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The Crystal and Molecular Structure of 6a-Thiathiophthene
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6a-Thiathiophthene crystallizes in the orthorhombic space group
Prnma with four molecules in a unit cell of dimensions: a="17.768(8),
b=15.784(6), and c¢=5.385(2) A.

The structure was solved from Patterson and Fourier syntheses,
and the atomic parameters were refined by the full-matrix least
squares method. The refinement comprises the 1145 independent
reflections (MoKa) in the range 10° <6< 32°

The 6a-thiathiophthene molecule is almost planar, and lies across
a crystallographic mirror plane passing through the central carbon
and sulphur atoms. The S — S distances are thus exactly equal, 2.363(1)
A, and the S(1)—S(6a)—S(6) angle is 177.93(8)°. Other bond lengths
in the molecule are S(1) — C(2)=1.684(3) A, S(6a) —C(3a)=1.748(3) A,
C(2)—C(3)=1.354(3) A, and C(3)—C(3a)=1.409(2) A.

The S—§8, §~C and C—C bond lengths have been corrected for
libration,

A number of 6a-thiathiophthene structures has been studied.! We carried
out the present structure study of 6a-thiathiophthene (I) because we
thought that the molecular dimensions of this compound would be of interest

3a
QI0)
1 6a 6
(1)

as a reference when judging the degree to which different substituents perturb
the bonding in the 6a-thiathiophthene system.

STRUCTURE DETERMINATION

A brief account of a structure determination of I based on photographic
data has been reported,? and a more detailed description of a diffractometer
study of the compound is given here.

Crystals of 6a-thiathiophthene were generously supplied by Reid.? The
crystals are orange red and belong to the orthorhombic space group Pnma.

Acta Chem. Scand. 27 (1973) No. 2



412 HANSEN AND HORDVIK

The structure analysis is based on X-ray data collected on a paper-tape
controlled Siemens AED diffractometer using MoK« radiation.

The structure was solved by the heavy atom (S) method, and the atomic
parameters were refined by full-matrix least squares to a final R factor of
4.0 9,

A rigid body analysis of the 6a-thiathiophthene molecule has been carried
out according to the method of Schomaker and Trueblood,* and the S—S§,
S—C, and C—C bond lengths have been corrected for rigid body libration
according to Cruickshank’s formula.’ For further details with respect to the
structure determination, see Experimental.

STRUCTURE DESCRIPTION

Bond lengths and angles in the 6a-thiathiophthene molecule, together with
their standard deviations, are listed in Tables 1 and 2, and shown in Fig. 1.

The 6a-thiathiophthene molecule lies across the crystallographic mirror
plane m, which passes through the crystal normal to the b-axis. The dimen-
sions of the two fused rings are therefore exactly equal.

Table 1. Bond lengths (I) and standard deviations in bond lengths ¢(l) in 6a-thiathio-
phthene. Bond lengths (I’) with corrections for rigid-body libration are given for the
S-8,8-C, and C—C bonds.

Bond U (A) 1(4) a(l) (A)
S(1)—S(6a) 2.363 2.350 0.001
S(1)—C(2) 1.684 1.673 0.003
S(6a) — C(3a) 1.748 1.737 0.003
C(2)—-C(83) 1.354 1.347 0.003
C(3)—C(3a) 1.409 1.401 0.002
C(2)—-H(2) 0.88 0.04
C(3)—H(3) 0.85 0.03

Table 2. Bond angles / (ijk) in 6a-thiathiophthene. The standard deviations given in
parentheses refer to the last digits of the respective values.

i j k £ (ijk)°
S(1) S(6a) S(6) 177.9(1)
C(2) S(1) S(6a) 92.0(1)
S(1) C(2) C(3) 120.1(2)
c(2) C(3) C(3a) 120.3(2)
c(3) C(3a) C(4) 123.0(2)
C(3) C(3a) S(6a) 118.5(1)
S(1) S(6a) C(3a) 89.1(1)
S(1) c(2) H(2) 119(2)
H(2) C(2) Cc(3) 121(2)
Cc(2) C(3) H(3) 124(2)
H(3) C(3) C(3a) 116(2)
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STRUCTURE OF 6a-THIATHIOPHTHENE 413

Fig. 1. Bond lengths (A) and bond angles
(°) in 6a-thiathiophthene.

The equation for the least squares plane of the atoms of the rings, with
weights inversely proportional to the respective standard deviations in coor-
dinates, is

0.82581 X +0.56396 Z=1.01260

with X and Z in A units. Deviations from the plane for the atoms S(1), S(6a),
C(2), C(3), and C(3a) are —0.008, 0.017, —0.009, 0.004, and 0.009 A, re-
spectively. Thus the 6a-thiathiophthene system is very nearly planar.
Comparison with other 6a-thiathiophthene structures. A comparison of the
S—S8 bond lengths, the sums of the S—S bond lengths, and the C—S bond
lengths in the 6a-thiathiophthenes so far studied (compounds I— XIT 6-16), ig
given in Table 3. One notes from Table 3 that the S—S bond lengths in com-

Table 3. A comparison of the S —S bond lengths, the sum of the S —8 bond lengths, and
the C—8 bond lengths in different 6a-thiathiophthenes. Values in A units.

