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Abstract-The synthesis and the chiroptical properties of several S-oxazolidinones derived from a-amino 
acidsarereported.Theexistenceofanoquilibriumbetwemthetwoenantiomcricenvelopeconformationsof5- 
membered ring has been inferred from CD and NMR spectra. In a few cases the small contribution of the 
planar ring conformation to the equilibrium is proposed. The nature of the lowest energy transition and the 
usefulness of the Weiaann lactone sector rule for Cotton effect sign predictions are discussed on the basis of 
CNDO/ZCI calculazon; 

In the previous papers,’ the chiroptical properties of 
l,Idioxolan4oncs and Coxazolidinones, hetero- 
cyclic analogues of y-lactones and y-lactams, derived 
from a-hydroxy acids, have been investigated. Several 
sector rules determining the sign of the Cotton effect 
(CE) for the lowest energy n + II* electronic transi- 
tion have been tested. 

The present studies deal with 5-oxazolidinones and 4- 
imidazolidinones,’ lactones and lactams, respectively, 
derived from a-amino acids. This research was aimed to 
analyze the conformational equilibria of S-oxazo- 
lidinones on the basis of their CD curves. 

The CD spectra of several 3-(toluene4sulphonyl)- 
5-oxazolidinones were measured previously by 
Satsumabayashi et al.’ However these authors could 
not observe the CD due to n + n* lactone transition, as 
this band was masked by strong aromatic IL, transition 
of toluene4sulphonamide moiety. To avoid such an 
undesirable effect, alkylsulphonyl groups which do not 
exhibit any absorption maxima above 180 nm,4 
were chosen as N-acyl groups in these studies. 

Synthesis. S-Oxazolidinones with an unequivocal 
absolute configuration are easily available in the acid 
catalyzed reaction of N-acylamino acids with 
aldehydes.’ Several optically active compounds (1-S) 
were obtained from N-methylsulphonyl amino acids 
and paraformaldehyde. The same reaction with 
acetaldehyde as a substrate gave a mixture of the 
diastereoisomers 6a and 6b, which were separated by 
fractional crystallization and by column 
chromatography. 

The synthesis of N-t-butylsulphonyl compounds 
metsomedifiiculties,since trimethylmethanesulphonyl 
chloride is an unstable compound and it does not 
acylate an amino grou~.~ The compounds 7 and 8 were 
obtained in the several step synthesis: the corresponding 
amino acid esters were acylated with trimethyl- 
methanesulphinyl chloride and the resultant sulphinyl- 
amides were then oxidized with KMnO, to give the 
esters A, b. The esters %, b were smoothly hydrolyzed 

7 Double irradiation of -CHCCl, proton produces 2077 
enhancement of the signal of one of the two -CH,N- 
protons. From this result, it was inferred that -CCl, group is 
on exe-face in a c&relationship with bridgehead hydrogen, 
since in this configuration -CHCCl, and -NCH*- 
hydrogens are close. 

to the N-t-butylsulphonylamino acids lOa, b, which 
were converted into S-oxazolidinones in the usual 
manner. 

For comparison, the bicyclic 5-oxazolidinone 11 
without N-sulphonyl group was obtained as a single 
product in the condensation of(S)-proline with chloral. 
The stereochemistry of 11 appears to he analogous to 
12, the compound obtained recently by Seebach et al.’ 
The geometry at C-2 of 11 was deduced from NOE 
experiment.7 

NMR spectra. NMR data of several S-oxazo- 
lidinones are collected in Table 1. The characteristic 
feature of these spectra is a nonequivalence of C-2 
methylene protons, which are manifested as an AB 
quartet. 

The five-membered ring in y-lactones is known to 
occur in an envelope conformation, in which O=C-0 
group and the two a- and y-C atoms are lying in one 
plane and /?-atom is deviated from the ring plane, as it 
was shown by X-ray and NMR studies8 Since 5- 
oxazolidinones are the heterocyclic analogues of y- 
lactones, the similar geometry of the ring is expected for 
both types of compounds. The ring chirality is 
determined by a steric effect of bulky substituents. 

