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The Crystal and Molecular Structures of 2,5-Diaza-1,6-dioxa-6a-
thiapentalene and its 6a-Selena and 6a-Tellura Analogs

FRED A. AMUNDSEN, LARS K. HANSEN and ASBJORN HORDVIK

Department of Chemistry, Institute of Mathematical and Physical Sciences, University of Tromsg,

Box 953, N-9001 Tromse, Norway

The crystal and molecular structures of 2,5-diaza-
1,6-dioxa-6a-thiapentalene (I), 2,5-diaza-1,6-dioxa-
6a-selenapentalene (II) and 2,5-diaza-1,6-dioxa-6a-
tellurapentalene (III) have been determined by
means of X-ray crystallographic methods.

Crystals of I are yellow, space group P2,/c with
Z=4 in a unit cell of dimensions a=6.939(5) A,
b=7.000(5) A, c=11.0135) A and p=110.83(7)".

Crystals of II are red, space group P2,/c with
Z=4 in a unit cell of dimensions a=6.987(1) A,
b=7.0002) A, ¢=11.3792) A and B=110.93(2)".

Crystals of III are dark red, space group P2,/c
with Z=4 in a unit cell of dimensions a=9.605(4)
A, b=5006(2) A, c=12.202(3) A and f=112.94(3)".

The structures were solved by direct methods (I),
isomorphism (II), and Patterson methods (III),
and refined by full-matrix least-squares techniques.

Within experimental errors, the three molecules
are planar and symmetric about the respective
C(3a)— X(6a) bonds (X =S,Se,Te).

The average values for bond lengths are, O—S=
1.852(2) A, C—S=1.683(4) A, O—N=1.350X1) A,
C—N=13096) A, and C—C= 1407(5) for
compound I, O—Se=1.992(6) A, C—Se=1.827(8)
A, O-N=133(1) A, C=N=1.33(1) A, and C—C
=1.42(1) A for compound II, and O — Te=2.087(13)
A, C—Te=1980(15) A, 0O-N=137(3) A, C-N=
1.39(3) A, and C—C=1.36(3) A for compound III.
The bond lengths in I and II have been corrected
for libration.

Values of 1.19 A for Se and 1.39 A for Te are
proposed for the covalent single bond radii of these
elements in cis planar diselenide and ditelluride
groups, respectively. The lengthening of the O —X
(6a) bonds in compounds I-III relative to the
corresponding sums of covalent radii then become
8.3 Y%, 7.6 % and 1.8 %, respectively, in agreement
with results from ESCA studies and CNDO/2
calculations.

In crystals of I and II there are no intermolecular
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close contacts shorter than the corresponding van
der Waals distances. The crystal structure of III
is disordered (50 — 50) and a series of intermolecular
close contacts is possible.

Compounds I, IT and III are related to the 1,6,6a-
trithiapentalenes, and the bonding in the O---X:--O
sequences may be described in terms of three-centre
four-electron bonds.!

Possible differences between sulfur, selenium and
tellurium with respect to such O---X---O bonding
might be revealed through the molecular structures
of I-1II, and the present X-ray studies have there-
fore been carried out.

STRUCTURE DETERMINATION

Samples of compounds I, II and III were
generously supplied by Vialle.2

Crystals of I from cyclohexane are yellow plates,
which had to be kept in capillaries during the X-ray
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Table 1. Crystal data for compounds I, II and III.

I 11 111

C;H,N,0,S C3;H,N,0,Se C,H,N,0,Te
F.W. 130.12 177.02 225.66
Colour yellow red dark red
Space group P2,/c P2,/c P2,/c
a(A) 6.939(5) 6.987(1) 9.605(4)
bA) 7.000(5) 7.000(2) 5.006(2)
dA) 11.013(5) 11.379(2) 12.202(3)
ﬁ(z 110.83(7) 110.93(2) 112.94(3)
NA3) 499.97 519.81 540.30
z 4 4 4
D_(g/cm?) 1.71 226 2.74
D (g/cm?) 1.729 2262 2.774
w(MoKa)(cm™1) 527 19.14 14.01

analyses in order to prevent sublimation. Recrystal-
lization of II from a series of different solvents gave
twinned crystals. One untwinned prismatic crystal
was eventually found in a batch which had been
recrystallized from ethanol by slow evaporation;
the crystals of II are red. Crystals of III from
benzene by slow evaporation are dark red needles
elongated along b.

