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N-a-Phenylethylt-butylsulfinamide is a complicated system for determining molecular stereochemistry
because of numerous possibilities for assigning the absolute configuration and a predominant conformation.
Two diastereomers dfi-a-phenylethylt-butylsulfinamide derived from~)-(9-a-phenylethyl amine, a
(+)-diastereomer and a—{j-diastereomer, have been synthesized and their experimental chiroptical
spectroscopic properties have been measured. These properties include vibrational circular dichroism,
electronic circular dichroism and optical rotatory dispersion. Using these experimental data, in conjunction
with corresponding density functional theoretical predictions, the absolute configuration and predominant
conformations of these two diastereomers have been determined. Also, the absolute configuration of

(—)-diastereomer has been independently confirmed by determining its structure from X-ray diffraction

data.

Introduction

Within the family of sulfinyl derivatived;? chiral sulfinamides
serve as useful chiral building blocks. In the enantioselective
asymmetric synthesis of many organic compounds, which are

in the synthesis of enantiopure sulfinimiAé8-°as precursors

for o- and f-amino acids}®1? o- and B-aminophospho-

natest31*and chiral amine&>1¢ Sulfonamides, obtained from
oxidation of sulfinamide3’ have been suggesfédio have

important for the development of active pharmaceutical ingre-
dients and intermediates, sulfinamides were used as efficient
chiral auxiliaried=% and catalyst$® They found applications
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FIGURE 2. The chemical structure df-a-phenylethylt-butylsulfi-
namide ).

applications in medicinal chemistry. Peptidosulfinamide, a
sulfinamide derivative, has found applicatiéfor the develop-
ment of HIV protease inhibitors.

The selective induction of chirality through asymmetric
reactions necessitates not only the synthesis of enantiopur

method$ are becoming invaluable tools for reliable determi-
nation of absolute configuration and conformations of different

types of chiral molecules. This accomplishment is made possible
by the advances in instrumentation for experimental measure-

ments, and in quantum theoretical methods for theoretical
prediction, of chiroptical spectroscopic properties. The chirop-

tical spectroscopic methods used in the present study are

vibrational circular dichroism (VCD), electronic circular dichro-
ism (ECD), and optical rotatory dispersion (ORD).

Recently, we have explored the applicability of chiroptical
spectroscopic methods for structural elucidation of chiral
sulfinamides by investigating one of the simplest sulfinamides,
t-butanesulfinamidel (Figure 1). Consistent and unambiguous
stereochemical assignment was obtafhéar 1 using all three
chiroptical spectroscopic methods.

N-a-Phenylethylt-butylsulfinamide,2 (Figure 2) is a com-

plicated system for determining molecular stereochemistry. This

is because conformational flexibility resulting from four rotatable
bonds (Figure 3) leads, at least in principle, th 3 81

conformers. Furthermore, if one assumes a possibility of the
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existence of a stereogenic nitrogen atom, three stereogenic
centers (C, N, S) o lead to 2 = 8 possible diastereomers
(Figure 4). As a result, one has to consider 818 = 648
possibilities for predicting the chiroptical properties and as-
signing the absolute configuration and predominant conforma-
tions of 2. In practice, however, this number of possibilities is
reduced, as three of the orientations each for benzenelautyl
groups can be reduced to two, each due to the planarity of the
benzene ring and the symmetry of thleutyl group (vide infra).
Furthermore, four diastereomers are mirror images of the other
four. Therefore it is sufficient to do calculations on four
diastereomers, each with 36 possible conformations.

In the present work, two diastereomers2ofa (+)-diastere-
omer PSNA2) and a ()-diastereomerngSNA2) have been
synthesized in the reaction of racenibutanesulfinyl chloride
and ()-(9-a-phenylethyl amine, and their experimental chi-
roptical spectroscopic properties have been measured. Using
these experimental data, in conjunction with corresponding
density functional predictions, the absolute configuration and
predominant conformations of these two diastereomers having
the opposite absolute configurations at the stereogenic sulfinyl
sulfur atoms have been determined. Also the absolute configura-

) ; . S i &ions at the stereogenic carbon and sulfur atoma®NA2 are
sulfinamides, but also the reliable determination of their absolute .

stereochemistry. In recent years, chiroptical spectroscopic

independently confirmed here by determining its structure from
X-ray diffraction data.

