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The crystal structure of the cyclic tetramer of formaldehyde, 1,3,5,7-tetroxocane, has been determined by
the X-ray diffraction method. The unit cell is monoclinic, with a=11.455, b=4.160, c=12.232 A, and f=108.4°.

The space group is C2/c, and there are four molecules per unit cell.

The structure was solved by using a molec-

ular transform method and was refined by the block-diagonal least-squares method to a final R factor of 0.051,

using 728 reflections measured with an automated four-circle diffractometer.

The molecules in the crystal are

of the so-called crown form, with an approximate C,, symmetry but an exact C, symmetry. The torsion angles
about the four independent C—-O bonds appear in two distinguishable values: two bonds with 83.7 and —83.6°,
and the other two bonds with 93.6 and —94.1°. The average C-O bond length is 1.403 A, while the average
C-O-C and O-C-O bond angles are 116.6 and 113.8° respectively. The deformation from a regular crown
form by taking the two distinguishable torsion angles and the increase in bond angles is favorable to compensating
for the intramolecular H...-H repulsions; the close H.--H distances in the deformed crown form are 2.16 and 2.20 A.

The cyclic tetramer of formaldehyde, 1,3,5,7-tetroxo-
cane (~CH,-O-),, presents two interesting problems
which can be investigated by X-ray study. One is
the molecular conformation of this eight-membered
cyclic compound, and the other is the radiation-
induced solid-state polymerization of tetroxocane, by
which tetroxocane molecules in the crystal are con-
verted into highly crystalline linear polyoxymethylene
(-CH,-0O-),.» Studies along similar lines have been
performed on some cyclic oligomers of formaldehyde:
1,3,5-trioxane (—-CH,-0-),,» 1,3,5,7,9-pentoxecane
(-CHy—0-);,*9 and 1,3,5,7,9,11-hexoxecane (—CH,—
0O-)¢.® As for tetroxocane, a structural study of the
solid-state polymerization has already been reported,®
in which the crystal structure of this substance has
been shown; also, it has been stated that the molecular
conformation in the crystal is of a crown form. On
the other hand, the presence of two conformations is
suggested by the study of the temperature dependence
of the NMR spectra of the tetroxocane in solutions:?>®
one has a boat-chair or a distorted boat-chair conforma-
tion, and the other, preponderant at low temperatures,
presumably has a crown form which was expected to
be found in the crystal. The present paper will de-
scribe the crystal structure of tetroxocane in detail.

Experimental

The tetroxocane was synthesized by the method of Staud-
inger and Luthy.®) The melting point of tetroxocane is
114 °C. Recrystallization from a benzene solution or sublima-
tion yielded prismlike crystals elongated along the b axis.
Because of its high vapor pressure, single crystals were sealed
in thin-walled Lindemann glass capillaries. The cell dimen-
sions were determined from Weissenberg photographs and
from @ values as measured with a single-crystal diffractometer.
Crystal data:

1,3,5,7-Tetroxocane, (~CH,-O-),

Molecular weight 120.1

Monoclinic  a= 11.4554-0.007 A
b= 4.1604-0.006

* To whom correspondence should be addressed.

¢= 12.2324-0.009

p= 108.4-£0.1°

Z=4
Volume of the unit cell: V=>553.0 A3
Density, calculated: D,=1.442 g/cm?®; measured:
D_,=1.435 g/cm?
Number of electrons per unit cell: F(000)=256
Absorption coefficient for Ay,x.(=0.7107 A):
u=140cm-!

The systematic extinctions occur for Akl with A+k odd, for
k0l with either % or [ odd, and for 0k0 with £ odd. The space
group is, therefore, either Cc or C2/c, of which the latter
was adopted on the basis of the plot of the intensity distribu-
tion.10:1)

The intensity measurements were performed using a
Rigaku-Denki automated four-circle diffractometer. The
crystal used for the intensity measurements was 0.4 X 0.4 X
0.5 mm3 in size. The integrated intensities were measured
using the 60—260 (moving-crystal, moving-counter) technique
for all the reflections in the sphere of the sinf/A< 0.70 A-!
radius, with MoK« radiation. The scanning speed was
2°/min, and the scan range was calculated by this formula:

scan range=(0.8+4 1.0 tanf) degrees.

