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Isolation, Stereochemistry, and Configurational of optical resolution using an optically active column. Their
Lability of Optically Active Telluroxides stereochemistry and configurational labilities are also examined.
o}

Toshio Shimizu, Yuko Yamazaki, Hideo Taka, and
Nobumasa Kamigata* Ar'—Te— AR

. . 1: Ar' = mesityl; AP = 2,4,6-tri-t-butylphenyl
Department of Chemistry, Graduate School of Science o AR )
Tokyo Metropolitan Uniersity, Minami-ohsawa 2: A’ =phenyl; A~ = 2,4,6-tri-t-butylpheny!
Hachioji, Tokyo 192-03, Japan 3: Ar' = mesityl; AP = 2,4,6-triisopropylpheny!
a: Ar' = phenyl; AP = 2,4,6-triisopropylphenyl
Receied March 10, 1997
) ) ) ) ) ) Mesityl 2,4,6-triisopropylphenyl telluroxide] was subjected

Ever since an optically active enantiomeric selenoxide was g several optically active columHsusing high-performance
there have been several reports on the isolation of optically corresponding to each enantiomeBofiere observed separately
active selenoxidésby various approaches, such as optical when an optically active column such as AS, AD, OB, or OJ
reSO|utI0n Of dIaStel'eomerIC m|XturéShrOmatograph|C I’eSO|U- was used, and the best separation was Obta"']ed on a Co'umn
tion Of enantiomel’ic miXtureS USIng an Optlca"y aCt|Ve COILﬁnn, packed Wlth amylose Carbamate derivative/silica gel (AS)
complex_ation with a chiral Iiganﬁiand as_ymmetric oxidation Using the AS column, 2,4,6-ttert-butylphenyl mesityl tel-
of sele.nldes?:8 Optlcally actlve_selenox@es have also been luroxide () and 2,4,6-tritert-butylphenyl pheny! telluroxide2
extensively studied as key intermediates in asymmetric were also resolved into two peaks corresponding to the
synthesig}8a¢.9.10 Optically active telluroxides have also been  enantiomers, as shown in Figure 1, while telluroxilevhich
recently reported as transient key intermediates in asymmetrichas |ess bulky substituents, showed only one peak. Racemic
reactions by Uemura and co-workéts.However, optically  telluroxide 2 was resolved into its enantioisomers better than
active telluroxides have not yet been isolated, perhaps because  peterioration of asymmetric recognition faris probably
telluroxides undergo racemizatiaria a hydrate? formed by due to steric hindrance around the telluroxide moiety or to the
the addition of water, much faster than selenoxide®e report  gimilarity of the bulkiness of the two aryl groups on the tellurium
here the first isolation of optically active telluroxides by means ztom of 1. The chromatogram of telluroxidd showed an
unusual shape which indicated that racemization was occurring

(1) Davis, F. A.; Billmers, J. M.; Stringer, O. Oetrahedron Lett1983

24, 3191. in the column. These results show that a substituent more bulky
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sugar), see: (a) Jones, D. N.; Mundy, D.; Whitehouse, R. Bhem. Soc., racemization.
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2598. ©) Reich,( |.)| J.: Yelm, K. EJ. Oyrg. Chem.]_gggl 56, 567%. () MeCN)} while the second enantiomer had a negative optical

'Iakahssgia T.;R N;lk?;\)/, N; }ﬁoizkﬂmi,C]tEem.Chettlﬁ):%g;-l(lei gggils, rotation{[a]p —68.8 € 0.23, MeCN}. However, the optical

. A.; Reddy, R. T.; Weismiller, M. CJ. Am. Chem. So . iti ; i ;

(f) Kobayashi, M.; Ohkubo, H.; Shimizu, Bull. Chem. Soc. Jpri986 gugltlesl COJrESpondmg to the t§peCIfIC rOtgtlog%.COLtl.ld HOI be
59, 503. (g) Shimizu, T.; Kobayashi, M.; Kamigata, Sulfur Lett.1988§ etermined because racemization occurred redtli@ptically

8, 61. (h) Shimizu, T.; Kobayashi, M.; Kamigata, Bull. Chem. Soc. Jpn.  pure telluroxide 4)-117 was finally obtained (20 mg) from the
1989 62, 2099. (i) Tiecco, M.; Tingoli, M.; Testaferri, L.; Bartoli, D.

Tetrahedron Lett1987 28, 3849. (j) Takahashi, T.; Kurose, N.; Kawanami, (14) Daicel Chiralpak (4.6 250 mm): AS and AD (amylose carbamate
S.; Arai, Y.; Koizumi, T.J. Org. Chem1994 59, 3262. derivative/silica gel); OB and OJ (cellulose ester derivative/silica gel); OC,

(9) For reviews, see: (a) Tomoda, S.; Usuki, Y.; Fujita, K.; Iwaoka, M. OD, OF, and OG (cellulose carbamate derivative/silica gel).

