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3,4-Trimethylene-6a-selenaselenophthene crystallizes in the or-
thorhombic space group Pn2,a, with unit cell dimensions: a=11.437
(3) A, b=4.860(5) A, and c=16.589(4) A. There are four molecules
per unit cell.

The structure has been solved by three-dimensional Patterson
synthesis, and refined by full-matrix least squares. The refinement
comprises 1004 h0l-h4l reflections, including 101 unobserved.

The atoms of the 6a-selenaselenophthene system and the methylene-
carbons C(6) and C(8), bonded to C(3) and C(4), respectively, lie almost
in the same plane. The Se-Se bond lengths are Se(1) —Se(6a)=2.568(3)
A and Se(6a)—Se(6)=2.554(3) A, with the angle Se(l)—Se(6a)—
Se(6)=175.2(2)°. The other bond lengths in the selenaselenophthene
system are: Se(l)—C(2)=1.777(23) A, Se(6a)— C(3a)=1.906(20) A,
Se(6)—C(5)=1.817(22) A&, C(2)-C(3)=1.379(24) A, C(3)-(C(3a)=
1.435(23) A, C(3a)—C(4)=1.418(22) A, and C(4) — C(5)=1.400(23) A.

In the crystals, Se(l) of the reference molecule approaches Se(6a)
of a screw axis-related molecule at a distance of 3.57 A.

'I‘hc present structure investigation of 3,4-trimethylene-t6a-selenaseleno-
phthene (I) has been carried out in order to obtain further experimental
evidence for the bonding in 6a-selenaselenophthenes.
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STRUCTURE DETERMINATION

Crystals of 3,4-trimethylene-6a-selenaselenophthene (1) were generously
supplied by Reid.! The crystals are very dark purple and belong to the ortho-
rhombic space group Pn2,a.
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The structure study is based on photographic data, taken with Weissen-
berg camera and CuKo radiation. The data comprise 1004 h0l-h41 reflections,
including 101 unobserved.

Approximate selenium positions were found from a three-dimensional Pat-
terson map, and the carbon atoms revealed themselves during a subsequent
Fourier synthesis.

The structure was refined by a full-matrix least squares procedure
(¢f. Ref. 2). The constants a, and a, in the weighting scheme were in the present
case set equal to 1.0. Unobserved reflections with K|F | greater than
F threshold yere included in the refinement with F = F threshold - Anigotropic
temperature factors were applied to selenium and carbon, and isotropic
to hydrogen. Four low order reflections, supposed to be affected by secondary
extinction, were excluded from the least squares refinement. The final R factoc
is 0.076 when unobserved reflections are included, and 0.075 when they are
omitted. For further details with respect to the structure determination, see
Experimental.

DISCUSSION

Molecular shape and dimensions. Bond lengths and angles in the 3,4-tri-
methylene-6a-selenaselenophthene molecule, together with their standard de-
viations, are listed in Tables 1 and 2, and shown in Fig. 1, a and b.

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-selenaselenophthene system and the meth-
ylene carbons C(6) and C(8). The equation for this plane, with weights equal
to four for selenium, and one for carbon, is,

—0.63748 X +0.76127 Y —0.11871 Z= —0.78216
with X, ¥, and Z in A units. Deviations from the plane for the selenium and
the carbon atoms are given in Fig. la. It is seen that the methylene carbons
C(6) and C(8) and the atoms of the 6a-selenaselenophthene system lie almost
in the same plane.

Table 1. Bond lengths (/) and standard deviations in bond lengths a(l) in 3,4-trimethylene-
6a-selenaselenophthene. Bond lengths (I') include corrections for rigid-body libration.

Bond U (A) 1 () a(l) (A)
Se(1) —Se(6a) 2.568 2.563 0.003
Se(6a) —Se(6) 2.554 2.548 0.003
Se(1) — C(2) 1.777 1.771 0.023
Se(6a) — C(3a) 1.906 1.899 0.020
Se(6) — C(5) 1.817 1.811 0.022
C(2)—-C(3) 1.379 1.375 0.024
C(3) —C(3a) 1.435 1.432 0.023
C(3a) — C(4) 1.418 1.414 0.022
C(4) —-C(5) 1.400 1.397 0.023
C(3) — C(6) 1.499 1.494 0.028
C(6)—C(7) 1.507 1.503 0.024
C(7)—-C(8) 1.564 1.561 0.024
C(8) —C(4) 1.549 1.544 0.030
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Table 2. Bond angles / (ijk) in 3,4-trimethylene-6a-selenaselenophthene. The standard
deviations given in parentheses refer to the last digits of the respective values.

