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The crystal structures of 2,8-bis-(dimethoxy-
methyl)-5,5,9,9-tetramethoxy-1,4a,5,8a-tetra-
hydro-1,4-ethanonaphthalene-6,10(4H)-dione
(=A) and 1,7-bis-(dimethoxymethyl)-5,5,9,9-
tetramethoxy-1,4a,5,8a-tetrahydro-1,4-ethano-
naphthalene-6,10(4H)-dione (=B) were solved
by the direct method. Refinements, based
on X.ray diffractometer data, were carried out
by the full-matrix least-squares method to
final values of R =10.088 for 3249 reflexions (4)
and R=0.039 for 2343 reflexions (B). Both
compounds crystallize in the triclinic space
group Pl with Z=2. The respective unit cells
are of dimensions ¢=9.174, b=10.179, c=
14.539 A, «=97.64, §=96.80, y=116.90° (4)
and a=16.332, b=6.836, ¢=10.660 A, a=
96.56, f=93.58, y=104.77° (B).

Compound 4 is formed upon oxidation of
isovanillin by thallium(III) nitrate in methanol
at 0 °C and B by the corresponding oxidation of
o-vanillin.

The stereostructure of the dimerization prod-
ucts is in consonance with the endo rule. The
structures are rather strained, having long C(sp?)
—C(sp®) and C(sp?)— C(sp®) bonds. A disordered
dimethoxymethyl group is observed in 4.

Phenols, substituted with electron-donating
groups in the para position, can be smoothly
oxidized by thallium(III) nitrate to yield p-
quinols.! Analogously, the oxidation of isovanil-
lin and o-vanillin by this reagent at 0 °C in meth-
anol yields,? with concomitant acetalization of
the aldehyde function, 6,6-dimethoxy-3-di-
methoxymethyl-2,4-cyclohexadien-1-one  and
6,6-dimethoxy-2-dimethoxymethyl-2,4-cyclo-

hexadien-1-one, respectively. These initially
formed monomers, however, cannot be isolated
in a pure state, as they spontaneously dimerize
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in Diels-Alder cycloaddition reactions to yield
2,8-bis-(dimethoxymethyl)-5,5,9,9-tetrameth-
oxy-1,4a,5,8a-tetrahydro-1,4-ethanonaphtha-
lene-6,10(4H)-dione and 1,7-bis-(dimethoxy-
methyl)-5,5,9,9-tetramethoxy-1,4a,5,8a-tetrahy-
dro-1,4-ethanonaphthalene-6,10(4H)-dione,
henceforth called 4 and B, respectively. Only
one of the many conceivable isomers was formed
in the respective dimerization reaction.
Crystals of both compounds were prepared
by Antus and Négrdadi. The structure of dimers
have been established by NMR spectroscopy
(SA & MN). X-Ray analysis (BK & AMP),
however, was needed to settle the ambiguity
of endo or exo stereostructure of the compounds.

Table 1. Crystal data. Cell dimensions were
determined from least-squares treatment of
the angular positions of 25 accurately centered
reflexions on a Philips PW 1100 diffractometer.
Estimated standard deviations are given with-
in parentheses.

4 B
a (A) 9.174(2) 16.332(2)
b (4) 10.179(2) 6.836(2)
¢ (4) 14.539(3)  10.660(1)
« (°) 97.64(1) 96.56(1)
B (°) 96.80(1) 93.58(1)
7 (°) 116.90(1) 104.77(1)
V (A3) 1175 1138
Space group Pl Pl
Z 2 2
Dx_ray(g cm™3) 1.29 1.33
p(CuKa) (cm) 8.67 8.95
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. The lower ac-
s obtained

823

813

812

see footnote in Table 2 — and

also of the fact that no hydrogen atoms were
located in this molecule. The final structural

B33

d and calculated structure factors are

in the structural parameter:
for A is an effect of a disordered dimethoxy-
available from BK or AMP on request.

Two 1,4-Ethanonaphthalenediones

Yy

B22

arameters are listed in Tables 3 —5. Lists of

0.039 for A and B, respectively

methyl group —
observe

curac
1%

811

alues of 0.088 and

Table 2. Full-matrix least-squares

ATOM

Crystal data are summarized in Table 1.
are given in

Standard methods were used for data collection
Table 3. Positional and thermal parameters (x10%) of the atoms in molecule 4. The Bj; values

refer to the temperature factor expression
exp{— (h*B,,+ k*Byy+ !By + 2hkB 15+ 2hiB 3 + 2kiB )}

and structure determination. Pertinent details
Estimated standard deviations are given in parentheses.
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Table 4. Positional and thermal parameters (x10%) of the non-hydrogen atoms in B. The By; values

refer to the temperature factor expression
Estimated standard deviations are given in parentheses.
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Table 5. Positional (x10*) and thermal (x10® A2)
parameters of the hydrogen atoms in B, with
estimated standard deviations in parentheses.

