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processes which are unique to the pyrazolylborates.
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We report vibrational circular dichroism! (VCD) spectra of
(S,5)-[2,3-2H,]oxirane (1) in the carbon-hydrogen and carbon—
deuterium stretching regions. Three- and four-membered chiral
ring molecules have been the focus of several previous VCD
studies?” owing to their conformational rigidity, low molecular
weight, and the relative simplicity of their vibrational spectra. The
chiral oxirane featured in this study is the smallest and simplest
molecule for which VCD has been observed to date. The observed
VCD spectra are correspondingly simple, consisting of a bisignate
couplet in each spectral region corresponding to the in-phase and
out-of-phase hydrogen, or deuterium, stretching modes. The
general features of the couplets are readily interpreted in terms
of the coupled oscillator® and ring current® intensity mechanisms
as well as theoretical vibronic coupling calculations.'® The sig-
nificance of the reported VCD spectra is that they provide the
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Figure 1. VCD (upper curves) and absorption (lower curves) spectra for
(S,5)-[2,3-*H,]oxirane in CCl, in the CH- and CD-stretching regions,
obtained at 8-cm™! resolution with 10-s time constant and 100-um sample
path length.

experimental basis for comparison to the results of the most
sophisticated theoretical calculations which can be performed for
a molecule as large as oxirane.

(R,R)- and (S,5)-[2,3-?H,]oxirane were prepared as described
previously,'! except that 3-(triphenylsilyl)-2,3-epoxypropanol was
oxidized to the corresponding aldehyde by using MnO,!? rather
than Ag,CO;/Celite, and a modified version'? of the Sharpless
epoxidation'* was employed. In the final reaction, 1.00 mmol of
(triphenylsilyl)oxirane was treated with Et,NF in Me,SO, and
the oxirane thus generated was trapped in 1.0 mL of CCl, at —18
°C. Enantiomeric excesses were greater than 90%.!° 'H NMR
analysis of synthetic oxirane revealed the presence of a small
amount of benzene (also detected by IR), presumably arising
throug}; attack of fluoride on silicon, with expulsion of the phenyl
anion.!

The VCD spectra shown in Figure 1 represent an average of
four scans for each enantiomer obtained on a dispersive VCD
instrument. Spectra recorded for samples from two earlier, less
pure synthetic batches were similar to those in Figure 1. In order
to eliminate base line artifacts, the VCD spectra in Figure 1 were
obtained by subtraction of the raw VCD spectra of the (R,R)-
enantiomer from that of the (S,5)-enantiomer and dividing by
two.

Absorption features in the CH-stretching region due to benzene
and an unidentified achiral impurity?! in each synthetic batch were
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Figure 2. Correlation of calculated hydrogen stretching modes of oxirane
(Cy, symmetry) and (S,5)-[2,3-*H,]oxirane (C, symmetry). Long arrows
indicate directions of predominant atomic displacements. The minor
displacements (small arrows) have been exaggerated for clarity.

removed by spectral subtraction, since the impurity and benzene
were present at unequal concentration for the two enantiomers.
No interfering bands were observed in the CD-stretching region.
For the spectra shown in Figure 1, the maximum absorbance in
the CH stretching region due to impurity bands was less than 20%
of the sample absorbance.

The VCD spectra consist of a CH-stretching couplet (3026 (+),
3004 cm™ (-)), corresponding to the intense absorption band at
3022 cm™ and a weak, unresolved band, and a CD-stretching
couplet (2254 (+), 2228 cm™! (-)) associated with the weak
2254-cm™ and intense 2237-cm™! absorption bands. The CH-
stretching couplet is distinctly biased to positive intensity, whereas
a smaller, but significant negative VCD bias is present in the
CD-stretching region. Similar VCD biases were observed for all
three synthetic batches.

Normal coordinate analyses for both the tetraprotiooxirane and
1 were carried out with the ab initio force field of Lowe et al.??
Calculated frequencies, mode symmetries, and schematic mode
descriptions are shown in Figure 2. The mode correlation in
Figure 2 shows that, although the relative magnitudes of the
atomic displacements in the four modes change upon deuteriation,
the relative phasings of the displacements do not change. The
four modes maintain the symmetry order B, A, A, B from high
to low frequency for both isotopomers.

From purely geometric considerations for the CH and CD
oscillators in 1, the A modes are predicted to be weak and the
B modes intense. On the basis of the coupled oscitlator model
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for the two chirally oriented CH or CD oscillators,? the four modes
of 1 depicted in Figure 2 should give rise to a conservative (+,-)
couplet, with the positive lobe at higher frequency, in each spectral
region. The overall absorption and VCD patterns agree with these
predictions.

The bias in the two couplets can arise from the ring current
mechanism for VCD.? On the basis of the empirical rule 1 for
an oscillator external to a ring but adjacent to a heteroatom in
the ring,'®% contraction of a CH (or CD) bond injects electronic
charge into the ring preferentially toward the oxygen, whereas
elongation of the bond preferentially withdraws electronic charge
from the oxygen. Positive ring current at constant electron density
is initiated around the oxirane ring as shown in 2 and 3 for the
B-symmetry stretches. The electric dipole transition moments
u and ring current magnetic dipole transition moment m for the
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B modes thus result in positive VCD bias in the CH-stretching
region and negative VCD bias in the CD-stretching region, since
the A modes are not enhanced. The smaller bias observed for
the CD-stretching bands may be due partly to overlapping positive
VCD intensity at ~2220 due to an A mode in Fermi resonance
with the A fundamental.

Recent VCD intensity calculations in our laboratory using a
vibronic coupling formulation with floating basis functions!'® have
also predicted VCD couplets for these modes with the observed
sense and bias. Investigation of the other chiral deuteriated
isotopomers of oxirane and extension to the mid-infrared region
are in progress.
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The primary charge separation in photosynthetic bacteria
generates a dimeric bacteriochlorophyll (BChl) cation and a
bacteriopheophytin (BPheo) anion!-5 which lie within close
proximity of each other (~10 A).&7 The two radicals also lie
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