Com- Ref.
pound  S(1)-S(6a) S(6a)-S(6) S(S-S) S(1)-C(2) S(6a)-C(3a) S(6)—C(5) No.

This
I 2.363(1)  2.363(1)  4.726(1) 1.684(3)  1.748(3)  1.684(3) paper
II 4 2.358(1)  2.358(1)  4.716(1) 1.701(4)  1.745(4)  1.701(4) 6
111 2.362(3)  2.304(3)  4.666(3) 1.712(6)  1.753(6)  1.703(6) 7
IV 4 2.232(4)  2.434(4)  4.666(4) 1.664(13) 1.749(13) 1.664(13) 8
v 2.329(1)  2.288(1)  4.617(1) 1.709(3)  1.755(3)  1.710(3) 9
VI 2.348(2)  2.350(2)  4.698(2) 1.705(4)  1.748(3)  1.689(3) 10
VII 2.431(2)  2.308(2)  4.739(2) 1.698(4)  1.763(5)  1.681(5) 11
VIII 2.481(2)  2.242(2)  4.723(2) 1.691(5) 1.751(4)  1.696(5) 12
X 2.504(3)  2.222(3)  4.726(3) 1.701(5)  1.745(5)  1.673(7) 13
X 2.270(4)  2.375(4)  4.645(4) 1.680(8)  1.759(8)  1.669(10) 14
XI 2.255(1)  2.398(1)  4.653(1) 1.714(2)  1.749(2) 1.698(2) 15
XITa®  2.454(8). 2.168(8)  4.622(8) 1.72(3) 1.70(2) 1.69(2) 16
XIIbe  2.561(8)  2.163(8)  4.724(8) 1.68(2) 1.78(2) 1.72(2) 16

4 The bond lengths have not been corrected for rigid-body libration.

pounds I—XII lie in the range 2.163(8)—2.561(8) A, and that equal S—S
bond lengths occur in symmetric as well as unsymmetric derivatives, ¢f. com-
pounds I, II, and VI.
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The sum of the S—§S bonds varies from one derivative to the next, being
as small as 4.617(1) A in 2 5-diphenyl-3,4-trimethylene-6a-thiathiophthene
(V), and as great as 4.739(2) A in 2-methyl-6a-thiathiophthene (VII).

There is no clear indication that the sum of the S—S bond lengths in-
creases with the asymmetry of the S — S bond lengths. Thus, in the asymmetric
structure XIIa the sum of the S—S distances is 4.622(8) A, while in the
symmetric structure I it is 4.726 A. Furthermore, if one also takes into ac-
count that >(S—S) for XIIb is 4.724(8) A, it seems likely that changes in
>(S~S) may be caused by intermolecular packing as well as by substituents.

(70°) (74°)
(45°) (39 Ph  Ph (54°) (47°)
oo oo o "
stQs stQs stQs s—O—s—Qs
2358 2356 A 2362 2304 A 2232 2434 A 2329 2.288 A
() (1) (Iv) (V)
(13°) Ph(82°) Ph(70°) Ph(52°)
- . (25°)
oo "o oo oo
stQs stQs stQs stQs
2348 2350 A 2.431 2308 A 24812242 A 2504 2222 A
(Y1) (ya) (vam) (IX)
(61°) {59°) Ph__
(54) Ph Ph (50°) Me (24%) C=0
PhM Ph Mpn s \l)\(\(p-arph
Me
st—O—s stQs sQ—st
22702375 A 2255 2398 A a 2454 2168 A
(x) (XT) b 2561 2163 A (7r)

The S(6a)—C(3a) bond length is remarkably constant in different 6a-
thiathiophthene derivatives. The first eleven entries in Table 3 vary from
1.745(4) A for II to 1.763(5) A for VII, and none of the listed S(6a)— C(3a)
bond lengths deviate significantly from the value 1.748(3) A for the mother
compound (I).

The S(1)—C(2) and the S(6)—C(5) bond lengths vary more, the former
from 1.664(13) A in IV to 1.714(2) A in XI, and the latter from 1.664(13) A
in IV to 1.710 A in V. Thus, the terminal C — S bonds seem to be more affected
by the substituents than is the central C—S bond.

A comparison of the C—C bond lengths in compounds I —XII is given in
Table 4. One finds from the values there that for each of the various structures
the sum of the C(3)—C(3a) and C(3a)—C(4) bond lengths is greater than the
sum of the C(2)—C(3) and C(3)—C(4) bond lengths. In this respect the struc-
ture of the 6a-thiathiophthene system resembles that of naphthalene.’” One
should remember that 6a-thiathiophthene and naphthalene are analogous
compounds as far as their n-bonding systems are concerned; there is a 10 7-
electron system in both. The lengths of the terminal and central C~—C bonds
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Table 4. A comparison of the C—C bond lengths in the 6a-thiathiophthene system of
different 6a-thiathiophthene derivatives.

