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Structural Studies of Polychlorinated Hydrocarbons.
11.* Hexachloroxanthene and Hexachloroxanthone
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The crystal structures of the two related compounds 1,3,4,6,7,9-hexachloroxanthene (C;3H4ClsO) and
1,3,4,6,7,9-hexachloroxanthone (C;3H,ClsO;) have been determined by X-ray diffraction techniques.
Both structures are monoclinic, space group P2,/n with a=16:114 (4), b=11-950 (2), c=7-254 (1) A,
B=9229 (2)°, Z=4, D,=1-85 g cm~3 and a=15-960 (3), b=11-833 (2), c=7-348 (2) A, B=93-11 (2)°,
Z=4, D,=1-93 g cm~3, for the xanthene and xanthone derivatives respectively. Both structures were
refined to R values of 0-06. The molecules of both compounds were found to be almost planar, with
the largest deviation of the nonhydrogen atoms from planarity being shown by the pyranoid ring of
the hexachloroxanthene molecule. The crystal structures are built up by successive layers (separation
3-4 A) of nearly coplanar molecules, where the centroids of the molecules are approximately hexagon-

ally distributed within one layer.

Introduction

The structure investigations of the two related hexa-
chloro-substituted xanthene derivatives, 1,3,4,6,7,9-hex-
achloroxanthene and 1,3,4,6,7,9-hexachloroxanthone
(¢f. Fig. 1), reported here are part of a research project

* Part I: Norrestam, Palm, Jensen & Sundstrom (1976).

1 Present address: Chemistry Department B, The Technical
University of Denmark, DTH 301, DK-2800 Lyngby, Den-
mark.

concerning structural studies of polychlorinated hydro-
carbons. Suitable specimens (G6the & Wachtmeister,
1972; Eklund-Westlin, G6the & Wachtmeister, 1976)
were kindly supplied by Dr R. Gé&the, University of
Stockholm. The following experimental details apply
to studies of both compounds. Single crystals suitable
for X-ray studies were obtained by slow evaporation
of ethanolic solutions. Preliminary examination of the
crystals by photographic X-ray techniques revealed
monoclinic symmetry with the systematic extinctions
characteristic of the centrosymmetric space group
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P2,/n. Unit-cell parameters with e.s.d.’s were deter-
mined both from Guinier powder photographs taken
with potassium chloride as internal standard, and
from diffractometer measurements of the selected
single crystals. All deviations between these two sets of
parameters were within three e.s.d.’s. Full three-
dimensional single-crystal X-ray diffraction data were
collected by the w-26 scan technique on a computer-
controlied four-circle diffractometer (PW 1100) with
graphite-monochromatized Cu K« radiation.

The intensity data collected were corrected for
geometrical as well as for absorption effects. The
structures were solved quite straightforwardly by con-
ventional direct methods (Karle & Karle, 1966). The
resultant £ maps clearly showed the positions of all
nonhydrogen atoms. The structural models, including
the predictable hydrogen positions, were refined by
full-matrix least-squares methods. In the final refine-
ment cycles, with Hughes’s weighting scheme, the non-
hydrogen atoms were allowed to vibrate anisotropi-
cally and the hydrogens isotropically. All parameters
shifted less than one e.s.d. in the last cycle. The atomic
scattering factors were taken from International Tables
Sfor X-ray Crystallography (1974). Some further details
of the computations are given in Table 1. The final
structural parameters, with e.s.d.’s, are listed in Tables
2,3, 4and 5.*

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 31847 (5 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 1NZ, England.

Table 1. Some relevant details of the data collection and
of the structure determinations

Hexachloroxanthene Hexachloroxanthone

Crystal size 0:-16x 016 x0-12 mm 0-08 X008 % 0-25 mm
Linear absorption

coefficient () 114-6 cm ™" 1162 cm™!
Total number of

measured inde-

pendent reflexions 1914 1757
Acceptance limit

o (Lne)/ ner 0-303 0-25
Accepted re-

flexions 1073 1180
Normalized struc-

ture factors used (E1=1-7) 171 (JE|=1:4) 250
Best triple

relations 885 1800

Number of solu-
tions of triple
relations 2 4
Parameters to

describe the final

structural model 197 198
Final linear R
value based on
accepted reflexions
(strongest reflex-
ion, 202, omitted)

