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Abstract: The enantiomers of tert-butyl-1-(2-methylnaph-
thyl)phosphine oxide 1 have been separated using a home-
made HPLC column and an analytical gradient system.
Vibrational absorption and circular dichroism spectra for
both enantiomers have been measured in CD,Cl, and CH»-
Cl; solutions in the 2000—900 cm~! region. The fully relaxed
potential energy surface of (S)-tert-butyl-1-(2-methylnaph-
thyl)phosphine oxide, obtained using the B3LYP functional
with a 6-31G* basis set, indicated two stable conformers with
their populations in a ~2:1 ratio. The vibrational absorption
and VCD spectra are predicted for these two conformers
using the B3LYP functional with a 6-31G* basis set. The
comparison of predicted and experimental spectra indicated
that (+)-tert-butyl-1-(2-methylnaphthyl)phosphine oxide is
in the (S)-configuration. This assignment is supported by
the ab initio prediction of positive optical rotation for the
most stable conformer with an (S)-configuration and the
nonequivalence sense of the tert-butyl group chemical shift
observed in the 'H NMR spectrum of this enantiomer
measured in the presence of (+)-(S)-mandelic acid as a chiral
solvating agent.

The determination of absolute configuration using
electronic circular dichroism (ECD)* or molecular optical
rotations? requires either reliable quantum mechanical
predictions of these chirooptical properties or establish-
ment of reliable empirical rules relating these properties
to the absolute configuration. The prediction of ECD
requires a reliable description of the excited electronic
states® and that of optical rotation requires establishing
the reliability of predictions* for phosphorus-containing
compounds. Reliable empirical rules establishing the
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FIGURE 1. The absorption (bottom three traces) and VCD
(top three traces) spectra of enantiomeric 1.

connection between absolute configuration and ECD/
optical rotation for chiral phosphorus compounds do not
exist at the present time. The absolute configuration can
sometimes be determined by the steric course of the
reactions involved in the synthesis of a given chiral
compound. However, this procedure is not applicable if
the enantiomers are separated from the racemic com-
pound using a chiral column. The fact that the absolute
configuration of tert-butyl-1-(2-methylnaphthyl) phos-
phine oxide 1 remains unknown, despite the study® of
its ECD spectra, supports the above-mentioned state-
ments. Nevertheless, the conformations of 1 have been
studied using NMR spectroscopy,® and the presence of
two stable conformations at ambient temperature was
suggested.
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Vibrational circular dichroism (VCD)® is an indepen-
dent spectroscopic method to determine the absolute
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FIGURE 2. Fully relaxed B3LYP/6-31G* energy of (S)-tert-butyl-1-(2 methylnaphthyl)phosphine oxide as a function of the C;-
CPCt dihedral angle where Ct is the central carbon atom of text-butyl group. The conformations sc and ac are the structures

that correspond to the two potential energy minima (see Table 1).

TABLE 1. Conformations and Energies of (S)-tert-Butyl-1-(2-methylnaphthyl)phosphine Oxide2

converged® energy®
conformer C;,CPCt C.CPO C.CPH electronic Gibbs AEY (kcal) pop® (%)
sc —-91.5 139.1 14.7 —999.647152 —999.386631 0.000 67.5
ac 97.1 —31.9 —155.4 —999.645411 —999.385943 0.432 325

a See Figure 2 for the labels. ® Dihedral angles in degrees. ¢ In hartrees. 9 Relative energy difference, in kcal/mol. ¢ Percent population

based on Gibbs energies.

configuration and predominant conformations in the
solution phase. The availability of quantum mechanical
programs’ that provide reliable predictions of VCD using
density functional theory,® and of commercial VCD
instruments, facilitated the predictions of absolute con-
figurations using VCD. Numerous examples are now
available where VCD has been successfully used in
confirming the known absolute configurations, in either
resolving the ambiguous literature assignments or un-
ambiguous determination of absolute configuration, in
addition to determining the predominant conformations
in the solution phase.® The purpose of this work is to
report the absolute configuration of 1 using the experi-
mental, and state-of-the-art quantum mechanical predic-
tions of, VCD spectra for the enantiomers of 1.
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The VCD spectra in CH,CI, solution and absorption
spectra in both CH,CIl, and CD,CI, solutions (after
subtracting the solvent spectra) are shown in Figure 1.
The 1412—-1432 and 1237—-1297 cm™! regions in VCD
spectra, where CH,Cl, solvent absorption interfered, are
not shown. Similarly, the region below ~1100 cm™! is not
shown for the spectra in CD,Cl, solvent due to interfer-
ence from solvent absorption. For theoretical predictions,
the fully relaxed potential energy surface of (S)-tert-butyl-
1-(2-methylnaphthyl)phosphine oxide was scanned by
varying the dihedral angle of C;CPCt and using the
B3LYP functional with 6-31G* basis set. Two global
minima and maxima were found (Figure 2). The two
minima correspond to synclinal sc (P—H hydrogen close
to 2-methyl substituent) and anticlinal ac conformations
and the maxima lie 12.5 and 13.2 kcal/mol higher in
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energy above that of sc conformation. On the basis of the
Gibbs energies, the populations of sc and ac conformers
are predicted to be 67% and 33%, respectively, for isolated
molecule (Table 1). The absorption and VCD intensities
were calculated for sc and ac conformations at the
B3LYP/6-31G™* level. The population-weighted theoretical
spectra are compared to the experimental spectra in
Figure 1. The absorption bands in the population weighted
predicted spectrum show one-to-one correspondence with
the absorption bands in experimental spectrum. Two
notable differences are observed: (a) The two bands (4,
5) around 1500 cm~! are closer to each other in the
predicted spectrum than those shown in the experimental
spectra. (b) The band (28) at ~920 cm™! is relatively
higher in intensity than the corresponding band in
experimental spectrum. Except for these differences, the
experimental spectra are considered to be in agreement
with the predicted absorption spectrum.

