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The crystal structure of the title compound,
C1¢H 50, has been determined from 2077
independent X-ray diffractometer reflexion
data. The crystals are yellow and have mono-
clinic symmetry; the unit cell, with the dimen-
sions a=13.067 A, b=8.463 A, ¢=13.950 A,
p=116.23°, contains four molecules. The struc-
ture was refined, in space group P2,/c, to a
final value of R=0.053 by a full-matrix least-
squares procedure.

The Diels-Alder product 1,4-etheno-2-hy-
droxy-2,4a,6,9-tetramethyloctahydronaphthal-
5-ene-3,7,8-trione is an adduct of 2,4-dimethyl-
o-quinol and 3,5-dimethyl-o-quinone, both
formed upon periodate oxidation of 2,4-di-
methylphenol. The structure is rather strained,
having C(sp®)—C(sp®) bond lengths of 1.564,
1.553 and 1.580 A for the bonds C(1)-—C(8d),
C(8a) — C(4a) and C(4)— C(4a), respectively.

Periodate oxidation of 2,4-dimethylphenol
yields, among other compounds, the Diels-
Alder product 1,4-etheno-2-hydroxy-2,4a,6,9-
tetramethyloctahydronaphthal-5-ene-3,7,8-tri-
one, which is a spontaneous adduet of the oxida-
tion products 2,4-dimethyl-o-quinol (diene) and
3,5-dimethyl-o-quinone (philodiene).!

This investigation has been undertaken as
part of a program concerned with the factors
governing the highly stereospecific addition
reactions of oxidized phenols. This matter has
been discussed by, e.g., Holmberg.? The specific
aim of the X-ray analysis of the title compound
was to establish the steric arrangement around
carbon atom C(2) and to confirm the structure
of the adduct.

EXPERIMENTAL

Unit cell dimensions were obtained, in least-
squares refinement, from angular positions of 25
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accurately centered reflexions on a computer-
controlled Philips PW1100 diffractometer. Crys-
tal data are: Space group P2,/c, a=13.067(2),
b=8.463(1), c=13.950(1) A, $=116.23(2)°, V=
1384 A%, Z=4, 9. =1.32 g cm™, 4 ="7.80 cm™2.
Intensity data were collected with the 6— 26
technique for 6<70°, with graphite mono-
chromatized CuKa radiation. Backgrounds
were estimated by stationary counting at
40= +0.75° from the reflexion maximsa. The
scan speed was 0.02° s~!. Three monitor re-
flexions were measured every 60 min. No sys-
tematic intensity variation was noticed. Of
the 2616 independent reflexions measured, 2077
were considered to be significantly above back-
ground, having I,.>40(I,e), where o(I,e)
is based on counter statistics. Lorentz and
polarisation factors were applied, but no cor-
rection for absorption.

STRUCTURE DETERMINATION AND
REFINEMENT

The structure was solved by the automatic
MULTAN direct phase determination pro-
cedure ® using the 200 highest normalized
structure factor magnitudes obtained from
Wilson’s method. The phase set having the
highest reliability index revealed all non-
hydrogen atoms.

Positional and thermal parameters were re-
fined by the full-matrix least-squares method.
A difference synthesis calculated at an R value
of 0.09 displayed 16 of the 18 hydrogen atoms.
The remaining two were positioned by chemical
reasoning. Subsequent least squares refine-
ments, using anisotropic temperature factors
for the non-hydrogen atoms and fixed isotropic
temperature factors for the hydrogens, gave
a final R value of 0.053 for the 2077 reflexions.
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Table 1. Positional and anisotropic thermal parameters ( x 10%) of the non-hydrogen atoms. The
B-values refer to the temperature factor expression exp [ — (h*B11 + k2B22 +I*)B33 + hkB12 +
hiB13 + kiB23)]. Estimated standard deviations are given in parentheses.

