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Carboxylic (RCOOH) and thiocarboxylic acids (RCOSH)
are ubiquitous but important organic compounds with a great
variety of use in chemistry.! In contrast, the reactivity and
structural features of selenocarboxylic acids (hereafter called
selenoic acids) have little been studied mainly because of the lack
of their general synthetic methods.2# In the previous synthetic
efforts to attain such compounds, the isolation was hampered by
the use of strong bases or water and resulted in decomposition.?
Recently, we have succeeded in the preparation of selenoic acid
alkali metal salts, compounds which can be stored under an inert
atmosphere.® Herein, we report the first isolation of selenoic
acids and their behavior in solution indicating the tautomeric
equilibrium between selenol and selenoxo forms of selenoic acids.

The preparation of selenoic acids 2 was attained by the
treatment of sodium selenocarboxylates 15° with an ether solution
of hydrogen chloride under an Ar atmosphere (eq 1).6 Table 1
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summarizes the yields of 2 and the selected data of their
spectroscopic properties. The conversion of 1 to 2 was complete
within 15 min. The obtained aliphatic acids 2a—e are pale yellow
liquids, while aromatic acids 2f-1 are pale yellow to red oils or
crystalline solids. Some of them could be purified by distillation
or recrystallization, which was indicative of the thermal stability
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131.0, 164.3 (Ar), 189.6 (C==0); 77Se NMR (CDCl;) § 427.5; HRMS calcd
for CgHoO,Se 215.968 92, found 215.969 90. Anal. Caled for CgHO,Se: C,
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Table 1. Yields and Physical Properties of Selenocarboxylic Acids 2
(RCOSeH)

yields _IR®(em™) 1y NMRe 3¢ NMRe

no. R (%) vseH Voo & SeH §C=0
2a C,H;s 884 1716 4.74 198.6
2b i-C;H, 854 2322 1715 2.50 203.4
2¢ 1-C4Hy 97¢ 2324 1720 2.66 206.7
2d »n-CsHy, 95/ 2321 1715 3.70 198.5
2¢ l-adamantyl 98¢ 2300% 1719h 2,76 198.5
2f C4H; 91/ 2320 1694 448 191.7
2g 2-CH,C¢H4 777 2318 1694 3.57 193.4
2bh 4-CH;C¢H,4 95/ 2316 1692 2.37 190.9
2i 2-CH,OC¢H, 95/ 2290 1686 3.20 187.6
2j 4-CH;0C¢H, 96/ 2289 1682k 2.59 189.6
2k 2,6-(CH;0),C¢H; 77 2296% 1682k 3.14 190.2
2l 1naphthyl 92 2314 1690  3.69 193.2

¢ Isolated yields. ® Neat. ¢ Chemical shifts are in ppm from internal
TMS in CDCl;. 4 The products was a liquid. ¢ Bp 68-73 °C/30 Torr.
IBp 70-71 °C/17 Torr. € Mp 29-30 °C. * Nujol. ! The data for crude
2e was reported; see ref 3c. / The product was an oil. * IR absorption for
crude 2f was reported; see ref 3b. ! Mp 49-50 °C. » Mp 6365 °C.
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Figure 1. Comparison of IR spectra in THF solution and in the solid
state for acid 2j.

of 2. Although upon exposure to the air compounds 2 were
immediately oxidized to the corresponding diselenides, no ap-
preciable change was observed in the solid state at 0 °C for at
least 1 month under an Ar atmosphere. In particular, the
introduction of the OCHj; group on the aromatic ring highly
enhanced the stability of 2j and 2k. Characteristic absorptions
of the SeH and C==0 stretches were observed at 2290-2324 and
1690-1720 cm™!, respectively, in the IR spectra. The 13C NMR
spectra exhibited the signals of the C=0 moiety at 190-200
ppm. These data confirmed that selenoic acids existed in the
selenol form in the solid state and in a nonpolar solvent similarly
to the case of thioic acids.”