Compound C(2)-C(3) C(3)—C(3a) C(3a)—C(4) C(4)—C(5)
I 1.354(3) 1.409(2) 1.409(2) 1.354(3)
II 1.363(4) 1.402(4) 1.402(4) 1.363(4)
11 1.374(9) 1.413(9) 1.391(9) 1.393(8)
IV e 1.404(20) 1.450(20) 1.437(20) 1.398(20)
\4 1.378(4) 1.425(4) 1.426(4) 1.381(4)
VI 1.388(4) 1.394(4) 1.428(4) 1.360(4)
VII 1.362(7) 1.408(6) 1.428(7) 1.367(7)
VIII 1.387(6) 1.397(6) 1.442(5) 1.366(6)
IX 1.377(11) 1.403(9) 1.451(11) 1.363(9)
X 1.379(12) 1.433(11) 1.414(12) 1.371(12)
XI 1.377(2) 1.429(3) 1.406(2) 1.374(3)
XIlIa 1.38(4) 1.45(2) 1.46(4) 1.40(3)
XIIb 1.39(4) 1.42(3) 1.41(4) 1.37(2)

4 The bond lengths have not been corrected for rigid-body libration.

in the present structure are 1.354(3) and 1.409(2) A, respectively, and the
average lengths of the corresponding bonds in naphthalene are 1.357(5) and

1.420(5) A.

The arrangement of 6a-thiathiophthene molecules in the unit cell as seen
along the c-axis is shown in Fig. 2. There are no intermolecular atomic distances
shorter than corresponding van der Waals distances.
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Fig. 2. The arrangement of 6a-thiathiophthene molecules in the unit cell as seen along
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EXPERIMENTAL

The unit cell dimensions for crystals of 6a-thiathiophthene were determined from the
26 values for 12 high order reflections. The 20 values were measured at room tempera-
ture, t=22°C, on the diffractometer using MoK« radiation. A least squares procedure
gave a="17.768(6) A, b=15.784(6) A, and c=5.385(2) A.

The molecular weight of the compound (CyH,S;) is 160.29, and four molecules per
unit cell give a calculated density of 1.612 g/em?®, as compared with the density 1.61 g/cm?
found by flotation.

The intensities of the reflections were measured on the diffractometer by means of
the five-value scan technique.!’® Reflections for which the net count was greater than
two times the respective standard deviation in the net count were accepted as observed.
With this criterion 817 out of 1145 independent reflections in the range 10°<6 < 32°
were accepted as observed. Reflections below § =10° were neglected.*®

A small crystal, with dimensions of about 0.15x 0.15 x 0.15 mm in the three axial
directions, was used for the data collection. Lp corrections were applied, but absorption
corrections were considered unnecessary, gyoxo=9.6 cm™.

The scattering factors used for sulphur and carbon were those given in International
Tables.” For hydrogen the scattering factor curve given by Stewart et al.?* was used.

The full-matrix least squares program which was applied minimizes the function

D = Jw(iFo| — (1K) F )
The weight was taken to be
w = 1/g*(F,)
where

o(F,) = Foz(Itotal + Ibackgrouud + (k Inet):)/‘il’net

In the latter expression k is the relative standard deviation in the scaling curve from
the reference reflections. It was estimated to be 0.014 in the present case.

Final atomic coordinates from the least squares refinement are listed in Table 5, and
the temperature parameters are listed in Table 6. A pictorial representation of the thermal
motion of the sulphur and carbon atoms is given in Fig. 3.22 The final list of structure
factors is given in Table 8.

St S6A

Fig. 3. The thermal ellipsoid plot showing the anisotropic vibration of the sulphur and
carbon atoms and the isotropic vibration of the hydrogen atoms. The latter has been
scaled down by a factor of 2.
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Table 5. Atomic coordinates in fractions of corresponding cell edges. The standard devia-
tions given in parentheses refer to the last digits of the respective values.

Atom x Y z

S(1) 0.06293(7) 0.10115(3) 0.19801(12)
S(6a) 0.06296(8) 0.25000(0) 0.20590(11)
C(2) 0.18421(29) 0.09902(16) —0.05864(48)
C(3) 0.23620(27) 0.17199(14) —0.16434(39)
C(3a) 0.18825(29) 0.25000(0) —0.06116(44)
H(2) 0.2096(40) 0.0499(25) —0.1267(70)
H(3) 0.2920(34) 0.1746(16) —0.2996(54)

Table 6. Temperature parameters Uy (A2) for sulphur and carbon, and U (A?) for hy-

drogen. The expressions used are exp [—2a%(h?a**U;,+ -:-2hka*b*U,,--+)] and exp

[ - 8n2U(sin?0/A%)]. All values are multiplied by 10%. Standard deviations in parentheses
refer to the last digits of the respective values.

Atom Un Us, Uss Ui Uas Uy
S(1) 563(3) 448(3) 688(4) —10(2) 84(2) 5(3)
S(6a) 332(3) 609(4) 334(3) 0 0 40(3)
C(2) 555(12) 535(11) 713(15) 99(10) —143(11) —47(11)
C(3) 434(9) 663(13) 435(10) 73(10) —119(10) 37(8)
C(3a) 298(10) 5556(14) 335(11) 0 0 —9(9)

Atom U

H(2) 615(90)

H(3) 335(66)

Table 7. Results from the rigid-body analysis of the 6a-thiathiophthene molecule.