The background counts were measured at the beginning and
at the end of the scan range for a period of 20 seconds and
corrected for the time factor. No correction was made for
absorption. The F values of 52 out of the 780 non-equivalent
reflections within the sphere were set as equal to zero, since
the F values were smaller than the estimated standard devia-
tion of the values, and were not included in the refinement.
In a previous paper® solid-state polymerization by X- or
y-irradiation was reported. The yield of the polymer depends
upon the irradiation temperature. The present measure-
ments were performed at 19 °C; judging from the approximate
constancy of the intensities of the three reference reflections
measured every 25 reflections, such a polymerization was
almost suppressed, the gradual decrease in the observed F
values being 29, at the end of the measurements (the total
exposure was 42 hours). Therefore, the correction for the
time dependence was made for the observed F values. It
was also noticed that the diffraction spots of tetroxocane
crystal were not altered in location and remained fairly
sharp in spite of the polymerization.
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Structure Determination

b-Projection. There are eight equivalent general
positions in the C2/c space group, while the number
of molecules in the unit cell is four. Therefore, the
molecules in the unit cell must be situated at one of
the twofold positions. There are, in this space group,
four sets of centers of symmetry and a set of twofold
rotation axes along the b axis. In the b-projection,
however, these two kinds of symmetry elements are
not distinguishable, and a smaller cell with one mole-
cule can be chosen. The shortness of the b dimension
(4.160 A) indicates that there can be no superposition
of atoms in the b-projection, and the eight-membered
rings are oriented almost perpendicularly to the b axis.
On the b-projection, we could assume a regular octag-
onal ring as a gross structure of the projected molecule,
although the molecular conformation was still un-
certain. Accordingly, as a first step, the molecular
transform of a regular octagonal ring of the tetroxocane
molecule was calculated, taking the polar coordinates
(r, ) and (R, ¢) in the real space and the reciprocal
space respectively. On the regular octagonal model,
there is a fourfold rotation symmetry. The molecular
transform, F, thus can be written by analogy with
the molecular transform of a helix proposed by Cochran,
Crick, and Vand:1?

Fu(R, ¢) = 4331/;Jn(2nRr) exp {in(p —$;+7/2)},

where [, is the Bessel function of the n-th order. In
the present case, only n=0, +4 and 48 need be con-
sidered in the range of sinf/4<0.70 A-1, and the B,’s

for the reference oxygen and carbon atoms are 0 and
7[4 respectively. By using this expression, the molec-
ular transform was evaluated very fast by handwork.
A satisfactory fitting of the squares of the molecular
transform, F_%, to the weighted reciprocal lattice points,
as is shown in Fig. la, was obtained when the oxygen
atom was oriented at an angle of 27° from the c axis
(Fig. 1b). The signs of all the observed F (h0l)’s except
for a few weak ones were determined from the molecular
transform. By two cycles of two-dimensional Fourier
syntheses, the atomic coordinates were refined up to
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Fig. 1. (a) Contour map of F 2 (R, ¢) of the regular
octagonal shape model of tetroxocane molecule and
the weighted (h0[) reciprocal lattice points. (b) Ori-
entation of the model in the crystal lattice.
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the discrepancy factor, R(=X||F,|—|F.||/X|F,|), of
0.12 without hydrogen atoms.

Three-dimensional Structure. A good agreement of
F, and F,. was obtained when the molecular conforma-
tion was a crown form with a twofold rotation axis
and when the center of gravity of the molecule was at
approximate »=0.25. Further refinement was made
using the block-diagonal least-squares method.!® The
R value was reduced to 0.14 by using isotropic thermal
factors. The anisotropic thermal factors were then
introduced, and the R value dropped to 0.09 after six
cycles. Hydrogen atoms were located at this stage
from a difference Fourier synthesis (Fig. 2) and were

Fig. 2. Sections of three-dimensional difference Fourier
synthesis through the atomic centers parallel to the
(010). The contours are at intervals of 0.1 e/A3, start-
ing with 0.2 e/A3.

included in the least-squares refinement with isotropic
thermal factors. In the last stage, the 002 and 111
reflections were excluded from the least-squares cal-
culation because they appeared to be seriously affected
by extinction. The Xw(F,—kF.)? quantity was mini-
mized, where w is the weight function and £ is the
scale factor. At the final stage of the refinement, the
following weighting scheme was employed: w=(4Fpu/
Fo)? if Fo>4Fnm, w=1 if 4Fun>F,>Fun, and w=
0.2 if F,<Fumi, where Fpiu=2.0. The R value drop-
ped to 0.048 for all the observed reflections except
002 and 111, and to 0.051 including these two reflec-
tions. The atomic scattering factors used for the car-
bon and oxygen atoms were those in the International
Tables for X-ray Crystallography, Vol. III,*® while
for hydrogen the values of Stewart et al.® were used.
The final atomic coordinates and thermal parameters
are listed in Table 1. A comparison of the observed
and calculated structure factors is given in Table 2.