Crystal data for compounds I, II and III are given
in Table 1. The crystal analyses are based on
diffractometer data collected at 22°C using MoKa
radiation. The intensity data for I and III have been
collected on a paper-tape controlled Siemens AED
diffractometer using niobium filtered radiation,
and the intensity data for II were collected on a
Nonius CAD4 computer-controlled diffractometer
using graphite monochromatized radiation.

The intensities of the reflections for I and III
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 re-
spective standard deviation in the net count were
accepted as observed. With this criterion 630 inde-
pendent reflections for I and 788 for II were accepted
as observed in the 6-range 1 —26°; the correspond-
ing numbers of observable reflections are 981 and
1064.

The intensity data for II were collected by the
®—20 scan technique. 2083 reflections were meas-
ured in the 6-range 1—33°, and 1127 of these for
which I>20(I) were accepted as observed. The
Okl as well as the Okl reflections were measured and
included in the data set.

The dimensions in axial directions of the crystals

used for intensity measurements were 0.015 x 0.52 x
0.34 mm for I, 0.5 x 0.5 x 0.5 mm for II and 0.023 x
0.42x0.10 mm for III. Lp and absorption cor-
rections were applied.*

The structure of compound I was solved by
direct methods using a program written by Long?®
and the structural parameters were refined by full
matrix least squares procedures (see, for example,
Ref. 6).

Crystals of I and II are isomorphous and param-
eters from the refinement of I were used as a start
for the refinement of II. The calculations on the
latter compound were carried out by means of the
X-RAY 76 program system.’

Compound III which has a disordered crystal
structure was solved by Patterson methods. A
careful search for reflections by means of film as
well as diffractometer showed that no other reflec-
tions are present than those of space group P2,/c.
The disorder is therefore 50— 50.

The Patterson map of III unambiguously showed
that there are two tellurium positions per asym-
metric unit, and this implies that only 50 9, of the
molecular positions given by the Patterson map
can be occupied.

Due to heavy overlap caused by the disorder,
one had to carry out the refinement very carefully.
The computer programs used were those mentioned
in Ref. 6.

For hydrogen the scattering factor curve given by
Stewart et al.® was used. The other atomic scattering
factors were in the case of compounds I and III
taken from International Tables,’ and in the case of
compound II computed from numerical Hartree-
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Dioxa-6a-S-, -Se-, and -Te-pentalenes 675
Table 2. Atomic coordinates (fractional) and temperature parameters (in A2) for compounds I and II. The
expressions used are exp[ —8n2U(sin?0/42)] for hydrogen, and exp[ —2r%(h%a**U,,...2hka*b*U 5+ ***)]
for the other atoms. The U;;s have been multiplied by 10%.

Atom x y z Uiy Ui, Uss Ui, Uis Uss
S(6a)  0.7659(2) 0.0937(1) 0.0747(1) 665(7) 428(5) 438(5) —61(6) 249(5) 21(5)
(1) 0.7752(4) —0.1298(4) —0.0105(2) 882(21) 695(21) 560(16) —32(17) 411(16) —150(15)
O(6) 07424(4) 02950(3)  0.1752(3) 942(22) 317(15) 680(18) —13(16) 295(16) ~—13(16)
N(2) 07626(6) —02858(5  0.0566(4) 796(26) S500(23) 733(25) 721) 350(21) —154(21)
NG)  07198(6) 02421(5  02856(3) 973(31) 499(21) 62024)  22(21) 346(22) —71(22)
C@3) 0.7481(6) —0.2410(5) 0.1663(4) 632(29) 386(22) 593(27) 12(21) 27022y —14(21)
C(3a) 0.7456(6) —0.0446(4) 0.1925(3) 428(22) 378(19) 385(19) —2(18) 163(16) —23(16)
C(4) 0.7238(6) 0.0558(5) 0.2949(4) 752(29) 458(25) 428(22) 27(22) 291(21) 22(19)
H(3) 0.731(6) —0.318(5) 0.225(3) U=0.078(13)

H(4) 0.712(5) 0.011(4) 0.369(3) U=0.056(12)

Se(6a) 0.7715(1) 0.1140(1) 0.0743(1) 482(5) 476(5) 287(4) —60(6) 140(3) 30(5)
O(1) 0.7793(10) —0.1274(10) —0.0135(6) 741(43) 735(46) 535(34) —109(44) 339(32) —199(39)
O(6) 0.7476(10)  0.3084(8) 0.1949(5) 688(45) 354(30) 455(37) —33(31) 104(34) 17(26)
N(Q2) 0.7593(12) —0.2810(13) 0.0467(8) 581(52) 608(53) 689(61) 43(44) 219(49) —297(45)
NG)  07237(12) 02301(10) 02955(6) 702(57) 646(46) 514(49) 7(44) 226(44)  —90(39)
C(3) 0.7445(14) —0.2405(13)  0.1580(10) 420(53) 331(45) 730(65) 50(43) 163(49) —-949)
C(3a) 0.7453(13) —0.0489(10) 0.1911(7) 329(46) 303(38) 380(44) 2(33) 129(38) 4(32)
C(4) 0.7283(15) 0.0455(12) 0.2978(8) 602(61) 468(48) 322(42) 18(45) 170(43) —4(37)
H(3) 0.768(15) —0.345(12) 0.22009) U=0.101(32)