Eigenvectors. Direction cosines

Eigenvalues x 10* relative to @, b, and ¢,
respectively
. —22.2 (°)2 9750 0 2221
Libraticnal 21.5 0 ~10000 0
’ |.13.8 2221 0 - 9750
. —0.0472 A? 0 10000 0
Translational 0.0316 2610 0 — 9654
’ .0.0286 — 9654 0 — 2610
Symmetrized B 0 —-112 0
¥ —112 0 116 | x 10° rad. A
screw tensor, S
. | 0 116 0

Center of gravity of the molecule is at =0.12120, y=0.25000, z=0.07705.
The origin which symmetrizes § is at x=0.11723, y=0.25000, z=0.06736.
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Table 8. Observed and calculated structure factors for 6a-thiathiophthene. The values
given are ten times the absolute values. Unobserved reflections are marked with a minus
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F(0)

sign in front of F,.

[J14] H K L Flo) FicH LI §
-6 s 1 -u 13
-5 512 1 22 26 1l 4
-12 513 1 70 -66 1 5
-128 514 1 20 ~23 11 &
=313 515 1 20 22 o &
o s1s 1 -13 2 o e
o2 s17 1 18 20 010
103 s18 1 -13 1 0 12
-88 $19 1 -14 L[] 0 14
-35 520 1 -15 . 016
239 521 1 =15 =10 018
146 6 0 1 269 =271 0 20
El] 6 1 1 239 234 0 22
» 621 53 53 15
21 6 3 1 66 68 T 6
108 6 4 1 15 16 T 7
-163 6 S 1 176 m 1L 8
-118 6 6 1 247 246 1 9
32 6 1 1 336 -339 110
-42 6 8 12 148 ~149 11
35 6 9 1 25 21 112
-6 610 1 57 -s7 113
1 el 1 23 22 114
52 612 1 58 -38 118
-19 613 1 136 132 11
- 614 1 93 97 117
-0 615 1 32 -39 118
495 616 1 11 12 119
~62 611 1 26 -2t 120
~274 s18 1 -l4 . 121
“«2 619 1 53 -49 1 22
~-141 7T 0 1 156 -159 2 3
-12 7T 11 76 -5 2 &
-125% 7T 21 4“4 42 2 5
<332 731 22 -2 2 s
200 7T 4 1 16 r 27
110 7T 5 1 73 =72 2 8
40 7 6 1 114 84 2 9
83 7T 11 121 121 210
-6 7 81 55 -5 21
53 7T 91 -13 -8 212
-83 710 1 13 -12 213
-57 Tl o-13 -2 2 14
8 T12 1 45 -43 215
-22 713 1 48 -45 216
28 T 14 1 51 51 217
-105 715 1 ~14 9 218
7 T16 1 13 s 219
195 T1Y 1 -14 4 2 20
-21 T18 1 -15 -2 221
22 s 01 27 =20 2 2
-3 s 1 1 221 226 3 0
-37 8 21 ~13 12 31
=36 s 3 1 ~12 10 3 2
-55 86 4 1 14 12 3 3
22 ¢ 51 78 5 3 4
-2 8 6 1 EDY ~30 3 3
5 8 71 167 =170 3 6

17 s 8 1 -14 11 37

5 8 9 1 -13 12 3 8
32 810 1 -13 8 3 9
-7 LIRS § 15 =12 310
-13 812 1 ~14 -6 31
o 613 1 116 ile 312
-942- 814 1 -15 5 313
137 815 1 3s -43 3 1s
170 818 1 -14 -1 318
-13 9 01 69 -89 316
140 9 1 1 37 40 3
-T4 9 2 1 -13 13 318
572 9 3 1 -13 3 319
81 9 4 1 -13 -6 320
-336 9 5 1 37 38 321
-22 9 &6 1 72 15 322
=139 9 7 1 62 -63 4 0
~30 9 8 1 37 =36 4 1
-192 9 9 1 =14 1 4 2
40 910 1 15 -13 4 3
215 911 1 -14 -1 4 &
-16 912 1 24 ~22 4 3
o7 913 1 24 23 4 6
-6 914 1 17 22 .7
=11 10 0 1 103 113 4 8
10 10 1 1 73 5 . 9
-105 10 2 1t o4 ~4S 4 10
-3 100 3 1 -13 -6 411
109 10 4 1 -14 “ 4 12
-135 0 5 1 55 55 4 13
-34 10 ¢ 1 50 =55 4 16
-22 10 7 1 92 -94 4 15
-6 10 8 1 33 38 4 16
4 10 9 1 23 2% 4 17
-28 10 10 1} -14 -3 4 18
53 10 11 1 -14 -5 4 19
20 11 0 1 -15 4 4 20
T 11 1 1 23 19 4 21
-0 1l 2 1 -1 s o
Acta

