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Optically active telluronium imides have been isolated for
the first time, by optical resolution of their racemic samples
on an optically active column by medium-pressure column
chromatography. The relationship between absolute config-

uration and their optical properties was clarified, and the
mechanism for their racemization was also studied.
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Many optically active tricoordinate sulfur compounds
have been synthesized and are used as chiral sources in
asymmetric synthesis.'l Recently, some optically active
tricoordinate selenium and tellurium compounds have also
been isolated, and their properties and uses for asymmetric
synthesis have been studied.>>! Optically active selenon-
iuml® and telluronium imides!”! are also used in asymmetric
synthesis as important transient intermediates. We have re-
cently reported the isolation of optically active selenonium
imides, and their stereochemistry and configurational be-
havior have been clarified.[®°! Telluronium imides, on the
other hand, are believed to be much more unstable than the
corresponding sulfonium and selenonium imides, even in
racemic form, and few compounds have been synthe-
sized.l'% Therefore, optically active telluronium imides have
not yet been isolated. An electron-withdrawing group on
the nitrogen atom is known to stabilize telluronium im-
ides.'” We have successfully synthesized some telluronium
imides, stabilized not only thermodynamically with an elec-
tron-withdrawing group on the nitrogen atom, but also kin-
etically with bulky substituents, and have attempted to re-
solve them into their optical isomers (Scheme 1). We de-
scribe here the first isolation of enantiomerically pure tellu-
ronium imides by optical resolution, their stereochemistry,
and their configurational lability.
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The telluronium imide 1, prepared from the correspond-
ing telluroxide and toluene-4-sulfonamide, was loaded onto
an optically active column packed with cellulose carbamate
derivative/silica gel and subjected to high-performance li-
quid chromatography on an analytical scale with hexane/
2-propanol (95:5) as the mobile phase. However, no peak
corresponding to the imide was detected, while a peak at-
tributable to the corresponding telluroxide was observed.
With 2-propanol as the mobile phase, toluene-4-sulfonam-
ide was also detected. These results indicated that hydrolysis
of telluronium imide 1 had taken place on the column. In
the case of telluronium imide 2, with a bulkier substituent,
two peaks corresponding to the two enantiomers of 2 were
observed, as shown in Figure 1. This result clearly shows
that a change in the bulkiness of the alkyl substituents on
one of the benzene rings, from methyl to ethyl groups, had
been very effective for stabilizing the telluronium imides to
lead to hydrolysis. Similarly, telluronium imides 3 and 4
could also be optically resolved into their respective enanti-
omers.

The optical resolution of telluronium imides 2, 3, and 4
was carried out on the same type of chiral column on a
preparative scale.''l As a result, optically pure telluronium
imides (+)-2 {[a]y = +55.0 (c = 0.44, MeCN)}, (+)-3 {[a]
B = +79.0 (¢ = 0.52, MeCN)}, and (+)-4 {[a] = +57.6
(¢ = 0.085, MeCN)} were obtained from the first-eluted
fractions, respectively, and their optical purities were con-
firmed by HPLC analysis. Optically active (—)-isomers (—)-
2 {[a]y = —53.2 (¢ = 0.65, MeCN)}, (—)-3 {[a]s = —82.3
(¢ = 0.20, MeCN)}, and (—)-4 {[a] = —61.0 (¢ = 0.050,
MeCN)} were also obtained in optically pure form from
the second-eluted portions after repeated chromatographic
separation.

The circular dichroism spectra of optically active tellu-
ronium imides (+)-2, (+)-3, and (+)-4 showed positive first
Cotton effects in acetonitrile at 285, 286, and 293 nm, re-
spectively, while (—)-2, (—)-3, and (—)-4 showed negative
first Cotton effects in the corresponding regions, as shown
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Figure 1. Chromatographic resolution of racemic telluronium im-
ides 2—4 on an optically active column packed with cellulose car-
bamate derivative/silica gel (Daicel Chiralcel OD; 4.6 X 250 mm)
by HPLC on an analytical scale at 25 °C. a) hexane/2-propanol
(90:10); b) hexane/2-propanol (98:2); c¢) hexane/2-propanol (97:3).

in Figure 2. These first Cotton effects showed good corres-
pondence with those of the optically active selenium
analogue;  (R)-(+)-N-[(phenyl)(2,4,6-tri-tert-butylphenyl)-
selenonium] 4’'-toluenesulfonimide showed a positive first
Cotton effect at 272 nm, and the S-(—)-isomer a negative
first Cotton effect, of which absolute configuration has
been firmly established by X-ray crystallographic analysis
of the (—)-isomer.”’) By comparison of their optical proper-
ties, the absolute configurations of telluronium imides (+)-
2, (+)-3, and (+)-4 were assigned as R and those of (—)-2,
(—)-3, and (—)-4 as S.