H(4) 0.749(13) —0.035(12) 0.373(7) U=0.085(27)

Table 3. Atomic coordinates (fractional) and temperature parameters (in A2) for compound III. The expres-
sions used are exp[ —2rn%(h*a*?U,, + *--2hka*b*U,,+ )] for tellurium and exp[ —8n?U(sin?6/4%)]
for the other atoms.

Molecule 1 Molecule 2

Atom x y z U x y z U

Te(6a) —0.0829(1) 0.2141(3) 0.0470(1) 0.5930(2) —0.0879(3) 0.1200(1)

o(1) 0.0717(19) 0.0757(34)  0.2126(13) 0.074(4) 0.6657(15) —0.3464(28)  0.0193(14) 0.053(4)

06) —0.1823(19) 0.2269(34) —0.1377(19) 0.076(5) 0.4487(23)  0.2028(42)  0.1382(14) 0.068(5)

N(2) 0.1571(27) —0.1327(54) 0.1982(22) 0.070(8) 0.6011(24) —0.3164(40) —0.0985(20) 0.055(5)

N(5) —0.1302(40) 0.0437(67) —0.1970(29) 0.103(12)  0.3478(28)  0.3318(45)  0.0379(27) 0.079(6)

C(3) 0.1358(35) —0.1991(59)  0.0799(29) 0.093(9) 0.4949(33) —0.1206(55) —0.1357(23) 0.075(8)

C(3a) 0.0340(20) —0.0561(39) —0.0007(19) 0.056(5) 0.4717(19)  0.0248(34) —0.0447(13) 0.041(4)

C(4) —0.0170(29) —0.1031(51) —0.1245(23) 0.077(6) 0.3717(30)  0.2183(58) —0.0633(26) 0.079(7)

H(3) 0.217(18) —0.330(32) 0.068(14) 0.07(5) 0.432(18) —0.079(31) —0.215(14) 0.07(5)

H@4) 0.044(19) —0.238(32) —0.150(15) 0.06(5) 0.301(19) 0.306(32) —0.124(15) 0.05(5)
Uy, Uz, Uss Uiz Uzs Uis

Te(6a), 0.0502(7) 0.0608(10)  0.0657(9) —0.0007(7) —0.0005(7) 0.0166(6)

Te(6a), 0.0732(9) 0.0628(9) 0.0411(7) 0.0067(8) —0.0026(7) 0.0204(6)

eters are listed in Tables 2 and 3. The structure
factor lists are available on request.

Rigid body analyses have been carried out for
compounds I and II according to the method of

Fock wave functions.!® The final R factors for
compound I, IT and III are 0.043, 0.061 and 0.049,
respectively.

Final atomic coordinates and temperature param-
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Table 4. Bond lengths [ (A) in compounds I, II and III. The values I' have been corrected for rigid body

libration. Standard deviations in parentheses.