L FlO)  F(C) H K L KO  FC)
1 -1 3 $ 1 2 202 193
1 ~1s 6 5 2 2 13 14
1 -15 4 5 3 2 48 49
1 -15 -17 5 4 2 15 194
2 305 332 5 5 2 44 4l
2 222 -231 5 6 2 N2 309
2 106 ~-112 5 7 2 132 ~-l2e
2 131 -133 5 86 2 168 ~-188
2 233 239 5 9 2 -12 ~3
2 17 18 510 2 7 -73
2 35 =31 S11 2 -12 =10
2 69 =13 512 2 68 ~63
2 -1s 14 513 2 98 9%
2 142 ~143 514 2 85 a7
2 159 155 515 2 20 =23
2 349 350 516 2 27 28
2 84 =19 517 2 22 =22
2 38 39 518 2 -l4 17
2 54 -52 519 2 24 =20
2 37 =33 520 2 55 =54
2 2% 26 6 0 2 351 360
2 116 175 6 1 2 172 166
2 -13 -11 6 2 2 100 =101
2 31 30 6 3 2 2% 24
2 15 15 6 & 2 20 =20
2 49 o7 6 s 2 52 51
2 18 16 6 &6 2 219 =216
2 53 53 6 7T 2 148 ~-l140
2 23 =20 4 8 2 126 124
2 29 31 6 9 2 15 12
2 -~l14 -4 610 2 a7 39
2 s 69 811 2 -13 2
2 (13 65 612 2 100 9%
2 99 100 613 2 81 83
2 504 535 6 14 2 118 -11T7
2 297 -299 615 2 k1Y =34
2 20 313 616 2 -14 -8
2 25 24 617 2 20 ~19
2 105 ~10% 618 2 -14 -5
2 32 32 619 2 -15 -13
2 104 ~-106 7 0 2 7 ~70
2 151 152 T 12 9 90
2 174 176 7T 2 2 34 32
2 66 87 T 3 2 21 32
2 30 33 T 4 2 14 13
2 45 -43 75 2 9 19
2 ~13 1 7 6 2 14 =17
2 26 -28 T 7 2 139 -141
2 85 -84 T 8 2 ~13 13%
2 39 41 T2 -1 -8
2 -15 13 T10 2 ~-12 0
2 629 6T Ty 2 -13 12
2 319 =-300 T12 2 32 -23
2 144 135 T13 2 62 58
2 90 ~-86 T4 2 24 21
2 139 133 715 2 -4 -9
2 79 -79 T16 2 ~-14 1
2 265 258 T171 2 -le -9
2 205 202 8 0 2 152 151
2 131 -124 s 1 2 15 =23
2 -1 8 2 2 46 -48
2 90 -85 8 3 2 -12 -2
2 ~-11 8 4 2 -12 ’
2 151 -1%5 8 5 2 -13 1
2 121 -126 8 &6 2 129 ~-129
2 174 mn 8 7 2 -4 -2
2 23 32 s 8 2 93 9
2 45 41 8 9 2 14 14
2 32 30 810 2 -13 7
2 -1s -10 811 2 ~-14 10
2 34 30 812 2 3 33
2 56 -55 813 2 ~-15% -13
2 21 -23 816 2 51 -53
2 -13 -2 815 2 ~14 -1
2 62 -62 816 2 ~1s -1
2 516 518 9 0 2 25 30
2 26 26 9 1 2 B84 a6
2 124 119 9 2 2 -13 -8
2 24 24 9 3 2 -13 1
2 2sl 231 9 4 2 -13 ~14
2 L ~43 9 S5 2 24 20
2 509 -s21 9 6 2 ~14 12
2 41 39 9 7 2 53 -51
2 21 21 9 8 2 17 -15
2 13 -5 9 9 2 ~14 8
2 2% 24 910 2 ~-1& 6
2 1r -17 911 2 15 “14
2 257 254 912 2 ~-15 12
2 -l4 11 913 2 43 42
2 84 -86 10 0 2 9 95
2 ~-13 -2 10 1 2 40 -43
2 «9 -50 10 2 2 s -43
2 =14 -3 10 3 2 -14 11
2 T2 -68 10 4 2 18 15
2 ~1s T 10 5 2 34 -35
2 60 59 10 6 2 60 ~61
2 256 -2%8 100 7 2 53 55
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Table 8. Continued.

