1622

The present crystal structure analysis shows that
the absolute configuration at C(4) is R and at C(17),
S.
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A Chiral N-Crotonyloxazolidinone Diels—Alder Adduct
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Abstract. (45)-4-Benzyl-3-[(4S,55)-(1-methoxy-
S-methylcyclohexen-4-yl)carbonyl]-2-oxazolidinone,

CgH,3NO,4, M, =329.40, monoclinic, P2,, a=
11453 (3), b=17.163(4), c=11929(2)A, B=
111.86 (2)°, V=908.3(5 A%, Z=2  D,=

1.20 gcm™3, A(Mo Ka) =0.71073 A, . = 0.79 cm ™!,
F000) =352, T=297K, R=0.034 for 885 reflec-
tions with F,>> 0. The molecule is extended in the
crystal; there is a small twist, —13.1 (2)°, about the
amide-like C—N bond joining the oxazolidinone
ring to the carbonyl group. The configurations at the
two optical centers in the cyclohexene ring confirm
the anticipated stereospecificity of the Diels—Alder
cycloaddition synthesis.

Introduction. In a study of the Diels—Alder reaction
of 2-methoxy-1,3-butadiene with 4-benzyl-3-cro-
tonyl-2-oxazolidinone of known absolute stereo-
chemistry [4S (Myers & Kukkola, 1991)], the
conditions that we developed for optimum diastereo-
selectivity and yield deviated substantially from
reported literature procedures for analogous sub-
strates (Evans, Chapman & Bisaha, 1988). Accord-
ingly, the relative stereochemistry of the cycloadduct
(1) which we synthesized could not be confidently
assigned by analogy with earlier examples. As
reported herein, the structure of (1) is established by
X-ray crystallography as (4S)-4-benzyl-3-[(4S,55)-
(1-methoxy-5-methylcyclohexen-4-yl)carbonyl]-2-

oxazolidinone. Cycloaddition under the modified

* Contribution No. 8475.
0108-2701/92/091622-03$06.00

conditions thus proceeds with the same stereo-
chemical sense as related substrates under the
original protocol of Evans et al. (1988).

Experimental. A diamond-shaped plate crystal, 0.16
x 0.23 x 0.09 mm, was used for data collection on a
CAD-4 diffractometer with o scans. Cell dimensions
were determined from 25 reflections with 28 < 26 <
35°. No absorption correction was applied (urpay =
0.01). (SINB/A)max =0.48 A~%; h from —10 to 10, k
from —6 to 6, / from 0 to 10; two check reflections
(212 and 302) decayed 14% and 15%, respectively,
during the 52 h of data collection and a quadratic
correction was applied. 3500 reflections were meas-
ured, those to 6 = 17.5° four times, and those from
17.5 to 20° twice. 925 independent reflections were
measured; goodness of fit for merging was 0.985
(Rmerge = 0.038 for 266 reflections with exactly two
observations). All reflections were used in solution
and refinement of the structure. The structure was
solved by Patterson methods plus structure factor—
Fourier calculations [MULTAN88 (Debaerde-
macker, Germain, Main, Refaat, Tate & Woolfson,
1988) did not readily give a solution], F? values,
positive and negative, were used in the refinement
with weights = 1/0*(F,?). H atoms were positioned
by calculation (C—H =0.95 A), assuming a stag-
gered conformation for C12; H-atom parameters
were not refined but adjusted once, near the end of
the refinement. Coordinates (except y of N) and
anisotropic displacement parameters of all non-H
atoms, a scale factor and a secondary-extinction

© 1992 International Union of Crystallography
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Table 1. Final heavy-atom coordinates (x10%) largest peak was 0.12¢ A™> and the largest hole,
and equivalent isotropic displacement parameters —0.12e A~% The secondary-extinction correction
(A? x 10% for C,oH,3NO, (Larson, 1967) refined to 2.2(3) x 107%. Atomic

U, = (35,5, Uy a*a*a, a, scattering factors were taken from Cromer & Waber

* P e (1974); computer programs used were those of the

x y z U : :