i i | K LGjky*
Se(6a) Se(1) C(2) 87.7(6)
Se(1) Se(6a) C(3a) 87.5(5)
Seo) Setta) Coo) o)
e e{0a o8 LU0
Se(6a) Se(6) C(5) 89.0(5)
Se(1) C(2) C(3) 126.7(1.5)
C(2) c3) C(3a) 118.6(1.7)
C(2) C(3) C(6) 121.5(1.5)
C(6) C(3) C(3a) 119.9(1.4)
Se(6a) C(3a) C(3) 119.5(1.2)
Se(6a) C(3a) C(4) 119.1(1.3)
C(3) C(3a) C(4) 121.4(1.7)
C(38) C(4) (5) 121.4(1.7)
C(3a) C(4) C(8) 119.6(1.4)
C(5) C(4) C(8) 118.9(1.4)
Se(6) C(5) C(4) 122.5(1.3)
C(3) C(6) (N 108.8(1.9)
C(6) C(7) C(8) 109.8(1.5)
C(4) C(8) C(7) 105.8(1.9)

Comparison with related molecules. ¥ig. 1a shows that the 3,4-trimethylene-
6a-selenaselenophthene molecule is nearly symmetric about a plane perpendic-
ular to the molecular plane and passing through Se(6a), C(3a), and C(7).

If one takes the average of corresponding bond lengths () in the two halves
of 3,4-trimethylene-6a-selenaselenophthene, one gets the values given in Ia.

There are no significant deviations between the C-C and C-Se bond lengths
in structure Ia and the corresponding C-C and C-Se bond lengths in the average
structure of 6a-selenaselenophthene (II).2 However, the Se-Se bonds in Ia,
2.556(3) A, are significantly shorter than the Se-Se bonds in II, 2.583(3) A,
and the shortening of the Se-Se bonds seems to be due to the presence of the
3,4-trimethylene bridge.

(a) (b)

Fig. 1. (a) Bond lengths (A) in the 3,4-trimethylene-6a-selenaselenophthene moleculo,
and atomic distances (A) from the least squares plane of the atoms of the 6a-selenaseleno-
phthene system and carbons (!(6) and C'(8). (b) Bond angles (°).
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Support for this idea derives from a comparison of the structures Ia and
11 with the structures of 2,5-diphenyl-3,4-trimethylene-6a-thiathiophthene
(IIT) ® and 2,5-diphenyl-6a-thiathiophthene (IV).# The sum of the Se-Se bond
lengths in Ta, 5.112 A, is 0.054 A shorter than the sum of the Se-Se bond lengths

& LA~ 137

23 12
190 183

8g6 1738
Se————’/S?'——Se

2583 A
(1)
Ph Ph

1219 1207
173 183[119.4 1160

93.2 1768 948
S L9 S
2329  2288A 2362 2304 A

(i (1v)

in 11, 5.166 A, and similarly the sum of the S-S bond lengths in 1II, 4.617 A,
is 0.049 A shorter than the sum of the S-S bond lengths in IV, 4.666 A.
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Fig. 2. The arrangement of 3,4-trimethylene-Ga-selenaselenophthene molecules in the
crystal as seen along the b-axis. Atomic distances are given in A units.

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



TRIMETHYLENE 6a-SELENASELENOPHTHENE 489

A comparison of bond angles in Ia and II shows that the bond angle at
Se(1) is almost the same in the two compounds, while the bond angle at C(2)
is greater, and the bond angles at C(3) and C(3a) are smaller in Ia than in II.
Similar equalities and differences in bond angles are found for structures I1I
and IV,

The arrangement of 3,4-trimethylene-6a-selenaselenophthene molecules
in the unit cell, as seen along the b axis, is shown in Fig. 2. Intermolecular atom-
ic distances shorter than corresponding van der Waals distances are given in
the figure. :