H X L F(0) F(Q H K L FlO) FiQ) H K L F(O) F(C) K K L F(O) F(C) H K L FtO) Flci
1 8 2 43 A4 5 0 3 127 130 1 2 4 E) -27 6 9 4 18 =15 310 5 -13 4
10 9 2 19 -18 $ 1 3 320 323 1 3 4 78 76 610 & =13 [ 311 s 16 10
1010 2 -14 -2 5 2 3 17 ~14 1 4 &4 -1 4 611 4 -13 -4 312 5 24 26
1 o0 2 39 43 5 3 3 52 52 1 5 &4 171 179 612 & -l4 1 313 5 98 -103
1 1 2 22 21 5 4 3 -1 4 1 6 4 248 =276 613 4 -~15 -17 314 5 44 ~45
1 2 2 15 =16 5 5 3 78 79 1 7 4 364 -379 6 14 & 25 24 315 s 40 37
11 3 2 -14 -8 5 6 3 158 ~157 1 8 4 161 164 615 & 20 17 316 5 14 2
11 4 2 -15 12 5 ¥ 3 213 =209 1 9 4 -12 11 6 16 4 ~14 -13 3171 5 ~-15 16
0 1 3 472 519 s 8 3 79 T8 110 4 40 41 T 0 & 145 147 4 0 S 65 =59
e 3 3 95 98 5 9 3 18 -17 111 & 13 6 T 1 4 134 -134 4 1 3 27 ~-28
0 5 3 196 203 510 3 34 37 112 4 60 s 7T 2 4 57 ~60 4 2 5 43 4
0 T 3 438 <~476 511 3 13 ~22 113 4 1954 198 T 3 4 -13 5 4 3 5 ~-13 -9
0 9 3 n o4 512 3 42 a7 114 4 76 =15 T & 4 =13 8 4 4 5 35 =37
011 3 16 13 513 3 170 189 115 4 59 -57 7 5 4 s7 =97 4 5 5 38 37
13 3 213 223 514 3 48 =45 116 4 17 ~-18 T 6 4 T4 =72 - 6 3 o4 63
015 3 9% =95 515 3 45 =44 117 4 42 =38 T 7T & 160 163 “ 17 5 42 =38
017 3 “4 =50 516 3 -14 -12 118 4 -1 -15 7T 8 4 41 43 4 8 5 57 ~58
019 13 49 ~48 511 3 33 ~31 119 & 59 =58 T 9 4 28 -28 4 9 5 ~14 15
021 3 60 62 518 3 -15 -13 120 4 54 49 T 10 4 -14 2 410 5 17 14
1 0 3 571 -55 519 3 35 =34 2 0 4 176 162 Tl 4 -4 5 411 5 -14 12
11 3 247 238 6 0 3 203 199 2 1 4 105 <300 T12 4 47 47 412 5 -14 -9
1 .2 3 99 91 6 1 3 94 =91 2 2 4 81 ~T4 T 13 4 T ~70 413 5 ~15 =14
1 3 3 34 34 6 2 3 65 ~66 2 3 4 18 19 T 14 4 53 =51 414 5 30 29
1 4 3 94 88 6 3 3 -12 1 2 4 4 14 ~-11 8 0 4 71 =12 415 5 ~15 0
1 5 3 49 ~45 6 4 3 -12 » 2 5 4 58 ~58 8 1 4 -14 1 416 5 =15 -18
1 6 3 339 355 6 5 3 33 ~35 2 &6 4 32 =30 8 2 4 42 41 5 0 5 B4 -87
1.7 3 20 =24 6 6 3 144 ~139 2 7 &4 107 105 86 3 4 17 -11 5 1 5 177 -176
1 8 3 194 -194 6 7 3 a1 81 2 8 4 56 59 6 4 4 19 -12 5 2 S 34 30
1 9 3 23 =21 6 8 3 112 106 2 9 4 29 =30 8 'S 4 ~is 15 5 3 5 16 20
110 3 101 -100 6 9 3 32 ~31 210 4 14 -19 8 &6 4 33 30 5 4 5 18 =13
111 3 15 =17 610 3 -13 6 211 4 -12 2 8 7 &4 -15 =12 5 5 5 79 =80
112 3 121 -126 611 3 -13 3 212 & 24 28 6 8 4 27 =29 5 6 5 82 83
113 3 101 100 612 3 47 42 213 & 4 44 8 9 4 ~-l4 4 5 T 5 145 143
114 3 165 1466 613 3 37 -39 214 4 35 57 810 4 -14 12 5 8 8 60 -59
115 3 36 =35 6 14 3 69 -71 215 4 32 31 8 11 4 -15 2 5 9 5 27 ~24
1ls 3 40 L33 615 3 27 24 216 4 -14 10 812 4 22 -22 510 5 -14 -1
117 3 33 -30 616 3 -14 4 217 4 -1s 0 9 0 4 T4 -79 51t 5 -14 14
118 3 -13 -2 6 17T 3 -1s 8 218 4 23 19 9 1 4 101 -103 512 5 17 =21
119 3 -14 ] 618 3 -15 219 4 -15 8 9 2 4 34 36 513 5 90 ~-88
12 3 12 =69 T 0 3 217 225 220 4 ~-15 9 9 3 4 -1 15 514 S 30 32
121 3 -15 10 T 1 3 -3 10 3 0 4 396 403 9 4 4 =-14 -10 515 5 40 41
2 0 3 444 441 T2 3 81 -é1 3 1 4 73 65 9 5 4 43 43 6 0 5 16 12
2 1 3 139 137 T 3 3 -12 4 3 2 4 17 112 9 6 4 40 41 6 1 5 68 69
2.2 3 nr -10 7 4 3 20 =20 3 3 & -1 9 T 4 73 73 6 2 5 -l4 1
2 3 3 -10 0 7 % 3 47 A7 3 4 4 42 ~42 9 8 4 25 =25 6 3 S 24 -26
2 4 3 29 -26 7T 6 3 119 -120 3 5 & -12 2 9 9 4 -15 -16 6 4 5 -l14 9
2 5 2 53 52 TT 80 =77 3 6 & 200 =203 10 0 4 =15 -9 6 5 5 -14 9
2 6 3 285 -289 7 8 3 68 o8 3T 4 34 =31 10 1 & 32 31 6 6 5 38 =36
2 7 31 146 13 79 3 19 2 3 8 &4 109 110 10 2 4 ~-15 5 6 1T 8 22 =17
2 8 3 192 191 710 3 -14 17 3 9 4 -12 0o 1 5 18 -19 6 8 5 -~15 11
2 9 3 19 14 T11 3 14 12 310 4 47 50 0 3 5 41 “6 6 9 S 15 17
210 3 42 42 T2 3 70 69 31N 4 -2 -2 0 5 5 63 65 610 5 -14 9
211 2 20 23 713 3 -1i5 & 312 4 1i0 113 o7 5 79 ~-81 611 5 22 =21