It should be noted here that two diastereomers of the
sulfinamide 2 having the R) absolute configuration at the
stereogenic sulfinyl sulfur atom have very recently been
prepared by the reduction of optically actiWet-butylsulfi-
nylimine derived from the enantiomerically pure sulfinamide
(R)-1 and acetophenorié2 They were isolated also earlier as
the products of an asymmetric addition of methylmagnesium
bromide to optically activéN-t-butylsulfinylimine derived from
the enantiomerically pure sulfinamidg)¢1 and benzaldehycf@>

It should be mentioned that the structural conclusions obtained
here from chiroptical spectroscopic data and X-ray data were
not disclosed to individual research groups working on these
analyses until this manuscript was prepared. Therefore the
structural conclusions obtained from chiroptical spectroscopic
data and X-ray data are truly independent, and such independent
establishment of stereochemistry from chiroptical spectroscopic
data reflects the reliability and importance of modern day
chiroptical spectroscopies in molecular stereochemistry.

Results and Discussion

As mentioned in the introduction, the presence of three
stereogenic atoms C, N, and S Inleads to eight possible
diastereomers. However, since four of the diastereomers are
mirror images of the other four, only one set of non-enantiomeric
diastereomers need to be investigated. This is because chiroptical
spectra of the second set of diasteromers are obtained by
multiplying those of the first set by 1. The four diastereomers
selected as theoretical models for geometry optimization and
chiroptical predictions ar8 SSSRSSSR andSRR The three-
letter designations represent configurational assignment at the
stereogenic atoms C, N, and S, respectively.

Investigationd! on a smaller sulfinamidd revealed that
neither the geometries nor relative electronic energies are

(22) (a) Tanuwidjaja, J.; Peltier, H. M.; Ellman, J. A. Org. Chem.
2007, 72, 626-629. (b) Cogan, D. A.; Liu, G.; Ellman, J. A.etrahedron
1999 55, 8883-8904.
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FIGURE 3. Newman projections around B and C bonds2afhowingtrans (T), plusgauche(G"), and minusgauche(G~) conformations.
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FIGURE 4. Four diastereomer§SSSRR SRS andSSRof 2. The three-letter designations represent configurational assignment at the stereogenic
atoms C, N, and S, respectively. The remaining diastereomers are mirror images of these four. The conformation of each diastereomer shown is of
lowest energy at the B3LYP/6-31G* level of theory.

influenced significantly in the presence of solvent. Therefore is associated with a planar phenyl ring, a°9@tation was

all calculations were done f@; as isolated molecule and solvent  sufficient for conformational exploration. On the other hand,
influence was not investigated. Exploration of the conforma- thet-butyl group associated with the bond D ig-§/mmetric,
tional space for each diastereomer was achieved by varying thehence requiring only one 8Qotation for the conformational
dihedral angles corresponding to four rotatable bonds (A, B, search.

C, and D in Figure 2). The conformational search was initiated  Special attention was given to monitoring the configurational
with incremental 120rotations around B and C bonds in order preference of nitrogen during the geometry optimization process
to obtaintrans (T), plusgauche(G*), and minusgauche(G™) because this chiral center is préh& to configurational
conformations. Newman projections of these conformations areinversion. As a result of nitrogen inversion during the optimiza-
given in Figure 3. The combination of T,"Gand G  confor- tion, some of the initial structures RS2 have converged
mations associated with the two dihedral angles has resultedinto one of the stable conformations®$62, and likewise some
in nine distinct conformations (TT, TG TG~, G'T, G*G™, of the initial structures 0§SR2 have converged into the stable
G'G—, G T, G G*, G"G"). For each diastereomer, these con- conformations ofSRR2.

for.mers have b?e.n Sl.JbJeCIed. to further geF’met.ry optimization. (23) Eliel, E. L.; Wilen, S. HStereochemistry of Organic Compounds
This further optimization has involved varying dihedral angles jonn wiley & Sons, Inc: New York, 1994.

