostly selenides are formed only as minor
products often requiring laborious separation from precipitated
selenium and main products. Among reported direct syntheses of
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dihetaryl selenides the most investigated is the family of indole
derivatives, which form different types of selenides depending on
the substituents,” while reports on other classes of organic com-
pounds are sporadic.® To the best of our knowledge, except our
recent studies,® pyrazole derivatives were not explored in this type
of reaction, however one-step synthesis of pyrazole selenides is
attractive in view of their high efficiency toward suppression of
carcinoma cells reproduction combined with low toxicity for
mammal organisms.!® Herein, we report the remarkably facile
formation of bis(3R,5R’-1H-pyrazol-4-yl)selenides by the reaction
of pyrazoles with selenium dioxide.

2. Results and discussion

Despite the fact that direct conversion of selenium dioxide to
organic selenides was found to be inefficient in most reported
cases, reaction with some substituted 1H-pyrazole derivatives is an
exception to the rule; we have found that it proceeds without se-
lenium sedimentation and results in formation of corresponding
selenides in stable high yields.

The initial impetus for an upsurge interest in the reaction was
found during an attempt to oxidize the methyl group in
3-methyl-5-(2-pyridyl)-1H-pyrazole by SeO, in pyridine (taken
in 1:1.5 M ratio) to generate a corresponding carboxylic acid.
Surprisingly, no acid was formed under these conditions, unlike
in the case of 1-methyl-3-(2-pyridyl)-benzene!! and 4-methyl-6-
(2-pyridyl)-pyrimidine,'? but only the bis(3-methyl-5-(pyridin-2-
yl)-1H-pyrazol-4-yl)selenide (1a) as the sole reaction product
was isolated in 64% yield (Table 2). Using the same experimental
protocol (1 mol equiv of pyrazole per 1.5 equiv of SeO, in
refluxing pyridine), the reactivity of a series of pyrazole derivates
has been studied (Table 2). The results allowed us to elaborate
the general synthetic procedure for bispyrazolyl selenides, in
particular for 1b—f (see Table 2 for the chemical formulas), and to
elucidate differences in the conversion of different pyrazole
derivates. It should be noted, that the chosen ratio between
the starting reagents with an excess of SeO, was found to be
crucial for the formation of the target selenides. Different pyra-
zole to SeO, ratios have been checked in the range from 2:1 to
1:2 and found that the 1:1.5 ratio is optimal. For example, in the
case of 1:1 ratio the corresponding selenides were formed in
a poor yield.

In all the studied cases the corresponding reaction mixtures and
crude products have been subjected to TLC, ESIMS, 'H, and *C NMR
control. Identity and structure of the isolated selenides were con-
firmed by a variety of analytical and spectral methods; the molec-
ular structures of 1a—d were investigated by X-ray analysis and are
depicted in Fig. 1.

Although we did not conduct any specific studies to elucidate
the mechanism of the reaction, on the basis of the obtained
structural and ESIMS data we can tentatively propose a reaction
pathway from a pyrazole to its selenide depicted in Scheme 1.
The first step of the reaction includes a double nucleophilic at-
tack by the C-4 pyrazole carbon on the selenium atom’® to afford
a selenoxide (i), which is also detected in some of the reaction
mixtures (Table S1). Further transformation of the oxide includes
addition of pyrazole or pyridine with formation of unstable
selenonium ions RyXSe™ [R, X=3,5-disubstituted-1H-pyrazol-4-yl
(ii’) or X=pyridyl (ii”)] (Scheme 1, Table S1), which disappear
after drying. Instead, the organic selenide (iii) and bispyrazolyl
(iv’) and pyrazolylpyridine (iv”) byproducts are formed as follows
from ESIMS spectra of the reaction mixtures. The proposed
reaction pathway is confirmed indirectly by the fact that neither
selenonium ions nor bispyrazolyl byproduct are formed by
treating a bispyrazolyl selenide with pyrazole under the reaction
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Table 2

Isolated bis(3R,5R’-1H-pyrazol-4-yl)selenides 1a—1f and tris(1H-pyrazol-4-yl)selenonium ethylselenite (2g) synthesized accordingly to the equation: PzH+SeO;— Pz,Se

