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Abstract 

The title compound, C:oH29NO3S, was studied in order 
to determine its absolute configuration, which could not 

be determined unambiguously by NMR techniques. The 
results have shown a boat conformation for the oxazine 
moiety, with S stere©chemistry at the stere©centre bear- 
ing the alkene function. 

Comment 
As part of a study aimed at the development of methods 
for the asymmetric synthesis of 2-isoxazolines, we 
have been involved in using conformationally rigid 
trans-decaline systems. To this end, we have prepared 
the title compound, (2), from the condensation of 
acrolein diethylacetal and (-)-8-tosylaminomenthol, ( 1 ), 
obtained from pulegone (He & Eliel, 1987). 
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Of some significance was the high level of asym- 
metric induction observed for the cycloaddition of this 
compound with nitrile oxides (Lacoste et at., 1998). 
This finding heightened our interest in understanding the 
stere©chemical bias which leads to olefin facial discrimi- 
nation. We have carried out extensive NMR experiments 
but some of the evidence obtained from NOE (nuclear 
Overhauser effect) experiments was weak. The results 
were nonetheless inconsistent with the anticipated all- 
chair trans benzoxazine ring system. Also, our NOE 
results supported acis, but distant, relationship between 
atoms H9 and H2 and, surprisingly, a possible spatial 
proximity between the alkene function and protons HI0 
and H8~,x. These results point to a half-chair or a boat 
conformation for the oxazine ring. Since there were 
striking structural differences between the N-benzyl 
derivative (Soucy et at., 1998), and compound (2), we 
felt that the absolute configuration required confirmation 
by X-ray diffraction analysis. 

The crystal structure of (2) belongs to the chiral 
P212121 space group. A labelled diagram of the mol- 
ecule is shown in Fig. 1 and selected bond distances 
and angles are listed in Table 1. 

The crystallographic results have shown a boat con- 
formation for the oxazine moiety, with S stere©chem- 
istry at the C2 stere©centre bearing the alkene function, 
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while the cyclohexane ring has the normal chair con- 
formation. The boat conformation of the oxazine ring is 
quite unusual (Boulton, 1996), since many substituents 
are in eclipsed positions. These crystallographic results 
are in agreement with the spatial arrangements observed 
in solution. The strong NOE effect observed in NMR be- 
tween H10 and the alkene proton (HI ')  can be related 
to the boat conformation of the oxazine ring. Due to the 
free rotation in solution around the C2- -C1 '  bond, H 10 
and HI '  are in close proximity. An S configuration was 
determined for C10, while R configurations were found 
for C7 and C9. The environment around atom N3 is 
close to a trigonal plane. The best plane was calculated 
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Fig. 1. The structure of (2) showing the atom-labelling scheme. 
Displacement ellipsoids are drawn at the 30% probability level and 
selected H atoms are shown as spheres of arbitrary radius. 

as expected, larger than the other angles [average 
107.29(8) ° ] because of the double bonds. The other 
bond distances and angles are normal, except for the 
C1'~--~-C2' double bond, which is shorter than expected 
[1.239 (3),~], probably due to unresolved disorder. The 
internal angles of the C atoms in the oxazine ring vary 
between 106.2(1) and 112.7(1) °, while the internal 
O and N angles are slightly larger [116.7 (1) for O1 
and 117.8 (1) ° for N3]. The internal angles of the six- 
membered ring with the chair conformation are all 
normal [109.0(2) to 112.6(2)°]. The C 2 - - C 1 ' - - C 2 '  
alkene angle is 126.7 (2) °. 

Selected torsion angles, especially those of the ox- 
azine moiety and the alkene substituent, are listed 
in Table 1, confirming the boat conformation of 
the oxazine ring. For example, C2- -O1-- -C9- -C10  = 
18.6 (2) and C 2 - - N 3 - - C 4 - - C 1 0  = 18.3 (2) °. Further- 
more, C 9 - - O 1 - - C 2 - - N 3  = 36.7(2), N 3 - - C 4  C 1 0 - -  
C9 - 36.9 (2), C4----N3--C2--O1 = -58 .5  (2) and O 1 - -  
C9--C10---C4 = -58 .4 (2 )  °. The best plane was cal- 
culated through O1, N3, C4 and C9 of the oxazine 
ring [mean deviation 0.107 (1).A,]. The remaining two 
atoms are clearly on the samc side of this plane, with 
deviations of C2 = 0.528(2) and C10 = 0.577(3),A. 
A similar best plane was also calculated through C5, 
C7, C8 and C10 of the cyclohexyl ring [mean deviation 
0.008 (1)~,]. The other two atoms are on opposite sides 
of the plane, with deviations of C6 = 0.660 (3) and C9 = 
-0 .656  (3)A. The dihedral angle between the two best 
planes is 6.7 (1)°. 

