436 Short Communications

C8— C13 ring is reflected in a shortening of the
C7—C8 bond and a lengthening of the C8 —C9
and C8—C13 bonds.

The angle between the planes through the
phenyl rings is 77.1°, and the dihedral angle
C1-C6~C7—-020 is 74.0°(4) (see Fig. 1). This
rotation of a phenyl ring relative to the keto-
group and to the other phenyl ring is much
larger than the rotations found in benzo-
phenone,? 3,3’-dibromobenzophenone ° and 4,4’-
dimethoxybenzophenone,® where the angles be-
tween the phenyl rings and the plane defined
by the atoms corresponding to C6, C7, C8 and
020 are about 25— 35°, and the angles between
the planes of the phenyl rings are about 55°.
This large rotation must be a result of the
intra-molecular crowding caused by the posi-
tion of the large 3-methyl-2-butenyl group syn
to 020 and also by the position of the hydroxyl
group (024) syn to the C1—C6 ring. A similar
situation is found in the molecules of syn- and
anti-4-bromobenzophenone oxime O-pieryl eth-
ers 1 where the phenyl rings syn to the picryl
groups are rotated 60—70°, relative to the
plane through the oxime group, whereas the
phenyl rings anti to the picryl groups are
rotated only 18— 23°.

The #nter-molecular distances indicate two
hydrogen bonds: one from 019 to 021 in posi-
tion: —0.5+, —0.5+y,z distance: 2.797(4) A;
and one from 024 to 020 in position: — 0.5+,
0.5—y, —0.5+z, distance: 2.732(3) A.
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A previous study ! has shown that the action
of sodium periodate on 2,4-dimethylphenol
yields three products: 2,4-dimethyl-p-quinol,
the Diels-Alder dimerization produet ? of 2,4-
dimethyl-o-quinol, and the Diels-Alder adduct 2
(I) of the o-quinol and 3,5-dimethyl-1,2-
benzoquinone. We have now obtained from
2,4-dimethylphenol, in small yield, another
periodate oxidation product, C,H,,0; with
m.p. 172.5 —174.5 °C. Crystallographic examina-
tion shows that it is 5,8-etheno-3,4a,7,9-tetra-
methyl-4a,5,6,7,8,8a-hexahydrochromene-7,8a-
diol-2,6-dione (2), evidently formed by periodate
oxidation of the adduct (7).

Ezxperimental. The oxidation of 2,4-dimethyl-
phenol with periodate was carried out and the
oxidation mixture was worked up essentially
as described in the previous paper.! From the
acidification of 0.5 M' aqueous NaOH solution
with glacial acetic acid, a precipitate of a colour-
less compound, m.p. 172.56—174.5°C, was
obtained. Its mass spectrum showed a molecular
ion at m/e 278, calc. for C,;H, O, 278.

X-Ray experimental and structure elucidation.
Cell dimensions were determined, by least-
squares refinement, from the angular positions
of 25 well-centered reflexions on a Philips
PW 1100 diffractometer. Crystal data are:
a=16.513(4), b=6.987(2), c=12.146(4) A,
£=102.91(2)°, V=1366 As, space group P2,/n,
Z =4,0x_ray =1.35 g em™3, y(CuKa)=8.53 cm™.

Only small single crystals were available.
Data (set I) were collected using graphite
monochromated CuKa radiation, 6—20 scan
technique (scan width 1.5°(0), scan rate 1°()
min~!), and stationary background measure-
ments at the ends of the scan interval. Of the
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1909 unique reflexion intensities recorded out
to 0=58°, however, only 502 fulfilled the
criterion that the net intensity, I, be greater
than 2.56(I), where o(I) is based on counter
statistics. Attempts to solve the structure by
diverse direct method approaches failed, prob-
ably due to the difficulties of obtaining reliable
triple-product sign relationships between dif-
ferent parts of the reflexion sphere. At this
stage another crystal was used to collect a
second data set (II). Of the 2570 unique re-
flexions collected out to 0=70°, 1049 were
considered significantly above background on
the criterion ¢(I)<0.3I. All 20 non-hydrogen
atoms were found from an E map computed
with the best phase set obtained from the
MULTAN ¢ direct phase determination pro-
cedure from 187 normalized |E| values >1.8
(excluding the 8|E| values greater than 4.3)
and 1125 triple-product sign relationships.

With the exception of H(016), which could
not be positioned, the hydrogen atoms were
located partly from chemical reasoning and
partly from a difference Fourier synthesis.
The positions, as well as assigned isotropic
temperature factors, were included but not
refined in the full-matrix least-squares treat-
ment.