(Pz3Se™), where Pz is pyrazole derivative

Entry Substrate Isolated Yield (%) Entry Substrate Isolated Yield (%)
Selenide Selenonium Selenide Selenonium
2-Py
HN
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. §
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2 No organoselenium species were detected in the reaction mixture.
conditions. Furthermore, the ESIMS spectrum of the reaction case of 3,5-bis(trifluoromethyl)-1H-pyrazole no organo-

mixture of bis(3,5-dimethyl-1H-pyrazolyl) selenoxide® with 3,5-
dimethyl-1H-pyrazole after boiling in pyridine for 6 h contains
peaks of pyrazolylpyridine and 1e confirming that the selenoxide
might be a precursor of ii and iii, however a more comprehensive
study is required to clarify the details of the reaction pathway.
We also would like to stress that according to the proposed
mechanism the highest yield of the selenide is limited to near
50—67%, with respect to pyrazole.

Earlier two groups reported on aryl selenonium salts synthe-
sized from selenium dioxide in concentrated mineral acids.8%14
In case of the unsubstituted pyrazole the symmetrical seleno-
nium salt with ethylselenite anion (2g) is also a sole product
isolated after ethanolic workup, which was investigated by X-ray
analysis (Fig. 1), but interestingly no selenonium compounds of
3-methylpyrazole and 3,5-methylpyrazole could be isolated in the
solid state. To our opinion differences in the stability of the
selenonium compounds in this series might be explained in terms
of sterical repulsion between the methyl groups, increasing
number of which might cause geometrical distortion of the
selenonium ions that make them more inclined toward degra-
dation to selenides.

The course of the reaction is influenced to great extent by
electronic nature of the 3,5-substituents. For example, in the

selenium species were detected (Table 2), however its struc-
tural analog 3,5-dimethyl-1H-pyrazole, gave 1e. Similarly, 1H-
pyrazole-3,5-dicarboxylic acid, its diethyl ester and 3,5-bi-
phenyl-1H-pyrazole are inactive in this reaction (see Table 2). In
these four cases ESIMS control of the reaction mixtures
revealed the presence of the starting compounds as the only
pyrazole-containing species.

The influence of hydrochloric or hydrobromic acid was
expected to force the conversion of reagents to higher yield.
Nevertheless, the reaction between 3,5-dimethylpyrazole and
selenium dioxide in concentrated hydrochloric acid according
to the described procedure®®c led to 1f with a comparable
yield (46%). In contrast, an attempt to obtain 1a from 3-methyl-
5-(2-pyridyl)-1H-pyrazole in this media was met with no
success.

Finally, as well as their mentioned interest for medicine, bis-
pyrazolyl selenides can also be used as ligands for supramolecular
networks, in which a molecule of the ligand serves as a bidentate
bent connector forming polynuclear complexes. The presence of
a soft selenium atom in synthesized selenides could allow the co-
ordination to a soft 4d- of 5d-metal ion and, on the other hand,
nitrogen atoms of the pyrazole moieties are good donors for the
3d-transition metals.®
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Fig. 1. Molecular structures and numbering schemes for 1a—2g (50% probability ellipsoids). Solvent molecules and inorganic anions are omitted for clarity.
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Scheme 1. A proposed reaction pathway from pyrazole to bis(3R,5R’-1H-pyrazol-4-yl)selenide.

3. Conclusion

Summarizing, we have reported a new reaction of 1H-pyr-
azole and its 3- and 3,5-disubstituted pyrazoles with selenium
dioxide and established that in the case of dialkyl- or alkylaryl-
derivatives it results in the formation of bis(3R,5R’-1H-pyrazol-
4-yl)selenides as the main reaction products in good yields,
which enhances the pool of available methods for this class of
compounds and should find further application in organic syn-
thesis. The obtained compounds appear to be valuable synthetic
intermediates for preparation of various heterocylic and orga-
noselenium compounds of pharmaceutical interest, and polynu-
cleating ligands applicable in crystal engineering and molecular
magnetism, and the study of reactivity of bispyrazolyl selenides
is currently underway in our laboratories. We also are in the
process of expanding the scope of this reaction to other hetero-
cyclic systems.

4. Experimental section
4.1. General

All starting materials were purchased from Aldrich or Fluka and
used as received.

ESIMS measurements were done on a Finnagan TSQ 700 mass
spectrometer. 'H (400 MHz) and >C (100.63 MHz) NMR spectra
were recorded on a Bruker AC-400 spectrometer at 293 K; d-values
are expressed in parts per million relative to an internal reference.
FTIR spectra were recorded on a Perkin—Elmer 983 G spectropho-
tometer, ymax in cm ™! (range 400—4000). CHN analysis was done on
a Perkin—Elmer 2400 CHN.

