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Crystals of 1,6-dimethyl-3,4-trimethylene-6a-thia-azophthene be-
long to the orthorhombic space group Pbca, with unit cell dimensions,
a=16.115(5) A, b=21.676(8) A, and c¢=5.825(14) A. There are eight
molecules per unit cell.

The structure was solved by three-dimensional Patterson synthesis,
and refined by full-matrix least squares methods. The refinement
comprises 1671 hk0 — hk4 reflections including 582 unobserved.

The atoms of the two fused five-membered rings lie in the same
plane, and the methyl carbons C(7) and C(8) lie —0.069 and — 0.077 A,
respectively, out of this plane. Furthermore, the distances from the
plane for the methylene carbons C(9), C(10), and C(11) are 0.075,
—0.566, and —0.024 A, respectively.

Bond lengths: N(1) — S(6a)=1.901(5) A, N(6) — S(6a)=1.948(5) A,
N(1)—C(2)=1.338(7) A, N(1)— C(7) = 1.441(9) A, N(6) — C(5) = 1.317(8)
A, N(6)—-C(8)=1.454(9) A, C(2)—C(3)=1.367(8) A, C(3)—C(3a)=
1.421(7) A, C(3)—C(9)=1.517(8) A, C(4)—C(3a)=1.374(8) A, C(4)—
C(5)=1.358(9) &, C(4)—C(11)=1.523(9) A, C(9)—C(10)=1.527(13) A,
C(10)—C(11)=1.512(13) A, and S(6a)—C(3a)=1.742(5) A. The
N(1)—8(6a) - N(6) angle is 168.5(2)°.

The S—N,S—-C, C—N, and C — C bond lengths have been corrected
for libration.

Structure studies of the analogous compounds 6a-thiathiophthene (I),
6a-selenathiophthene (II),2 and 6a-selenaselenophthene (III),® have been
carried out.

Crystals of I are isomorphous with crystals of II, and the molecules lie in
both cases across a crystallographic mirror plane passing through the 3a and
6a positions perpendicular to the molecular plane. Hence the sulphur-sulphur
bonds in I, and also the selenium-sulphur bonds in II, are of equal length;
they are 2.363(1) and 2.446(5) A, respectively. The selenium-selenium bonds
in III are 2.586(3) and 2.579(3) A, and thus equal within three standard devia-
tions.

Accepted values for the lengths of the S ~8, the Se—8, and the Se—Se
single bonds are 2.10, 2.22, and 2.34 A, respectively.%:5 Thus the S—8, the
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Se — 8, and the Se —Se bonds in compounds I —IIT are 0.26, 0.23, and 0.24 A,
or 12.4,10.4, and 10.3 9, longer than the corresponding single bonds.

The preparation of compounds containing ring system IV, analogous to
the 6a-thiathiophthene system,* has recently been described by Reid and
Symon.® We thought it might be of interest to obtain molecular dimensions
for IV and compare them with those of compounds I —III. The present struc-
ture study of 1,6-dimethyl-3,4-trimethylene-6a-thia-azophthene has therefore
been carried out.

STRUCTURE DETERMINATION

Crystals of 1,6-dimethyl-3,4-trimethylene-6a-thia-azophthene (V) were
generously supplied by Reid.” The crystals are yellow and belong to the ortho-
rhombic space group Pbca.

The structure study is based on photographic data, taken with Weissenberg
camera and CuKa« radiation. The data comprise 1671 independent 2k0— hk4
reflections including 582 unobserved.

The sulphur position was found from a three-dimensional Patterson map,
and the nitrogen and carbon atoms revealed themselves during a subsequent
Fourier synthesis. The hydrogen positions were found from difference Fouriers.

The structure was refined by a full-matrix least squares procedure (see
for example Ref. 8). The constants a, and a, in the weighting scheme were
in the present case set equal to 1.0.

Anisotropic temperature factors were applied to sulphur, nitrogen, and
carbon, and isotropic to hydrogen.

Six low-order reflections, supposed to be affected by secondary extinction,
were excluded from the least squares refinement. The final R factor is 7.3 9,
when unobserved reflections are included, and 7.2 9, when they are omitted.

A rigid-body analysis of the thermal parameters has been carried out
according to the method of Schomaker and Trueblood,® and the S—N,
S—C, N-C, and C—C bond lengths have been corrected for rigid-body
libration according to Cruickshank’s formula.l® For further details with
respect to the structure determination, see Experimental.

DISCUSSION

Molecular shape and dimensions. Bond lengths and angles in the 1,6-
dimethyl-3,4-trimethylene-6a-thia-azophthene molecule, together with their
standard deviations, are listed in Tables 1 and 2, and shown in Fig. 1, a and b.

* We name the ring system IV ‘“6a-thia- azophthene in order to bring out the structure
analogy with 6a-thiathiopthene.
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Fig. 1. (a) Bond lengths (A) and (b) bond angles (°) in the 1,6-dimethyl-3,4-tri-

methylene-6a-thia-azophthene molecule.

Table 1. Bond lengths (I) and standard deviations in bond lengths o(!). Bond lengths

() include correction for rigid-body libration.

Bond

N(1)—S(6a)
N(1)—C(2)
N(1) - C(7)
N(6)—S(6a)
N(6)—C(5)
N(6)—C(8)
C(2)—C(3)
C(3)—C(3a)
C(3)—C(9)
C(4) —C(3a)
C(4) —C(5)
C(4)—C(11)
C(9) — C(10)
C(10) —C(11)
S(6a) —C(3a)

H(1)-C(7)
H(2)—0(7)
H(3)—C(7)
H(4) - C(8)
H(5)—C(8)
H(6) - C(8)
H(7)-C(2)
H(8)—-C(5)

H(9)—C(9)
H(10) — C(9)
H(11)~C(10)
H(12)—C(10)
H(13)—C(11)
H(14)-C(11)
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v(&)

1.901
1.338
1.441
1.948
1.317
1.454
1.367
1.421
1.517
1.374
1.358
1.523
1.527
1.512
1.742

I(A)

1.892
1.330
1.434
1.939
1.310
1.446
1.361
1.413
1.508
1.368
1.351
1.514
1.520
1.504
1.732

1.21
0.83
0.91
0.95
0.97
1.06
1.01
0.79

1.05
1.10
0.90
0.88
1.13
0.89

a(l)(A)

0.005
0.007
0.009
0.005
0.008
0.009
0.008
0.007
0.008
0.008
0.009
0.009
0.013
0.013
0.005

0.07
0.06
0.08
0.05
0.08
0.07
0.04
0.06

0.06
0.07
0.08
0.06
0.06
0.07
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Table 2. Bond angles / (ijk). The standard deviations given in parentheses refer to the
last digits of the respective values.

