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ABSTRACT

Optical resolution by HPLC

/O on a chiral column .
Ar-Te ( v (P
OH
1 (racemic) /
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Optically active tellurinic acid was obtained for the first time by chromatographic resolution of racemic 2,4,6-triisopropylbenzenetellurinic acid
(1) using a chiral column. Optically active tellurinic acid (+)-1 was stable toward racemization in hexane, although racemization occurred in
hexane/2-propanol. The kinetic studies for the racemization, oxygen exchange reaction using H,*0, and theoretical studies clarified that the
racemization of the optically active tellurinic acid in solution proceeds via a hypervalent tellurane formed by addition of water remaining in
solvent.

Recently, we reported the optical resolution of areneseleniniccolumns and succeeded in obtaining an optically active
acids by means of liquid chromatography on an optically tellurinic acid for the first time. In this paper, we report the
active columf? and the isolation of optically pure meth- optical resolution and the kinetic studies of the racemization
aneseleninic acid as a stable solid by chiral crystallization. of a tellurinic acid.
As far as we know, no study has been reported on optically  2,4,6-Triisopropylbenzenetellurinic acidl)(was prepared
active tellurinic acids, which are analogues of the seleninic in 32% yield from the corresponding ditelluride by oxidation
acids. Moreover, there are few reports on the preparation ofwith ozone followed by hydrolysis (Scheme 1). Tellurinic
racemic tellurinic acids so fdr. acid 1 showed broad signals in both the aromatic and
We examined the optical resolution of an arenetellurinic aliphatic regions on théH NMR (CDCls) spectrum, and
acid by means of liquid chromatography on optically active broad bands centering on 3400 (OH) and 64709 cn1!

(1) Shimizu, T.; Watanabe, |.; Kamigata, Angew. Chem., Int. E@001,

40, 2460.
2) Shimizu, T.; Nakashima, Y.; Watanabe, |.; Hirab hi, K.; Kamigata, . . .
N_(J_)Chlenr::_zuSOC. paeﬁ(?n'?rinszoo‘}agﬁg,’i rabayashi amiga  scheme 1. Preparation of 2,4,6-Triisopropylbenzenetellurinic
(3) Nakashima, Y.; Shimizu, T.; Hirabayashi, K.; Kamigata, N.; Yasui, Acid (1)

M.; Nakazato, M.; Iwasaki, FTetrahedron Lett2004,45, 2301.

(4) (a) Lederer, KBer. Dtsch. Chem. Ge4915,48, 1345. (b) Reichel,
L.; Kirschbaum, EJustus Liebigs Ann. Cherft936,523, 211. (c) Balfe, 10 ~
M. B.; Chaplin, C. A.; Phillips, HJ. Chem. Socl938, 341. (d) Balfe, M. ®
B.; Nandi, K. N.J. Chem. Socl941, 70. (e) Piette, J. L.; Renson, Bull.
Soc. Chim. Belgl970,79, 353. (f) Thavornyutikarn, W. R.; McWhinnie,
W. R. J. Organomet. Cheml973 50, 135. (g) Schulz, P.; Klar, &Z.
Naturforsch., BL975,30, 43. (h) Bergman, J.; Siden, J.; Maartmann-Moe,
K. Tetrahedron1984,40, 1607. (i) Bill, W. F.J. Org. Chem1986,51, 1
1150.

Te—Te — Te

2)H,0 “OH

10.1021/0l0491383 CCC: $27.50 ~ © 2004 American Chemical Society
Published on Web 06/30/2004



on the IR (KBr) spectrum. These results may be due to || |

intermolecular interactions among tellurinic acids both in
solution and in the solid state.