The optically active telluronium imide 2 was stable in the
solid state under nitrogen, but racemization was observed
in solution. The decrease in the optical purity of (R)-(+)-2
in freshly distilled (from CaH,) chloroform at 25 °C dis-
played a good linear relationship with first order rate plots
(k=6.67X10"%s"'; #,, = 28.9 h). Racemization was also
observed in carefully dried acetonitrile at 25 °C (kK =
5.00 X 107°s~'; ¢, = 38.5 h). One possible mechanism for
racemization could be pyramidal inversion. However, the
pyramidal inversion energies of telluronium imides have
been calculated to be higher than those of the correspond-
ing sulfur and selenium analogues; the pyramidal inversion
energies for model molecules, N-(dimethylchalcogenonium)
trifluoromethanimide, are 34.4 (chalcogen = S), 44.3 (chal-
cogen = Se), and 54.4 (chalcogen = Te) kcal mol™!, re-
spectively.['?l Racemization through the pyramidal inversion
process therefore seemed unlikely, at least at room temper-
ature. Edge inversion would also be a possible mechanism
for racemization,'3! but this is improbable as the structure
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Figure 2. Circular dichroism spectra of optically active telluronium
imides 2—4 in acetonitrile, with UV spectra of their racemic
samples.

of the transition state is disfavored due to the bulky sub-
stituents.

On the other hand, telluronium imides are easily hy-
drolyzed to give the corresponding telluroxides and
amines.'% It has previously been confirmed that optically
active telluroxides readily racemize in the presence of a
trace amount of water remaining in the solvent despite care-
ful purification.['*!3] Therefore, the mechanism through the
corresponding telluroxides, formed in situ by hydrolysis of
the telluronium imides, would be the most plausible for the
racemization of telluronium imides.
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When a CDCI; solution of racemic telluronium imide 2
and phenyl 2,4,6-triisopropylphenyl telluroxide was stirred
at room temperature, both N-[(phenyl)(2,4,6-triisopropyl-
phenyl)telluronium] 4'-toluenesulfonimide and 2.4,6-tri-
ethylphenyl 2,4,6-triisopropylphenyl telluroxide were found
together with the starting materials. This result indicates
that telluronium imides and telluroxides exist in equilib-
rium, through hydrolysis of the imides and imination of the
oxides. In basic solution, when (R)-(+)-4 was stored in ace-
tonitrile containing a large excess (65 equiv.) of sodium hy-
droxide, a Cotton effect for optically active telluroxide ap-
peared, with a concomitant decrease in that of (R)-(+)-4,
while no Cotton effect for the telluroxide was observed un-
der neutral conditions, perhaps because of hydrolysis of the
imide being slower than racemization of the telluroxide.
Under acidic conditions, decomposition of the telluronium
imide was observed. Since the stereochemistry of the re-
sulting telluroxide formed under basic conditions was
R,11413] the hydrolysis of telluronium imides had proceeded
with retention of stereochemistry, at least under basic con-
ditions. This result is different from that found with sulfon-
ium imides. Sulfonium imides are known to be hydrolyzed
with inversion of stereochemistry under basic conditions.[!¢]
This difference in the mechanism of hydrolysis may be due
to the ease of the formation of hypervalent tellurane as an
intermediate, compared with that of sulfurane.

A plausible mechanism for our finding is as follows. The
addition of water to the optically active telluronium imide
from the side opposite the bulkiest substituent (Ar?) gives
tellurane 5 when catalyzed by OH™ under basic conditions
(Scheme 2). Telluranes 5 and 6 exist in equilibrium. Elim-
ination of amide from the tellurane yields telluroxide with
retention of stereochemistry, which then racemizes by addi-
tion and elimination of water.l!'%!3 Imination of the re-
sulting racemized telluroxide gives the racemic telluronium
imide.

NSO,R AP Ar'
| JAr | ~OH
T L Te., == —Te_
-3 ——— — e
KA PSNHSO,R | A
Ar OH NHSO,R
Telluronium imide 5 6
(Ar' <AP) — RSO,NH,
(o} OH (0]
} Hz0 | oA? _po !
T 51 = —Tel_ === _Te mpp
ONIAT RO L N HO TN
Ar’ OH r
Scheme 2

1 al p- Metzner, A. Thuillier, Sulfur Reagents in Organic Syn-
thesis, Academic Press, London, 1993. 'Yl The Chemistry of
Sulphones and Sulphoxides (Eds.: S. Patai, A. Rappoport, C. J.
M. Stirling), John Wiley & Sons, New York, 1988. 'l The
Chemistry of the Sulphonium Group (Eds.: C. J. M. Stirling, S.
Patai), John Wiley & Sons, New York, 1981. [1dM. Miko-
lajczyk, J. Drabowicz, Top. Stereochem. 1982, 13, 333.

Eur. J. Org. Chem. 2002, 2265—2267

(2l T. Shimizu, N. Kamigata, Org. Prep. Proced. Int. 1997, 29,
603—629.

(31 Bal T. Wirth, Angew. Chem. Int. Ed. 2000, 39, 3741—3749. [3%]
T. Wirth, Tetrahedron 1999, 55, 1—28. B3¢ Y. Nishibayashi, S.
Uemura, Rev. Heteroatom Chem. 1996, 14, 83—118. P4 N. Ko-
matsu, S. Uemura, Advances in Detailed Reaction Mechanisms
1995, 4, 74-92.