N 15003 1 ) 523110) CRYM crystallogljaphlc computing  system
ci - 4454 (5) ~1555 (9) -7(5) 625 (14) (Duchamp, 1964). Final refined parameters of the
o1 —5678 (3) - 1602 (6) =722 (3) 883 (11) o : %*
02 - 4084 (3) 1709 (7) 1069 (3) 773 (9) atoms are given in Table 1.* ]
@ o gg -lies g) - loas (g; w 83 The compound was synthesized from an optically-

- - ) —_ ( . . .
Ca ~2475 @4) ~949 (8) ) 583 (14) pure oga.zolldlnone whose conﬁgu_ratlon was known.
P T & = g; -l 8; o E:g; Our original model had the opposite hand, so for the
6 -915 @) 1375 (8) 924 (4) 587 (12) final 'reﬁnement it was inverted to the_ structure
p B Ej; o m) o 2‘3 22;83 described here. The object of the diffraction study,
9 ~197 (4) - 1197 (8) 2912 (4) 716 (15) then, was simply to determine the relative configura-
Cl10 -1024 (4) - 1860 (8) 1676 (4) 703 (14) H H .
P Z 1574 @) 250 @ Pk 768 (14) tions of the optically pure product; the absolute
04 776 (3) 1315 (7) 4243 (3) 932 (12) configuration was obtained by comparison with the
C12 1325 (5) 58 (10) 5226 (5) 1160 (21) k b l ﬁ . f h .
Cla - 5445 (4) -3772(8) —3763 (4) 517 (13) material.
cis Dmey  wae  ame  mae

- (G —4940 (9) — 5133 (6) -
g:; -ng; Eg; -ggg 8}?) *ggi},g 8 % 83; * Lists of anisotropic displacement parameters, complete dis-
c19 29785 22018 8) Za965) 696 (16) tances and angles, observed and calculated structure factors and

assigned H-atom parameters have been deposited with the British
Library Document Supply Centre as Supplementary Publication

Table 2. Distances (A) and angles (°) not involving H No. SUP 55054 (12 pp.). Copies may be obtained through The

B for CioH,3NO Technical Editor, International Union of Crystallography, 5
atoms jor L9H23INUs Abbey Square, Chester CH1 2HU, England. [CIF reference:
N—Cl1 1.386 (7) C6—Cl1 1.521 (7) HHO568]

N—C3 1.470 (6) C71—C8 1490 (8)

N—C4 1398 (6) Cc8—C9 1303 (8)

C1—01 1.343 (D) C8—04 1.376 (7)

Cl1—02 1.197 (7) C9—C10 1.502 (7) TN

o1—C2 1.440 (7) 04—C12 1425 (7) o2

2—C3 1.506 (7) C13—Cl4 1515 (7)

C3—Cl3 1.525 (7) Cl14—C15 1370 (7)

C4—03 1.209 (6) Cl14—C19 1.369 (7) 1.197(7) 1 203[13]

C4—Cs 1.507 (7) C15—C16 1.392 (8)

C5—C6 1.524 (7) Cl6—Cl17 1.367 (9)

C5—C10 1.528 (0) C17—CI18 1.363 (9)

Cc6—C7 1.528 (7) C18—C19 1.388 (8)

C3—N—Cl 110.4 (4) C11—C6—C5 1134 (4)

C4—N—C1 127.7 (4) Cl1—C6—C7 110.5 (4)

C4—N—C3 121.8 (4) C8—C7—C6 1132 (4)

O1—CI—N 108.2 (5) C9—C8—C7 125.0 (5)

02—C1—N 128.7 (5) 04—C8—C7 109.3 (5)

02—C1—01 123.2 (5) 04—C8—C9 1257 (5)

C2—01—Cl 109.8 (4) C10—C9—C8 1214 (5)

C3—C2—01 104.8 (4) C9—C10—C5 1116 (4)

C2—C3—N 99.5 (4) C12—04—C8 117.7 (4)

CI3—C3—N 113.6 (4) C14—C13—C3 110.8 (4)

C13—C3—C2 113.4 (4) C15—C14—C13 120.5 (4) .