i j k L (k) i j k £ (k)
c(7) N(1) S(6a) 123.0(4) H(1) C(7) H(3) 95(5)
C(7) N(1) C(2) 124.4(5) H(2) C(7) H(3) 116(6)
C(2) N(1) S(6a) 112.6(4) N(6) C(8) H(4) 111(3)
N(1) C(2) C(3) 114.3(5) N(6) C(8) H(5) 109(5)
C(2) C(3) C(3a) 112.6(5) N(6) C(8) H(6) 119(4)
C(2) C(3) C(9) 130.4(6) H(4) C(8) H(5) 92(5)
C(3a) C(3) C(9) 117.0(5) H(4) C(8) H(6) 110(5)
C(3) C(3a) C(4) 127.2(5) H(5) C(8) H(6) 112(6)
C(3) C(3a) S(6a) 115.4(4) N(1) C(2) H(7) 121(2)
C(4) C(3a) S(6a) 117.4(4) C(3) C(2) H(7) 124(2)
C(3a) C(4) C(5) 112.4(5) C(3) C(9) H(9) 111(3)
C(3a) C(4) C(11) 118.3(5) C(3) C(9) H(10) 112(4)
C(5) C(4) C(11) 129.3(8) C(10) C(9) H(9) 105(3)
C(4) C(5) N(6) 116.0(6) C(10) C(9) H(10) 103(4)
C(5) N(6) C(8) 124.6(6) H(9) C(9) H(10) 115(5)
C(5) N(6) S(6a) 110.7(4) C(9) C(10) H(11) 112(5)
C(8) N(6) S(6a) 124.6(5) C(9) C(10) H(12) 86(4)
N(1) S(6a) N(6) 168.5(2) c(11) C(10) H(1l) 108(5)
N(1) S(6a) C(3a) 85.1(2) C(11) C(10) H(12) 114(4)
C(3a) S(6a) N(6) 83.5(2) H(11) C(10) H(12) 119(6)
C(3) C(9) C(10) 109.5(6) C(10) C(11) H(13) 107(2)
C(9) C(10) c(11) 115.5(8) C(10) C(11) H(14) 107(4)
C(10) c(11) C(4) 110.1(6) C(4) c(11) H(13) 110(2)
N(1) C(7) H(1) 116(3) C(4) c(11) H(14) 115(4)
N(1) C(7) H(2) 125(4) H(13) c(11) H(14) 108(5)
N(1) C(7) H(3) 105(4) C(4) C(5) H(8) 122(4)
H(1) C(7) H(2) 98(5) N(6) C(5) H(8) 121(4)

The molecule is presented in Fig. 1, a and b in a projection on to the least
squares plane of the atoms of the 6a-thia-azophthene system. The equation
for this plane, with weights inversely proportional to standard deviations in
atomic coordinates, is

0.21716 X +0.77553 Y — 0.59278 Z = 4.97249

with X, Y, and Z in A units. The 6a-thia-azophthene system is planar
within the limits of error. The methyl carbons, C(7) and G(8), lie —0.069
and —0.077 A off the plane, and the methylene carbons, C(9), C(10), and
C(11), lie 0.075, —0.566, and —0.024 A off.

One notes from Fig. 1, a and b that the molecule is almost symmetric
about a plane through S (6a) and C(10) perpendicular to the molecular plane.
The greatest differences in length between corresponding bonds in the two
halves occur between C(3)—C(3a)=1.421(7) A and C(3a)—C(4)=1.374(8) A,
and between N(1)—S(6a)=1.901(5) A and N(6)—S(6a)=1.948(5) A. These
differences are greater than three times the respective standard deviations,
and they are therefore significant.

Comparison with related molecules. The nitrogen-sulphur bonds in the present
structure (Fig. 1) are longer than a nitrogen-sulphur single bond, 1.75 A;
the average length of the N(1)~S(6a) and the N(6)—S(6a) bonds, 1.925 A,
is 10 9%, longer than the N —S single bond. This agrees with the lengthening
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of the S—S bonds in I, 12.4 9, the Se—S bonds in II, 10.4 9, and the Se —Se
bonds in IIT, 10.3 9, relative to the respective single bonds.

The structures of the 6a-thiathiophthene isosters VI and VII have been
determined by Leung and Nyburg;!! it is the iodide of VII which has been
studied.

ot QPh Ph
374,
Pr 7;3\0.»9 ‘lahs Fh \ﬂl"’m"‘”’ &5
1702 O 1,@ 1.321 e 1728 @ 132
ERE RIS TTTy SN M~ S 7w ST A N~ Shn
R=3-quinolyl
(¥I) (§'214]

The S(6a) —N(6) bond in VI, 1.887(2) A, is slightly shorter than the S—N
bonds in V (Fig. 1a); it is, however, 0.13 A or 7 9%, longer than an S — N single
bond. The S(6a)—N(6) bond in VII, 1.717(7) A, is found to be somewhat
shorter than a single bond. According to Leung and Nyburg,! the ‘“S-methyl-
ation weakens the S---S interaction and forms a normal S — N single bond”.

The present authors look at the S—N bond in VII in a slightly different
way. We believe that this S —N bond is not a normal single bond, as discussed
below.

The S(6a)—-C(3a)—0C(4)—C(5)—N(6) ring system in VII possesses a
sextet of p—=z electrons available for bonding and is isoelectronic with the
n-system of the 1,2-dithiolium ion (VILI). Structure investigations of 1,2-
dithiolium salts 12 have shown that the S —S8 bond in the 1,2-dithiolium ion
is shortened through z-bonding. The S—§8 bond in VIII, from these studies,

©)

§==s
()

1,2-Dithiolium ion.

is 2.00 A, as compared with the S—8 single bond length of 2.10 A in a cis
planar disulphide group. In analogy with the bonding in the 1,2-dithiolium
ion, one may expect that the S—N bond in an isothiazolium ion (IX) is
shortened through n-bonding by about 0.10 A. Hence a reasonable guess at the
S—N bond length in IX is 1.65 A.