4 Bl Organoselenium Chemistry (Ed.: T. G. Back), Oxford Univ.,

New York, 1999. ¥°1 The Chemistry of Organic Selenium and

Tellurium Compounds (Eds.: S. Patai, Z. Rappoport), Wiley,

New York, 1987. 4 Organoselenium Chemistry (Ed.: D. Li-

otta), Wiley, New York, 1987. 4l C. Paulmier, Selenium Re-

agents and Intermediates in Organic Synthesis, Pergamon, Ox-

ford, 1986.

[5al T. Shimizu, N. Kamigata, Rev. Heteroatom Chem. 1998, 18,

11—35. B®I N. Kamigata, T. Shimizu, Rev. Heteroatom Chem.

1991, 4, 226—248.

[6al Y, Nishibayashi, T. Chiba, K. Ohe, S. Uemura, J. Chem.

Soc., Chem. Commun. 1995, 1243—1244. 1°I N, Kurose, T. Tak-

ahashi, T. Koizumi, J. Org. Chem. 1996, 61, 2932—2933. [6I H,

Takada, M. Oda, Y. Miyake, K. Ohe, S. Uemura, Chem. Com-

mun. 1998, 1557—1558. °41'Y, Miyake, M. Oda, A. Oyamada,

H. Takada, K. Ohe, S. Uemura, J Organomet. Chem. 2000,

611, 475—487.

Y. Nishibayashi, S. K. Srivastava, K. Ohe, S. Uemura, Tetra-

hedron Lett. 1995, 36, 6725—6728.

18al T, Shimizu, N. Seki, H. Taka, N. Kamigata, J Org. Chem.

1996, 61, 6013—6014. °1 N. Kamigata, H. Taka, A. Matsuhisa,

H. Matsuyama, T. Shimizu, J Chem. Soc., Perkin Trans. 1

1994, 2257—2264.

Pal H. Taka, T. Shimizu, F. Iwasaki, M. Yasui, N. Kamigata,

J. Org. Chem. 1999, 64, 7433—7438. I°®l M. Yasui, H. Taka, T.

Shimizu, N. Kamigata, F. Iwasaki, Acta Crystallogr., Sect. C

1999, 55, 1861—1862.

o1 1%l - Hellwinkel, G. Fahrbach, Justus Liebigs Ann. Chem.
1968, 712, 1—20. "1 V. I. Naddaka, V. P. Gar’kin, I. D. Sade-
kov, V. P. Krasnov, V. I. Minkin, Zh. Org. Khim. 1979, 15,
896—899. 11 T. Otsubo, F. Ogura, H. Yamaguchi, H. Higuchi,
Y. Sakata, S. Misumi, Chem. Lett. 1981, 447—448. 11041y, T,
Naddaka, K. V. Avanesyan, M. L. Cherkinskaya, Zh. Org.
Khim. 1989, 25, 367—372.

111 Typical procedure for optical resolution of telluronium imides:
racemic telluronium imide (20 mg) in eluent (0.3 mL) was ap-
plied to an optically active column packed with cellulose carba-
mate derivative/silica gel (Daicel Chiralcel OD; 10 X 250 mm)
and eluted with hexane containing 10 (for 2), 2 (for 3), and 3
(for 4) vol% 2-propanol at flow rates of 1.5 for 2 and 1.0 mL
min~! for 3 and 4. About 6 mg of each optically active tellu-
ronium imide was collected from the first and the second elu-
ates. In the case of 2, optically pure (+)- and (—)-telluronium
imides were obtained by the above procedure. With 3 and 4,
each eluate was again subjected to chromatographic resolution
to give the optically pure telluronium imide. Their optical pur-
ities were determined by analytical scale HPLC analysis on the
same type of chiral column (4.6 X 250 mm).

121 T. Shimizu, N. Kamigata, S. Ikuta, J. Chem. Soc., Perkin Trans.
21999, 1469—1473.

3113 D A, Dixon, A. J. Arduengo III, T. Fukunaga, J. Am.
Chem. Soc. 1986, 108, 2461—2462. 11381 A J. Arduengo III, D.
A. Dixon, D. C. Roe, J. Am. Chem. Soc. 1986, 108, 6821 —6823.
131 D, A. Dixon, A. J. Arduengo 111, J. Am. Chem. Soc. 1987,
109, 338—341.

141 T, Shimizu, Y. Yamazaki, H. Taka, N. Kamigata, J. Am. Chem.
Soc. 1997, 119, 5966—5967.

151 H. Taka, Y. Yamazaki, T. Shimizu, N. Kamigata, J. Org. Chem.
2000, 65, 2127—2133.

161 D, J. Cram, J. Day, D. R. Rayner, D. M. von Schriltz, D. I.
Duchamp, D. C. Garwood, J Am. Chem. Soc. 1970, 92,
7369—7384.

O

=

[7

[8

0

Received February 19, 2002
[002094]

2267