212 3 e4 85 T14 3 66 -89 313 4 28 32 0 9 5 29 =20 612 5 ~15 8
213 3 63 67 T15 3 -13 -5 314 & 132 -131 01 5 =13 15 613 5 30 30
214 3 135 ~137 T16 23 17 -13 315 4 16 =12 013 5 16 14 7 0 8 130 =~132
215 2 46 ~44 8 0 3 <-14 -9 316 4 18 =17 015 5 24 24 7T 15 30 =27
216 3 ~-13 -5 8 1 3 138 ~140 317 4 20 -11 017 5 ~-14 1 T 2 5 58 58
217 2 -13 =12 8 2 3 14 9 318 4 ~14 2 1 0 5 313 307 7 3 5 ~14 3
218 3 -14 4 8 3 3 21 20 319 4 -15 -1 11 5 106 -104 7 4 5 22 =22
219 12 -14 =10 3 4 3 =-13 -7 4 0 & 56 ~-56 1 2 5 98 ~96 7T 5 3 17 -25
230 3 54 52 8 5 3 81 -80 4 1 4 124 -119 1 3 5 =12 1 T 6 5 85 83
221 3 -15 19 8 6 3 =14 T 4 2 & 28 25 1 4 5 -12 7 T 15 43 39
3 0 2 220 ~-218 a4 7 3 137 138 4 3 & 21 28 1 5 5 29 =31 7 8 5 59 =55
31 3 258 256 8 8 3 19 -11 4 4 4 -12 10 1 6 5 211 =219 7 9 5 =15 ~13
3 2 2 29 29 8 9 3 32 =34 4 5 4 37 ~36 115 58 710 % ~-15 4
3 3 3 115 111 810 3 -14 8 4 6 4 20 -17 1 8 5 129 138 711 5 =15 6
3 4 3 14 12 811 3 -14 10 4 T & 98 95 L 9 5 ~13 10 a 0 5 21 24
3 5 3 223 219 812 3 =14 -2 4 8 4 ~15 T 110 5 25 23 6 1 5 22 =26
3 6 3 222 215 813 3 71 ~68 4 9 4 57 “54 111 5 -13 8 8 25 -15 ~13
3 7T 3 421 ~423 814 3 ~-15 3 410 4 -13 13 112 S 15 g4 8 3 5 -l4 -6
3 8 3 112 =106 9 0 3 84 81 411 4 -13 3 113 5 56 =55 8 4 5 ~l4 1
3 9 2 -1 5 % 1 3 -14 -3 412 4 23 ~23 114 5 105 =104 6 5 5 =14 2
310 3 50 =50 9 2 3 29 -28 413 4 39 -43 115 5 21 19 8 & 5 ~-15 o
311 3 43 40 9 3 3 -14 -5 4 14 4 ~14 12 116 5 =14 -6 8 7 5 -15 o
312 3 61 =60 9 4 3 18 21 415 4 LY 44 117 5 -14 4 6 8 5 ~15 2
313 3 160 159 ? 5 3 27 -23 416 4 ~14 3 118 5 -5 -5 9 0 5 61 ~64
314 3 68 68 9 6 3 92 -93 417 4 -14 8 2 0 5 25 25 9 1 5 =15 15
315 3 29 -39 9 7T 3 33 37 418 4 -14 -5 21 5 -12 -4 9 2 5 33 31
316 3 14 17 9 8 3 57 59 5 ¢ 4 205 201 2 2 5 18 19 0 0 6 54 60
317 3 37 =35 9 9 3 -15 -6 5 1 4 59 -54 2 3 5 20 24 0 2 & 18 -4
313 3 -14 14 910 3 -1& [ S 2 4 50 -47 2 4 5 -12 ~-15 0 4 & 27 =35
319 3 n -68 91 3 -14 -5 S 3 4 ~11 =12 2 5 5 66 -64 0 6 & 30 18
320 13 34 -35 912 3 =16 19 5 4 4 16 13 2 6 5 39 -39 0 e 6 38 -37
321 3 43 41 10 0 3 66 -73 5 5 4 -13 2 1 5 88 86 010 6 22 A7
4 0 3 199 196 10 1 3 17 =21 5 6 4 211 =213 2 8 5 -13 -4 012 6 26 33
4 1 3 -1 -9 10 2 3 35 36 5 7 4 -13 14 2 9 5 35 =35 014 & 18 =10
© 2 3 T4 -73 10 3 3 ~1s 2 S 8 4 141 139 210 5 23 25 1 0 6 49 =50
4 3 3 15 5 10 4 3 19 -20 5 9 4 ~13 9 21 5 15 =14 11 6 146 =142
4 4 3 -10 1 10 5 3 ~-1% -7 510 4 24 22 212 5 15 19 1 2 6 24 21
4 5 3 19 =16 10 &6 3 =1 54 511 4 -13 6 213 5 14 2 1.3 6 25 25
4 6 3 142 -139 10 7 3 ~16 16 512 & 43 43 214 5 -14 -3 1 4 6 -13 0
4 7 3 -12 1 10 8 3 33 -37 513 4 29 -28 215 5 17 18 1 5 6 T4 ~73
“ 8 3 113 112 0 0 4 132 130 5 14 4 65 =70 216 5 ~14 ~15 1L 6 6 23 24
4 9 3 17 10 0 2 4 52 -58 515 4 ~14 4 217 5 -14 ~10 1 7 6 131 135
410 3 15 %:] C 4 4 39 44 516 & -14 -10 218 5 19 (23] 1 8 6 l4 =30
411 13 =12 -2 0.6 4 164 -171 517 4 15 10 3 0 5 132 119 L 9 & 41 -40
« 12 3 30 34 0 8 4 125 126 6 0 4 50 —44 31 5 202 =201 110 6 16 10
413 3 -13 -7 010 4 -12 12 6 1 & 38 =37 3 2 5 39 =41 111 &6 ~-l4 14
414 3 8¢ ~80 012 4 16 14 6 2 & 30 31 3 3 5 =12 -5 112 6 =14 -11
415 3 -4 2 0 14 & 58 -60 6 3 & -12 14 3 4 5 ~-13 12 113 6 61 ~66
“« 15 2 ~14 7 0 i6 4 24 19 6 4 & 29 =33 3 5 5 122 =122 114 6 ~15 15
417 3 =14 -5 0 18 4 ~14 -6 6 5 4 32 =32 3 6 5 103 =101 115 & 42 35
4 18 3 16 10 020 o 28 24 6 6 4 66 67 3 7 5 230 230 2 0 6 14 16
419 2 ~15 & 1 0 « 238 229 6 1T & 49 50 3 8 5 77 5 2 1 6 -14 -5
420 3 23 24 1 1 &4 313 368 6 8 4 59 -60 3 9 5 47 -45 2 2 6 14 11
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Table 8. Continued.