Rev. Heteroatom. Chenil991, 4, 249. (b) Nishibayashi, Y.; Uemura, S. (15) Daicel Chiralpak AS (1& 250 mm). The eluents used were hexane/
Rev. Heteroatom. Chenil996 14, 83. isopropyl alcohol= 98:2 and 95:5 foll and 2, respectively.

(10) (a) Komatsu, N.; Nishibayashi, Y.; Sugita, T.; Uemura].&hem. (16) Optically pure {)-2 was obtained in solution, as confirmed by
Soc., Chem. Commut992 46. (b) Komatsu, N.; Nishibayashi, Y.; Uemura, = HPLC analysis. However, after measurement of the specific rotation and
S. Tetrahedron Lett.1993 34, 2339. (c) Komatsu, N.; Murakami, T.; circular dichroism spectra, HPLC analysis showed partially racemized
Nishibayashi, Y.; Sugita, T.; Uemura, $.0rg. Chem1993 58, 3697. (d) (+)-2.

Komatsu, N.; Matsunaga, S.; Sugita, T.; UemuraJSAm. Chem. Soc. (17) Physical and spectral data far)t1 (ee 100%): mp 96:397.4°C;

1993 115 5847. (e) Nishibayashi, Y.; Singh, J. D.; UemuraJ &trahedron [a]o +22.5 € 0.36, MeCN), f]p +25.3 € 0.22, CHCY), [aass +54.7 €
Lett. 1994 35, 3115. (f) Nishibayashi, Y.; Singh, J. D.; Fukuzawa, S.; 0.36, MeCN), fJass +129.6 € 0.22, CHC}); CD (MeCN) 313 (p] +1.7

Uemura, SJ. Org. Chem1995 60, 4114. x 10%, 286 (] —1.5 x 10%), 264 (9] +1.9 x 10%), 246 (6] —3.1 x
(11) Chiba, T.; Nishibayashi, Y.; Singh, J. D.; Ohe, K.; Uemura, S. 10%, 236 (sh, §] —2.1 x 10, 212 ([f] —1.2 x 10%) nm; IH-NMR (500
Tetrahedron Lett1995 36, 1519. MHz, CDCh) 6 1.31 (s, 9H), 1.33 (s, 18H), 2.04 (br s, 6H), 2.21 (s, 3H),
(12) (a) Vernon, R. HJ. Chem. Soc192Q 889. (b) Detty, M. R.J. 6.74 (br s, 2H), 7.29 (s, 2H}3C-NMR (125 MHz, CDC4) 6 21.0, 31.2,

Org. Chem198Q 45, 274. (c) Lee, H.; Cava, M. B. Chem. Soc., Chem. 31.6,33.1, 34.5,39.6, 124.6, 130.3, 133.1, 138.4, 140.9, 142.3, 151.2, 157.5;
Commun.1981, 277. (d) Kirsch, G.; Goodman, M. M.; Knap, F. F., Jr. IR (KBr) vmax3000-2800, 1590, 1460, 1390, 1245, 1120, 845, 745€m
Organometallicsl983 2, 357. (e) Uemura, S.; Fukuzawa,B5 Am. Chem. UV (MeCN) Amax 211 (€ 4.8 x 10%), 243 € 2.8 x 10*) nm; FABMS m/z

Soc.1983 105 2748. 511 (M + 1, 130Te), 509 (M" + 1, 128Te), 494, 492, 389, 261, 245, 203,
(13) Shimizu, T.; Kobayashi, M.; Kamigata, Bull. Chem. Soc. Jpn. 119. Anal. Calcd for g/H4oOTe: C, 63.81; H, 7.93. Found: C, 63.83; H,
1988 61, 3761. 8.41.

S0002-7863(97)00760-9 CCC: $14.00 © 1997 American Chemical Society



Communications to the Editor

=
€ (x10%)
4
[6] (X1'}(>) )

-

[6] (x10)
€ (x10%)

0
400

300

A/nm
Figure 2. CD and UV spectra of optically active telluroxides)¢d,
(—)-1, (+)-2, and ()-2 and selenoxidesR)-(+)-5 and ©-(—)-5 in
acetonitrilet®
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Figure 3. Racemization of optically active telluroxides. (a})¢1 in
methanol; (b) {)-1 in toluene; (c) {)-2 in toluene.
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A similar difference in the rate of racemization was observed
in toluene that had been freshly distilled from Gaftle., the
rate constants for racemization of)-1 and ()-2 werek =
3.08 x 10°%s™1 (t1, =625 h) anck = 9.71 x 1074 s71 (t12
= 0.20 h), respectively). These results show that the combina-
tion of mesityl and 2,4,6-trert-butylphenyl groups as the
substituents in a telluroxide is quite useful for inhibiting
racemization. We previously reported that optically active
selenoxide5, which has the same substituents 2agdid not
racemize in methanol even after 5 d&ysHence, optically
active telluroxides are less stable toward racemization than
optically active selenoxides.