corresponding to bonds A and D (Figure 2). Since the bond A (24) Tanaka, M.; Aida, MChem. Phys. LetR006 417, 316-319.
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TABLE 1. Fractional Populations for Stable Conformations of the
Four Diastereomers of 2

JOC Article

four dominant conformations ¢(€C,). Figure 6A shows the
correlation between the experimental spectrag8NA2 and

configuration the B3LYP/6-31G* theoretical spectra 86 (see Supporting
conformation sSss SRR SRS SSR Informa_tion for more details). F_igure 6B displays corresponding
C 0.769 0671 0.982 0.892 correlation b(_etween the experimental VCI_D spec_:trmSﬂ_\lAZ
C, 0.094 0.145 0.016 0.074 and the predicted VCD spectra fBRRconfiguration. Differ-
Cs 0.077 0.141 0.034 ences in the VCD band intensities among population weighted
Cs 0.040 0.043 and experimental spectra could result from different sources:
gz 8'8(1% (a) the predicted relative intensities need not be accurate enough

at the theoretical level used; (b) relative populations of conform-

2The populations are based on Gibbs free energies obtained with the ars in solution environment used for experimental measurement

B3LYP functional and the 6-31G* basis set.

2.8
nois:
mSNA
18 + VCD
0.8 Tam .
PSNA noise
0.2 +
VCD

|

VS

AAX10*

can be different from that for an isolated molecule considered
by the theoretical model.

The configurational assignment derived from VCD spectral
analysis can be confirmed from a comparison between experi-
mental and predicted ECD spectra. The negative ECD band at
209 nm forpSNA2 corresponds to the B3LYP/6-31G*-predicted
negative ECD band at 213 nm (Figure 7A). On the other hand,
the positive ECD ofmSNA2 at 221 nm corresponds to the
B3LYP/6-31G*-predicted positive ECD band at 242 nm (Figure
7B). Finally, a consideration of experimental and B3LYP/6-
31G*-predicted ORD spectra also validates the VCD-based
conclusion thapSNAZ corresponds t8SSonfiguration (Figure

12 i ' 8A), andmSNA2 corresponds t&RRconfiguration (Figure 8B);
1570 1470 1370 1270 1170 1070 970 870 e . .
pSNAZ2 has positive optical rotation at all wavelengths mea-
Wavenumbers sured, as doeSSS2. Similarly, MSNA2 has negative optical
1.6 rotation at all wavelengths measured, as d8B&2. It can be
14 seen from Figures-68 that all three chiroptical methods exhibit
agreement in the above-stated stereochemical assignments for
121 the two experimentally considered diastereomers.
8 11 mSNA In the above analysis it should be noted that VCD spectral
g 08 analysis of2 is critical for the assignment of absolute config-
2 06 uration of diastereomers. Because of the presence of numerous
< 04 L vibrational transitions, comparison between experimental and
’ predicted VCD spectra (Figure 6) allowed for distinguishing
02 PSNA between different diastereomers, as only one diastereomer
0=~ . . . ; . : provides satisfactory match with the experimental VCD spectra.
1570 1470 1370 1270 1170 1070 970 870 ECD spectral analysis (Figure 7), on the other hand, does not
Wavenumbers offer as much discrimination between different diastereomers

FIGURE 5. Experimental VA (bottom panel), VCD, and noise spectra
for two diastereomergpSNA2 and mSNA2. VCD and noise traces
are not shown in the region with excessive absorption intensity. The
spectra ofmSNAare shifted up for clarity.