ATOM X Y 3 8
Mic2) s80 853t 37503 H
el ped cne e
HiCah) 131 45 367(3 97
H{C8) 68 -43 88(3 28
H(C8A 6T4( 2 -;2) 5 233 3 5
el 521143 -547( 33903 33
HITel: 32 -98 161 4
H2(C 457(3) -858(7 22205 643
ST 1L TH
H§ 2 455 -48 21% 4 54
H 429 -351(7 11ate 54
HL(E 907 22811 486(5 IS
H2(C1] 1004 h “T4(5 .
H3(C 948 293 366(5 4
HL1(C19 944 188(7 82(4 50
H2(¢ 929 -68(7 53(4 0
s 4 994 b 16% 4 50
HIC 849 6388 63(3 35
I L H I (1
: CHHIE 1L T
4 dod el G i
:3 8 =21 ‘}oa 4 603
H 754 - 828(5 603
H 821 -224(7 723(4 603
Hl{C 69 315 650( 4 453
< 3

H G & 7 ( ¢ 587(4 45
3 S 664 2( € Ti4( 4 453

RESULTS AND DISCUSSION

The numbering system used throughout this
article, and the bond distances involving the
non-hydrogen atoms in the two compounds
are given in Fig. 1, and the corresponding angles
in Table 6 and 7, A and B, respectively. The
two different molecular geometries found in A,
resulting from the atomic positions of the dis-
ordered atom O(12) — ¢f. footnote in Table 2
— are given in Fig. 2; the molecular geometry

a

21
Y=

4
,NOID :so
% \;9

of B is given in Fig. 3. As seen from Figs. 2
and 3, the dimers have the endo configuration.
This is consonant with the considerations given
by Holmberg ¢ for the dimerization of 2,4-
cyclohexadienones, and with the results of X-
ray structure determinations of Diels-Alder
adducts of substituted o-quinols.”** The endo
configuration of the title compounds has simul.
taneously been established by Dr. H.-D. Becker
(Chalmers University of Technology and Uni-
versity of Gothenburg, Gothenburg, Sweden)
from photochemical studies.?

The disorder observed in the dimethoxy-
methyl group attached to C(2) in 4 is reflected
in the high estimated standard deviations of
the structural parameters and also in the dis-
tances measured in this group, ¢f. Fig. la. The
different steric orientations of the dimethoxy-
methyl group containing the disordered atom
may be described by the torsion angles C(2)—
C(11)-0(12) - C(13) = — 60.8°, C(2)—C(11)—
0(12") - C(18) = 73.4°, C(3) — C(2) — C(11) — O(12)
=-—63.7 and C(3)-C(2)—-C(11)-0(12)
= —124.1°. The corresponding torsion angles
C(2)-C(11)—O(14)—C(15) and C(3)—C(2)—
C(11)-0O(14) are —166.5 and 148.4°, respec-
tively. The disordered group is neglected in
the following discussion of the two structures.

As is also found in the related compounds
discussed previously,”** there are some elon-
gated C(sp®)—C(sp®) bonds around C(4a) and
C(8a). In A4 the bonds C(1)—C(8a) and C(4)—

Fig. 1. Numbering system used and bond distances (A) involving non-hydrogen atoms. a, Mole-
cule 4. The standard deviations are estimated to be less than 0.005 A for all bonds except terminal
C—0 bonds for which they are 0.006 A and the disordered dimethoxymethyl group where their
values are less than 0.013 A. b, Molecule B. The standard deviations are less than 0.004 A, except
for a few terminal C— O bonds where they are 0.005 A.

Acta Chem. Scand. B 32 (1978) No. 8




Two 1,4-Ethanonaphthalenediones 573

Table 6. Bond angles (°) in molecule 4. The standard deviations are estimated to be approximately
0.3° for the angles not involving the atoms C(11) — C(15), where they are c:a 0.6°.