©

S==N
R
(IX)

Isothiazolium ion.
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Fig. 2. The crystal structure of 1,6-dimethyl-3,4-trimethylene-6a-thia-azophthene as
seen along the c-axis.
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Table 3. 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(6a) 0.18308(7) 0.38565(6) 0.6214(3)
N(1) 0.20719(26) 0.32999(19) 0.3803(8)
N(6) 0.18127(28) 0.43999(18) 0.8857(9)
C(2) 0.28638(37) 0.31264(24) 0.3784(12)
C(3) 0.33375(30) 0.33956(24) 0.5437(10)
C(3a) 0.28707(30) 0.37812(20) 0.6907(9)
C(4) 0.31524(34) 0.40983(23) 0.8782(10)
C(5) 0.25484(44) 0.44318(27) 0.9804(12)
(7 0.14536(54) 0.30752(33) 0.2244(15)
C(8) 0.10755(47) 0.46927(34) 0.9760(17)
C(9) 0.42522(40) 0.33363(36) 0.5936(14)
C(10) 0.44062(49) 0.34451(47) 0.8478(19)
C(11) 0.40582(42) 0.40358(35) 0.9430(14)
H(1) 0.0933(45) 0.3443(32) 0.165(12)
H(2) 0.1143(35) 0.2780(24) 0.249(10)
H(3) 0.1701(39) 0.3084(30) 0.083(14)
H(4) 0.1150(28) 0.5129(24) 0.986(9)
H(5) 0.0665(41) 0.4735(33) 0.854(14)
H(6) 0.0812(40) 0.4527(30) 1.130(13)
H(7) 0.3088(22) 0.2856(17) 0.252(8)
H(8) 0.2609(35) 0.4579(25) 1.104(10)
H(9) 0.4459(28) 0.2884(26) 0.562(10)
H(10) 0.4614(39) 0.3702(32) 0.511(13)
H(11) 0.4221(43) 0.3128(35) 0.935(14)
H(12) 0.4935(37) 0.3464(24) 0.811(10)
H(13) 0.4128(26) 0.4012(19) 1.137(9)
H(14) 0.4381(37) 0.4339(30) 0.892(12)
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The S—N bond in VII, therefore, is affected by the S---S interaction, and
the lengthening of the bond relative to the S—N bond in the isothiazolium
ion is about 0.07 A.

From Fig. la the bonds between nitrogen and methyl carbon,
N(1)-C(7)=1.441(9) A and N(6)—C(8)=1.454(9) A, are slightly shorter
than the accepted length, 1.47 A 5 for a C—N single bond. The lengths of the
cyclic C—N bonds, N(1)—C(2)=1.338(7) A and N(6)—C(5)=1.317(8) A,
agree with the length of the aromatic C — N bond, 1.840 A, found in pyridine.’3
The cyclic C—N bonds in compounds VI and VII are reported to be 1.321%
and 1.324* A, respectively.l1

The average length of the C(2)—C(3) and C(4)—-C(5) bonds (Fig. la),
and that of the C(3)—C(3a) and C(3a)—C(4) bonds, are 1.363 and 1.398 A,

Table 4. Temperature parameters Uy (A2) for sulphur, nitrogen, and carbon, and U (A2)

for hydrogen. The expressions used &re exp[ — 2#*(h%a*2U,, x -+ 2hka*b*U, + -+ +)] and

exp[ — 82U (sin%6/A%)], respectively. All values are multiplied by 10%. Standard deviations
in parentheses refer to the last digits of the respective values.

Ull UES U33 U12 UES U13
S(6a) 537(6) 547(6) 540(10) —67(8) 28(7) 29(7)
N(1) 742(27) 555(23) 461(31) — 67(20) —92(23) 42(25)
N(6) 684(26) 612(24) 601(34) —81(22) —47(24) 53(29)
C2) 858(38) 542(29) 652(47) 47(26) —26(31) 271(38)
C(3) 594(30) 579(28) 523(40) — 58(23) 72(27) 61(26)
C(3a) 627(28) 457(24) 313(35) —80(21) 31(20) 113(24)
C(4) 709(30) 561(25) 598(40)  —114(25) ~17(31) 32(33)
C(5) 856(46) 605(32) 499(47)  —179(32) —11(32) —1(38)
c(7) 1018(53) 761(43) 538(54)  —229(42) —170(39) — 56(45)
C(8) 825(48) 670(40) 989(63) 51(36)  —245(42) 213(50)
C(9) 709(39) 799(44) 901(64) 38(34) 90(44) 79(40)
C(10) 670(46)  1137(70)  1367(95) 51(46) 240(66) —37(54)
c(1l) 808(44) 942(51) 693(57)  —230(38) 183(38) —65(35)
U U

H(1) 890 H(8) 379

H(2) 478 H(9) 436

H(3) 632 H(10) 847

H(4) 373 H(11) 761

H(5) 943 H(12) 386

H(6) 730 H(13) 164

H(7) 112 H(14) 615

Table 5. Libration tensor L from the rigid-body analysis.

Eigenvectors
Eigenvalues (Direction cosines x 10* relative to
a, b, and ¢, respectively).

22.0 (°)2 — 4421 — 17838 — 4362
L {19.4 — 5041 —1851 8436
8.9 —17419 5928 — 3132

* The standard deviations for these bond lengths are not given in Ref. 11.
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Table 6. Observed and calculated structure factors for 1,6-dimethyl-3,4-trimethylene-
6a-thia-azophthene. The values are ten times the absolute values. Unobserved reflections
are marked with a minus sign in front of F,.
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=101
-84
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H K L Floy FiC) H K
310 1 237 234 T 9
31 196 ~-189 710
312 1 402 433 T
313 1 231 237 712
314 1 53 53 713
315 1 130 148 7 14
316 1 34 ~53 T18
317 1 119 =132 7 16
318 1 —42 15 L%
319 1 k2% -49 718
32 1} 63 -55 719
3a 1 88 85 T 20
322 1 69 ~55 721
323 1 =37 ~10 122
32¢ ) 59 =65 T 23
325 1 =31 =37 7 24
4 1 1 519 501 s 1
4 31 282 =271 8 2
4 4 1 100 37 8 3
4 5 1 276 -283 L
4 6 1 32 22 8 5
4 71 =27 17 8 6
4 8 1 11 9 8 7
4 9 1 95 8 e
410 1 143 -136 8 9
411 1 146  -148 810
412 1 o5 48 8 11
413 1 184  ~194 8 12
415 1 ~40 1 8 13
414 1 132 136 9 14
41l 1 a4 - e 15
417 1 212 221 8 16
418 1 -42 -30 8 17
419 1 138 137 8 18
420 1 -42 20 8 19
421 1 71 ~64 8 20
422 1 -39 5 8 21
4 23 1 105 -121 8 22
4 24 1 =33 17 8 23
425 1 =30 -6 8 24
5 11 441 417 9 1
5 2 1 374 360 9 2
5 3 1 62 -55 9 3
5 4 1 229 220 9 &
5 5 1 89 -82 9 5
5 6 1 288  ~275 9 o
5 71 356 337 9% 7
5 8 1 83 19 9 8
5 9 1 201 211 9 9
510 1 130 136 9 10
51 1 =34 -3 91
512 1 81 -66 912
513 1 198 =202 913
514 1 48 -46 9 14
515 1 224  ~-224 915
516 1 132 -135 9 16
517 1 110 95 917
518 1 -43 ~41 9 18
519 1 ~42 15 9 19
520 1 124 141 9 20
521 1 158 -157 921
522 1 -38 40 9 22
523 1 ~-36 2 9 23
526 1 46 =54 9 24
525 1 35 53 10 1
6 1 1 =26 -4 10 2
6 2 1 342 =33 10 3
6 3 1 93 -81 10 &
6 & 1 506 =486 10 5
6 5 1 88 =62 10 o
6 6 1 297 309 10 7
6 7 1 289 298 10 8
6 8 1 221 226 10 9
6 9 1 183 -188 10 10
610 1 152 ~148 10 1
611 1 36 =27 10 12
612 1 70 =67 10 13
613 1 238 251 10 14
614 1 99 100 10 15
615 1 104 -100 10 16
616 1 154 145 10 17
617 1 a5 ~81 10 18
618 1 -43 -32 10 19
619 1 -e2 -9 10 20
620 1 87 -87 10 21
621 1 -39 =43 10 22
622 1 =37 -17 1
623 1 95 85 1 2
624 1 38 32 11 3
T 11 215 =216 11 &
7T 21 669 -679 i 5
T 3 1 137 130 11 6
7T 4 ) 94  ~102 1 7
7T 5 1 148 150 11 8
7 & 1 255 267 1 9
T 7T 1 72 -62 11 10
T 8 1 63 ~55 1u 11
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Table 6. Continued.