These results have clearly shown the relative stereo- 
chemistry of all the chiral centres. In addition to the 
present application, this characterization of (2) should 
render it a useful compound in many other asymmetric 
processes. 

through the three atoms S, C4 and C2, with atom N3 lo- 
cated 0.018 (2) ,~ from this plane. This geometry is quite 
surprising, since the N-tosyl group should be located on 
a pseudopyramidal site (Boulton, 1996). However, in 
the literature both stereochemistries have been reported, 
although most authors have not discussed these results 
(Bernardi et al., 1988; Manzoni et al., 1992). For ex- 
ample, Burgess et al. (1990) have reported two crystal 
structures of 1,3-oxazines with chair conformations; in 
one case the N-tosyl group is planar, while in the sec- 
ond it is pseudoaxial. In the present structure, where the 
oxazine ring has a boat conformation, steric interactions 
are surely minimized in this stereochemistry. The con- 
formation of (2) observed by NMR in solution correlates 
well with the results of the crystal structure determina- 
tion. 

The bond distances and angles around the S atom 
seem normal. The O = = S ~ O  angle [119.80(9) °] is, 

Experimental 

Compound (2) was prepared as described previously by 
Soucy et al. (1998) and single crystals were obtained by 
recrystallization from pentane. 

Crystal data 

C2oH29NO35 Mo Ka radiation 
Mr = 363.50 A = 0.71073 .A 
Orthorhombic Cell parameters from 25 
P212121 reflections 
a = 8.843 (3) ~, 0 = 3.86-9.25 ° 
b = 14.085 (5) .A, p = 0.184 mm -j 
c = 15.638 (5) ,~, T = 293 (2) K 
V = 1947.9 (12) k s Plate 
Z = 4  0.48 x 0.31 x 0.17mm 
D~ = 1.240 Mg m -3 Colourless 
O,,, not measured 
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Data collection 
Siemens P4 diffractometer 
20/~ scans 
Absorption correction: none 
3204 measured reflections 
3204 independent reflections 
1558 reflections with 

I > 20-(/) 

0max ---- 3 0  ° 

h = 0 +  12 

k = 0 ---, 19 

1 = 0 - - - + 2 2  

3 standard reflections 
every 97 reflections 
intensity decay: 9 . 9 %  

Refinement 

Refinement on F 2 
R[F 2 > 20.(F2)] = 0.053 
wR(F 2) = 0.099 
S = 1.046 
3204 reflections 
274 parameters 
H atoms: see below 
w =  I/[0.2(F,~) + (O .O12P)  2] 

where P = (F,?; + 2F,2)13 
(,A/~)m~ < 0.001 

Apmax = 0.16 e /~-  3 
Apmin  = - 0 . 1 6  e , - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter = 0.04 (13) 

Table 1. Selected geometric parameters (,4, 
C 4 ~  10 
C5--C6 
C5--C10 
C 6 ~ 7  
C7--C8 
C8--C9 
C9---C I 0 
C1 ' ~ ' 2 '  

o) 

.563 (3) 

.526 (3) 

.531 (2) 

.525 (3) 

.54(; (3) 

.526 (3) 

.514(2) 

.239 (3) 

N3---C4---C I 0 106.16(13) 
C 6 ~ C 5 ~  10 II1.1 (2) 
C7---C6--C5 112.6 (2) 
C6 - -C7- -C8  109.0 (2) 
C 9 ~ 8 ~ 7  112.5 (2) 
O 1 ~ 9 ~ 1 0  112.23 (14) 
O 1 ----C9---C8 106.43 (15) 
C 1 0 ~ 9 ~ 8  111.97 (14) 
C9---C I 0---C5 109.75 (15) 
C9---C 10---C4 I 12.73 (14) 
C5- -C  10---C4 112.51 (15) 
C2 ' - -C1 ' - - -C2  126.7 (2) 