Results and Discussion

The molecular dimensions derived from the final
atomic coordinates are shown in Table 3 and Fig. 3.
The molecular conformation of tetroxocane in the
crystal was established to have a crown form, like
that of methaldehyde'® and sulphur,'? though 1,3,5,7-
tetrathiocane (—CH,-S-)4!® was found to exist not in
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Structure of 1,3,5,7-Tetroxocane

TaBLE 1. THE FINAL ATOMIC PARAMETERS AND THEIR ESTIMATED STANDARD DEVIATIONS

585

By, % 10°
X J Z . - .
Bll(B) ‘322 B33 Bu Bl3 B23
C(l) —0.1477(2) 0.2911(5) 0.1633(2) 809(15) 7216(127) 729(13)  642(72) 328(22)  —93(67)
C(2) —0.0476(2) 0.2907(4) 0.3672(2) 1042(17) 5981(109) 663(12) 10(70) 748(23)  —99(61)
O(l) —0.0714(1) 0.1648(3) 0.1030(1) 1001(12) 7094(90) 683(9) —281(53) 464(17) —1153(46)
O(2) —0.1309(1) 0.1446(3) 0.2702(1) 911(11) 5942(77) 827(10) —618(49) 640(17) 72(45)
H(l) —0.142(2) 0.538(6) 0.169(2)  5.4(5)
H@2) —0.235(2) 0.233(5) 0.112(2) 6.0(5)
H(3) —0.038(2) 0.528(5) 0.354(2)  4.2(4)
H(4) —0.074(2) 0.247(5) 0.434(2) 5.7(5)
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The anisotropic temperature factors are of the form: exp[— (By,h%2+ Bypk2+ Bygl2+ Biyhk+ Byghl+ Bygkl)].
The isotropic temperature factors for hydrogen atoms are of the form: exp(— Bsin?§/1%) and are given in A2,
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TaBLE 2. THE OBSERVED AND THE FINAL CALCULATED STRUCTURE FACTORS (X 10)