ATOM X z Bl
847 995(3 764
¢ 3 §943 2 }125 3 869§ 5 ]
C(3) o1e(2 1342(3 943 h%
Cl4) 2884(2 -259(3 aq§s 2 s
C(4A) 1713(2 -309 g 18 3 52
C(5) 1645(2) =1927 74091 2 66
clé) 1688(2) -2341(3 8301 68
C(7) 1765(2 -1;03 3 5808/ 2 91
c(8) 1498(2 73(3 6013 64
C(8A) 1699( 2 1058(3 7&22 2 48
€(9) 3839(2 82113 7942 47
C(10) 3845(2 ~-295(3 8591( 2 48
(1) 3975(3 3806(4 9212 89
0(12) ;936 2 339112 8460 2 83
0(13) 19412 1548(2) 10356 86
e e L L
0 193 188113) 193803 8327 338
0(17) 1123(2 1482(2 5270(2 154
c(18) 4708(2) 1084( 4 75291( 3 66

Table 2. Positional parameters ( x 10®) and iso-
tropic temperature factors ( x 10%) for the hy-
drogen atoms. Estimated standard deviations
for the positional parameters are given in
parentheses.

ATOM X Y z B
H(C1) 285(2) 283(3 715¢(2 243
H(C4) 293(2) -110(3 937(2 275
H{CS) 161(2) -283(3 786(2 304
H(C8A) 109(2) 180(3 702(2 253
H{C10) 439(2) ~112(3 a83(2 284
MIGHINE L
H2(C11) §

H3(C11) 462(3) 323(3 935(5 407
H{012) 195(2) 392(3 904(3 364
H1(C14) 9(3) -19(3 761(2 373
H2(C14) 73(2) -109(3 863(2 3713
H3(C14) 74(2) 92(4 849(2 373
H1(C15) 92(3) -423(3 549(3 403
H2(C15) 229(3) =~423(3 601(2 403
H3(C15) 160(2) -471(3 665(2 40;
H1(C18) 505(3)) 213:‘0) ZJ}Z((% %37
H2(C18) 44503 122(3

H3((C18) 527(3) 34(4) 779(2 397

Hughes’ weighting procedure ¢ with Fomin=
2.0 was applied. Scattering factors for the non-
hydrogen atoms were taken from the Infer-
national Tables for X-Ray Crystallography ® and
that for hydrogen from Stewart, Davidson and

1

AL HUWNINNNINNIN PN RINNIRINNNN

822 B33 B12 813 823
0 4 -7 39 8
e
3 34 -9(3 29(2 2
15(3 36 =1(3 42(2 25(3
20(3 35 ~22(3 44 (2 -2(3
19(3 45(2 ~29(4 54(3 3(3
gS 3 50(2 ~12(4 60(3 -15(3
4 (4 45 -31(4 75(3 -24(4
37(4 34 =37(4 33(2 14(3
1243 37 3(3 36(2 5(3
29(3 44 o(3 44 s & 3
27(3 45 21(4 34 10(3
46(4 55 -75(5 60(3 ~34(4
65 ; 45 67(3 55(2 -12(3
83 38 -34(3 54(2 -14(3
Gf B he g o
- 4 -25(5
.8; 4 97 -20(6 251(4 -22(4
172(3 43 ~28(4 55(3 30(3
207(5 T0(2 35(5 87(3 45

Simpson.® The final positional and thermal
parameters for the non-hydrogen atoms are
given in Table 1, and those for the hydrogen
atoms in Table 2. A list of the observed and
calculated structure factors is available from
the authors on request.

RESULTS AND DISCUSSION

A stereoscopic view of the molecule is given
in Fig. 1, which shows that the addition has
followed the endo-rule. The configuration around
carbon atom C(2) is in harmony with that
found in our X.ray investigations of related
compounds. *** The more polarizable hydroxyl
substituent is oriented an#i to the etheno
bridge, in accordance with the results from
Williamson et al.,)! concomitantly leaving the
bulkier methyl group to be directed away from
the reaction center.

Intramolecular distances and bond angles
involving the non-hydrogen atoms are given

Fig. 1. A stereoscopic view of the molecule. Hydrogen atoms have been omitted. The oxygen

atoms are represented by shaded ellipsoids.
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Fig. 2. Bond distances in the molecule. Stand-
ard deviations are estimated to be <0.003 A.

in Fig. 2 and Table 3, respectively. The hydro-
gen atoms lie in chemically reasonable posi-
tions, with a mean C—H distance of 0.95 A,
in good agreement with values found by Stew-
art, Davidson and Simpson.® No correction of
the measured distances for riding thermal
motion has been applied. The lengthened bonds
around C(4a) and C(8a) are consonant with
observations in similar structures.”™® This ef-
fect is probably due to internal strain in the
molecule.

