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Optically active diphenyl dichalcogenides were isolated in bulk for the first time by chiral crystallization. The absolute configuration of the
P-helical enantiomer of diphenyl disulfide was determined by X-ray crystallography. On the basis of this determination and considering the
similarities of the Cotton effects of diphenyl diselenide and ditelluride, the absolute configuration of optically active diphenyl dichalcogenides
could be assigned. Furthermore, stereochemistry of chiral crystallization could be controlled by using an optically active crystal as a seed

crystal.

Acyclic disulfides are well-known to show skewed structtires
in their crystalline statés® or in the gas phas®, except for
disulfides with congested substituefitsnd many theoretical

skewed geometries of dichalcogenides have been explained
on the basis of a gauche effect proposed by Wolfe?2

studies have indicated that such skewed geometries are global (4) For examples: (a) Kansikas, J.; Sipia Acta Crystallogr.2000,

minima’®~!! Dynamic NMR studies of disulfides also
support these resultg!~13 Similar findings have been
reported for diselenidés'>1417 and ditellurideg®16181The
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Therefore, dichalcogenides can be considered to exist inNMR studies}13 to isolate the optical isomers. Thus,

chiral P- and M-helical forms?2 However, the barriers of
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rotation of chalcogenchalcogen bonds for racemization are
not high enough, as estimated by theoreliddland dynamic
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racemization readily occurs in solution. On the other hand,
some optical properties of cycticand acyclié* disulfides
with chiral ligands have been examined, and similar chir-
optical properties have been obtained for diselenides and
ditellurides with chiral ligand$>2¢ Disulfide linked to the

2- and 2-positions of a chiral 1,/ibinaphthyl group is
considered a chiral disulfic.However, this compound is
configurationally restricted by atropisomerism of the binaph-
thyl group. The crystal structures of diphenyl disulffde?
diselenidé*?8and ditelluridé® have already been determined
by X-ray crystallographic analysis; all are orthorhombic and
belong to the chiral space grol®?,2;2;. The composition

of one unit cell for diphenyl disulfide shows that the chirality
of the crystal is due to the skewed structure of the disulfide
moiety, although the report does not mention the chirdlity.
We report here the first isolation of simple optically active
dichalcogenides (diphenyl disulfide, diselenide, ditelluride)
in bulk without any configurational restriction by means of
chiral crystallization. We also show a relationship between
the absolute configuration and the circular dichroism spectra
in the crystalline state.

First, recrystallization of diphenyl disulfide from hot
ethanol gave colorless needles in 74% recovery yi€lhe
circular dichroism (CD) spectrum in the solid state (KBr disk
made from a single crystdf)showed a negative first Cotton
effect at around 330 nm, as shown in Figure 1, although a
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Figure 1. Circular dichroism spectra of optically active diphenyl
dichalcogenides in their solid states (KBr disk): red, PhSSPh; blue,
PhSeSePh; green, PhTeTePh.

Cotton effect was not observed for the disulfide in solution
due to rapid racemization. Facile racemization of diphenyl
dichalcogenides in solution has also been supported by
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theoretical studies; barriers of rotation for racemization of  When a single crystal of diphenyl ditelluride which showed
diphenyl disulfide, diselenide, and ditelluride were calculated a positive first Cotton effect was seeded in a petroleum ether
to be 8.6, 8.2, and 5.3 kcal mdlthrough thecisoidgeometry solution of the ditelluride in recrystallization, 10 pieces of
and 5.4, 5.2, and 3.7 kcal mdl through thetransoid crystal in the resulting precipitate all showed a positive
geometry, respectivell.When nine other pieces of crystal Cotton effect. Similarly, seeding of a crystal with a negative
obtained from the same pot were subjected to measurementfirst Cotton effect gave crystals with a negative Cotton effect.
of the CD spectra in a similar manner, all of the crystals These results mean that seeding a crystal with a known
showed a negative first Cotton effect. This result indicates absolute configuration in recrystallization can control the
that all of the crystals obtained in the pot are composed of stereochemistry of chiral recrystallization. This phenomenon
the same stereoisomer of the disulfide. When recrystallizationwas also observed with diphenyl disulfide and diselenide;
was repeated (nine additional times), crystals that showed aseeding a crystal with a positive first Cotton effect gave
positive Cotton effect in the corresponding region were crystals with a positive first Cotton effect, while seeding a
obtained in two cases, and the crystals in the same pot werecrystal with a negative first Cotton effect yielded negative
composed of one stereoisomer on the basis of measurementsrystals.
of the CD spectra of 10 crystals selected at random. In these The absolute configuration of chiral diphenyl disulfide with
recrystallizations, this phenomenon does not depend on thea negative first Cotton effect was determined by X-ray
recovery yield (even over 50% vyield), which means that crystallographic analysis at 120 R As a result, diphenyl
chiral crystallization occurs in the pot. disulfide with a negative first Cotton effect in its CD
In the case of diphenyl diselenide, crystals obtained from spectrum was found to haveRzhelical form; the absolute
hot ethanol showed a positive (one time) or negative (sevenstructure parameter was0.02(5) [1.02(6) a®l-form]. On
times) first Cotton effect at around 375 nm in their CD the basis of the similarities of the first Cotton effects of
spectra, and crystals in the same pot were composed of aiphenyl diselenide and ditelluride with that of the disulfide,
single stereoisomer in all cases (eight recrystallizations). Thethe diselenide and ditelluride with a negative first Cotton
bathochromic shift upon changing from sulfur to selenium effect can be assigned tiReform and those with a positive
corresponds to that with 1,2-dithiane-3,6-dicarboxylic acid effect are thévi-form. The relationship between the absolute
and the corresponding diselenifé-owever, in the case of  configuration and the CD spectra is summarized in Table 1.
diphenyl ditelluride, some of the crystals that precipitated
from hot petroleum ether in a pot showed a positive first _
Cotton effect at around 400 nm while others showed a Table 1. Relationship between Absolute Configuration and
negative effect in the corresponding region, although some- Circular Dichroism Spectra (KBr Disk) of Dipheny!
times crystals of only one stereoisomer were obtained.  Dichalcogenides