When selenoic acids 2 were dissolved in a polar solvent such
as Et;0, THF, or MeOH, the color of the solution instantly
changed to red, whereas hexane, benzene, and CHCl; solutions
of 2 were light yellow. The IR and NMR spectra of this red
solution showed some critical differences from those in Table 1.
As shown in Figure 1, the intensity of the C==0 stretch of 2j at
1682 cm~! was reduced in THF as compared with that in the solid
state. The signals corresponding totheSe~—H, C==0,and Se—H
moieties were not detected in 'H, 13C, and 77Se NMR spectra.
Furthermore, the UV-visible spectrum showed the absorption
ascribed to the n—=* transition of the C=Se moiety at 502 nm
(Figure 2).8 These spectra have clearly indicated that the
tautomericequilibrium between selenol form 3 and selenoxo form
4 exists in a polar solvent (eq 2). The 1*C and 77Se NMR spectra
at -90 °C exhibited the signals only due to carbon and selenium
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Figure 2. Absorption spectra recorded in CHCl, solution and in THF
solution for acid 2j.
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Figure 3. Variable low-temperature NMR spectra in dy-THF solution
for acid 2j.
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of the C==Se moiety at 222.2 and 753.9 ppm, respectively.!! The
existence of hydrogen-bonding interactions with THF was also
detected by the signal at 15.3 ppm in the !H NMR spectrum.
These sharp signals were broadened substantially upon raising
the temperature (Figure 3). This apparently suggests that the
selenoxo form 4 is a dominating species at low temperature in
THF. Encouraged by these results, similar spectroscopic mea-
surements were carried out with the better known thioic acids.
Interestingly, despite the previous understanding that a thiol form
predominated over a thioxo form,!2 the thioxo form was found
to be the only species observed for 4-CH;0C¢H,COSH in a polar
solvent. Thioamides and selenoamides also have heteroatom-
stabilized carbon—chalcogen double bonds and can exist formally
in two tautomeric forms. The molecular orbital calculations
concerning these molecules have suggested that the imido form
becomes stable in going from thioamides to selenoamides.!?
Nevertheless, the selenoic acids can exist exclusively inthe selenoxo
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form at low temperature in spite of the fact that they require
double bonding between carbon and selenium, which is more
energetically unfavorable than that between carbon and sulfur.14
In a polar solvent, hydrogen-bonding interactions of 3 with the
solvent may allow for the electrons on the selenocarboxyl group
to delocalize more easily. In the system at low temperature, the
equilibrium in eq 2 is shifted to 4. This may be understood by
considering the notion that the proton on the selenocarboxyl group
localizes on the more electronegative atom, i.e., oxygen rather
than selenium, and this enables the involvement of the C=Se
bond in 4.

The high reactivity of selenoic acids was confirmed by the
reaction with dicyclohexylcarbodiimide (DCC).!5 The addition
of selenoic acids to DCC was complete within 1 h to give
quantitatively the corresponding diacyl selenides and selenourea.
Accordingly, the selenoic acids are at least as reactive as thioic!¢
and dithioic acids.!’

In summary, we have demonstrated the first successful isolation
of selenoic acids 2 prepared from 1. The existence of the
tautomeric equilibrium between selenol and selenoxo forms was
spectroscopically proved for the first time. The selenoxo form
is not a canonical form but an actual species in a polar solvent
at low temperature regardless of the involvement of the C==Se
bond, whereas 2 exists dominantly in the selenol form in the solid
stateand in a nonpolar solvent. The present system isan example
of heteroatom-containing allylic anion systems and suggests that
electronegativity and hydrogen-bonding interaction may play an
important role in controlling the degree of the localization of the
electron and in forming double bonding even between carbonand
a fourth-row element. The equilibrium, acidity, and reactivity
results might be of importance not only in designing synthetic
applications of selenoic acids but also in understanding the role
of Se in biological systems.
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