X-ray data collection was done on a Bruker AXS CCD Smart 1000
diffractometer with refinement using SHELXL-97.!> Crystals of 1a,
1b, 1d, 1f were obtained in the form of salt with inorganic anions by
dissolving of the corresponding selenide in a small amount of the
corresponding concentrated aqueous acid and further disposal of
the obtained solution in a fridge at 4 °C for several days. Crystals of
1c and 1e were grown by slow diffusion of ethereal vapors into
a vessel with alcoholic solutions of corresponding selenides over
one week. Crystals of 2g were obtained upon dissolving of dried
reaction mixture in ethanol and further cooling of the solution in
a fridge at 4 °C overnight.

The presented crystallographic data are deposited under CCDC
numbers 299920—299924, 773478, 773479 and can be obtained

free of charge from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

4.1.1. Bis(3-methyl-5-(pyridin-2-yl)-1H-pyrazol-4-yl)selenide
(1a-MeOH). Mixture of 2-(3-methyl-1H-pyrazol-3-yl)pyridine'®
(15.92 g, 0.10 mol), selenium dioxide (16.70 g, 0.15 mol) and pyri-
dine (50 mL) was refluxed 6 h, after that pyridine was distilled off
under reduced pressure. Syrup-like yellow-to-brown residue was
treated with 20 mL of NaOH (6.0 g, 0.15 mol) aqueous solution. The
obtained yellowish precipitate was filtered off and washed twice
with distilled water and recrystallized from hot methanol. Mp:
212—214 °C. ESIMS (rel int.): m/z 396.7 [M+H, 89Se]* (100%); '
NMR (DMSO-dg, 400 MHz): ¢ 11.95 (1H br s, NH pz), 8.60 (1H, ddd,
J=0.9, 1.5, 4.9 Hz, pyH), 7.97 (1H, d, J=7.5 Hz, pyH), 7.75 (1H, td,
J=1.5,7.5Hz, pyH), 732 (1H, ddd, J=0.9, 4.9, 7.5 Hz, pyH), 1.86 (3H, s,
CH3); 3C NMR (DMSO-dg, 100 MHz): 6 152.5, 150.8, 148.7, 138.4,
125.8,124.5,123.3,102.3,13.3; FTIR (KBr, cm~!): 3300 (m), 3124 (s),
2919 (s), 1592 (s), 1463 (s), 1150 (s), 1061 (s), 998 (s), 787 (s), 623 (s),
515 (s). C1gH20NgOSe requires C, 53.4, H, 4.7, N, 19.7. Found C, 53.5,
H, 4.6, N, 19.5.

The same method was used for the preparation of 1b—f starting
from the corresponding substituted pyrazoles.

4.1.2. Bis(3-methyl-5-phenyl-1H-pyrazol-4-yl)selenide
(1b-MeOH). Recrystallized from methanol as white crystalline
powder. Mp: substance has no definite mp, it begins to soften at
130 °C. ESIMS (rel int.): m/z 395.1 [M+H, 8%Se]* (100%); 'H NMR
(CDCls, 400 MHz): 6 7.53 (2H, dd, J'=1.4 Hz, J>=2.7 Hz, 3,5H Ph), 7.27
(3H, m, 2,4,6-H Ph), 1.84 (3H, s, CH3); >C NMR (CDCl3, 100 MHz):
6 151.7,143.8, 1334, 129.5, 128.1, 127.1, 100.4, 12.7; FTIR (KBr, cm ™ 1):
3159 (br), 3058 (br), 2921 (s), 2821 (s), 2000—1650 (m), 1562 (s), 1451
(m), 1272 (s), 1038 (s), 966 (s), 774 (s), 695 (s), 520 (s). Co1H22N40Se
requires: C, 59.3, H, 5.2, N, 13.2. Found C, 58.8, H, 4.9, N, 13.2.

4.1.3. Bis(3-phenyl-1H-pyrazol-4-yl)selenide (1c-0.25C,H50H). Rec-
rystallized from ethanol as white powder. Mp: 201—-203 °C. ESIMS
(rel int.): mjz 3671 [M+H, 8Se]* (100%); 'H NMR (C,Ds0D,
400 MHz): 6 7.76 (s, 1H, PzH), 7.67 (m, 2H, 3,5-H Ph), 7.36 (m, 3H,
2,4,6-H Ph); 3C NMR (C,Ds0D, 100 MHz): 6 151.7, 143.8, 133.4,
129.5, 127.1, 100.4, 12.7. C74Hg2N160Se4 requires C, 59.0; H, 4.2; N,
14.9. Found C 58.8, H, 4.3, N, 14.8.