When tellurinic acidl was subjected to chromatography
on two types of chiral column (4.6 mm 250 mm), one
packed with amylose carbamate derivative-silica gel and the
other with cellulose carbamate derivative-silica gel, using
hexane/2-propanol as the eluent, the chromatograms showed
only one peak. However, we surmised that the ratio of the
enantiomers differs between the former portion and the latter
portion of the peak. Then tellurinic acidwas subjected to
chromatography on a larger column (10 mm250 mm)
that was packed with cellulose carbamate derivative-silica Figure 2. First-order rate plots for the racemization of optically
gel using hexane as the eluent, and the eluates were dividedictive tellurinic acid {)-1 (ca. 0.02 mM): (a) in hexane/2-propanol
into several fractions. The fraction corresponding to the (89/1); (b) in 2-propanol/kD (4/1); (c) in 2-propanol/ED (4/1).
first half of the peak showed a positive specific rotation
{[0]3352.5 x 10° (c 0.0012, hexane)}, as well as a positive |ives are 98.2 and 5.34 min, respectively. The rate constant
first Cotton effect and a negative second Cotton effect at in 2-propanol/HO is much larger than that in hexane/2-
270 and 238 nm (Figure 1), respectively, on the circular propanol, indicating that a small amount of water in the
distilled 2-propanol may have caused the racemization of
the optically active tellurinic acid. Two mechanisms of the
racemization in which water participates are proposed. One
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3 involves the formation of an achiral tellurane by the addition
2| of water to tellurinic acid, and the other involves the
. 270 nm | formation of an achiral tellurinate anion by deprotonation
° /\ of tellurinic acid by water. When racemic tellurinic acld
= 0 was dissolved in 2-propanolfMO (4/1, 95 atom 960) and
241 allowed to stand for 2 h, the ratio of 2,4i82CeH,Te'%0O,H:
ol ] 2,4,6i-PrCsH,Te%0¥0H:2,4,6i-PrCsH,TeO,H was 5:3:5
238 nm based on the peak intensities on the MS spectrum, meaning
_2300 250 360 350 that the oxygen atoms of the tellurinic acid were exchanged
A/nm via an achiral tellurane formed by the addition of water. The
_ ] o ) rate constant for the racemization was also measured in
Figure 1. Circular dichroism spectrum ofH)-1 in hexane. 2-propanol/O (4/1) (Figure 2c). The rate constant (7.87

x 1074 s71) is approximately one-third of that in 2-propanol/

. . . . H.0, indicating that there is a primary kinetic isotope effect
dichroism spectrum, whereas the following fractions showed o . .
of the racemization and the rate-controlling step is the

no Cotton effect. In the case of optically active seleninic protonation to tellurinic acid. Vertex inversion and edge

acids, concentration of the eluates caused complete racem- : ' : o
N . P "~ "inversion are also first-order mechanisms for the racemization
ization!2 By contrast, concentration of the hexane solution

; T of tricoordinated optically active chalcogen compouhds.
of (+)-1 d!d no t reduce the_molar ell!ptlcny, 'r.'d.'cat'ng that However, the barriers for vertex inversion and edge inversion
no racemization of the optically active tellurinic acid took

: of benzenetellurinic acid were estimated to be 82 and 26
place by concentrating the eluate under reduced pressure

) . .
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Scheme 2. Mechanism of Racemization of Optically Active
Tellurinic Acid in Solution
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high for racemization to occur at room temperature. As a
result, the racemization of optically active tellurinic adid

was concluded to proceed via a hypervalent achiral telluranep

formed by the addition of water to the tellurinic acid (Scheme
2). By contrast, the racemization of optically active seleninic

acid does. The absolute configuration of){1 is under
investigation.

Supporting Information Available: Experimental pro-
cedures; IR,'H NMR, UV, and MS spectra forl; and
chiroptical properties of{)-1; and computational data for
the theoretical studies. This material is available free of
charge via the Internet at http://pubs.acs.org.
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Scheme 3. Mechanism of Racemization of Optically Active
Seleninic Acid in Solution
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racemization between optically active seleninic acid and
tellurinic acid seems to be that tellurinic acid forms a
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