0-064 0-061
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Discussion

The molecular arrangements in the unit cells are shown
in Figs. 2 and 3. The crystal structures may be regarded
as comprised of successive layers of approximately
coplanar fairly close-packed molecules with the molec-
ular centroids within one layer in hexagonal arrange-
ments. The set of planes containing the molecules has

Table 2. Hexachloroxanthene: fractional atomic coor-
dinates and hydrogen isotropic temperature factors with

e.s.d.’s
x y z B (AY

(0] 0-4285 (3) 0-4821 (5) 0-6838 (8)

Cl(1) 02720 (3) 05764 (2)  0-5711 (4)

CI(3) 0-4195 (2) 0-9717 (2) 0-7004 (5)

Cl(4) 0-5856 (2) 0-8469 (2) 0-8197 (4)

CI(6) 07296 (2) 04547 (2)  0-9289 (4)

CI(7) 0-7070 (2) 0-1929 (2) 0-9020 (4)

CI(9) 03898 (2) 02513 (2) 06714 (4)

C() 0-3587 (5) 0-6520 (7) 0-6405 (12)

C(2) 0-3545 (6) 0-7682 (7) 0-6427 (12)

C3) 0-4260 (6) 0-8265 (7) 0:6977 (12)

C@4) 0-4982 (5) 0-7730 (7) 0-7504 (12)

C(5) 0-5825 (5) 0-5954 (7) 0:7996 (14)

C(6) 06357 (5) 03990 (7)  0-8551 (11)

C(7 0-6258 (5) 0-2821 (7) 0-8466 (12)

C(8) 0-5509 (5) 0-2378 (7) 0-7907 (12)

c9) 0-4853 (5) 0-3051 (7) 0-7401 (12)

C(la) 0-4318 (5) 0-5982 (6) 06914 (11)

C(5a) 0-5027 (5) 0:6556 (6) 0-7458 (11)

C(6a) 0-5703 (5) 0-4692 (6) 0-8005 (11)

C(9a) 0-4965 (5) 0-4215 (6) 0-7423 (11)

H(2) 0-299 (8) 0-802 (10) 0617 (17) 8-5 (33)
H(8) 0-543 (5) 0-153 (6) 0-787 (10) 39 (15)
H(5)1 0-608 (6) 0-624 (7) 0-933 (13) 50 (21)
H(5)2 0-631 (6) 0619 (8) 0-704 (13) 5-7 (21)

CUB) s sy A
Cl(7) Cl(3)

H(8} H(2)
Cl(9) Ci{1)
@
Ci(6) 0(2) Cl{4)
Cl(7)
H(8)

CH(9)

CH{1)
[t}

Fig. 1. Schematic structural formulae for (4) hexachloro-

xanthene and (b) hexachloroxanthone.
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Table 3. Hexachloroxanthene: anisotropic thermal
parameters ( x 10%) with e.s.d.’s

The temperature factor expression used is
€Xp [— (hzbu + kzbzz + Izbg_] + hkb12 + h1b13 + klbz;)].

bll bZZ b33 blZ le bZJ
o) 27(3) 52(5 263(16) —3(6) —24(10) —1 (13)
Cl(1) 26(1) 67(2) 220(6) —5(2) —16(4) —3(5)
CI(3) 50(2) 43(2) 452(10) 7(3) 10(6) —~26(6)
Cl(4) 36(1) 57(2) 279(7) —26(2) 0(4) —33(6)
Ci(6) 25(1) 83(2) 213(6) —1(2) —17(4) —12(6)
CI(7) 36(1) 77(2) 295(7) 43(3) 0(4 12(6)
CI(9) 32(1) 51(2) 253(6) —14(2) —14(2) 11(6)
C(l) 22@4) 58(7) 202(21) —-1(8) 6(13) 1(19
C(2) 32(4) 58(7) 167(20) 14(9 13(14) 12(19)
C(3) 39(5 45(7) 250(25) 6(9) 32(16) —16 (22)
C@4) 34(4) 56(7) 189 (22) —16(9) 31 (14) —17 (20)
C(5) 24(4) 53(7) 230(25) 0(8) —1(15 —23(20)
C(6) 27(4) 71(8) 143(20) —9(8) 45(13) 19 (18)
C(7) 23(4) 68(7) 159(20) 12(8) 15(13) —3(18)
C(8) 33(4) 51(7) 178 (21) 12(9) 48(14) 10(20)
C(9) 39(4) 44(6) 158(19) 1(8) 38(14) 3(18)
C(la) 29(4) 40(6) 162(20) —9(8) 14(13) 12(17)
C(5a) 35(4) 45(7) 154(19) —10(8) 29 (14) 3 (17)
C(6a) 19(4) 53(7) 157(20) 1(8 37(13) —7(17)
C(9a) 24(4) 54(7) 160(19) 17(8) 9(13) 13(18)