H oK L FLO) FLO) H K L F(O) F(C) " K L F(O) Ficy H X ¢ H K L
1112 1 -43 T 17 9 1 82 86 218 2 s -73 626 2 1113 2
113 1 241 ~229 17 10 1 3 -15 219 2 ~48 -36 625 2 11 14 2
1114 ) 18C 1€1 1711 1 =30 6 220 2 66 =55 71 2 1115 2
115 1 12 ~62 1712 1 49 -51 221 2 55 55 T 2 2 1116 2
11 16 1 =41 3s 171 1 51 -60 222 2 -4 3 7 3 2 1m1ir 2
1117 1 56 58 17 14 1 -23 15 223 2 -4 38 T 4 2 11 18 2
1118 1 5 -69 18 1 1 94 -84 224 2 =36 32 T 5 2 1119 2
19 1 =35 14 18 2 1 ~34 5 225 2 =31 1 T 6 2 1120 2
1120 1 =32 -8 18 3 1 51 52 226 2 =25 23 T 1 2 nma 2
12 11 228 ~244 18 4 1 ~34 22 31 2 313 307 T 8 2 1 22 2
12 2 1 158 =161 8 5 1 90 a5 3 2 2 358 352 T 9 2 12 1 2
12 3 1 119 1s7 18 6 1 =32 =12 3 3 2 345 353 710 2 122 2 2
12 4 1 64 60 8 71 =31 ~18 3 4 2 234 =232 911 2 12 3 2
122 5 1 110 113 18 6 1 ~30 -27 3 5 2 mn ~155 T2 2 12 &4 2
12 o ) 5C =43 8 s 1 79 =13 3 e 2 592 666 713 2 12 5 2
12 7 1 T2 ~86 18 10 1 =27 13 3 9 2 232 =236 T 16 2 12 6 2
12 8 1 =42 =20 18 11 1 =24 19 310 2 130 123 715 2 12 1 2
2 9 1 100 =10¢C 19 11 63 =71 312 2 291 ~306 Tl 2 12 8 2
1210 1 $3 18 19 2 1 44 ~42 313 2 196 176 71T 2 12 9 2
1z 11 1 67 L1} 19 3 1 43 35 314 2 44 -7 718 2 1210 2
¢ 12 1 75 =65 19 4 1 =248 -8 315 2 256 =239 719 2 121 2
12 12 ) 15 154 19 5 1 82 T2 316 2 -47 -3 T2 2 1212 2
12 14 1 62 ~4d 19 6 1 -26 15 317 2 -47 -9 72 2 1213 2
1215 1 =4C ~13 19 7 1 ~25 ~21 318 2 ~48 10 T2 2 12 14 2
12 16 1 a3 $2 19 & 1 ~23 14 319 2 -7 9 123 2 1215 2
1217 1 127 =~138 19 s 1 7 -84 320 2 ~46 -12 T 24 2 1216 2
Jals ) -35 1 20 1 1 39 59 3a 2 =45 26 8 1 2 1217 2
1216 1 56 =56 20 2 1 47 “s 322 2 3 -83 8 2 2 12 18 2
122 20 ) -2% -3C w 31 37 -53 323 2 -39 =30 8 3 2 1219 2
1z i1 1 o 84 20 4 1 =20 324 2 =35 8 4 2 12 20 2
12 1 1 €5 -S1 20 5 1 33 =47 325 2 75 =90 8 5 2 13 1 2
1 2 ) -42 7 ¢ 2 2 605 047 32 2 34 49 8 &6 2 13 2 2
12 3 1 223 233 0 & 2 52 Al 4 1 2 50 8 7 2 13 3 2
12 4 1 34 ] 0 6 2 69 -52 4 2 2 172 -157 8 8 2 13 4 2
13 5 1 97 11 0 8 2 235 =434 4 3 2 181 170 8 9 2 13 5 2
13 ¢ 1 217 a2l 010 2 289 ~-283 4 4 2 165 165 810 2 13 6 2
13 711 91 -95 012 2 162 150 4 5 2 =30 12 811 2 13 17 2
13 8 1} =43 16 014 2 48 e 4 6 2 114  ~-103 812 2 13 8 2
13 s 1 9C -89 016 2 144 ~138 4 7 2 310 =318 813 2 13 9 2
15 10 1 104 -113 0118 2 83 16 4 8 2 29 =290 814 2 1310 2
1211 £ -56 020 2 =47 24 4 9 2 =36 =19 815 2 1311 2
31z 1 42 -2l 022 2 ~43 ~15 410 2 =38 -22 816 2 1312 2
1313 1 -4l 49 0 24 2 -37 ~12 41 2 134 134 817 2 1313 2
13 14 1 =4c =12 €26 2 ~26 =38 41122 2 51 -62 818 2 13 14 2
1215 1 54 55 1 0 2 ur 107 413 2 6l -50 819 2 13 15 2
121¢ 1 =36 20 2 02 79 ~59 “ 16 2 [ 87 80 2 13 16 2
1317 1 -34 -55 3 0 2 99 ~99 415 2 80 -78 6a 2 1317 2
12 1 1 -32 5 4 0 2 140 ~139 41 2 153 156 8 22 2 1318 2
1219 1 3s ~24 5 0 2 412 428 417 2 -48 31 8 23 2 1319 2
4 1 1 =42 21 6 0 2 268 =276 416 2 ~48 23 9 1 2 14 1 2
4 21 b4 1% T 0 2 252 =259 4 19 2 -7 66 9 2 2 14 2 2
14 3 1 =42 ~1l4 a4 0 2 =37 a 420 2 3 65 9 3 2 14 3 2
14 4 1 eC (X3 9 0 2 ~0 38 421 2 L d -37 9 4 2 14 4 2