..,
-
=
-
-
-
x
-
-
-
x
-
-
-
=
-
-
-
=
-
-

] [4 ] 4 ] [4 o 4 o (4 o
6 -0 - . 6 9 129 4132 112 3% -8 9 7 9
2 2 %% B on (k=2) 60 3 B/ 113 18 20 -5 1 m
52 s3 7 0 15. -20 . -6 1N 86 9% -1 1 58 64 -9 2 25
71 - I S 3 e %12 9 6 1 2 & s -9 3 18
K1) 7 2 % e oo o2 ™ B W 19 1 3 42 4 9 oa4
73 22 . 65 13 W 1 4 53 s 905 4
P SN - L 8 0 % 3% -1 5 Hl
250 21 7 4 76 19 0 4 234 227 ] ON R dE e e g 6
A O - B ) g2 o w a7 9% 31 3
[ A S S T S 8 3 128 129 -1 8 30 - -9 9 27
5 .10 0 7 223 223 FR T T I B T .
255 246 7 8 4 0 8 10 -6 I I N S B S I
38 -33 7 9 27 -26 0 9 33 29 Tt 3 3% oan o n % o2n 3
21 3 710 2 o0 u 12 I S I N L B I I
o 3N N B oon oK 8 8 W -5 -113 12 13 1Moo 7
8 S A o0 02 B3 -2 8 9 24 -21 3 0 5 € N 1 2
FER A S I 810 3 31 & 4 N3
a o 1 N 8 1 2 -2 3 2 8 -8 N & &
s Hy 2620 k-1 8 2 32 28 33 % -2 -1 1 1
2 32 -7 5 0 -168 2 1 58 64 ®2 o x s 33 %2 -naow
20 7 6 4 -4 2 2 155 -W LN A S S AL S
% -3 7 7 31 29 2 3 45 -a8 SR S S I LR
23 22 -7 8 4 & 2 4 101 Bp w38 4o N4
ore-me 79 % -6 2 5 ] ok 8 7 15 -4 3 9 20 22 -1 6 2
8 -8 710 92 -2 2 § 73 66 BB R 3 owmomo-ne A
w e 2 7 1m0 e R S-S - S A S A
ae oy SR o noo2 8 60 -6 810 4 -3 312 49 -6 -9 10
FA S L S T BN 4 8 31 N o4 o9
% : B2 W -8 32 3} B oUW
2% I =z »w oz B2 813 47 48 3 4 192 1% 130 8
N 2% o' a4 a4 TR oSG B 21 2 305 106 100 -3 2 8
4 % ) ®» »z tw oo 815 41 40 -3 6 1% -198 -13 3 2
m oo a3 . 0 0. 8 8 -3 7 123 -8 3 5 9
T - A 0 1 50 -4 -3 08 23 24 -3 6 3
: Wz 4 -4 39 13 o2 37 19
24 20 9 4 3% 3 -2 3 A -1 O e T S B S A
15 03 9 5 20 -2 -2 4 13 128 o3 1 18 30 o0
28 123 9 7 27 25 w2 5 203 297 ooy oz oau B =4y
88 378 9 8 18 17 2 6 26 20 U (
30 302 9 9 46 -44 -2 7 5 -5 e B B 30 0 0 M
25 -263 910 16 -6 -2 8 40 -40 10 2 61 -61 5 0 107 108 0 2 43
6 9 -9 1 10 M5 2 9 31 32 oz & ) 30 s 02 4
%@ 2 BoUM 200 =% S0 4 60 -62 5 2 177 -0 0 & 60
76 9 3 M M 21 8 -88 W4 e sz om0t &
8 48 9 4 12 2 212 59 6 e s BoPy e 05 om
53 51 -9 5 172 170 -2 13 29 3 R T A
17 18 9 6 2 31 214 30 28 I B A B N A
AR R B R weoBoE s oo g2
00 37 -39 5 8 43 45 010 19
08 -9 9 62 167 4 1 390 388 A A A
2008 90 0 7 42 3 9 M3 20 2% 5N 12 -3 2 1 3
205 24 -9 1 30 -28 4 3 248 -241 [ L I
PR e A S A S 2 2 w0 12 5 2 W w8 2 4 3
12 3 4 -39 5 3 8 78 2 5 7B
U 35 9 W 42 43 4 6 18 -7 L I I T O A
A M 915 1B - 47 W -1 LA - 2 - e S
VS - S S S L 2 1 23 2% 5 6 NI -N3 2 9 48
g N no 3 o5 43 e 2z 3N 0 5 7 B - 210 10
6 -54 11 1 3 338 411 18 18 2zon w577 W 2w 10
voponz o HRH 2 206 6 W0 5 9 10 W 2 3 2%
2 23 13 W W 413 17 -1 L T I T
235 233 11 4 39 -3 -4 1 12 N e A SR S 0 S N I I
PO L N S e B S M1 G2 9 24 24 52 W - 2 6 8
e none Bow 44 3oz 20 e 14 513 12 -0 2 8 20
N S o 4 F w o 2 n 3 5w & 9 20 13
6 63 -1 1 W6 M3 4 & 69 70 zn I A B B
196 -189 -1l 2 59 56 -4 7 177 -170 R A A
18 175 -1 3 8 -8 -4 B M6 -M6 A A
265 284 -11 4 51 49 -4 9 43 -5] o oz vz o7 4]
W 132 11 5 & 46 -4 10 39 -4 0/ S S A T N
6 -5 -1 6 2 13 41N 2 16 R A - S
S J oz -4 2 88 B 44 s .7 76 17 )5 4 5 7
I o-nos s 4w 11 4 5 28 28 7 71 19 2 4 6 6
27 217 - 9 81 s a5 717 P e+ A A T ST
g o o w60 1o M7 5 5 7.8 16 W 48 2
92 93 - N N 3 6 1 163 158 I S R I I 1]
7 % M2 1 3 6 2 127 DEP I S SN A SR e S B .
27 24 1113 2 18 6 3 19 -0 SRt A A S S L
[ S L B S S S 7 4 13 a3y 4 3 8
243 247 13 1 19 -20 6 6 99 -97 (k=3) dron R o4t o3
213 205 13 2 9 0 6 7 3 -4 T T A
19 -126 13 3 20 -15 6 8 62 60 U T T S L T -
M 14 o2 69 2 2 11 8 a8 78 @ -y 4T %
B M2 -3 1 18 -6 610 29 27 L - A S e e T
Wy o pow 2o 14 128 4135 711 2% 25 410 15
A o ] 15 122 -6 .7 W 32 -2 -4 W
-222 -13 6 31 -31 -6 3 28 292 L A S R+ S S S |
8 -87 13 B 18 18 6 4 17 -13 17 % % 91 4 -4 60 u
2 20 1310 W 4 65 7 -7 U L S T | D
2z oz - oo 66 47 10 51 48 9 4 2 2 63 10
B 3 32 13 %7 10 -0 L T T T S S B
12 -0 <1313 48 -7 -6 8 60 -8