the indices (202) with the interplanar spacings of 3-35
and 3-39 A for the hexachloroxanthene and hexa-
chloroxanthone structures respectively. The inter-
molecular distances listed in Tables 6 and 7 predom-
inantly indicate van der Waals interactions between
molecules in both structures.

Tables 8 and 9 give the deviations of the atoms from
least-squares planes through the ring systems of the
two molecules. Both molecules are roughly coplanar
as regards the nonhydrogen atoms, despite the fact
that the C(5) and O atoms of the pyranoid ring in the
xanthene derivative are expected to be tetrahedrally sp*-
hybridized (¢f. Fig. 4). The largest deviations from the

R. NORRESTAM AND T.-B. PALM 3015

least-squares planes, 0-10 for the xanthene and 0-15 A
for the xanthone molecules, are exhibited by the Cl
substituents. However, there are other small but signif-
icant deviations from planarity. To analyse these in
more detail, all the torsion angles and their e.s.d.’s
(Stanford & Waser, 1972) within the ring systems were
calculated. The torsion angles in the benzenoid rings
of both molecules are all less than three e.s.d.’s, while
some in the pyranoid rings deviate significantly from 0°.
Thus, in the xanthene derivative the torsion angles
within the pyranoid ring about the bonds C(5a)-C(5),
C(5)-C(6a), C(9a)-O and O-C(la) differ significantly

Table 4. Hexachloroxanthone: fractional atomic coor-
dinates and hydrogen isotropic temperature factors with

e.s.d.’s

X y z B (AY
o(l) 0-3031 (4) 0:4925 (5) 0-5574 (9)
0(2) 0-5152 (5) 0:6494 (6) 0-7603 (13)
CI(1) 0-1462 (2) 0-5821 (3) 0:4319 (4)
CI(3) 0-2929 (2) 0-9839 (2) 0-5388 (4)
Cl(4) 0-4568 (2) 0-8702 (3) 0-6866 (4)
Ci(6) 06030 (2) 04483 (2)  0-8508 (4)
CI(7) 0-5697 (2) 0-1908 (3) 0-8271 (4)
CI(9) 0-2670 (2) 0-2622 (2) 0-4988 (4)
C(la) 03063 (6) 0-6075(7)  0-5643 (12)
C(1) 0-2329 (6) 0-6602 (8) 0-5005 (13)
C(2) 0-2290 (6) 0:7763 (8) 0-4948 (13)
C(@3) 0-3003 (6) 0-8372 (7) 0-5544 (14)
C(@) 03727 (6) 07865 (8)  0-6208 (12)
C(52) 0:3771 (6) 0-6669 (8) 0-6293 (12)
C(5) 0-4518 (6) 0-6032 (8) 0-7007 (14)
C(6a) 0-4435 (5) 0-4769 (8) 0-6943 (12)
C(6) 0-5075 (6) 0:4017 (8) 0-7574 (12)
C(7 0-4946 (6) 0-2862 (8) 0-7456 (13)
C(8) 0-4212 (6) 0-2425 (10) 0-6662 (14)
C©9) 0-3589 (6) 0-3134 (8) 0-6020 (12)
C(9a) 0-3706 (6) 0:4297 (8) 0-6179 (12)
H(Q2) 0-168 (6) 0-824 (7) 0-441 (11) 3-1(1-9)
H(8) 0-413 (6) 0-173 (7) 0662 (11) 6 (1-9)