14 5 1 00 =55 10 0 2 ~42 37 422 2 -41 34 9 5 2 14 5 2
14 6 1 43 -25 il 0 2 142 152 423 2 -38 2 9 6 2 14 6 2
4 71 ~42 -2 12 ¢ 2 187 197 4 26 2 -34 -45 9 1 2 s 7 2
14 v 1 15 -S8 13 0 2 166 =176 425 2 -29 26 9 8 2 14 8 2
14 9 1 81 s % 0 2 176  -l67 5 1L 2 212 =206 9 9 2 14 9 2
14 10 1 -4l 9 A5 0 2 99 103 5 2 2 232 =219 910 2 14 10 2
14 11 1 -41 ~-1s 16 0 2 b4 10 5 3 2 208 =205 911 2 1411 2
14312 ) 1s 115 17 0 2 79 ~75 5 4 2 a2 -323 912 2 14 12 2
14 13 1 o7 =60 18 0 2 =36 12 5 5 2 160 150 913 2 14 13 2
14 14 1 4 =48 9 0 2 43 ~28 5 6 2 216 197 914 2 14 14 2
14 15 1 =35 19 11 < 234 =27¢ 5 1 2 476 465 915 2 14 15 2
14 1e o4 -65 1 2 2 114 102 5 1 2 496 465 916 2 15 1 2
1417 46 40 1 3 2 33 =33 5 8 ¢ 134 143 917 2 15 2 2
1418 1 =27 11 1 4 2 64) 639 5 9 2 13 b4 918 2 15 3 2
12 11 ~42 21 1 5 2 169 162 511 2 498 =511 919 2 15 4 2
15 2 1 42 27 1 6 2 119 115 510 2 132 130 920 2 15 5 2
15 3 1 -42 ~35 1 7 2 478 “19 512 2 86 -Te 921 2 15 6 2
15 4 1 -42 13 1 @ 2 1035 =~1046 513 2 138 -137 922 2 5 7 2
15 5 1 73 €3 1 9 2 118 111 5 14 2 166 ~159 9 23 2 15 8 2
15 o 1 e =iCl1 11 2 258 =252 515 2 165 152 10 1 2 15 9 2
15 71 72 73 in 2 286 -282 516 2 -47 “8 10 2 2 15 10 2
£ 8 3 115 -123 112 2 s02 524 517 2 =48 -8 10 3 2 1511 2
15 9 1 T8 -€3 113 2 51 -34 518 2 92 80 10 4 2 15 12 2
1510 1 15¢C 156 114 2 194 204 519 2 =47 =19 10 5 2 1513 2
£11 1 -3 -43 115 2 96 9% 520 2 45 10 100 6 2 15 14 2
1£12 1 s8 93 111 2 19 ~111 521 2 =43 -28 10 7 2 16 1 2
1213 1 =35 20 117 2 =47 522 2 78 -7 10 8 2 16 2 2
15 14 1 50 406 118 2 214 -206 523 2 55 39 10 9 ¢ 16 3 2
1515 1 =31 -20 119 2 %8 35 5 24 2 -32 =31 10 10 2 16 4 2
15 16 1 50 ~47 120 2 66 6l 525 2 66 88 101 2 16 5 2
1 1 1 56 81 121 2 %5 =30 6 1 2 240 =239 1012 2 16 6 2
16 2 1 115 ~166 1 2 2 205 206 6 2 2 194 ~182 1013 2 16 T 2
1€ 3 1 n =55 123 2 =40 -8 6 3 2 -33 -5 10 14 2 16 8 2
16 4 1 =41 -10 14 2 55 ~49 6 4 2 153 -147 10 15 2 16 9 2
16 5 1 -40 =32 125 2 48 50 6 5 2 179 184 10 16 2 16 10 2
16 6 1 45 51 120 2 125 =141 6 6 2 165 145 1017 2 11 2
16 1 1 -39 16 2 1 2 449 444 6 7 2 118 102 10 18 2 16 12 2
16 8 1 =38 EH 2 2 2 179 =164 6 8 2 155 166 1019 2 17 1 2
1€ 9 1 -317 18 2 3 2 153 -13% 6 9 2 123 100 1020 2 7 2 2
1610 1 =36 -5 2 4 2 110 -89 610 2 128 ~53 1021 2 17 3 2
Je 11 1 =35 9 2 5 2 282 -274 611 2 «7 —44 10 22 2 171 4 2
1612 1 58 44 2 € 2 =29 -22 612 2 92 101 1 1 2 T 5 2
1€ 13 1 54 -£3 2 1 2 9% 88 613 2 45 21 1n 2 2 171 6 2
1¢ 14 1 -25 22 2 8 2 275 278 6 14 2 -46 T L 3 2 171 1 2
1615 1 -26 =12 2 5 2 303 =327 615 2 o7 1] 11 4 2 17 8 2
17 11 54 47 210 2 261 273 616 2 -48 =21 ir 5 2 17 9 2
17T 2 1 =38 =30 21 2 123 =134 611 2 ~48 -39 11 6 2 1710 2
1T 3 66 ~57 212 2 125 -109 618 2 ~4T 36 nm 7 2 iTn 2
11 4 1 ~38 -13 213 2 102 9 619 2 -46 =36 1n 8 2 17 12 2
11 5 1 s -85 214 2 5 -61 620 2 -44 =36 T 9 2 171 13 2
17 & 1 55 66 215 2 ~~5 “4 62 2 -42 10 11 10 2 18 1 2
17 7T 1 =36 14 216 2 -46 -1 622 2 -39 -35 a1 1 2 18 2 2
17 8 1 ~35 24 217 2«7 ~20 623 2 -3 4 mi 2 8 3 2