The geometry optimization using the B3LYP functional and

because there is only one experimental ECD band in the
accessible experimental region, and the sign of that one ECD
band can be predicted for more than one diastereomer. In the
case 0pSNA2, the one negative ECD band observed could be
seen in the predicted spectra 8$ SRS and SSRdiastereo-
mers. In the case omSNA2, the one positive ECD band

6-31G* basis set has resulted in six stable conformations for 0bserved could be seen in the predicted spectr&Rit RRR

SS2, four for SRR2, two for SRS2, and three forSSR2

RSR andRSRdiastereomers. Similarly, ORD spectral analysis

diastereomers. The relative populations of the conformers of (Figure 8) also does not offer as much discrimination between

given in Table 1.

tions at all accessible wavelengths have a single sign, and that

For each of the four considered diastereomers, the most stableSign can be predicted for more than one diastereomer. In the

conformer (labeled, §, is shown in Figure 4. All conformations

case ofpSNA2, positive ORD has been predicted 88SRSS$

identified as stable represent minima on the potential energy @hdRSRdiastereomers. In the caseraSNA2, negative ORD
surface, as no imaginary vibrational frequencies have beenhas been predicted f@RR RRR SSRandSRSdiastereomers.
predicted. Theoretical VCD, ECD, and ORD spectra for the Thus, while VCD spectral analysis & provided the critical
stable conformations have been obtained using the same B3LYFdetermination role, ECD and ORD spectral analyses2of

functional and 6-31G* basis set. The comparison of population- Provided a confirmatory role. In the chiroptical spectroscopic
weighted VCD, ECD, and ORD spectra for each of the eight analysis of several diastereomers of a chiral molecule, VCD
diastereomers with the corresponding experimental data for two SPectroscopy generally provides a better discriminatory role than
diastereomers (Figures—8) has indicated thgtSNA2 corre- ECD or ORD.

sponds toSSSconfiguration with six dominant conformations The dominant conformers 3SS2 and SRR2 are further
(C1—Cs), andmSNA2 corresponds t&RRconfiguration with examined by reoptimizing their geometries at a higher B3LYP/

J. Org. ChemVol. 73, No. 8, 2008 3123
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FIGURE 6. Comparison of the experimental VA and VCD spectran8NA2 and pSNA2, with population-weighted spectra predicted for four
diastereomers at the B3LYP/6-31G* level.

aug-cc-pVDZ level. These reoptimizations have resulted in the andmSNA2 has theSRRconfiguration. The vibrational assign-
convergence of four conformations (E€C,4’) each forSSS2 ments derived from B3LYP/aug-cc-pVDZ calculations are
and SRR2. The relative populations determined from Gibbs provided in the Supporting Information.
energies of the conformers determined at the B3LYP/aug-cc- To confirm the configurational assignments derived from
pVDZ level are given in Table 2. VCD spectral analysis, ECD and ORD spectra predicted at the
The B3YP/aug-cc-pVDZ-calculated vibrational absorption higher B3LYP/aug-cc-pVDZ level are also considered. For this
(VA) and VCD spectra of individual conformers along with  purpose the conformers with relative populations greater than
the population-weighted spectra 8682 have been compared  10% have been used. The spectral comparisons associated with
to the experimental spectra8NA2 in Figure 9. An analogous  ECD data are displayed in Figure 11, and that associated with
spectral comparison betweenSNA2 and SRR2 is given in ORD data are shown in Figure 12. In terms of the ECD spectra,
Figure 10. The double-headed arrows in these figures point to pSNA2 displays an overall satisfactory qualitative agreement
the correlated bands between the population-weighted VCD with the population-weighted spectra 862.
spectra ofSSS2 and SRR2 and the experimental spectra of The negative experimental ECD band at 209 nmp®NA2
pSNA2 andmSNA2, respectively (see Supporting Information corresponds to the B3LYP/aug-cc-pVDZ-predicted negative
for more details). The overall satisfactory correlation among ECD band at 234 nm fd8SS2 (Figure 11A). In terms omMSNA
multiple VCD bands at both theoretical levels (Figures 6 and 2, its positive experimental ECD band at 221 nm corresponds
9) leads to the conclusion thaBNA2 has theSSSonfiguration, to the B3LYP/aug-cc-pVDZ-predicted positive ECD band at