Table 5. Hexachloroxanthone: anisotropic thermal parameters ( x 10%) for the nonhydrogen atoms with e.s.d.’s
The temperature factor expression used is exp [— (#2511 + k?bayy + IPbsz + hkbz + hlbys + kb))

bll b22 b33
o) 25 (3) 55 (5) 238 (15)
o) 37 (4) 66 (6) 510 (26)
Ci(1) 27 (1) 65 (2) 331 (8)
CI(3) 44 (2) 44 (2) 317 (8)
Ci(4) 35(2) 57 (2) 280 (7)
Ci(6) 25 (1) 72 3) 226 (6)
Ci(7) 33(2) 71 (2) 256 (6)
Ci(9) 29 (1) 53 (2) 272 (7)
C(la) 26 (4) 45 (8) 166 (20)
c(l) 27 (4) 52 (8) 210 (23)
c) 22 (4) 54 (8) 220 (22)
Cc3) 39 (5) 38 (7) 216 (23)
C(4) 34 (5) 63 (9) 152 (20)
C(5a) 30 (5) 60 (9) 158 (21)
c(s) 33 (5) 53 (9) 194 (22)
C(6a) 27 (4) 50 (7) 141 (18)
C(6) 23 (4) 79 (10) 146 (19)
(7 27 (4) 60 (8) 177 (20)
C(8) 33 (5) 50 (9) 222 (24)
C(9) 23 (4) 55 (8) 180 (22)
C(9a) 25 (4) 63 (8) 162 (20)

blZ bll b23
2(7) —36(10) —11(15)
—21(8) —125(15) =23 (21)
-1(3) —91 (5) —14(7)
6 3) —59 (5) 16 (6)
—18(3) —60 (5) —25(6)
0(3) —61 (4) —8 (6)
30 (3) —53(5) 46 (6)
—8(3) —~70 (4) —15(6)
0(9) —11 (14) 1(19)
18 (9) —29 (15) 2 (20)
0 (9) —19 (15) 16 (21)
8 (9) —16 (17) 13 (19)
—2(10) —~13 (15) 421)
1(9) —11(15)  —10(19)
—~7(10) ~19 (16) -7Q1)
2(9) —11 (14) —8(19)
0 (10) —32(14) 421
9 (9) —25(15) 19 (21)
12 (11) —29 (16) 18 (24)
-1(9) —35(15)  —34(21)
9 (10) —21(15) —18(21)
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from 0°, viz 4-8, —5-3, 3-3 and —3-8° (e.s.d.’s [-1°) torsion angle about the C(6a)-C(9a) bond, 4:1° (e.s.d.
respectively. This distribution of ring torsion angles 1:3°), indicates a significant out-of-plane deviation: a
indicates that the hexachloroxanthene pyranoid ring very small twist along the elongation of the xanthone
deviates from planarity towards a boat conformation. molecule is suggested. Due to the geometry of the
In the hexachloroxanthone pyranoid ring only the pyranoid rings and possibly also to steric factors as-

®

Fig. 2. Stereoscopic packing diagrams (origin in upper right corner) of the hexachloroxanthene structure viewed (a) along the
¢ axis and () along the b axis.

®

Fig. 3. Stereoscopic packing diagrams (origin in upper right corner) of the hexachloroxanthone structure viewed (@) along the
¢ axis and (b) along the b axis.
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Table 6. Hexachloroxanthene: intermolecular distances
less than 3-6 A with e.s.d.’s

O - C(64)! 3-562 (10) Ci(7)- --Cl(9H"  3:534 (4)
O - C(94)' 3-555(10)  CI(9)---H(52' 3-139 (88)
CREREE H(3)2! 3:171(89)  C@2)----C@8)'  3:549 (12)
Cl(1)- - -CI(4)"™ 3-570 (4) C@3)----H@)'  3-579 (69)
CI(1)-+-CI(7)* 3-586 (4) C(9)----C(5a)'  3-579 (12)
Cl(1)---C(6)! 3496 (9) C(la)---C(9a)t 3402 (11)
CI(1)- - -H(5)2! 3-478 (87) H(2)- - -H(5)H1"™ 3414 (144)
Cl(6)- - -H()!"t  3-383 (116)

