M. SHOJA

1980). Atomic parameters are given in Table 1;* the
bond distances, bond angles, and relevant torsion
angles are presented in Table 2. Atomic numbering is
given in Fig. 1, and the packing diagram, with inter-
and intramolecular hydrogen bonding, is shown in
Fig. 2.

Related literature. The chroman ring in this structure
has the sofa conformation. The O(1), C(3) and C(4)
atoms are coplanar with the aromatic nucleus. The
planar phenyl ring is in the equatorial position, C(4")
shows the maximum deviation of 0-008 (2) A. The
dihedral angle between this plane and that of the
chroman ring is 94-52 (4)°. The twist of the exocyclic
phenyl ring relative to the rest of the molecule
as characterized by the C(3)—C(2)—C(1")—C(2)
torsion angle is 1259 (2)°, which is significantly
higher than the range of —50 to 110° reported for

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and least-squares planes have been deposited
with the British Library Document Supply Centre as Supplemen-
tary Publication No. SUP 52775 (26 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallog-
raphy, 5 Abbey Square, Chester CHl 2HU, England.
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other flavone structures (Cody, 1988). The
C(2)—C(1") bond distance of 1-497 (3) A (Table 2) is
shorter than the assigned 1-536 (9) A in 5-hydroxy-7-
methoxyflavanone (Shoja, 1989), possibly due to
stabilization of the negative charge on the exocyclic
O atom of the chroman ring system (Rossi, Rickles
& Halpin, 1986).

References

Copy, V. (1988). Crystal and Molecular Structures of Flavonoids.
In Plant Biology and Medicine 11: Biochemical, Cellular, and
Medicinal Properties, edited by V. Copy, E. MIDDLETON JR & J.
B. HARBORNE, p.29. New York: Alan R. Liss.

Frenz, B. A. (1980). Enraf-Nonius Structure Determination
Package. College Station, Texas, USA.

International Tables for X-ray Crystallography (1974). Vol. 1V.
Birmingham: Kynoch Press. (Present distributor Kluwer
Academic Publishers, Dordrecht.)

MaIn, P., Fiskg, S. J., HuLL, S. E., LESSINGER, L., GERMAIN, G.,
DECLERCQ, J.-P. & WoOLFsoN, M. M. (1982). MULTANI11/82.
A System of Computer Programs for the Automatic Solution of
Crystal Structures from X-ray Diffraction Data. Univs. of York,
England, and Louvain, Belgium.

Ross1, M., RICKLES, L. F. & HALPIN, W. A. (1986). Bioorg. Chem.
14, 55-69.

SHOJA, M. (1989). Z. Kristallogr. 189, 89-93.
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Abstract. C;oH,,0,, M,=316-40, orthorhombic, Experimental. The data collection and refinement
Pbca, a = 12-444 (1), b = 14-615 (3), c = 18:797 (5) A, parameters for compound (1) are summarized in
V=13419 (2) A3, Z =8, D,=1229gcm™3, Table I.
A(Mo Ka)=0-71073 A, ©=079cm™!, F(000) =

1360, T=298K, R=0050 for 1060 observed
reflections. The five-membered ring is in an envelope
conformation, the cyclohexene ring in a half-chair
conformation and the cyclohexenedione in an

envelope conformation with C(8)—O(1) out of the

plane. The molecule adopts an overall hemispherical
conformation.

1
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Table 1. Crystallographic summary for (1)

(a) Data collection

Mode w28

Scan rate (° min~") 1967

6 range (°) 3-25

Range of hk/ 0<h=<14,0<k<17, 0</<22
Total reflections' measured 2340

Unique reflections 2147

R, 0-02

it
Crystal dimensions (min) 0-13 x 0-18 % 0-30

(b) Structure refinement’d

Reflections used [ > 3o(1)} 1063

No. of variables 209

R, wR 0-050, 0-044
Max. shift/e.s.d. 0-004
Max., min. density in final 021, —0-16

difference map (e A~3)

Notes: (i) Unit-cell parameters by least-squares refinement of the
setting angles of 25 reflections with 9 < 8 < 20°. (ii) Enraf-Nonius
CAD-4 diffractometer with a graphite monochromator. Two
standard reflections (604 and 218) measured every hour showed no
significant variation. (ili) Function minimized was Xw(|F,| —
|E|)?, where w=' = [0*(F,) + 0-0001F,2].

