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ABSTRACT

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 structures1

in their crystalline states2-5 or in the gas phase,6,7 except for
disulfides with congested substituents,8 and many theoretical
studies have indicated that such skewed geometries are global
minima.7,9-11 Dynamic NMR studies of disulfides also
support these results.5,11-13 Similar findings have been
reported for diselenides10,12,14-17 and ditellurides.10,16,18,19The

skewed geometries of dichalcogenides have been explained
on the basis of a gauche effect proposed by Wolfe.5,11,20,21
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Therefore, dichalcogenides can be considered to exist in
chiral P- and M-helical forms.22 However, the barriers of

rotation of chalcogen-chalcogen bonds for racemization are
not high enough, as estimated by theoretical9-11 and dynamic

NMR studies,5,11,13 to isolate the optical isomers. Thus,
racemization readily occurs in solution. On the other hand,
some optical properties of cyclic23 and acyclic24 disulfides
with chiral ligands have been examined, and similar chir-
optical properties have been obtained for diselenides and
ditellurides with chiral ligands.25,26 Disulfide linked to the
2- and 2′-positions of a chiral 1,1′-binaphthyl group is
considered a chiral disulfide.27 However, this compound is
configurationally restricted by atropisomerism of the binaph-
thyl group. The crystal structures of diphenyl disulfide,2,3,28

diselenide,14,28and ditelluride18 have already been determined
by X-ray crystallographic analysis; all are orthorhombic and
belong to the chiral space groupP212121. 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 chirality.2

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 yield.29 The
circular dichroism (CD) spectrum in the solid state (KBr disk
made from a single crystal)30 showed a negative first Cotton
effect at around 330 nm, as shown in Figure 1, although a

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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15, 417.

Figure 1. Circular dichroism spectra of optically active diphenyl
dichalcogenides in their solid states (KBr disk): red, PhSSPh; blue,
PhSeSePh; green, PhTeTePh.
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theoretical studies; barriers of rotation for racemization of
diphenyl disulfide, diselenide, and ditelluride were calculated
to be 8.6, 8.2, and 5.3 kcal mol-1 through thecisoidgeometry
and 5.4, 5.2, and 3.7 kcal mol-1 through the transoid
geometry, respectively.31 When nine other pieces of crystal
obtained from the same pot were subjected to measurement
of the CD spectra in a similar manner, all of the crystals
showed a negative first Cotton effect. This result indicates
that all of the crystals obtained in the pot are composed of
the same stereoisomer of the disulfide. When recrystallization
was repeated (nine additional times), crystals that showed a
positive Cotton effect in the corresponding region were
obtained in two cases, and the crystals in the same pot were
composed of one stereoisomer on the basis of measurements
of the CD spectra of 10 crystals selected at random. In these
recrystallizations, this phenomenon does not depend on the
recovery yield (even over 50% yield), which means that
chiral crystallization occurs in the pot.

In the case of diphenyl diselenide, crystals obtained from
hot ethanol showed a positive (one time) or negative (seven
times) first Cotton effect at around 375 nm in their CD
spectra, and crystals in the same pot were composed of a
single stereoisomer in all cases (eight recrystallizations). The
bathochromic shift upon changing from sulfur to selenium
corresponds to that with 1,2-dithiane-3,6-dicarboxylic acid
and the corresponding diselenide.32 However, in the case of
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
negative effect in the corresponding region, although some-
times crystals of only one stereoisomer were obtained.

When a single crystal of diphenyl ditelluride which showed
a positive first Cotton effect was seeded in a petroleum ether
solution of the ditelluride in recrystallization, 10 pieces of
crystal in the resulting precipitate all showed a positive
Cotton effect. Similarly, seeding of a crystal with a negative
first Cotton effect gave crystals with a negative Cotton effect.
These results mean that seeding a crystal with a known
absolute configuration in recrystallization can control the
stereochemistry of chiral recrystallization. This phenomenon
was also observed with diphenyl disulfide and diselenide;
seeding a crystal with a positive first Cotton effect gave
crystals with a positive first Cotton effect, while seeding a
crystal with a negative first Cotton effect yielded negative
crystals.

The absolute configuration of chiral diphenyl disulfide with
a negative first Cotton effect was determined by X-ray
crystallographic analysis at 120 K.33 As a result, diphenyl
disulfide with a negative first Cotton effect in its CD
spectrum was found to have aP-helical form; the absolute
structure parameter was-0.02(5) [1.02(6) asM-form]. On
the basis of the similarities of the first Cotton effects of
diphenyl diselenide and ditelluride with that of the disulfide,
the diselenide and ditelluride with a negative first Cotton
effect can be assigned theP-form and those with a positive
effect are theM-form. The relationship between the absolute
configuration and the CD spectra is summarized in Table 1.

Supporting Information Available: The X-ray crystal-
lographic CIF data forP-diphenyl disulfide. This material
is available free of charge via the Internet at http://pubs.acs.org.
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Table 1. Relationship between Absolute Configuration and
Circular Dichroism Spectra (KBr Disk) of Diphenyl
Dichalcogenides

sign of Cotton effect

PhEEPh P-form M-form

PhSSPh -(ca. 330 nm) +(ca. 330 nm)
-(ca. 270 nm) +(ca. 270 nm)

PhSeSePh -(ca. 375 nm) +(ca. 375 nm)
-(ca. 265 nm) +(ca. 265 nm)

PhTeTePh -(ca. 400 nm) +(ca. 400 nm)
-(ca. 290 nm) +(ca. 290 nm)
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