03—C4—N 118.1 (4 C19—C14—C13 120.8 (4 . . . .
C5—C4—N 118.5 24: C19—C14—C15 118.7 8 Fig. 1. The central portion of the molecule with bond distances
C5—C4—03 1233 (4) C16—C15—Cl14 120.6 (5) (A) shown, compared to the averages found for the comparable
C6—Cs—Ca 111.8 (4) C17—C16—C15 120.2 (5) i . i

Clo—cs—ca 1094 (4) Cls—C17—C16 119.4 ) mplecules referenced in thg text; l.hels)e la]t(ter distances are shown
ClO—C5—C6 1103 (4) Cl19—Cl8—C17 1204 (5) with scatter standard deviations in brackets.

C7—C6—C5 108.0 (4) C18—C19—Cl14 120.7 (5)

parameter, were refined in one full matrix. R = 0.034
for 885 reflections with F,2 >0, 0.026 for 753 reflec-
tions with F2>30(F>?), wR (on F?)=0.003, S=
1.50 for 925 reflections and 217 parameters. Varian-
ces [o*(])] were derived from counting statistics plus
an additional term, (0.014/)% variances of the
merged data by propagation of error plus another
additional term, (0.0147)". In the final least-squares g, 5 An QRTEP (Johnson, 1976) drawing of the molecule

cycle the larges.t shift was less th_an 0.01 times its showing the numbering system with 20% probability ellipsoids.
standard deviation. In the final difference map the H atoms are shown as open circles of arbitrary (small) size.
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Fig. 3. An ORTEP (Johnson, 1976) drawing of four molecules
(the contents of two unit cells) with one unit cell outlined,
viewed down the b axis. H atoms are not shown.

Discussion. This oxazolidinone has structural
features that are comparable to those of similar
compounds. Individual bond distances and angles
(Table 2) fall within normal ranges and, for the
oxazolidinone system, the geometry is like that seen
by others (Walba, Thurmes & Haltiwanger, 1988;
Abdel-Magid, Pridgen, Eggleston & Lantos, 1936;
Nakai, 1988; Baker, Cooke, Humphrey, Wright &
Hirshfield, 1987; Molander & Kenny, 1989; Herold,
Duthaler, Riks & Angst, 1989). For these com-
pounds, distances in the oxazolidinone system are
shown in Fig. 1 (with sample standard deviations in
brackets), along with the distances observed for
this structure. The atoms involved in these distances
are nearly planar: +0.11 A for the structure reported
by Nakai (1988) (better for all other reference com-
pounds), =0.14 A for the present structure. There is
a twist of about — 13° about the N—C4 bond that is
primarily responsible for the departures from
planarity, but even the fragment Ol, CI, N, C3, C4
has atoms up to +£0.09 A from their plane, so the
situation is not a simple one. Fig. 2 shows the
complete molecule.

Acta Cryst. (1992). C48, 1624-1626

CoH2NO,

There are six contacts between symmetry-related
molecules of less than 3.6 A, all from methyl,
methylene or benzene C atoms to O atoms, although
only one of these [C16--04 at x—1, y—1, z—1,
3.294 (7) A] is short enough to imply a weak
C—H-'O hydrogen bond. The other contacts rep-
resent weaker interactions. Some of these interac-
tions can be seen in Fig. 3.

AGM and PJK gratefully acknowledge the gener-
ous support of the National Institutes of Health, ICI
Americas Inc., and Monsanto Company.
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Structure of 1,2,3,5,6,7-Hexahydro-1,5:3,7-dimethano-4-benzoxonin-3,5S-diol
Monohydrate
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Abstract. C;,H,s05.H,0, M, = 250.30, monoclinic,
P2)/c, a=10.582 (3), b=6.864 (1), c = 17.786 (5) A,
B =101.84 (1)°, ¥ =1264.4 (6) A’>, Z=4, D, = 1.32,

0108-2701/92/091624-03$06.00

D.=131gem™3 A(Mo Ka)=0.7107 A (graphite
monochromated), x = 0.89 cm ™', F(000) = 536, T =
294K, R=0.040 for 1599 observed [[/o(l)> 3]
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