3124 J. Org. Chem.Vol. 73, No. 8, 2008
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A B TABLE 2. Fractional Populations for Stable Conformations of the
450 450 SSSand SRR Diastereomers of 2
configuration
conformation SSS SRR
C/ 0.908 0.650
(oY 0.043 0.173
Cs' 0.036 0.168
C/ 0.014 0.009

a2The populations are based on Gibbs free energies obtained with the
B3LYP functional and the aug-cc-pVDZ basis set.

positive ECD bandSRR2, at both basis set levels, can be
justified. Similarly, the correlation between the negative ECD
band ofpSNA2 and the negative ECD band 852 at B3LYP/

150 150 aug-cc-pVDZ level can be justified. The close positioning of
the 6-31G*-predicted ECD band at 213 nm ®8S2 (Figure

7) with that of pPSNA2 is most likely fortuitous.

The absolute configurations derived from VCD and ECD
spectral analyses are supported by a good qualitative agreement
of ORD between experimental and B3LYP/aug-cc-pVDZ-
predicted ORD spectra (Figure 12). The specific rotation signs
for the population-weighte&SS2 remain positive at each of
50 50 the six wavelengths considered, which is in agreement with that

200 220 240 260 200 220 240 260 of pSNA2. Likewise, specific rotation signs at all wavelengths
considered for the population-weight8®R2 remain negative

Ae (L mol' ecm™)

Wavelength (nm) Wavelength (nm) as is the case fanSNA2 (see Supporting Information).
FIGURE 7. Comparison of the experimental ECD spectranSNA2 Satisfactory correlations between experimental and predicted
and pSNA2 with population-weighted spectra predicted for four SPpectra, from each of the three chiroptical spectroscopic
diastereomers at the B3LYP/6-31G* level. methods, at both basis set levels, provide confidence to the

conclusions established about the stereochemistry of diastere-
245 nm for SRR2 (Figure 11B). As noted in the stuglyof omers of2. They are fully supported by X-ray analysis carried
smaller sulfinamidel, it is not unusual for the electronic  out for the mSNA2 diastereomer. Crystal data, experimental
transitions predicted with the B3LYP functional to appéaf details, and the basic geometric parameters are provided in the
at longer wavelengths than the experimentally observed transi-Supporting Information. The X-ray crystal structurenodSNA2
tions. With some blue shift of the predicted ECD bands, (Figure 13), which can be compared to tBRRdiastereomer

correlation between the positive ECD bandBNA2 and the in Figure 4, unequivocally revealed that the absolute configura-
A B
1200 1200
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---4-- SRR +---+--sss
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FIGURE 8. Comparison of the experimental ORD spectran¥NA2 andpSNA2 with population-weighted spectra predicted for four diastereomers
at the B3LYP/6-31G* level.
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FIGURE 9. Comparison of the experimental VA and VCD spectrap8NA2 with those predicted foSSS2 at the B3LYP/aug-cc-pVDZ
level.

tions at the stereogenic carbon and sulfur atontTa8NA2 are Conclusion

(9 and R), respectively. The bond angles about the sulfur atom ] ) ] )
in the crystal structure are in the range 110.6(@8.6(1¥, and On the basis of the experimental and density functional theory

the assumed position of the lone pair of electrons indicates a(DFT)-predicted VCD spectra, the absolute configurations and
distorted tetrahedral environment. dominant conformations for two diastereomerslgshenylethyl-

t-butylsulfinamide 2) have been determined. One diastereomer,
pSNA2 has the SSSconfiguration with one predominant
conformation, while the second diastereome&NA2 has the
SRReconfiguration with three predominant conformations. These
conclusions are supported by the ECD and ORD spectral
analyses and also by the X-ray analysis carried outrfSNA

Finally, the sulfinamide diastereomer designated here as
MSNA2 with (S)-absolute configuration at the C atom af)-(
absolute configuration at the S atom corresponds to the sulfina-
mide, designated asa in ref 22a and sulfinamiddc in ref
22b. The sulfinamide diastereomer designated hepsSa2,
with (S-configurations at both C and S atoms has not been
reported before, but the one witR)¢configurations at both C
and S atoms has been reported4asn ref 22a.