Acta Chem. Scand. 26 (1972) No. 1 23



362 HORDVIK AND JULSHAMN

Table 6. Continued.

H K L Ft) Fic) H K L FO) F(cr H kL FLO) FiC) H kL FlO) FiC) N XK L FO) Fic)
18 4 2 =34 T 412 3 186 118 022 3 ~-29 -4 1410 3 —42 o 3 16 4 o4 -8
18 8 2 =33 -3 413 3 355 ~346 823 3 =21 -2 1412 3 84 69 317 & 37 F23
18 6 2 -32 23 414 3 -49 34 9 1 3 147 154 14 13 3 -37 -29 318 4 [ -7
e 7 2 =31 2 415 3 118 110 9 2 3 186 =197 14 14 3 52 44 319 4 -34 23
18 8 2 =25 e 416 3 d ? 3 3 233 -269 1415 3 -3} 3 320 & -31 29
18 9 2 =27 21 417 3 247 238 9 4 3 144 162 14 16 3 a7 -69 321 & -28 -29
18 10 2 =25 -1 418 3 49 12 9 5 3 181 =208 15 1 3 =48 =12 322 4 -26 15
19 1 2 8e (3] 415 3 67 52 9 6 3 2a7 233 15 2 3 —46 -32 323 &4 -17 -16
1s 2 2 -2¢ -5 4 20 3 45 6 9 7 3 64 70 15 3 3 -4 T 4 1 4 342 ~366
19 3 2 102 S0 421 3 63 -61 9 8 3 65 42 15 4 3 56 -52 4 2 4 163 148
1§ 4 2 =27 26 4 2 3 -38 0 9 9 3 137 139 15 5 3 —45 15 4 3 & 35T =368
19 5 2 50 -54 423 3 72 -95 910 3 159  ~-l41 15 6 3 ~44 40 4 & 4 55 -53
19 6 2 ~24 10 4 24 3 ~28 -23 11 3 62 54 15 7 3 -43 a5 4 5 4 220 218
1§ 1 2 91 =106 5 13 118 =117 912 3 168 ~164 15 8 3 -4 31 4 6 &4 203 -199
0 8 3 217 248 5 2 3 124 118 913 3 T -56 15 9 3 -4l T 4 7 4 31 129
g10 2 145 -130 5 3 3 3l 301 914 3 -49 51 1510 3 61 =74 4 8 4 95 18
012 2 55 -6 5 4 3 ~37 -17 915 3 -48 -6 1511 3 -37 -9 4 9 4 168 =175
Cle 3 -48 34 5 5 3 256 250 916 3 90 93 15 12 3 =35 el 4 10 & 144 -62
0le 2 13 105 5 6 3 241 234 917 3 17 73 1513 3 =32 ~12 411 4 78 «71
018 3 (33 £3 5 1 3 96 -88 918 3 51 -51 1 0 4 ar 211 412 4 48 ~40
c20 ? 169 ~162 5 8 3 52 63 919 3 -39 29 2 0 & 426 409 4 13 4 -40 16
0 i2 13 61 =50 5 & 3 140 =138 920 3 53 —5 3 0 4 85 ~86 4 14 4 56 53
c 24 3 68 7 51 3 198 =203 921 3 -30 =31 4 0 4 1L =102 415 4 203 215
112 20C =207 511 3 177 ~160 922 3 -24 46 5 0 4 L) 63 416 4 =38 20
12 3 547 519 512 3 16 -80 10 1 3 a3 88 6 0 4 337 =321 417 & 159 144
13 2 143 126 513 3 —49 =20 10 2 3 ~48 =12 7 0 4 143 ~154 418 4 a7 8
1 4 3 66 76 514 3 7 ~54 0 3 3 ~48 61 8 0 4 618 598 419 4 234  -230
1 5 3 67 57 515 3 160 156 10 4 3 209 =241 9 0 & -39 =50 4 20 & “3 “2
1 & 23 214 =263 516 3 =50 2 10 5 3 182 -197 10 0 &4 244 -257 421 & 102 ~-103
1 7 3 191 ~-187 511 3 =50 ~36 10 & 3 100 110 1 0 « 138 135 4 22 4 -22 -19
1 8 2 48 -£3 518 3 -8 23 0 7 3 =50 ~16 12 0 & <39 -10 5 1 & =32 -4
1 9 3 -40 =43 519 3 98 -98 10 8 3 1ur 132 13 0 4 =37 =38 5 2 & 51 ol
110 3 212 278 520 3 —4h =14 10 9 3 154 130 14 0 4 T4 79 5 3 & ~33 ~10
111 2 ~44 23 521 3 -4l 43 1010 3 137 -122 15 0 & ~32 36 5 & & hod -94
112 3 226 218 542 3 =37 25 1011 3 871 -80 l6 0 & 100 -108 5 5 4 59 o8
113 3 -47 a2 523 3 =32 9 1012 3 =50 -28 0 « 4 518 573 5 6 4 47 44
116 3 242 =238 5 24 3 29 42 1013 3 159 -128 0 6 4 78 79 5 7 4 =36 10
115 3 135 124 e 1 3 122 -7 10 14 3 -48 ~14 0 8 4 175 =159 5 8 & 83 79
116 23 234 =217 6 2 3 305 =311 10 15 3 =46 T 010 4 173 ~182 5 9 & 106 =102
117 3 ~50 7 6 3 3 -39 -18 10 16 3 44 o 012 4 -39 =12 510 & 61 =51
118 2 13¢ 134 6 4 3 88 -97 10 17 3 136 120 014 4 239 223 511 4 109 =-100
119 2 49 ~43 6 5 3 287 306 10 18 3 -39 016 4 91 -88 512 & 48 =35
120 3 12¢ 1c8 6 &6 3 151 158 10 19 3 ~36 33 018 4 186 =176 513 & 49 “
1 a1 2 54 £3 6 7 3 ~43 -22 10 20 3 -31 -17 020 4 62 48 514 4 -39 -9
122 3 -41 ~48 6 & 3 159 161 11 1 3 161 ~183 022 4 69 (34 515 & 5 o5
123 2 =31 18 6 S 3 191 ~200 i1 2 3 162 174 11 4 84 82 516 4 =38 1
124 3 «7 -4 610 3 100 -101 1m 3 3 160 le7 I 2 4 123 105 517 & 70 =54
z L 3 les ~1€1 611 3 76 94 11 4 3 115 =115 1 3 4 114 =96 518 4 51 58
2 2 2 130 120 612 3 88 -78 I 5 3 126 156 1 4 4 34 ~38 519 4 48 =54