A conformation with a bulky Csubstituent in an 
axial position is the most preferred one; in such case, 
the unfavourable steric interaction of Csubstituent 
with alkylsulphonyl group is diminished. The 
sulphonylamino group deshields near protons and 
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therefore the equatorial protons are observed at lower 
field than the axial ones. As a result of the increased 
population of A conformer the difference between the 
chemical shifts of C-2 hydrogens grows for the 
compounds with bulky esubstituent (cf: 1 and 2) or for 
those with bulky N-alkylsulphonyl group (cf: 1 and 8). 
The phenylalanine derivative 4 seems to be an 
interesting case. The signal of an axial proton at C-2 is 
shifted up-field by about 1 ppm, as compound with the 
signals of the corresponding protons in Calkyl 
substituted 5-oxazolidinones. This effect can be 
attributed to the formation of the folded conformation 
in which the phenyl ring lies directly over the 
heterocycle moiety and, thus causes the anisotropic 
shielding of the nearby C-2 hydrogen. 

R 
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Scheme 3. 

Such a folding is the result of an interaction between 
the permanent dipole of heterocycle and the induced 
dipole in the phenyl ring; this geometry is a common 
feature of benxyl-substituted heterocyclic derivatives 
such as 2,5-piperazinediones,9 hydantoins,lo and 4- 
oxaxolidinones. ’ 

The above considerations neglected another poten- 
tially important factor, namely the influence of 
sulphonamide nitrogen inversion and rotation around 
S-N bond on theconformational equilibria and on the 
spectra of 5oxazolidinones. However, X-ray” and 
electron diffraction studies” revealed that sul- 
phonamide N-atom is only 0.27 A away from the plane 
of the three neighbouring atoms, whereas the distance. 
0.51 A is expected for pyramidal configuration. The p 
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Table 1. ‘H-NMR data for 5-oxazolidinones.’ 

R 

Comp. R X 

1 Me MeSO, 
2 i-Pr MeSO, 
3 i-Bu MeSO 
4 CH,Ph MeSO, 
5 Ph MeSO, 
7 Me Me&SO, 
8 i-Bu Me&SO, 

13 Me PhCH,OCO 

SH, 6Hc Jac 6H 

4.31 (4) 5.30 5.57 6.0 3.0 
4.03 (d) 5.21 5.66 6.9 2.97 
4.22 (1) 5.21 5.61 7.6 2.95 
4.57 (1) 4.46 5.50 6.8 274 
5.29 (s) 5.28 5.71 6.0 2.87 
4.57 (q) 5.17 5.70 4.8 1.43 
4.57 (1) 5.13 5.73 6.3 1.40 

4.36 (4) 5.33 5.53 4.4 5.24,7.41 

’ Recorded in CDCl, ; 6 (ppm) ; J (Hz). 
“q = quartet, d = doublet, t = triplet, s = singlet. 
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Fig. 1. The sector projections of S-oxazolidiione conformations. The arrow shows direction of projection. 
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character of nitrogen lone pair calculated for this 
geometry amounts to 93%, whereas the corresponding 
values for sp2 and sp’ hydridization amount to 100% 
and 75x, respectively. lo Recent X-ray crystalographic 
studies on (PhSOJ, NH showed that N-atom is almost 
purely sp’ and planar. I3 The effect of nitrogen inversion 
and S-N rotation on NMR spectra was studied for 
several types of sulphonamides.” Lambert et al.” 
found that the magnitude of the barrier to nitrogen 
inversion in N-tosylazetidine was extremely low 
(6.2 kcal/mol at - 170”, about 3 kcal/mol lower than 
for the corresponding N-methyl compound) and that 

MS = MeSO2 

Scheme 5. 

the S-N rotation was rapid in the NMR time scale. 
They also postulated that these phenomena would 
not be observed for larger ring-sulphonamides. 
Therefore the assumption that the sulphonamide 
group is planar on average in time seems to be a justi- 

fied simplification for the purpose of conformational 
analysis. The close analogy between NMR spectra 
of 3 and N-benzyloxycarbonyl derivative 13 sup 
ports the validity of this assumption. 