Symmetry code

None X, A z (iii) t4+x, 13—y, 3+2z
) 1-x,1=p 1~z (iv) —%+x, 13-y, —3+z
(i)  $+x, 31—y, 4+2 )] ~3+x, 1—y, —4+z

Table 7. Hexachloroxanthone: intermolecular distances
less than 36 A with e.s.d.’s

o(1)- --Cl(6)' 3-496 (7) Ci(7)---CID!  3-375 (5)

O@2)---C(8)'  3-583 (14) CI(7)---CB)'  3-593 (10)
0(2):--C(9)' 3-450 (13) Ci(7)- - - C(4)! 3-476 (9)
0(2)- --C(9a)' 3-532(13) C(5) ---C(6)! 3-463 (14)
CI(1)- - -CI(4)'v 3-480 (4) C(5):++-C(6a)! 3-555(13)
Ci(1)---CI(7)*  3-522 (5) C(6)---C(5a)  3-562 (13)
CI(3)- - -Cl(6)"* 3360 (4) C(7)----C(5a)'  3-564 (13)
Cl(4)---C®)'  3-583 (11) C(6a)-- C(6a)' 3-501 (17)
CI(6)- - -C(la)'  3-510 (9)

o) - --H@" 273 (9)

Cl(4)- - -H(8)! 343 (8)

Ci(6)- - -H(2)" 295 (8)

CI(9)---H(Q"  3-53(8)
Symmetry code
None X, ¥, z (ivy —3+x, 13-y, —3+2
(i) l—xy l—yy -2z (V) _%+x’ %—y! —'%+Z
(i)  3+x, -y, 3+z vi)  1—x, 3+y, 13—z
(i) $+4+x, 13—y, 342

Table 8. Hexachloroxanthene: deviations of the non-
hydrogen atoms from least-squares planes

The atoms indicated with an asterisk were omitted from the
calculations of the planes.

0 —0-066 A C4) 0-029 A
Cl(H* -0024 Cc(5) —0074
CI(3)* 0-097 C(6) 0-030
Ci(4)* 0-049 c 0-024
Cli(6)* 0-047 C(8) 0-030
Ci(7)* —0020 C(9) 0-025
Cl(9)* 0-051 C(la) ~0-031
(1) 0-001 C(5a) —0-027
Cc) 0-039 C(6a) —0-004
Cc@3) 0-043 C(9a) -0-019

R.m.s. deviaton of the atoms from the plane 0-027 A.

sociated with the chlorine substitution, both molecules
are slightly bent within the molecular planes. This
bending gives rise to different CI(1)- - -CI(9) and CI(4)
.- CI(6) intramolecular distances, 4:37 and 5-28 A in
hexachloroxanthene and 4-26 and 5-61 A in hexa-
chloroxanthone.

3017

Table 9. Hexachloroxanthone: deviations of the non-
hydrogen atoms from a least-squares plane

The atoms indicated with an asterisk were omitted from the
calculation of the plane.

C(1a) 0-014 A CO) —0055A
() 0-055 C(9a) —0-029
Cc(2) 0-033 o(l)" —0-006
Cc(3)  —0028 *CI(1) 0155
C@d)  —0043 *CI(3) —0-095
C(5a) —0-008 *Cl(4) —0-148
c(5)  —0003 *0(2) —0012
C(6a) 0-014 *CI(6) 0046
C(6) 0-033 *CI(7) 0116
(7 0-043 *CI(9) —0-158
Cc(8  —0-018

R.m.s. deviation of the atoms from the plane 0-024 A.