Experimental Section

(25) Bauernschmitt, R.; Ahlrichs, hem. Phys. Letl996 256, 454—

464, The Dextrorotatory and Levorotatory Diastereomers of N-
(26) Polavarapu, P. L.; He, J.; Jeanne, C.; RuudzKem. Phys. Chem. o_L-PhenerthyI-t-butylsuIfinamide_, PSNA2 and MSNA2. A SO!U'
2005 6, 2535-2540. tion of (§-(—)-a-phenylethylamine (2.45 g, 20 mmol) and triethy-
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FIGURE 10. Comparison of the experimental VA and VCD spectran8NA2 with those predicted foBRR2 at the B3LYP/aug-cc-pVDZ basis
level.

lamine (2.2 g, 22 mmol) in EO (10 mL) was added dropwise  11—43 gave the pure levorotatory diastereomer (0.978 g) wiksd
with vigorous stirring to a solution dfbutanesulfinyl chloride (2.8 = —91.0 € = 1.24, MeCQEt); white solid mp= 70 °C.

g, 20 mmol) in E£O (100 mL) at—70°C. After the reaction mixture Spectral Measurements.The VA and VCD spectra were
was stirred fo 6 h at—70 °C and 72 h at room temperature, the recorded in the 2000870 cnv! region using a Fourier Transform
solution was diluted with diethyl ether (50 mL) and quenched with VCD spectrometer modifiéd to reduce the level of artifacts. The
water. The organic phase was separated and washed with,5% H spectra opSNAandmSNAwere obtained wit 3 h data collection
SO, solution, 5% KCO; solution, and water and dried over MgSO time, at 4 cnt! resolution, in a variable path length cell with BaF
After the solvent was removed under reduced pressure, the crudewindows. Measurements were done in €Gblvent. Solvent

sulfinamide (4.35 g) was purified by column chromatography on absorption has been subtracted from the presented absorption

silica gel (110 g). The column was washed subsequently with spectra. The enantiomers or racemic mixtures of the studied

petroleum ether/diethyl ether [1:1 v/v (86 10 mL)] and diethyl diastereomers are not available, and therefore the VCD spectra of

ether (43x 10 mL). Evaporation of petroleum ether/diethyl ether solvent were subtracted from those of the samples.

(1:1) fractions 4156 gave the pure dextrorotatory diastereomer  The experimental VA, VCD, and noise spectra foBNA2
(0.52 g) with p]sge = +41.3 € = 1.55, MeCQEt). Oil: Anal. measured at 0.189 M concentration with 30@ path length are
Calcd. for GoHigNOS: C, 63.94; H, 8.50; N, 6.22; S, 14.24. shown in Figure 5. Those fomSNA2, measured at 0.343 M
Found: C, 63.81; H, 8.73; N, 6.53; S, 14.64. Evaporation of concentration with 20@m path length are also shown in Figure 5.
petroleum ether/diethyl ether (1:1) fractions—240 gave another ~ In these spectra, the-1030-1103 cn1! region is not shown
oil sample of the dextrorotatory diastereomer (2.2 g) Witlsdo =

+39.65 € = 1.16, MeCQEY), the'H NMR of which was identical (27) Shanmugam, G.; Polavarapu, P.JLAmM. Chem. SoQ004 126,
to that of the first sample. Evaporation of diethyl ether fractions 10292-10295.
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B concentration to determiffethe intrinsic rotations. The experimental
ORD data presented here correspond to these intrinsic rotations.
Calculations. Geometry optimizations and chiroptical spectro-
scopic predictions fo2 were undertaken with quantum mechanical
programg®2°using DFT and the B3LYP functional. The previous
investigation onl revealed' that calculations with the smaller
6-31G* basis set with the B3LYP functional are not adequate for
obtaining reliable predictions of electronic properties¥oOn the
other hand, calculations with the larger aug-cc-pVDZ basis set with
the B3LYP functional were fourtd to provide a consistent
stereochemical assignment. Guided by these earlier results, both
6-31G* and aug-cc-pVDZ basis sets were used for the calculation
of chiroptical spectroscopic properties af

The theoretical absorption and VCD spectr2 efere simulated
with Lorentzian band shapesdma 5 cnt! half-width at 1/2 of
peak height. Frequencies calculated at the B3LYP/ 6-31G* level
were scaled by a factor of 0.9613. Frequencies obtained at the

Ae (L mol' cm™)
Ae (L mol” cm™)

25 ‘ ‘ | B3LYP/aug-cc-pVDZ level have not been scaled.