- i f Cott ffect
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Beychok, S.; Breslow, EJ. Biol. Chem.1968,243, 151. (d) Beychok, S.

Sciencel966,154, 1288. PhSSPh —(ca. 330 nm) +(ca. 330 nm)
(25) Review: Snatzke, G. Iithe Chemistry of Organic Selenium and —(ca. 270 nm) +(ca. 270 nm)

Tellurium Compounds, Vol. 1; Patai, S., Rappoport, Z., Ed.; John Wiley &
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18& ) Eg Y Supporting Information Available: The X-ray crystal-

(29) Typical procedure for chiral crystallization of diphenyl dichal- lographic CIF data folP-diphenyl disulfide. This material

cogenides:ca. 1.0 g of diphenyl disulfide or diphenyl diselenide, which

was preliminary purified by silica gel column chromatography and then
recrystallization, was dissolved in refluxing ethanol (ca. 15 or 40 mL,
respectively), and the solution was cooled slowly to room temperature.
Precipitated crystals were collected by suction filtration to give chiral crystals
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of the disulfide (32-74%) or diselenide (1:673%). Similarly, 0.6 g of (33) Crystal data of diphenyl disulfide with negative first Cotton effect
diphenyl ditelluride was recrystallized from hot petroleum ether (ca. 45 (KBr disk): CioH10S;, My = 218.32; orthorhombic, space gro®2;2:2;,
mL) to yield chiral crystals of the ditelluride (584%). a = 23.455(3)b = 8.073(3), andt = 5.524(2) A,V = 1045.9(6) B, Z =

(30) A mixture of a single crystal (ca. 2 mg) of the dichalcogenide and 4, T = 120 K, D, = 1.386 g cn13, 4 = 0.462 mnt! (Mo Ko 0.71073 A).
100 mg of KBr was ground and formed into disk with a radius of 6.5 mm. A total of 5295 reflections were measured of which 2417 reflectiétis (
(31) Theoretical study: Geometries, vibrational frequencies, and energies= 0.014) including Bijvoet pairs were independent and 2387 reflections
were calculated by using Density Functional Theory (B3LYP). The dofible-  with | > 20(1). Lorentz and polarization corrections were made. Absorption
plus polarization basis set of hydrogen, carbon, and sulfur atoms was used.correction was applied using'Hl scan method witflmin = 0.854, Tmax =
The (5s 4p 2d/12s 8p 5d) and (10s 8p 4d/16s 11p 6d) basis sets were als®.891. All H-atoms were located on tiemap and refined with isotropic

used for the selenium and tellurium atoms, respectively. thermal parameters. Final refinement with 168 parameters against 2417
(32) (a) Djerassi, C.; Wolf, H.; Bunnenberg, E.Am. Chem. So4962 reflections gaver = 0.0193,wR = 0.0554, and\pmin = —0.19, Apmax =

84, 4552. (b) Djerassi, C.; Fredga, A.; SjébergABta Chem. Scand 961, 0.21 e A3. Absolute structure parameter wa®.02(5) for theP-form and

15, 417. 1.02(6) for theM-form.

Org. Lett.,, Vol. 3, No. 23, 2001 3641