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
Se(1) 0.14332(17) 0.02769(87) —0.08708(9)
Se(6a) 0.09320(13) 0.00000 0.06329(9)
Se(6) 0.05284(18) 0.00969(90) 0.2143(11)
C(2) 0.2553(17) 0.2633(55) —0.0613(11)
C(3) 0.2832(13) 0.3543(43) 0.0148(8)
C(3a) 0.2159(16) 0.2557(47) 0.0816(10)
C(4) 0.2392(14) 0.3435(43) 0.1613(8)
C(5) 0.1726(16) 0.2498(52) 0.2264(9)
C(6) 0.3816(15) 0.5508(56) 0.0289(11)
C(7) 0.4323(15) 0.4980(72) 0.1110(9)
C(8) 0.3378(15) 0.5536(64) 0.1770(10)
H(1) 0.454 0.499 —-0.010
H(2) 0.348 0.737 0.025
H(3) 0.430 0.265 0.113
H(4) 0.496 0.520 0.123
H(5) 0.303 0.728 0.176
H(6) 0.384 0.487 0.231
H(7) 0.196 0.317 0.288
H(8) 0.308 0.329 -0.110

Table 4. Temperature parameters U (A?) for selenium and carbon. The expression used
is exp[—2a%h%a*:U,y + .-+ + 2hka*b*U,, + ---)]. All values are multiplied by 10%
Standard deviations in parentheses refer to the last digits of the respective values. Iso-
tropic temperature factors exp [ —8a2U(sin?6/A?] with U =0.0375 A2 were used for the
hydrogen atoms.

Ull U22 Dv.']a U12 UZ:! Uli.‘»
Se(1) 446(9) 432(15) 271(6) 82(16)  —92(14)  —68(6)
Se(6a) 300(6) 232(12) 340(7) —20(12) —7(12)  —13(6)
Se(6) 500(10) 437(15) 373(8) —11(18) 28(19) 150(7)
C(2) 415(95) 343(146)  340(95) 133(103)  —19(101) 33(79)
C(3) 299(68) 281(116) 91(56) 32(72) 24(63)  —21(54)
C(3a) 475(94) 74(114)  212(75) —75(90)  —53(77) 19(66)
C(4) 315(74) 203(119)  104(64) —99(72)  —37(65)  —52(55)
C(5) 490(95) 402(135)  186(66) 34(100) —36(84) —8(72)
C(6) 340(72) 152(147)  484(81) —49(89) —8(102)  142(65)
(1) 403(80) 599(176)  335(77)  —397(142)  252(133) —58(65)

C(8) 418(86) 445(191)  350(71) 1(121)  —17(120) 76(67)
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Table §. Observed and calculated structure factors for 3,4-trimnethylene-6a-selenaseleno-
phthene. The values given are ten times the absolute values. Unobserved reflections are
marked with & minus sign.
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EXPERIMENTAL

The unit cell dimensions for crystals of 3,4-trimethylene-6a-selenaselenophthene wore
determined from high-order reflections on 20! and Okl Weissenberg photographs, whers
lead nitrate powder lines had been superimposed for reference. A least squares procedure
on 41 measured 20-values gave a=11.437(3) 4, b=4.860(5) A, and ¢=16.589(4) A.

Four molecules per unit cell give a calculated density of 2.456 g/em? as compared with
the density 2.45 g/em?®, found by flotation.

The intensities of the h0I-h4l and Okl reflections were estimated visually from Weissen-
berg photographs taken with Ni-filtered CuKa radiation (u=159.4 em™). Okl reflections
from the zero layer about a were used for scaling only.

Lp corrections and absorption corrections were applied, the latter according to a pro-
cedure of Coppens et al.’

The hydrogen positions wero estimated and included in the structure factor calcula-
tions, but not refined.

The scattering factors used for selenium, carbon, and hydrogen in the structure factor
calculations were those given in the International Tables.® The selenium scattering curve
was corrected for anomalous dispersion, using the 4f” and 4f” values given by Cromer.”

The final atomic coordinates are listed in Table 3, the temperature parameters in Table
4. The final list of structure factors is given in Table 5.

An analysis of the thermal parameters of the S and C atoms, assuming the moleculs
a rigid body was carried out according to the method of Schomaker and Trueblood.® The
Se—~8Se, Se—C, and C—C bond lengths have been corrected for rigid body libration ac-
cording to Cruickshank’s formula.’ The corrected bond lengths are listed in the first col-
umn of Table 1.
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