200 220 240 260 200 220 240 260 The theoretical ECD spectra @fwere simulated from the first
Wavelength (nm) Wavelength (nm) 30 singlet— singlet electronic transitions using Lorentzian band
shapes and a 20 nm half-width at 1/2 of peak height. Rotational
FIGURE 11. Comparison of experimental and B3LYP/aug-cc-pVDZ  Strength values, calculated with velocity representation, have been
theoretical ECD spectra @& The inset shows the calculated spectrum used for the ECD spectral simulations. The predicted ECD
with the location of individual electronic transitions and their ECD intensities of2 have been scaled-up by a factor of 6 in order to
intensities. facilitate a qualitative comparison with the experimental ECD
spectra.
because of the excessive absorbance in this region. Separate Crystal and Molecular Structure of the Levorotatory Dias-
measurements, at 0.175 M concentration and dd0path length tereomer of N-a-Phenylethyl4-butylsulfinamide, mSNA-2. (A)
for pSNA and at 0.138 M concentration and 1iZth path length Crystal data for mSNA2. C;,H10NOS, colorless, plate 0.22
for mSNA were undertaken to measure the absorption and associ-0.15 x 0.07 mm, orthorhombic, space groB@;2,2;, a = 5.7913
ated VCD signals in this missing region. These two separate (19),b = 12.976 (3)c = 17.478 (4) AV =1313.4 (6) BB M, =
measurements have been combined to compare the experimenta?25.35,Z = 4, dcaica= 1.140 g cmi3, u = 1.99 mn1L, T = 296 (2)
spectra in the entire region of the measurement with the predictedK, F(000) = 488.
spectra. (B) Data Collection. Enraf-Nonius CAD-4 diffractometer with
The concentration-dependent VA spectra2ofiave also been  graphite monochromatized Cuokradiation. Measured reflections
measured (not shown) in C{3olvent, in the concentration range 3051 @max 75.C0°), 2699 independen,; 0.074).
of ~77—15 mg/mL (0.343-0.067 M), to examine the presence of (C) Structure Solution. direct method, anisotropic refinement
dimers. However, no evidence of dimer formation was apparent on F2 for all non H atoms, while H atoms were generally fixed in
for either diastereomer. idealized positions (with the exception of some-N protons,
The ECD spectra were recorded using a 0.01 cm path lengthwhose positions were determined from a difference map) and
quartz cell. The concentrations used were 0.0195 Mp&XAand refined with their displacement parameters riding on those of their
0.0213 M formSNAIn hexane. The optical rotations at six discrete parent atoms. The structure was refined over 2654 reflections with
wavelengths (633, 589, 546, 436, 405, and 365 nm) were measured > 20 (1) (145 refined parameters with 18.3 reflections on
with a 1 dmcell. The concentration-dependent ORD measurements parameter). The correct absolute structure was proved by Flack
for 2 were obtained in the concentration ranges 38.6073 to 3.0 parametett x = 0.00(2). For all data, the finalR2 was 0.131R1
x 1074 g/mL (0.0865-0.0006 M) forpSNA2, and 19.5x 103 to = 0.048,S = 1.08, maxAp = 0.56 e A3, Data processing was
1.5x 104 g/mL (0.1713-0.0013 M) formSNAZ2. The concentra- carried out with the CAD-4 Manu#& and SDP structure solution
tion-dependent specific rotations have been extrapolated to zeroSHELXS2 structure refinement SHELXES Full details (excluding
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FIGURE 12. Comparison of the experimental and B3LYP/aug-cc-pVDZ theoretical ORD spec®a of
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FIGURE 13. The molecular structure ahSNA2 determined from
X-ray diffraction data, showing 50% probability ellipsoids.
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