The predicted population-weighted VCD spectrum is
in excellent agreement with the experimental VCD
spectrum. A significant negative VCD band (18) around
1160 cm™1!is present in the predicted spectrum for (S)-1.
The experimental VCD spectrum of (+)-1 shows the same
negative VCD band, while that of (—)-1 shows the positive
VCD band. Thus, (+)-tert-butyl-1-(2-methylnaphthyl)-
phosphine oxide is assigned the (S)-configuration.

This assignment is supported by two other investiga-
tions: (a) ab initio predictions of optical rotation!® using
density functional theory that indicated®! positive optical
rotation for sc conformer with the (S)-configuration, and
(b) the analysis of the 1H NMR spectra of diastereomeric
complexes of the enantiomers of 1 and of tert-butylphe-
nylphosphine oxide with (+)-(S)-mandelic acid.*? If one
assumes that the nonequivalence sense for the tert-butyl
group chemical shifts in the 'H NMR spectra of the
complexes of a family of the tert-butylarylphosphine
oxides with the given enantiomer of mandelic acid should
remain the same within the family, then the low non-
equivalence sense observed in the spectrum of (+)-1 and
the high nonequivalence sense observed in the spectrum
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(12) The tert-butyl signal for (+)-1-(2-methylnaphthyl)phosphine
oxide 1 was at lower field than that for the (—)-enantiomer by about
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of (+)-(R)-tert-butylphenylphosphine oxide can be con-
sidered as an independent evidence that (+)-tert-butyl-
1-(2-methylnaphthyl)phosphine oxide is of the (S)-
configuration.!?

Experimental Section

Synthesis. The racemic 1 was prepared as described in ref 5
by the condensation of 1-(2-methylnaphthyl)magnesium bromide
with tert-butyldichlorophosphine and quenching the formed
product, tert-butyl-1-(2-methylnaphthyl)chlorophosphine, in situ
with 25% sulfuric acid. The enantiomers of 1 were separated
from the racemic sample (80 mg of racemic sample was dissolved
in 200 uL of methylene chloride) on a homemade chiral HPLC
column.3 The sample solution was injected into the column (20
uL for each injection with 30% heptane in methylene chloride
as eluting solvent and detected at 238 nm). The [a]po measured
in CH,Cl; for the first and second eluted enantiomers are —18.1
and +16.4, respectively.

Measurements. The infrared and VCD spectra were recorded
on a commercial Fourier transform VCD spectrometer.®@ The
VCD spectra for both enantiomers of tert-butyl-1-(2-methylnaph-
thyl)phosphine oxide were obtained both in CD,Cl, and CH,Cl,
solutions with 1 h data collection time at 4 cm™? resolution in
the 2000—900 cm~! region. For (+)-1, spectra were measured
at ~0.162 M. For (—)-1, spectra were measured at ~0.122 M. In
the presented absorption spectra, the solvent absorption was
subtracted out. In the presented VCD spectra, the raw VCD
spectrum of the solvent was subtracted.

Calculations. The fully relaxed potential energy surface, ab
initio vibrational frequencies, absorption, and VCD intensities
for (S)-1 were calculated using the Gaussian 98 program.” The
calculations used the density functional theory with the B3LYP
functional and 6-31G* basis set. The procedure for calculating
the VCD intensities using DFT theory is due to Cheeseman et
al.8 as implemented in the Gaussian 98 program. The theoretical
absorption and VCD spectra were simulated with Lorentzian
band shapes and 5 cm™~ full width at half-height. Since the ab
initio predicted band positions are higher than the experimental
values, the ab initio frequencies were scaled with 0.96. The
optical rotations were calculated using a developmental version
of the DALTON program.10
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(13) The HPLC column is made up of a Dnb-D-Asn-Thr-Aun-NH-
(CHy)ssilica stationary phase where aminoundecanoic (Aun) acid served
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