Table 2. Final fractional atomic coordinates and
equivalent isotropic temperature factors (A?) with
e.s.d.’s in parentheses

X y z Biso*
o) 03594 (3) 06191 (2) 07689 (2) 46(1)
0(2) 0-4138 (4) 0-3598 (2) 09538 (2) 65 (2)
o(3) 0-6351 (3) 0-4866 (2) 0-8854 (1) 45 (1)
0O(4) 0-6039 (3) 0-6186 (2) 0-8302 (2) 44 (1)
1) 0-4209 (5) 0-4451 (3) 0-6848 (2) 40 (2)
C(2) 0-3407 (5) 0-4017 (3) 0-7150 (3) 47 (3)
c3) 03321 (4) 03873 (3) -0-7949 (3) 48 (2)
C@4) 0-4396 (4) 0-4085 (3) 0-8337 (2) 37(2)
c(s) 0-4124 (4) 04222 (3) 09116 (3) 42(2)
C(6) 0-3761 (4) 0-5134 (3) 0:9352 (2) 39 (2)
(@) 0-3654 (4) 0-5853 (3) 0-8916 (2) 32(2)
C(@8) 0-3997 (4) 0-5732 (3) 0-8155 (2) 31(2)
C(9) 0-4850 (4) 0-5007 (3) 0-8029 (2) 27(Q)
C(10) 0-5153 (4) 0-4348 (3) 0-7246 (2) 332
C(11) 0-5522 (4) 0-5655 (3) 0-6783 (2) 44 (2)
C(12) 0-5299 (6) 0-5292 (4) 0-6022 (3) 72 (3)
C(13) 0-4323 (5) 0-4700 (3) 0-6061 (3) 5:5(2)
c(14) 0-5148 (4) 03255 (3) 08254 (3) 51(2)
c(15) 0-5835 (4) 05313 (3) 0-8449 (2) 30 (2)
C(16) 0-6936 (4) 0-6611 (3) 0-8676 (2) 54 (2)
(17 0-3205 (4) 0-6770 (3) 09122 (2) 39(2)
C(18) 0-4059 (5) 0-7504 (3) 0-9078 (3) 62(2)
C(19) 0-2669 (5) 0-6770 (3) 0-9852 (3) 62 (2)

*B, = %ziZjBij(ai'aj)'

The structure was solved using standard direct
methods and difference-Fourier techniques. In the
final cycles of full-matrix least-squares refinement all
non-H atoms were treated anisotropically. H atoms
were included at positions found in a difference
synthesis, all with a common isotropic temperature
factor that refined to U = 0-12 A2 Scattering factors
for non-H atoms were taken from Cromer & Mann
(1968) with corrections for anomalous dispersion
from Cromer & Liberman (1970); for H atoms from
Stewart, Davidson & Simpson (1965). Programs

CioH240,

Table 3. Interatomic bond distances (A) and angles (°)

O(1)—C(8) 1212 (6) C(5)—C(6) 1-476 (7)
0Q2)}—C(5) 1:209 (6) C(6)—C(T) 1:339 (6)
03)—C(15) 1:191 (5) C(1—C(8) 1-503 (6)
04)—C(15) 1:330 (5) C(N—C(17) 1-503 (6)
O4)—C(16) 1458 (6) C(8)—C(9) 1-518 (6)
C(1)—CQ2) 1312 (8) C(9)—C(10) 1-537 (6)
C(1)—C(10) 1:509 (7) C(9—C(15) 1:525 (6)
C(1)—C(13) 1-530 (7) C(10—C(11) 1:536 (6)
Cc)—CR) 1-520 (7) C(11)—C(12) 1-551 (7)
C(3)—C(4) 1-555 (7) C(12)—C(13) 1-493 (9)
C(@4)—C(5) 1:516 (7) C(17—C(18) 1-512 (7)
C(4)—C(9) 1-572 (6) C(17—C(19) 1:526 (7)
C(4—C(14) 1-540 (6)