However, since the refinement of the
structural parameters did not converge prop-
erly for set II, presumably as an effect of slight
twinning in the crystal, set I was employed
for the final refinement. Assuming anisotropic
thermal parameters for the non-hydrogens, only
half a molecule at a time could be refined
with this set, due to the lack of data. The final
value of R is 0.060. The Freeman ® scattering
factors for C and O and those of Stewart et al.®
for H were used throughout the refinement, as
well as the weighting scheme of Hughes.” The
final positional parameters for the non-hydrogen
atoms are listed in Table 1, and those for the
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Table 1. Positional %arameters (x 10%) of the
non-hydrogen atoms. Estimated standard devia-
tions are given in parentheses.

ATOM X Y 7
0(1) 3427(5 7396(11) 5387(6)
C(2) 3930(7 1364133 2236 3y
C(3) 4268(1 5592(18) 7003(9)
Clam  353318) anariidl Saapish,
LI (N (T L
¢(7) 473407 s8a5t18) 3313ty
c(8) 2237(8 s669(18)  4406(10)
cisa) s193u1 5695(19) 4727(8)
¢(9) 1977(7 2541(18)  2488(10)
€(10) 22131 38660111 6045(3)
CLI3)  47%e(s)  263ei32) S3%aiio
¢i13] 3986 (8 33361%3) 3422 3;
0(14) 1943(6 661(14) 3967(7
Cl(15) 930(8 4129(19)  3305(10)
0( 16) 218145 4014(13)  2608(5)
0(17) 529(5 3935(13)  3r63(6)
cl18) 1442(8 7025(18 889(9)

Table 2. Positional parameters (x 10%) of the
hydrogen atoms.

ATOM X Y z

H(C4) 4%5 280 68

H(C5) 2713 106 58

e oo

Hl(élZ) 495 244 - 876
:2 Ccl2 ggg 274 362
e 8 G
H2(C13 354 215 383
H3(C13 448 320 426
H1(C15 80 560 289
H2(C15 69 310 290
H3 C%5 84 401 402
H(O17) 309 672 320
H1 %18 149 679 677
H2(C18 89 704 521
H3(C18 167 841 579

Fig. 1. A stereoscopic view of the molecular packing. Hydrogen atoms are omitted. Oxygens
are marked with shaded ellipsoids. Intermolecular O — O contacts shorter than 3.0 A are indicated

as weak lines.

]
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Fig. 2. Bond distances involving the non-
hydrogen atoms.

hydrogens in Table 2. A list of the observed
and calculated structure factors is available
from the authors on request.

Results and discussion. The molecular
geometry and packing pattern for this new
type of periodate oxidation product from 2,4-
dimethylphenol is shown in Fig. 1. Bond
distances involving non-hydrogen atoms, as
well as the numbering system used, are given
in Fig. 2. The standard deviations of the bond
distances are estimated to be in the range
0.012—0.018 A; an effect of the lack of data.
The derived C(3)—C(4) double bond length
is 1.28 A, which is more than 3¢ shorter than
what is generally observed. The C(sp?)— C(sp®)
bond C(6) — C(7), on the other hand, is too long,
perhaps indicating that the estimate of the
esd’s is too small. The C(4a)—C(8a) bond is
lengthened, which is also observed in related
compound,??3&1? although the elongation
measured in this investigation is not significant.
The mean C—H bond length is 1.04 A; the
C—H bonds are distributed in the range
0.84—1.22 A,

The O(1)—C(2)— C(3)— C(4) - C(4a) — C(8a)
ring is planar within +0.018 A, having the
atoms C(4a) and C(8a) farthest out of the plane.
The magnitudes of the torsion angles around
this ring are less than 3.7°. The other three
six-membered rings in the molecule are all
boat-shaped.

Four short intermolecular O—O contacts
are found between molecules related by the
2, axis at },y,4 and its equivalents. These con-
tacts are marked in Fig. 1 with weak lines.
The atoms involved, their symmetry codes
and the distances between them are:

0(14)i— 0(16)ii=2.90 A (i=uw,y,2
i=3—-2z

0(16)i— (’)y(fﬁi’i"’;;%g A.

Only three other intermolecular contacts shorter
than 3.5. A are observed, neglecting the hy-
drogens:

C(6)i—O(11)ii=3.46 A (ili=a,y—1,2)

O(11)i—C(15)iV=38.45 A (iv=2+43—vy.2+3)
0O(14)i—O(17)ii=3.24 A
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