C(2)—C(1)—C(8a) 107.4 C(4a) — C(8a) — C(8) 116.5
C(2)—C(1)—C(10) 104.4 C(4)—C(9)— C(10) 106.9
C(8a)— C(1) - C(10) 109.6 C(4)—C(9) — O(26) 113.9
C(1)—C(2)~C(3) 114.0 C(4)—C(9)— O(28) 107.4
C(1)-C(2)—C(11) 121.5 C(10) — C(9) — O(26) 104.5
C(3)—-C(2)—C(11) 124.5 C(10)— C(9) — O(28) 112.4
C(2)—C(3)— C(4) 115.4 0(26) — C(9) - O(28) 111.7
C(3) — C(4) — C(4a) 110.5 C(1)—C(10) —C(9) 113.1
C(3)—C(4) — C(9) 106.8 C(1)—C(10) — O(30) 124.2
C(4a)— C(4)—C(9) 106.0 C(9) — C(10) — O(30) 122.8
C(4) — C(4a) — C(5) 112.2 C(2)~C(11)—0(12) 113.3
C(4) — C(4a)— C(8a) 109.7 C(2)-C(11)—-0(12") 105.5
C(5)— C(4a) — C(8a) 113.2 0(2)—C(11)—O(14) 109.5
C(4a) — C(5) — C(6) 111.5 0(12) - C(11)— 0(14) 127.0
C(4a) — C(5) — O(18) 113.8 0(12') - C(11)— O(14) 82.6
C(4a) — C(5) — O(18) 104.6 C(11)—0(12)—C(13) 112.4
C(6)— C(5)— O(16) 106.9 C(11)—0(12’)— C(13) 109.4
C(6)—C(5)— 0(18) 108.3 C(11)—O(14) — C(15) 116.8
0(18) — C(5)— O(18) 111.6 C(5)—0(16) - C(17) 114.3
C(5)— C(6) = C(7) 113.4 C(5)—0(18) ~C(19) 115.1
C(5)— C(6) — 0(20) 123.1 C(8)— C(21) - 0(22) 109.2
C(7) — C(8) — 0(20) 123.3 C(8)—C(21)— O(24) 110.3
C(6)— C(7)— C(8) 121.7 0(22) - C(21) - O(24) 111.7
C(7)—C(8)— C(8a) 122.7 C(21)—0(22)— C(23) 112.6
C(7)—C(8)—C(21) 122.1 C(21)— 0O(24) — C(25) 115.1
C(8a)— C(8)—C(21) 115.2 C(9)— 0(26) — C(27) 115.1
C(1) - C(8a) — C(4a) 108.5 C(9) — O(28) — C(29) 116.7
C(1)—C(8a)—C(8) 107.4

Table 7. Bond angles (°) involving the non-hydrogen atoms in molecule B. The standard devia-
tions are estimated to be approximately 0.3°.

C(2)—C(1)— C(8a) 106.2 C(1)—C(8a) — C(4a) 108.9
C(2) - C(1)—C(10) 105.2 C(1)— C(8a)— C(8) 107.7
C(2)-C(1)—C(11) 113.9 C(4a) — C(8a) — C(8) 115.0
C(8a)—C(1)— C(10) 106.9 C(4)— C(9) — C(10) 107.1
C(8a)—C(1)—C(11) 114.5 C(4) — C(9)— O(286) 114.3
C(10)—C(1)—C(11) 109.4 C(4) — C(9)— O(28) 106.8
C(1) - C(2) - C(3) 115.2 C(10) — C(9) — O(26) 103.7
C(2)— C(3) — C(4) 115.1 C(10)—C(9) - O(28) 112.9
C(3) — C(4) — C(4a) 109.8 0(26) — C(9) — 0(28) 112.1
C(3)— C(4)— C(9) 106.7 C(1)—C(10)—C(9) 113.6
C(4a)— C(4)—C(9) 107.5 C(1)— C(10) — O(30) 123.4
C(4)— C(4a)— C(5) 111.9 C(9)~ C(10)— O(30) 123.0
C(4) — C(4a)— C(8a) 109.7 C(1)—C(11)-0(12) 110.3
C(5)— C(4a)— C(8a) 113.4 C(1)—C(11)—0(14) 107.7
C(4a)— C(5)— C(6) 110.8 0(12) - C(11)— O(14) 110.3
C(4a)—C(5)— O(16) 113.4 C(11)— 0(12) — C(13) 115.9
C(4a)— C(5)—O(18) 105.5 C(11)—0(14)— C(15) 114.0
C(6)— C(5)— O(16) 107.5 C(5)—0(16) - C(17) 115.2
C(6) — C(5)— O(18) 108.4 C(5)—0(18)—C(19) 113.7
0(16)—C(5)—O(18) 111.2 C(7)—C(21)—-0(22) 112.6
C(5)— C(6)— C(7) 113.0 C(7)—C(21) - O(24) 107.4
C(5)— C(6) — 0(20) 123.4 0(22) — C(21)— 0(24) 108.1
C(7) — C(6) — 0(20) 123.5 C(21)—0(22) - C(23) 112.4
C(6)—C(7)—C(8) 119.6 C(21)—O(24) — C(25) 112.7
C(6)~C(7)—C(21) 116.9 C(9)— 0(26) — C(27) 116.2
C(8)~C(7)—C(21) 123.6 C(9) — O(28) — C(29) 117.1
C(7)—C(8)— C(8a) 124.9