C(15—0@)y—C(16) 1170 (3) O(1)—C@E—C(O) 1242 (4)
CRI—C(H—C(10) 1243 (5) C(—C@E—CO) 1154 (4)
CR—C(—C(13) 1272 (5) C@)—CO—C() 1068 (d)
C(10—C(1)—C(13) 1084 (4) C(4—C(9)—C(10) 1081 (4)
C(1)—C(2)—CQ3) 1232 (5) C@—CO—C(15) 1105 (4)
C(2)—C(3)—C(d) 112:0 (4) CB)—CO—C(10) 1152 (4)
CO—C@—C() 1067 (4) CE—C(O—C(15)  106:1 (4)
C3)—C4)—C(9) 1079 (4) C(10—C(O—C(15)  110-1 (4)
C(3—C(d)—C(14) 1086 (4) C(H—C(10—C(®) 1100 (4)
C(5)—C(4)—C(9) 1088 (4) C(—C(10—C(11) 1043 (4)
C(5—C(4)—C(14) 1097 (4) CO—C(10—C(11)  120:0 (4)
CO—C@)—C(14) 1148 (4) C(10—C(11y—C(12) 1019 (4)
0Q)—C(5—C(4) 1221 (4) C(11)—C(12—C(13)  107-4 (5)
0QR—C()—C6)  1192(5) C1)y—C(13y—C(12) 1051 (4)
C(4)—C(5—C(6) 1186 (4) 0(3)—C(15—0@) 1238 (4)
C(5)—CE)—C(T)  1237(4) 03)—C(15—C(9) 1271 (4)
CE—C(NH—CB) 1175 (4) O4)—C(15—C(9) 1091 (3)
CE—C(N—C(17) 1254 (4) C(H—CAT—C(18) 1109 (4)
CE—C(N—C(1T) 1171 (4) C(—CUT—C(19) 1132 (4)
O()—CE—C(N 1203 (4) C(18)—CAT—C(19) 1109 (4)

Fig. 1. Stereoscopic projection of the molecule.

used: SHELX76
(Johnson, 1965).

Atomic coordinates are listed in Table 2,* bond
lengths and bond angles in Table 3. Shortest inter-
molecular distances: O(1)---C(16)(x — 0-5, y, 1-5—2)
=3349(6), OB)-COo(1—x, 11—y, 2-2)=
3-375 (5) A. Fig. 1 is a stereoscopic projection of the
molecule.

(Sheldrick, 1976), ORTEP

Related literature. The title compound was prepared
by a Diels-Alder reaction (Catani & Brocksom,
1989) leading to an all-cis relationship between the

* Lists of H-atom positions, anisotropic thermal parameters
and structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52961 (15 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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substituents at C(4), C(9) and C(10) and therefore a
hemispherical conformation for the entire molecule.
This result allows prediction of the steric course of
subsequent reactions (Trost, 1983) and prediction of
the orientation of similar Diels—Alder reactions
(Woodward & Hoffmann, 1970).

This work has received partial support from
CAPES, CNPq, FAPESP and FINEP. One of us
(JZS) thanks the Departamento de Quimica
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X-ray diffraction equipment.
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Structure of 9,9-Dimethyl-8-oxatricyclo[4.3.0.0"~*nonan-6-ol
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Abstract. C,(H,c0,, M, = 168-24, monoclinic, P2,, a
=8390 (2), b=10-052(3), c=12-163(2Q) A, B=
10865(2°, V=9719(3)A% Z=4, D,=
1-150 g cm 3, A=071073 A, (Mo Ka) =
0-73cm™!, F(000) =368, T=298 K, R=0-045 for
1333 observed reflections. There are two independent
molecules in the asymmetric unit which are essen-
tially identical. They are hydrogen bonded to each
other and to neighbouring symmetry-related ones,
giving rise to infinite helical chains of molecules
along the direction of the twofold screw axis.

Experimental. The synthesis of compound (1) has
been reported previously (Marsaioli, Nurnberg,
Sarragiotto & Castellano, 1989).

The data collection and refinement parameters are
summarized in Table 1. The structure was solved
using standard direct-methods and difference-

0108-2701/90/101973-03%03.00

Fourier techniques. In the final cycles of least-
squares refinement, all non-H atoms were treated
anisotropically. The origin in the polar axis was fixed
by splitting the normal matrix into two blocks, one
for each of the independent molecules. H atoms were
included as fixed contributors at positions found in
difference syntheses, slightly modified on stereo-
chemical grounds, all with a common isotropic
temperature factor that refined to U= 0-070 A%
Scattering factors for non-H atoms were taken from
Cromer & Mann (1968) with corrections for anoma-
lous dispersion from Cromer & Liberman (1970), for
the H atoms from Stewart, Davidson & Simpson
(1965). Programs used were SHELX76 (Sheldrick,
1976) and ORTEP (Johnson, 1965). All calculations
were performed on a VAX 11/780 computer.
Atomic coordinates are listed in Table 2* and
bond lengths and angles in Table 3. Fig. 1 is a
stereoscopic projection of the unit-cell contents.

Related literature. Crystals were obtained as pre-
viously described (Marsaioli, Nurnberg, Sarragiotto

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52968 (13 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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