-
=
-

'
o
'
o

OV AUN—ODNNNAWN—BWN ~ONONAUN—~NNAUN~ODNNEWNALNONAIWN =0 —~ OVONANAWN =N ——OORANEWNNAWN—~ORN—SOORNANEWN =D NN



586

TABLE 3. MOLEGULAR DIMENSIONS OF TETROXOCANE

Bond lengths (A)
O()-C(1)  1.411(3)  C(I)-H(l)  1.03(2)
C(1)-0(2) 1.399(2) C(1)-H(2) 1.03(3)
0(2)-C(2) 1.405(3) C(2)-H(3) 1.01(2)
C(2)-O(1’)  1.396(3) C(2)-H#4) 0.97(3)
Bond angles (°)
O(1)-C(1)-0(2) 113.6(2) O(1)-C(1)-H(2) 104(1)
C(1)-0(2)-C(2) 117.2(2) O(2)-C(1)-H(1l) 113(1)
0(2)-C(2)-0(1") 113.9(2) O(2)-C(1)-H(2) 107(1)
C(1)-0(1)-C(2) 116.0(2) O(2)-C(2)-H(3) 112(1)
H(1)-C(1)-H(2) 108(2) O(2)-C(2)-H(4) 109(2)
H(3)-C(2)-H¢4) 113(2) O(1)-C(2)-H(3) 105(1)
O(1)-C(1)-H(1) 111(1) O(1)-C(2)-H(4) 105(1)
Torsion angles (°)
C(2)-0O(1) 83.7 C(1)-0(2) 93.6
O(1)-C(1) —83.6 0(2)-C(2) —94.1
Intramolecular H---H distances (&)
H(1)--H(3) 2.20(3) H(1)---H(3) 2.16(3)

Estimated standard deviations shown in parentheses
refer to the last decimal positions.

~
S
<

H(2')

Fig. 3. Bond lengths, bond angles and torsion angles
(shown in parentheses) of tetroxocane molecule.
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a crown form but in a boat-chair form in the crystalline
state. On a closer examination, the molecular con-
formation of tetroxocane in the crystal is found to
depart from the regular crown form: the molecular
shape has an approximate C,, symmetry but an exact
C, symmetry. That is, the crown is elongated in the
direction of O(1):-O(1") (3.448A) and is shrunk
along the direction of O(2)---O(2") (3.190 A). The
difference, 0.258 A, is significant. The torsion angles
about the four independent C—-O bonds thus appear
in two distinguishable values: two bonds with 83.7
and —83.6° and the other two bonds with 93.6 and
—94.1°, The average C—-O bond length is 1.403 A,
and the average C-O-C and O-C-O bond angles
are 116.6 and 113.8° respectively. This deformation
from the regular crown form with the tetrahedral
angle may be due to the steric effects of the hydrogen
atoms. If a regular crown form is constructed from
the normal bond lengths and the tetrahedral angle,
the torsion angle is calculated to be 96°58’ and the
H---H distances become 1.90 A, while the actual short
H---H distances in the distorted crown form were
found to be 2.16 and 2.20 A. Table 4 shows the
molecular dimensions of the cyclic oligomers of formal-
dehyde from trimer to hexamer. The average C-O
bond length in the tetroxocane is the shortest. This
may be partly due to the thermal motions. Except for
trioxane, the C-O-C bond angles are larger than
the O-C-O bond angles, but all the C-O-C and
O-C-O bond angles are evidently larger than the
tetrahedral angle, 109°28’. The increase in the bond
angles, especially those of the C-O-C bond angles,
may compensate for the intramolecular steric hin-
drances. The bending force constant of C-O-C is
smaller than that of O-C-O. Therefore, the larger
increase in the C~O-C bond angles might be favorable
in terms of the conformation energy.