4.1.4. Bis(3,5-diethyl-1H-pyrazol-4-yl)selenide (1d). Recrystallized
from ethanol as white powder. Mp: 217—218 °C. ESIMS (rel int.):
m/z 326.2 [M+H, 8%Se]* (100%); 'H NMR (DMSO-dg, 400 MHz):
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6 2.52 (2H, q, J=7.5 Hz, CH3) 1.00 (3H, t, J=7.5 Hz, CH3); 1*C NMR
(DMSO-dg, 100 MHz): 6 152.7, 100.9, 21.2, 15.5; FTIR (KBr, cm™1):
3167(br), 3086(m), 3021(s), 2970(s), 2935(s), 2870(s), 1561(s), 1461
(m), 1277(s), 1036(s), 796(m), 498(s). C14H22N4Se requires C, 51.6, H,
6.8, N, 17.2. Found C, 51.3, H, 6.7, N, 17.2.

4.1.5. Bis(3,5-dimethyl-1H-pyrazol-4-yl)selenide (1e-H,0). Recryst-
allized from methanol as yellowish precipitate. Mp: 232—233 °C.
ESIMS ESI (rel int.): m/z 271.0 [M+H, %9Se]* (100%); 'H NMR
(DMSO-dg, 400 MHz): 6 217 (s, CHs3); C NMR (DMSO-ds,
100 MHz): 6 146.6,101.5,12.3; FTIR (KBr, cm™'): 3400 (br), 3173 (s),
3086 (s), 2970 (m), 2870 (s), 1562 (s), 1414 (s), 1297 (s), 1095 (s),
1033 (s), 849 (br), 764 (s), 461 (s). C1oH16N40Se requires: C, 41.8, H,
5.6, N, 19.5. Found C, 41.5, H, 5.8, N, 19.6.

4.1.6. Bis(3-methyl-1H-pyrazol-4-yl)selenide (1f-2H,SO4). Recryst-
allized from ethanol with several drops of sulfuric acid to
obtain colorless well formed crystals. Mp: 280-281 °C
(decomp.). ESIMS (rel int.): m/z 243.0 [M+H, 89Se]™ (100%); 'H
NMR (D,0, 400 MHz): § 7.94 (1H, s, PzH), 2.31 (3H, s, CH3); 13C
NMR (D,0, 100 MHz): ¢ 147.7, 138.6, 103.5, 9.7. CsH14N40gS;Se
requires C, 22.0; H, 3.2; N, 12.8, S, 14.7; Found C 21.9, H 3.4, N,
13.1, S 14.5.

4.1.7. Tris(1H-pyrazol-4-yl)seleninium ethylselenite (2g). Mixture of
1H-pyrazole (6.80 g, 0.10 mol), selenium dioxide (16.70 g,
0.15 mol), and pyridine (50 mL) was heated to boiling that after
30 min led to the formation of colorless oil; refluxing was
continued for additional 5.5 h. After cooling the pyridine layer
was decanted and residual viscous oil was dissolved in ethanol
and subjected into a fridge overnight yielded yellowish crys-
talline hydroscopic precipitate of 2g. Mp: 250-251 °C
(decomp.). ESIMS (rel int.): m/z 280.1 [M, 8%Se]* (100%); '"H NMR
(D0, 400 MHz): 6 7.99 (6H, s, 3,5-H Pz), 3.56 (2H, q, J=6.4 Hz,
SeOCH3), 1.09 (3H, t, J=6.4 Hz, SeOCH,CH3); >C NMR (D50,
100 MHz): 136.3 (C-3,5 Pz), 103.6 (C—Se), 57.2 (CH3), 16.5 (CH3);
FTIR (KBr, cm™!): 3113 (m), 3028 (br), 2896 (m), 2846 (m), 2782
(m), 1532 (s), 1381 (s), 1156 (d), 1028 (s), 923 (d), 854 (s), 613 (s),
417 (s). C11H15NgO3Se; requires C, 30.3, H, 3.2, N, 19.3. Found C,
30.1, H, 3.3, N, 19.2.
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