H K L Fto) FiC) H K L FO)  F(Q) H K L FIO) KO H K L Fla} K H & L FlO) F()
2 3 & 21 -24 313 & 43 -42 510 o 16 16 1 07 110 -108 3 31 30 -28
2 4 6 =14 1 314 & 14 64 51 6 -13 -13 117 47 43 3 47 -14 -2
2 5 & -4 6 4 0 & 40 39 512 6 39 -4 T 27 60 62 3 5 7 30 31
2 6 6 T4 -1 4 1 6 34 =34 6 0 & 43 -42 1 3 7 23 =-23 3 6 7 ~15 [
21T ¢ -14 -2 4 2 6 22 =25 6 1 &6 ~-135 ~16 1 47 32 ~37 3 1 1 53 =50
2 8 6 42 41 4 3 6 16 -1 6 2 6 15 12 1 57 46 49 3 81T -1% -7
2. 9 ¢ 18 21 4 & & -14 -3 6 3 & =14 -5 1 6 7 80 L1% 3 97 30 28
210 & -14 12 4 S & 33 =33 6 4 6 -14 12 L S . ol -63 4 0 7 62 ~62
211 &6 <-14 1 4 6 o 24 19 6 5 6 -i5 L3 1 8 7 63 -65 4 1 1 -5 8
212 & -14 4 4 7 6 53 53 6 &6 6 -16 1 1 97 21 21 4 27 22 23
213 ¢ -18 -9 4 8 6 -15 =12 6 1T 6 ~15 3 110 7 ~-15 16 4 3 7 -15 1
214 & 15 -6 4 9 6 14 4 6 8 &6 ~-15 6 1117 -8 -2 4 4 7 -15 -6
215 6 -15 ~12 410 6 ~ls -6 6 9 6 18 T 2 07 22 -22 4 5 7T -15 -15
3 0 6 174 -170 41 ¢ -15 -1 7T 0 6 -15 ~-11 2 17 62 -59 4 6 7 ar 39
31 6 84 -8l 412 6 -5 16 7T 1 6 60 63 2.2 7 -1 3 4 17 24 18
3 2 & L2} 9 413 ¢ 25 -25 1T 2 6 ~15 8 2 3 7 -~14 T 4 8 7 23 -18
3 3 6 -14 18 5 0 6 135 -137 7 3 6 16 -20 2 4 7T -14 13 5 0 17 -15 16
3 4 6 38 =41 5 1 6 68 66 7T 4 6 ~l4 -1 2 57 16 =14 5 17 42 42
3 5 ¢ 48 ~47 52 6 61 63 T 5 & 39 41 2 6 7 20 26 5 2 1 -5 -10
3 6 & 134 133 $ 3 6 -15 =19 T 6 & -18 12 2 1 1 -6 21 5 3 7 24 =25
37 6 71 T 5 4 6 23 27 01 7 -4 -14 2 817 16 -12 5 4 1T -13 4
3 8 ¢ 94 -92 5 5 6 41 40 0 3 7T 14 -9 2.9 7 -15 5 571 40 .l
3 9 ¢ 15 =15 5 & 6 97 9% e 5 7 3 =32 210 1 -15 -5 o 0 8 T2 =72
310 ¢ -1 2 57 6 57 =56 o1 1 43 52 3 07 19 ~13 0 2 8 3s 39
21 6 16 13 s 8 & 73 -712 09 7 -5 -8 317 124 1 0 8 36 36
312 e L] -46 5 9 @ 22 14 o1 7 -1s -4 3 21 -15 T 118 46 43

An analysis of the thermal parameters of the 8 and C atoms, assuming the molecule
to be a rigid body, was carried out according to the method by Schomaker and Trueblood.*
The rigid-body tensors arrived at are given in Table 7. The r.m.s. difference between
observed and calculated Uy’s is 0.0021 Az Bond lengths which have been corrected ac-
cording to the libration tensor L in Table 7 are given in the first column of Table 1.
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