The arrangement of molecules in the unit
cell is given in Fig. 3. All intermolecular con-
tacts are normal van der Waals distances.

Some general structural features found in
molecules of this type will be given in a forth-
coming article.
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Table 3. Bond angles (°) involving non-hydro-
gen atoms. Standard deviations are estimated
to be <0.3°.

C(2) —C(1) —C(8a) 107.7
c(2) ~C(1) —C(9) 107.1
C(8a)—C(1) —C(9) 109.4
C(1) —C(2) —C(3) 106.5
C(1) —C(2) —C(11) 112.2
C(1) —C(2) —0(12) 108.4
C(3) —C(2) —C(11) 110.9
C(3) —C(2) —0(12) 108.4
C(11)~C(2) —O0(12) 110.2
C(2) —C(3) —C(4) 113.6
C(2) —C(3) —0(13) 121.9
C(4) —C(3) —0(13) 124.4
C(3) —C(4) —C(4a) 109.0
C(3) —C(4) —C(10) 103.2
C(4a)—C(4) —C(10) 108.5
C(4) —C(4a)—C(5) 105.7
C(4) —C(4a)—C(8a) 108.6
C(4) —C(4a)—C(14) 109.6
C(5) —C(4a)—C(8a) 114.3
C(5) —C(4a)—C(14) 108.2
C(8a) — C(4a) — C(14) 110.4
C(4a)—C(5) —C(8) 128.8
C(5) —C(6) —C(7) 118.9
C(5) —C(6) —C(15) 122.8
C(7) —C(6) —C(15) 118.2
. C(6) —C(7) —C(8) 117.2
C(6) —C(7) —O(16) 124.4
C(8) —C(7) —O(16) 118.3
C(7) —C(8) —C(8a) 120.0
C(7) —C(8) —O(17) 118.3
C(8a)—C(8) —O(17) 121.9
C(1) —C(8a)—C(4a) 110.0
C(1) —C(8a)—C(8) 108.1
C(4a)— C(8a) — C(8) 115.6
C(1) —C(9) —C(10) 113.6
C(1) —C(9) —C(18) 120.7
C(10)—C(9) —C(18) 125.7
C(4) —C(10)—C(9) 115.8

Fig. 3. A stereoscopic view of the molecular packing.

Acta Chem. Scand. B 31 (1977) No. 4



292

Karlsson, Pilotti and Séderholm

for the facilities placed at their disposal. Thanks
are also due to Dr. Bengt Lindgren for supply
of the crystals used in this work and for stimu-
lating discussions; and to Dr. Sven Westman
for correcting the English text of the article.

REFERENCES

1.

(2

© o 9 o

10.
11.

Adler, E., Junghahn, L., Lindberg, U.,
Berggren, B. and Westin, G. Acta Chem.
Scand. 14 (1960) 1261.

. Holmberg, K. Doctoral Thesis, Depart-

ment of Organic Chemistry, Chalmers
University of Technology, Goteborg 1974.

. Germain, G., Main, P. and Woolfson,

M. M. Acta Crystallogr. A 27 (1971) 368.

. Hughes, E. W. J. Am. Chem. Soc. 63

(1941) 1737.

. Intérnational Tables for X-Ray Crystal-

lography, Kynoch Press, Birmingham 1962,
Vol. III.

. Stewart, R. F., Davidson, E. R. and Simp-

son, W. T. J. Chem. Phys. 42 (1965) 3175.

. Karlsson, B., Pilotti, A.-M. and Wiehager,

A.-C. Acta Chem. Scand. 27 (1973) 2945.

. Karlsson, B., Pilotti, A.-M. and Wiehager,

A.-C. Acta Chem. Scand. 27 (1973) 2955.

. Karlsson, B., Pilotti, A.-M. and Wiehager,

A.-C. Acta Chem. Scand. B 29 (1975) 411.
Karlsson, B., Pilotti, A.-M. and Wiehager,
A..C. Acta Chem. Scand. B 29 (1975) 1059.
Williamson, K. L., Li Hsu, Y.-F., Lacko,
R. and Youn, C. H. J. Am. Chem. Soc. 91
(1969) 6129.

Received December 3, 1976.

Acta Chem. Scand. B 31 (1977) No. 4