S- -O3 1.4299 (14) 
S - -O2  1.4353 (14) 
S- -N3 1.6281 (15) 
S ~ ' I  1 1.768 (2) 
O 1 ~ 2  1.395 (2) 
O 1 ~ C 9  1.446 (2) 
N3---C2 1.471 (2) 
N 3 ~ 4  1.518 (2) 
C 2 ~ 1 '  1.537 (3) 

O 3 - - S - - O 2  119.80 (9) 
O 3 - - S - - N 3  108.73 (8) 
O2- -S  - -  N 3 107.02 (8) 
O 3 - - S - - C  1 I 107.00 (9) 
O 2 - - S ~  11 106.32 (8) 
N 3 - - S ~  1 I 107.40 (8) 
C2---O 1--C9 116.71 (13) 
C 2 - - N 3 ~ ' 4  117.83 (13) 
C 2 - - N 3 - - S  I 18.94 ( 11 ) 
C4---N3--S 123.18 (12) 
O I---C2--N3 111.86 (15) 
O 1 ~ 2 - - C 1 '  116.1 (2) 
N 3 - - C 2 - - C  1 ~ 111.0 (2) 

C9- -O  I ---C2--N3 36.7 (2) 
C 9 ~ )  I ~ 2 - - - C  I '  -92.1 (2) 
C 4 - - N 3 - - C 2 - - O I  -58 .5  (2) 
S - - N 3 - - C 2 - - O  I 119.2 ( 1 ) 
C4~N3--C2----C I ' 72.9 (2) 
S - - N 3 ~ 2 - - C 1 '  - 109.3 (2) 
C 2 - - N 3 - - - C 4 ~ "  I 0 18.3 (2) 
S - - N 3 - - - C 4 ~  10 --159.3(1) 
C I (~-('5--C6-----C7 57.4 (2) 
C 5 ~ 6 - - - C 7 ~ ' 8  -54 .8  (2) 
C ~ C 7 ~  8---(_'9 53.7 (2) 
C 2 ~ ) 1  ~ 9 - - - C  I 0 18.6 (2) 
C2- -01  - ~ C 9 ~ ' 8  141.4 (2) 

C 7 - - C 8 - - C 9 - - O  1 - 178.8 ( 1 ) 
C7- -C8- -C9- - -C 10 -55 .8  (21 
O 1 - - C 9 ~ 1 ( ~ - C 5  175.4 (2) 
C8--C9---C I 0--C5 55.7 (2) 
O 1 ----C9----C I (~-C4 -58 .4  (2) 
C 8 - - C 9 - - C  10-~C4 - 178.0 ( 1 ) 
C 6 - - C 5 ~ "  1 0 ~ ' 9  -56 .3  (2) 
C 6 ~ ' 5 - - C  1 (l---C4 177.3 (2) 
N 3 - - - - C 4 ~  I (~-C9 36.9 (2) 
N 3 - - C 4 - - C  I [1---C5 161.7 (1) 
( ) 1 - - - C 2 ~ ' 1 ' - - C 2 '  -- 12.1 (3) 
N3---C2--C 1 ' ~ 7 2 '  -141 .3(2)  

The H atoms of the terminal methyl groups were found 
in the difference Fourier map and refined normally with 
isotropic displacement parameters. The remaining H atoms 
were introduced at calculated positions and treated as riding, 
with C--H = 0.93-0.95 ~, and displacement parameters equal 
to 1.2Ucq of the parent atom. An absorption correction based 
on the equations of the crystal faces did not improve the results 
(the R factors were higher). Therefore, it was not included in 
the calculations. The R factors of the other enantiomeric form 
were also slightly higher (0.054, 0.100). 

Data collection: XSCANS (Siemens, 1996). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXTL (Sheldrick, 1995). Program(s) used to 
refine structure: SHELXTL. Molecular graphics: SHELXTL. 
Software used to prepare material for publication: SHELXTL. 
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Supplementary data for this paper are available from the IUCr  
electronic archives (Reference: FR1189).  Services for accessing these 
data are described at the back of the journal. 
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Abstract  

The structure of  the title compound,  C3HI2N22+.2C10£, 
has been determined at 158 K. The extensive network 
of hydrogen bonds, including two four-centre bonds, is 
described. 

C o m m e n t  

In the course of  our studies of complexes  of  LI, colour- 
less needles of  the title compound,  (I), were formed 
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