Circular dichroism spectra. Chiroptical properties 
are extremely sensitive to stereochemical changes thus 
the CD spectra should provide a more detailed picture of 
5-oxazolidinone conformational equilibria than NMR. 
In the previous paper’ of this series, it was shown that 
the best correlation between CD corresponding to the 
n + I[* transition and lactone stereochemistry is given 
by Weiganget al.‘s’6*‘7 sector rule. If we assume that the 
NX group has an effect qualitatively similar to that of 
CH2 in the same location, this rule predicts a positive 
CE sign for A and a negative for E conformation of 
5-oxazolidinones (Fig. 1). According to the Snatzke 
doctrine of spheres, ‘s it was assumed that the 
contribution of chiral ring to the magnitude of CE 
outweighs the contribution of alkyl substituent. The 
CD data of l-l 1 are presented in Table 2. The strong 
positive CD band near 215 nm (Fig. 2) suggests the 
predominance of an envelope A conformation with an 
axial Csubstituent for l-4 and 7,8 in accordance with 
NMR predictions. The magnitude of this band is 
augmented with the increase of the size of4-substituent 
(cf: 1-2) and the size of 3-alkylsulphonyl group (cJ 1-7 
and 3-g), since the enhancement of substituent 
bulkiness results in the predominance of A conformer. 
The solvation of sulphonamide group enhances its 
steric interactions with substituents. Hence, this e5ect is 
probably responsible for the increase of intensity of 
positive CE caused by polar solvents. 

These observations can be applied to the 

Table 2. CD data for S-oxazolidinones ([0] in deg - mole- ’ * cm2 ; A in run) 

Comp. &Iv. ,I._ [fl] * lo-” Comp. Solv.’ LX [tI]* lo-” 

I C 216 3.5 
255 - 0.02 

A 213 4.0 
253 - 0.006 

M 213.5 4.03 
254 -0.006 

2 C 218 4.03 
256 -0.014 

A 216.5 4.95 
255 -0.006 

M 217 4.97 
256 - 0.005 

3 C 214 1.54 
243 -0.23 

A 213 2.5 
243 -0.16 

M 212 2.55 
243 -0.14 

4 C 

A 

5 C 

6a C 
M 

6b C 
M 

7 C 
A 
M 

210 17.9 
263 -0.12b 
212 12.3 
253 O.lOb 
223 12.2 
257 -0.13b 
214 5.97 
212.5 6.12 
215 - 1.39 
215 -0.55 
215 4.69 
215 4.9 
215 4.9 

8 C 216.5 4.79 
A 216.5 4.25 
h4 217 4.21 

11 C 228.5 -15.2 

’ C = cyclohexancdioxane (4: l), A = acetonitrile, M = methanol. 
bThe highest intensity vibronic band. 
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differentation of diastereoisomers 6a and 6b. Strong 
interactions between two methyl and methylsulphonyl 
groups lead to the predominance of a diaxial conformer 
of cis-diastereoisomer. 

The strong positive CD, which is only slightly 
solvent-dependent, indicates that cis& exists in a 
solution as an almost pure diaxial conformer. Yet, two 
nearly equivalent axial-equatorial conformers are 
expected in equilibrium for the trans-diastereoisomer.? 
The weak negative CD exhibited by trans-6b points to 
the slight predominance of the form with Csubstituent 
in an axial position. It reflects probably the known 
tendency of substituents to eclipse a carbonyl group.” 
The above examples illustrate the advantage of CD 
over NMR spectroscopy in such correlations, since 6~ 
and 6b show essentially the same chemical shifts for all 
corresponding protons. 