2 3 3 13¢ =111 613 3 168 178 11 6 3 ~-50 =50 1 5 4 mn =72 520 4 =29 -2
i 4 3 Ale 448 6 14 3 136 131 1 7 3 =50 =50 1 6 4 149 =134 521 4 -25 29
< 5 3 105 90 615 3 87 -13 1 8 3 n 82 L7 4 210 216 522 4 ~20 -2l
i 6 2 161 ~148 6 1¢ 3 97 79 11 9 3 185 =167 18 4 =34 -8 6 1 4 184 1488
2 1 3 81 ¢S 611 3 136 ~-119 11 10 3 ~50 29 19 4 50 39 6 2 4 236 =259
2 8 3 208 =225 618 3 -7 =23 11 11 3 =49 ~39 110 4 a7 9% 6 3 4 1517 164
2 9 2 304 -293 619 3 -45 ~18 1112 3 3 56 11 4 90 =93 6 4 4 203 203
210 3 176 160 6 20 3 104 -a7 113 3 181 150 112 & 100 -109 6 5 4 51 -o2
a1l 2 13¢ 137 621 3 =39 30 11 14 3 46 113 4 -39 29 6 6 & 294 312
212 3 56 ~61 6 22 3 <-35 -18 11 15 3 ~44 31 114 & -40 ~34 6 T 4 65 =50
213 2 350 364 6 23 3 =30 42 11 16 3 42 =27 115 4 -40 36 6 8 4 113 =114
214 3 110 =111 6 24 3 37 61 1117 3 9% 19 11l 4 106 109 6 9 & o8 79
215 3 184 ~176 71 3 ~41 =34 i1 18 3 =35 26 117 & =38 ~13 610 4 65 =15
216 2 -5C -29 T 2 3 -4l =33 1119 3 ~31 =13 118 « -37 =21 6 11 4 114 106
<« 17 3 164 ~170 T 3 3 -4l =36 12 1 3 13% ~152 119 4 =35 11 6 12 4 148 137
<18 3 14 =21 7 4 3 18 =129 12 2 3 226 =266 12 « 48 -23 6 13 4 -39 =14
219 2 -40 33 7 5 3 =43 33 12 3 3 ~50 61 121 « -29 10 6 14 4 96 100
220 2 S8 $3 7T 6 3 365 =357 12 & 3 =50 46 122 4 =25 ir 6 15 & 146 -139
22 32 —44 49 T 1T ~45 -2 12 5 3 bod 11e 123 « =20 -14 6 16 4 78 -15
22 3 %0 40 7T 8 3 144 =161 12 & 3 =50 52 2 1 4 120 122 617 4 81 -55
& &3 3 1cc s8 7 9 3 -47 ~43 12 1 3 ar ~9% 2 2 4 =26 =11 618 & 121 Yy
224 3 4é -42 710 3 217 216 12 8 3 =50 =27 2 3 & 273 2719 619 4 1 125
3 1 32 226 228 T 3 ~49 36 12 9 3 -49 ~-58 2 4 & 300 ~284 6 20 4 =27 --
3 2 3 456 =441 712 3 181 175 12 10 3 ~49 33 2 5 4 115 =95 6 21 4 40 40
3 3 153 -152 713 3 ~50 37 1211 3 101 83 2 6 4 70 ~55 6 22 4 29 “0
2 4 2 178 182 714 3 87 =19 1212 3 90 -7 2 7 o 221 =231 T 1 4 9 92
3 5 3 232 ~234 715 23 -50 =51 1213 3 a7 86 2 8 4 97 83 T 2 4 “4 -a2
3 6 3 12¢ 113 71 3 95 =95 12 14 3 =43 3 2 9 4 101 95 T 3 4 82 "
37 3 184 181 111 3 -48 -19 12 15 3 -4l -1 210 & 201 200 T 4 & T4 n
2 8 3 56 -&7 718 3 80 REd 12 16 3 103 98 211 4 5 o3 7 %5 4 59 -3
2 9 2 20§ 159 T 19 3 -44 21 1217 3 13 -119 212 4 -39 =33 T 6 4 ~38 ~15
310 23 =43 T2 3 61 n 1218 3 31 213 4 52 -43 T 7 & a9 =86
2 n 3 108 $8 721 3 =37 4 13 3 103 142 214 4 191 =187 7T 8 4 55 -4l
312 3 ~46 -5 72 3 ~-32 -24 13 2 3 -50 12 215 o 187 =163 T 9 & -39 10
313 23 a3 ~6d 723 3 ~26 9 13 3 3 ~50 =70 216 & 82 n T 10 4 ~40 24
314 3 175 115 720 3 18 -51 13 « 3 86 91 211 4 84 -75 T 4 T4 5
315 2 22T -234 8 1 3 it -86 13 5 3 61 ~80 218 4 70 59 T12 & -39 -21
216 3 118 113 8 2 2 354 3715 13 6 3 -49 =25 219 4 190 189 T13 4 -39 -32
317 3 ~50 33 8 3 3 88 87 13 1 3 -49 19 220 & 61 -57 T 16 4 -3 19
218 2 9¢ =110 8 4 3 171 188 13 8 3 d ~56 221 4 93 8 715 4 52 -l
319 3 82 52 8 5 3 55 62 13 9 3 101 97 222 4 3s =25 716 4 69 54
320 2 89 =52 8 6 3 244 -251 1310 3 ~46 58 223 4 33 =36 T1T 4 ~34 28
a2 83 -9 8 7 3 st 13 131 3 -45 14 3 1 & -2t -10 718 & 38 -27
32 3 -39 =12 8 8 3 118 -122 13 12 3 ~h4 31 3 2 4 T2 53 T19 4 <28 14
223 3 =35 -22 8 9 3 —48 1 13 13 3 113 -97 3 3 4 98 L34 T 20 4 =25 -5
3 24 2 =30 8 810 3 136 126 13 14 3 -39 -20 3 4 4 90 9 T2l 4 =20 .
4 1 3 425 441 el 3 86 =-19 1315 3 -37 =16 3 5 4 -3 -19 s 1 4 -37 34
4 2 2 416 411 812 3 ~50 31 14 1 3 63 o4 3 6 4 73 -57 e 2 4 122 123
4 3 3 243 -256 813 -50 24 14 2 3 187 216 3 7 4 174 -179 3 4 60 63
4 4 2 233 =47 8 14 3 =50 -40 14 3 3 =49 =67 3 8 4 -35 1n 4 4 303 -290
4 5 2 315 =338 815 3 =49 33 14 4 3 T6 9% 3 9 4 45 “ 8 5 & =38