Table 10. Hexachloroxanthene: intramolecular bond
distances (A) and angles (°) with e.s.d.’s

Cl()-C1) 1722 (9) C(5)—C(6a)  1-521 (11)
CI(3)-C(3) 1738 (9 C(6a)-C(6) 1-392 (11)
Cl(4)-C@4) 1720 (9) C(6)—C(7) 1-406 (12)
Cl(6)—C(6)  1-719 (9) C(7)—C(8) 1-366 (12)
CNH-C(D) 1722 (9) C(8)—C(9) 1-366 (12)
CI(9)-C(9) 1722 (9) C(9)—C(9a)  1-403 (11)
C(la)-C(1)  1-380 (11) C(9a)-C(6a) 1370 (11)
C()—C(2)  1-390 (12) C(9a)-0 1-367 (9)
C(2)—C(3)  1-391 (13) O———C(la) 1390 (9)
C3)—C4) 1369 (12) H(2)—C(2) 1-00 (12)
C(4)—C(5a)  1-406 (11) H(8)—C(8) 102 (8)
C(5a)-C(1a) 1376 (11) H(5)1-C(5) 1-09 (10)
C(5a)-C(5)  1-510 (11) H(5)2-C(5) 111 (9)
O——C(1a)-C(5a) 122:6 (7)  H(5)2-C(5)—C(6a) 110 (5)
O0——C(1a)-C(1) 1151 (7)  H(5)1-C(5—H(5)2 103 (7)
C(5a)-C(1a)-C(1) 1224 (7)  C(5)—C(6a)-C(9a) 121-4 (7)
C(1a)-C(1)—CI(I) 120:5(7)  C(5—C(6a)-C(6) 120-2 (8)
C(1a)-C(1)—C(2) 1202 (8)  C(9a)-C(6a)-C(6) 1184 (7)
Cl(1) -C(1)—C(2) 1192(7)  C(6a)-C(6)—CI(6) 120-2 (7)
C(1)—C@2)—H(?2) 117 (7) C(6a)~C(6)—C(7) 1202 (8)
C(1)——C(2)—C(3) 1176 (9  Cl(6) -C(6)—C(7) 119-7 (7)
H(2)—C(2)—C(3) 125 (7) C(6)—C(NH—CI(7) 121-4 (7)
C(2)—C(3)—CI(3) 1170(7)  C(6)—C(H—C@) 1197 (8)
C(2—C(3)—C@) 1221 (8) CI(7) -C(H—C(8) 1189 (7)
CI(3) ~-C(3)—C(4) 1210 (7)  C(7)—C(8)—H(8) 120 (4)
C3)—C(4)—Cl@d) 121-2(7)  C(H—C@B)—C(®) 1211 (8)
C(3)—C(4)—C(5a) 120-3 (8) H(8)—C(8)—C(9) 119 (4)
Cl(d) -C(4)—C(5a) 118:5(7)  C(8)—C(9)—CI(9) 122:0 (7)
C(4)—C(5a)-C(la) 117-4 (8)  C(8)—C(9)—C(9a) 118-9 (8)
C(4)—C(5a)-C(5) 1209 (7)  Cl(9) -C(9)—C(9a) 1191 (7)
C(1a)-C(5a)-C(5) 1217 (7)  C(9)—C(9a)-C(6a) 121-7 (8)
C(5a)-C(5)—H(5)1 112 (5) C(9)—C(9a)-0  114:9 (7)
C(5a)-C(5)—H(5)2 110 (5) C(6a)-C(9a)-O  123-4 (7)
C(5a)—C(5)—C(6a) 1114 (1)  C(9a)-O———C(la) 119-2 (6)
H(5)1-C(5)—C(6a) 110 (5)

The average values of the intramolecular C-C bond
distances (cf. Tables 10 and 11) within the benzenoid
rings, 1-:385 (15) and 1-388 (16) A for xanthene and
xanthone respectively, agree well with the normal
aromatic value, 1-395 A (Sutton, 1965). The C-Cl
bond distances average 1-724 (7) and 1-726 (10) A
respectively, in close agreement with the 1-74 (2) A
found in similar compounds (De Lacy & Kennard,
1972). The C(6a)-C(5) and C(5a)-C(5) bond distances,
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Table 11. Hexachloroxanthone: intramolecular bond
distances (A) and angles (°) with e.s.d.’s