Acta Chem. Scand. B 32 (1978) No. 8
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Fig. 2. Stereoscopic views of molecule 4, calculated with the atomic positions 0(12), a, and O(12’),
b. The atoms 0(12), O(12"), O(16), O(22) and O(26) are marked with shaded ellipsoids.

Fig. 3. Stereoscopic view of molecule B. The atoms 0(12), O(16), O(22) and O(26) are marked
with shaded ellipsoids.

Acta Chem, Scand. B 32 (1978) No. 8




C(4a) are 1.569 and 1.565 A, respectively; they
deviate more than 4¢ from the mean (=1.541 A)
of the other C(sp®)—C(sp®) bonds. In B the
C(1) - C(8a) bond length is 1.588 A, which is
significantly longer than the mean value,
1.542 A, of the others. Some of the C(sp?)—
C(sp®) bond lengths are significantly longer than
the standard value of 1.501 +0.004 A given by
Lide.* In A the bonds C(5)—C(6) and C(9)—
C(10), 1.539 and 1.549 A, respectively, deviate
most from this standard value. In B the bonds
C(1)—C(10), C(5)—C(6) and C(9)—C(10) are
1.539, 1.535 and 1.535 A, respectively. These
elongations are probably due to the high
degree of substitution (of non-hydrogens) at
C(5) and C(9) in both molecules and in B also
at C(1). Lengthening of the corresponding
C(sp?) — C(sp®) bonds is also observed in related
compounds,”® as well as the noted effect of
conjugation in the C(6)—C(7) bonds, which
has lengths of 1.469 and 1.476 A in 4 and B,
respectively.

The four atoms C(4a), C(6), C(7) and C(8) are
coplanar within +0.029 A in 4 and within

Two 1,4-Ethanonaphthalenediones 575

+0.011 A in B. The atoms C(5) and C(8a)
deviate from this plane by —0.64 and 0.15 A,
respectively, in 4; and by —0.65 and 0.17 A,
likewise in B. This significant deviation from
the plane for C(5) was also noted in related
compounds.”™™® The other three six-membered
rings in the two molecules are boat-shaped.
The dihedral angles between the least-squares
planes based on the atoms C(4a), C(6), C(7),
C(8) and C(2), C(3), C(4a), C(8a) are 79° in both
molecules.

The hydrogen atoms in B lie in chemically
reasonable positions; the mean value of the
C-H bonds is 0.98 A, range 0.88—-1.05 A. No
hydrogens were located in 4.

The arrangements of molecules in the unit
cells are shown in Fig. 4. Both structures are
held together in the three dimensional space
by van der Waals forces. There are, however,
some intermolecular contacts (neglecting hy-
drogens) shorter than 3.3 A in both compounds.
In A these are C(19)—0(261)=3.14 A and
C(25') — (30i1) =3.29 A; i==xy.z; ii=xy+ 1,2
iii = 2-2, -y, 1-z. In B they are O(16i) — O(16lii)=

Fig. 4. Stereoscopic views of the molecular packing arrangements. (@) Compound 4, calculated
with the position of O(12), with b horizontal, ¢ vertical and @ towards the reader. (b)) Compound
B with a horizontal, ¢ vertical and b downwards perpendicular to the plane of the paper.

Acta Chem, Scand. B 32 (1978) No. 8
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3.15 A, O(16i)—C(17i)=3.26 A and O(20})—
C(25i%)=3.21 4, iv=_2-w,-y-1,-2.

A further discussion of the crystal structures
of 1,4-ethanonaphthalenes will be given in a
forthcoming article.
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