Table 5 lists the root-mean-square vibration am-

CYCLIC OLIGOMERS OF FORMALDEHYDE

Molecular (-CH,y~0-)s (-CH,-O-), (-CH,-O-); (-CH,~0-),
symmetry Csy~3m C,-2 C,-2 Cy-3
Method X» M® ED% X X X
C-0(4) 1.421 1.411 1.411 1.403 1.410 1.411
C-H(A) 1.07 1.09® 1.116 1.01 1.00 1.06
0-C-0(°) 109.6 111.2 111.0 113.8 111.8 114.0
C-0-C (°) 110.4 108.2 109.2 116.6 115.6 115.4
H-C-H (%) 114 109.5% 111.8 111 112 116
Intramolecular 2.46 2.16 2.17 2.13
H..-H distance (A) 2.20 2.20
C-O torsion angle (°) 58.8 83.7 —72.9 —84.3
—58.8 —83.6 118.7 85.5
93.6 —84.2
—94.1 123.4
—69.8
Ref. 19) (at —170 °C) 20) 21) This work 22) 5)

a) Average values of independent bond lengths and bond angles when there are independent
values. b) X-ray diffraction c¢) Microwave d) Electron diffraction e¢) Assumed value.
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TaABLE 5. TEMPERATURE PARAMETERS (B;) AND r.m.s. DIs-
PLACEMENTS(U;) ALONG THE PRINCIPAL AXES OF THE
THERMAL ELLIPSOIDS AND THE ANGLES BETWEEN THE
PRINCIPAL AXES AND THE CRYSTALLOGRAPHIC
a, b, AND c* AXES
(@40 @gpy and @ge+)

i B(A?) Uc(A) 0, (%) 0p°) ©(°)
C(1) 1 3.48 0.210 39 107 56
2 4.40 0.236 125 90 36
3 5.13 0.255 103 163 99
C(2) 1 3.13 0.199 119 84 30
2 4.14 0.229 87 6 95
3 4.97 0.251 30 91 61
Oo(1) 1 3.03 0.196 93 60 30
2 4.86 0.248 177 91 92
3 5.59 0.266 90 30 120
0O(2) 1 3.48 0.210 42 50 101
2 4.51 0.239 99 97 169
3 4.74 0.245 49 139 90

plitudes along the principal axes of the thermal ellip-
soids and the angles between the principal axes and
the crystallographic a, b, and c* axes. The thermal
motion of each skeletal atom is predominant in the
direction perpendicular to the plane formed by the
atom and both neighboring atoms. Such a feature
has previously been found in the cases of pentoxecane??)
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Fig. 4. (a) Crystal structure viewed along the b axis.
(b) Crystal structure viewed along the c axis.
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and hexoxecane.” In the case of hexoxecane, a rigid
body approximation??*29 was undertaken for the mole-
cule of the 3 symmetry, but no reasonable result could
be obtained. These facts might imply that, besides
the translational and vibrational motions, intramolec-
ular motions, e.g., torsional and bending motions, are
also appreciable in these cyclic oligomers. Since we
do not yet know the mode of the intramolecular motions,
corrections of bond lengths and bond angles for the
thermal motions were not made.

TABLE 6. INTERMOLECULAR ATOMIC DISTANCES

G---0 (A) C-..C (4)
C(l,a)---O(1,b) 3.86 C(2,2)---C(2,f) 3.54
C(l,a)-0@2b) 3.7  C(2a)--C2g) 3.9
C(2,a)--O(2,b) 3.77 C(l,2)---C(L,h) 4.18
C(2,2)---O(l,c) 3.86 C(l,a)---C(2,h) 3.98
C(2,2)---O(l,d) 3.75 C(2,2)---C(1,h) 3.98
C(2,a)--O(l,e) 3.53 C(l,2)---C(1,i) 3.96
C(l,a)---O(2,h) 3.25
C(l,2)---O(1,i) 3.79

a:x,9,2; brx, 14y, 2z; ¢t —x, 149, 1/2—2; d: «,
1=y, 1/2+2z;5 €12, —9, 124251 —x, 1—p, 1—2; g:
—x, —y, l—z; h: —1/2—x, /24y, 1/2—2; i: —1/2
—x, 1/2—p, —2.

The molecular packing is shown in Fig. 4. The
ring molecules are piled up along the b axis. The
shortest intermolecular (between centers of gravity)
distance of 4.16 A is in the b direction, along which the
dipole moment vectors of all the molecules in a row
are parallel. Some short intermolecular atomic dis-
tances are shown in Table 6. The closest C:--O
distance is 3.25A. The C--C distances are longer
than 3.92 A except for the 3.54 A of C(2,a)---C(2,f).

The authors wish to thank Professor H. Tadokoro.
of Osaka University for his interest in the work and
his constant encouragement.
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