There are at least three possible mechanisms for the racem-
ization of telluroxides. One mechanism involves pyramidal

faster eluent by repeated resolution (two times), and its optical inversion, and another involves a four-membered cyclic inter-

purity was confirmed byH-NMR measurement in the presence
of dimethyl L.-(+)-tartrate as an optically active shift reagent.
At the same time, optically active telluroxide-)-1'® was
obtained in 93% optical purity from the later eluent.

Optically active telluroxides)-1 and ()-2 show positive
first Cotton effects at 313 and 305 nm (benzenoid transition),
respectively, and-{)-1 and ()-2 show negative first Cotton

mediate formed by dimerization of the telluroxide. The third
mechanism involves the formation of an achiral hydrate upon
the addition of water. The pyramidal inversion energies for
dimethyl chalcogen oxides were estimated framinitio MO
calculation€® The pyramidal inversion energies for dimethyl
sulfoxide, selenoxide, and telluroxide were calculated to be 49.1,
53.2, and 63.9 kcal mol, respectively. Therefore, the pyra-

effects in the corresponding regions (Figure 2). These first midal inversion mechanism is not realistic for the racemization
Cotton effects show good correspondence with those of the Of telluroxides, at least at room temperature. The racemization

optically active selenium analogue, 2,4,64&i{-butylphenyl
phenyl selenoxides R)-(+)-5 and §)-(—)-5).5»1° Therefore,
the absolute configuration of telluroxides-}-1 and (+)-2 is
assigned to b& and that of {-)-1 and (-)-2is S

of telluroxides in solution obeyed good first-order kinetics. This
observation excludes the second mechanisen a dimeric
structure. Therefore, racemization may be catalyzed by a trace
amount of water which remains in the solvent despite careful

The stabilities of these telluroxides toward racemization were purification. Finally, the mechanism which involves the forma-

examined. In the solid state;+§-2 (ee 83%) racemized
completely after 3 days, while the optical purity of)1 did

tion of an achiral tetracoordinate hydrate was confirmed by
observation of the oxygen exchange reaction of telluroxide.

not decrease even after 2 weeks (ee 95% to 94%). In methanoMWhen one drop of 1#0 (97 atom %) was added to a methanol

that had been freshly distilled from Mg, racemization of
telluroxide (+)-1 (ee 89%) was complete in about 1 d&y=
6.05x 105 s t3, = 3.18 h) as shown in Figure 3, whereas
the specific rotation of-{)-2 was completely lost within 5 min.

(18) Physical and spectral data for)f1l (ee 93%): mp 113:7114.6
°C; [a]p —21.3 €0.38, MeCN), fx]435 —54.4 € 0.38, MeCN); CD (MeCN)
313 ([0] —1.6 x 10%, 286 (] +1.4 x 10%), 264 ([f] —1.8 x 10%), 246
([6] +2.9 x 10%), 236 (sh, ? +1.9 x 10%, 212 (] +1.1 x 10°) nm.
Other spectra such - and*C-NMR, UV, IR, and MS were quite similar
with those of ¢)-1.

(19) Optical purities of €)-1, (—)-1, (+)-2, (—)-2, (R-(+)-5, and §)-
(—)-5 for measurement of the CD spectra were 100%, 93%, unknown,
unknown, 34%, and 18% ee, respectively.

solution of ()-1 (ee 89%) and stirred at room temperature,
the mass spectrum (FAB) showed 41 and 7¥®-enriched
telluroxide?! at ee values of 34 and 12%, respectively.
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(20) All geometries at global minima and saddle points for the pyramidal
inversion mode were optimized using the second-order Mgheesset
perturbation (MP2) method. The double-zeta plus polarization basis set was
used for hydrogen, carbon, oxygen, and sulfur atoms. The (5s4p2d/12s8p5d)
and (10s8p4d/16s11p6d) basis sets were used for selenium and tellurium
atoms, respectively.

(21) FABMS m/z513 (M + 1, 130T€lé0), 511 (M™ + 1, 128Tel®0 and
130Tele0), 509 (MY + 1, 128Tel0).