The thorough analysis of CD spectra of l-3 shows 
that the additional negative CD band of low intensity 
for 1 and 2 and of moderate intensity for 3 is present at 
n -+ 1c+ region (Fig. 2). The attempts to 6nd out the 
origin of this band come across some difficulties. It is 
obvious that the presence of the strong positive CE near 
215 nm is responsible for the red shifting of this 
long-wavelength band to about 250 nm. It was shown,” 
that a close proximity of oppositely signed CE affected 
the position and the magnitude of CD maxima. The 
long-wavelength negative CE appears to he affected by 
conformational equilibria, since its intensity is solvent- 
and substituentdependent. It seems unlikely that E 
conformation is responsible for this CE since the ring E 
is a mirror image of the ring A, thus both conformers 
should absorb at the same wavelength (cf: the spectra of 
6s and 6b) ; the presence of E conformer in an 
equilibrium is manifested only by the decrease of the 
intensity of 215 nm band. The negative CE is the most 
distinct in the CD spectrum of 3 where there is a strong 
interaction of the bulky Caxial substituent with the 2- 
axial hydrogen and is absent from the spectra of7 and 8 ; 
where there is an interaction between the bulky 3- 
and Csubstituents. This indicates that the third 
conformation, more crowded than A, is responsible for 
the long-wavelength CE. This may be the planar or near 
planar conformation which is more crowded than A 

7 The relative thermodynamic instability of tra-6b over 
cis-6a originates from the destabilization of steric interactions 
between methyl and methylsuiphonyl groups and is 
manifested in the condensation reaction which leads to the 
almost pure ci.+6a diastereoisomer. 

I I I 
20 230 250 270 

A 

.OOl 

0 

-001 

-0.02 

Fig. 2. Circular dichroism spectra of (S)4methyl-3-methyl- 
sulphonyl-5-oxazolidinone (1) in cyclohexan+dioxane 

(4: 1) (-) and methanol (--). 

and E, yet it diminishes 2&diacial interactions. It is 
noteworthy that asimilar tendency is the characteristic 
feature of 1,3dioxolan4ones, which were investigated 
earlier.’ CND0/2-C1 calculations for several struc- 
tures presented in Table 3 confirm this assignment. The 
calculated n + z+ transition energy has the lowest 
value for the planar conformation. However, it is 
confusing that according to the Weigang sector rule 
positive CD sign for the planar conformation is 
predicted. Obviously, the planar ring does not 
contribute to CE sign but vi&al effects of substituents 
are responsible for positive contribution to CE. 
Quantum mechanical calculations offer a reasonable 
explanation. INDO” and CND0/2l calculations for 
various types of lactones show that the lowest energy 
n + IC* transition is almost local&d in the ester group. 
However, the present CNDO/ZCI calculations for S- 
oxazolidinones show that the presence of nitrogen 
atom in the heterocycle causes the extensive mixing of 
single-excited configurations and thus it is difficult to 
characterize the lowest energy transition in terms of 
one-electron excitations between specific pairs of 
orbitals. This transition may be better characterized as 
a combination of several transitions in chromophore 
extended to a whole molecule, especially to the nitrogen 
atom. Similar conclusion comes from Richardson et 
al.2* semiempirical calculations for a-amino acids and 
from experimental results for amino lactones.” 
Moreover, the interaction between CO z* orbital and 
the amino lone pair orbital is known to affect the 
electronic spectra of a-substituted ketones.24 This is 
probably the reason why the Weigang lactone sector 
rule predicts the correct sign for a chit-al ring 
contribution but it fails for smaller vi&al effects of 
substituents. 

The hitherto discussed compounds were N-acylated 
species. It seems to be interesting to compare these 
derivatives with the analogous compounds lacking N- 
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