Cl(H-C()  1-717 (10) C(5)—0(2) 1-211 (13)
CI(3)-C(3) 1743 (9) C(5—C(6a) 1501 (13)
Cl(4)-C@d) 1717 (10) C(6a)~C(9a) 1383 (13)
Ci(6)-C(6)  1-727 (10) C(6a)—C(6) 1-413 (13)
CI(N~C(7) 1729 (10) C(6)—C(7) 1-385 (13)
Ci(9)-C(9)  1-724 (10) C(7)—C(8) 1-380 (14)
C(la)-C(1)  1-386 (13) C(8)—C(9) 1-365 (14)
C(la)-C(5a) 1394 (13) C(9—C(9a) 1393 (13)
C()—C(2)  1-376 (13) C(9a)-0(1) 1-363 (11)
C(2—C(3)  1:396 (13) 0(1)—C(la) 362 (10)
C(3)—C@)  1-368 (13) C(2)—H(2) 17 9)
C@)—C(5a) 1-417 (13) C(8)—H(8) -84 (9)
C(5a)-C(5)  1-481 (13)

O()—C(1a)-C(1) 1140 (8)
0(1)—C(1a)-C(5a) 123-0 (9)
C(5a)-C(1a)-C(1)  123-0 (9)
C(1a)-C(1)—CI(1) 1207 (8)
C(1a)-C()—C(2) 1196 (9)
CI(-C(H)—C(2) 119-7 (8)
C()—C(2)—H(?2) 121 (4)

C()—C(2)—C@3) 1182 (9)
H(2)—C(2)—C(3) 120 (4)

C(2)—C(3)—CI(3) 1162 (8)
C(2)—C(3)—C(4) 1229 (9)
CI(3)-C(3)—C(4) 1209 (8)
CB3)—C(4)—Cl(4) 1187 (8)
C(3)—C(4)—C(5a) 1196 (9)
Cl(4)~C(4)—C(5a) 121-8 (8)
C(4)—C(5a)-C(5) 124-1 (9)
C(4)—C(5a)-C(1a) 1168 (9)
C(1a)-C(5a)-C(5) 1191 (9)
C(5a)-C(5)—0(2)  122:6 (9)
C(5a)-C(5)—C(6a) 115-4 (8)

1
1
0

0(2)—C(5)—C(6a) 1220 (9)
C(5)—C(6a)-C(6) 123-8 (8)
C(5)—C(6a)-C(9a) 1190 (8)
C(9a)-C(6a)-C(6) 117:2 (9)
C(6a)-C(6)—Cl(6) 122+4 (8)
C(6a)-C(6)—C(7) 1199 (9)
Cl(6)~C(6)—C(7) 1177 (8)
C(6)—C(D)—CI(7) 1216 (8)
C(6)—C(NH—C(B) 1211 (10)
Cl(7)—-C(1)—C(8) 1173 (8)
C(7)—C(8)—H(8) 121 (6)
C(NH—C(8)—CO) 120-1 (11)
H(8)—-C(8)—C(9) 119 (8)
C(8)—C(9)—CI(9) 121-1 (8)
C(8)—C(9)—C(%a) 1191 (10)
Cl(9)—C(9)—C(9a) 119+4 (8)
C(9)—C(9a)-0(1)  114-3 (9)
C(9)—C(9a)-C(6a) 122:8 (9)
C(6a)-C(9a)-0(1) 1230 (9)
C(82)-O(1)—-C(1a) 120-4 (8)

which are about 1-52 A in hexachloroxanthene, are
shortened to about 149 A in hexachloroxanthone,
probably due to the adjacent C(5)-O(2) double bond.
The observed C-O distances in the pyranoid rings,
ranging from 1-36to 1:39 A, agree with the usual single-
bond distance of 1-:37 A (Sutton, 1965).

This investigation was performed during a course in
structural chemistry given at the University of Stock-
holm. The authors are indebted to Professor Peder
Kierkegaard for his continous interest in this study.
They are also indebted to Dr Rolf G&the at the Wal-
lenberg Laboratory, Stockholm, for supplying the
crystals.
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Fig. 4. The molecular geometries of (@) hexachloroxanthene
and (b) hexachloroxanthone. The nonhydrogen atoms are

represented by their thermal ellipsoids, the hydrogens are
drawn with constant radii.
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