4 & 2 =38 23 816 3 102 ~104 14 5 3 ~48 ~56 310 4 92 97 8 6 4 116 ~114
4 7 3 -39 ~19 817 3 46 -49 14 6 3 88 -93 311 4 98 106 s 7T 4 -39 -22
4 8 3 ~41 17 818 3 —h4 -10 14 7 3 =47 38 312 & -39 38 8 8 4 -39 32
4 9 : 252 2€7 819 13 -41 —44 ia 8 3 68 “T1 313 4 -39 45 s 9 & -40 28
410 2 54 -64 8 20 3 106 13 14 9 3 =45 22 316 & =40 ~16 810 4 13d 12
41 2 % =719 821 3 -34 1 14 10 3 15 ol 315 4 56 -5 s 11 4 -9 56
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Table 6. Continued.

r KL OFLO? FLQ) " K L Flo) FLC) K K L FtO) FlC) M K L FlO) (1] H K L FlO) L4}
E 12 4 8C =75 917 4 =30 20 11 4 4 84 -85 1212 4 45 55 16 7 & 48 40
8 13 4 =32 4 918 & -27 13 11 5 4 -39 1 12 13 4 43 -29 14 8 ¢ 124 115
8 14 4 154 =14l 919 4 =23 =13 11 6 4 48 85 12 14 4 =28 25 14 9 & =30 -23
815 4 S4 =51 10 1 4 136 ~1l44 11 7 4 -39 25 12 15 4 ST ~117 14 10 4 8T 100
8 16 4 T2 15 10 2 4 -39 22 11 8 4 -3 33 12 16 4 -22 9 14 11 ¢ sl -58
817 4 =32 =21 10 3 4 158 ~151 19 £14 56 13 1 4 56 1 1412 4 o7 -T¢
€18 «+ 10¢ 119 10 4 4 140 136 11 10 4 =37 -5 13 2 4 53 48 14 13 4 26 20
819 4 -26 -3 10 5 4 =40 29 11 11 &4 =38 ~-30 13 3 & =37 -28 14 14 o 23 -39
€ 20 4 -22 =12 10 & 4 40 9 1112 4 -35 23 13 4 4 64 [od 15 1 & =32 -9
$ 1 4 9z -1ce 10 7 4 108 9% 11 13 4 =33 =31 13 5 & 48 -52 15 2 4 =21 -13
S 2 4 “8 -31 10 8 4 56 43 11 14 & =31 -24 13 6 4 54 -45 15 3 4 -3 r
$ 3 4 48 ~56 10 9 4 48 -36 11 15 & =29 1 13 7 4 =35 50 15 4 & Bl -4t
S 4 4 “h 40 10 10 4 58 =54 16 & =26 -6 13 8 & 51 44 15 5 4 ~30 19
9 5 4 7 76 101 4 168 ~168 11 17 4 -23 - 13 9 4 =33 -10 15 6 & =29 -
S 6 4 52 45 10 12 4 =37 9 12 1 4 202 179 13 10 & =32 -1 15 7 &4 - -32
s 7 4 -40 12 10 13 4 =35 29 12 2 4 oT -65 1311 & =30 ~-22 15 8 & “
9 8 4 =40 =41 10 14 4 58 64 12 3 4 124 122 13 12 & =28 a7 15 9 & =25 -30
S 9 4 -40 -1 10 15 4 150 149 12 4 & 54 38 13 13 & =26 15 15 10 & =23 28
910 4 =35 =39 10 1¢ 4 82 -78 12 5 & 118 =117 13 14 4 =24 10 16 1 & o7 =38
S 11 4 =35 41 10 17 4 -27 11 12 6 4 92 14 1 4 49 ~41 16 2 & =27 -29
$ 12 4 -3¢ 15 10 18 4 49 -62 12 1 4 79 =91 14 2 4 60 54 16 3 o 40 -39
913 4 -37 l6 10 19 4 38 -3 12 8 & 100 =~-101 14 3 & =33 -28 16 4 & 91 108
S 14 4 =36 18 11 1 & =40 ~15 2 9 4 =38 26 14 4 4 1le ~-118 16 5 & =25 7
915 4 =34 - 12 ~40 -26 12 10 4 o =57 14 5 4 4 41 16 6 4 46 59
s 16 4 -32 7 11 3 4 -40 13 1211 4 107 106 14 & & 126 ~134 16 7 & 32 23

16 8 4 (] -72

respectively. These bond lengths agree with the lengths of the terminal
and central C—C bonds, 1.354(3) and 1.409(3) A, in 6a-thiathiophthene (I).
The average lengths for the equivalent bonds in VI are 1.376 and 1.406 A,
respectively.

The S(6a)—C(3a) bond length in the present structure, 1.742(5) A, agrees
closely with that of 1.748(3) A in I and also with that of 1.744* A in VI.

The lengths of the exocyclic C—C bonds (Fig. 1a), ranging from 1.512 to
1.527 A, are quite normal for such single bonds.

The crystal structure of 1,6-dimethyl-3,4-trimethylene-6a-thia-azophthene
as seen along the c-axis is shown in Fig. 2. There are no intermolecular atomic
distances shorter than corresponding van der Waals distance.

EXPERIMENTAL

The unit cell dimensions for crystals of 1,6-dimethyl-3,4-trimethylene-6a-thia-
azophthene were determined from high-order reflections on hk0 and 0kl Weissenberg
photographs where sodium chloride powder lines had been superimposed for reference
(anac1=5.6396 A). A least squares procedure on 56 measured 26-values gave a=16.115(5)
A, 5=21.676(8) A, and c¢='5.825(14) A.

Eight molecules per unit cell give a calculated density of 1.269 g/em® as compared
with the density 1.28 — 1.30 g/cm? found by flotation.

The intensities of the hk0—hk4 and Okl reflections were estimated visually from
Weissenberg photographs taken with Ni-filtered CuKa radiation (u=23.7 em™). 0kl
reflections from the zero layer about a were used for scaling only.

A crystal with dimensions about 0.08 x 0.04 x 0.4 mm in the three axial directions
was used for the intensity data collection. Lp corrections, and corrections for extended
spots on upper layer Weissenberg films, were applied, but absorption corrections were
not applied.

The scattering factors used for sulphur, nitrogen, carbon, and hydrogen in the structure
factor calculations were those given in the International T'ables.**

Final atomic coordinates from the least sqiares refinement are listed in Table 3,
and the temperature parameters in Table 4.

An analysis of the thermal parameters of the S, N, and C atoms, assuming the whole
molecule except the methyl groups a rigid body, was carried out according to the method
of Schomaker and Trueblood.® The libration tensor, L, arrived at is given in Table 6.
Bond lenghts, which have been corrected according to the libration tensor L, are listed
in the first column of Table 1.

The final list of structure factors is given in Table 6.
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