Mol. 1 Mol. 2 Average
X=S X=Se X=Te X=Te X=Te X=Te
l I l I ) !
X(6a)—O(1) 1.838(3) 1.853 1.973(7) 1.987 2.105(14) 2.083(17) 2.094
X(6a)—O(6) 1.835(3) 1.850 1.982(6) 1.997 2.079(21) 2.081(22) 2.080
X(6a)—C(3a) 1.665(4) 1.683 1.810(8) 1.827 1.986(22) 1.973(14) 1.980
O(1)-N(2) 1.339(5) 1.353 1.31(1) 1.32 1.38(3) 1.34(3) 1.36
O(6)—N(5) 1.333(5) 1.347 1.33(1) 1.34 1.38(4) 1.39(3) 1.39)
C(3)—N(Q) 1.286(7) 1.299 1.34(1) 1.35 1.42(4) 1.36(3) 1.39
C4)—N(5) 1.308(5) 1.319 1.29(1) 1.30 1.334) 1.46(5) 1.40
C(3)—C(3a) 1.406(5) 1.418 1.39(1) 1.40 1.30(3) 1.42(4) 1.36
C@4) 1.382(6) 1.395 1.42(1) 1.44 1.41(3) 1.32(3) 1.37
Table 5. Bond angles (°) in compounds I, IT and III. Standard deviations in parentheses.
Mol. 1 Mol. 2 Average
X=8 X=Se X=Te X=Te X=Te
i j k Lijk L ijk L ijk Lijk L ijk
0O(1) X(6a) O(6) 171.5(2) 164.3(3) 154.8(7) 152.6(6) 153.7
o) X(6a) C(3a) 86.0(2) 82.0(3) 77.8(8) 77.1(7) 715
0O(6) X(6a) C(3a) 85.8(2) 82.4(3) 77.0(8) 75.8(7) 76.4
X(6a) O(1) N2) 113.0(2) 114.2(6) 110(2) 116(2) 113
X(6a) 0(6) N(5) 113.7(2) 112.3(5) 116(2) 120(2) 118
0(1) N@Q) C3) 111.2(3) 112.4(8) 117(2) 115(2) 116
0O(6) N(S) C@4) 110.03) 114.8(8) 113(3) 106(2) 110
N(2) C(3) C(3a) 116.7(3) 117.8(9) 114(3) 116(2) 115
N(5) C@4) C(3a) 116.2(3) 117.1(8) 118(3) 119(2) 119
X(6a) C(3a) C(3) 113.5(3) 113.6(7) 120(2) 116(3) 118
X(6a) C(3a) C@4) 113.8(3) 113.3(5) 115(2) 119(2) 117
C(3) C(3a) C4) 132.7(3) 133.1(8) 124(3) 125(2) 125

Schomaker and Trueblood.!! All the calculations
were carried out on the UNIVAC 1110 of the
University of Bergen.

DISCUSSION

Bond lengths and angles in compounds I, IT and
IIT are given in Tables 4 and 5, respectively.

The molecules are planar and, within the experi-
mental error, symmetric about the respective C(3a)
—X(6a) bonds. Average O—X(6a) bond lengths
and O—X(6a)—O bond angles together with the
sums of covalent radii for oxygen and sulfur,
1.71 A,131% oxygen and selenium, 1.83 A,!* and
oxygen and tellurium, 2.03 A13, are given in Fig. 1.
The standard deviations o¢,, in the average bond
lengths and angles are calculated from the indi-

vidual standard deviations o; according to the
formula

G =(1/n) ( 5 af)*
i=1

One notes from Fig. 1 that the lengthenings of
the O —X(6a) bonds relative to the corresponding
sums of covalent radii are 8.3, 89 and 2.8 Y,
respectively, for the sulfur, selenium and tellurium
compounds. These lengthenings are seen to be
smaller than those of 12.5, 10.2 and 10.4 ¥, found
for the analogous compounds 1V, V and VI,
respectively, ¢f. Fig. 2.15:17

ESCA studies and CNDO/2 calculations on
compounds I—VI '8! show that the ground state
potential wells for the O—X(6a)—O three-centre

Acta Chem. Scand. A 36 (1982) No. 8
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Fig. 1. ORTEP!? drawings of the molecular struc-
tures of compounds I, IT and III. The average O —X
distances (&), C—C~C and O—X—O angles (°)
are given. The corresponding sums (A) of covalent
radii for O and X are shown in square brackets and
the relative lengthening of the O—X bonds are
given in percent.

bonds in compounds I-—III are narrower than
that of the S—S —§ three-centre bond in compound
IV. This implies that the O—X(6a)—O bonding
in I-1III is stronger than the S—S—S bonding in
IV. The lengthening of the O—X(6a) bonds in
compounds I—III should therefore, in agreement
with the observations, be somewhat smaller than
the lengthening of the S—S bonds in compound
Iv.

The ESCA studies and the CNDO/2 calculations
show further that the widths of the ground state
potential wells decrease from I—III and from IV —
V1, and the bond lengthenings should therefore be
expected to decrease in the same order. However,
the calculated lengthenings do not decrease as
expected, ¢f. Figs. 1 and 2, and a query might be
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120(2)

VI

Fig. 2. The structures of 1,6,6a-trithiapentalene (IV)
1,6-dithia-6a-selenapentalene (V) and 1,6,6a-
triselenapentalene (VI). The average S—S, S—Se,
and Se—Se bond distances (A) are given together
with the corresponding sums of covalent radii (A)
in square brackets. Some bond angles (°), and the
relative lengthenings (%) of S —S, S — Se and Se — Se
bonds are also given.

put at the reference values used for the respective
single bond lengths, as discussed below.

The length of the S — S single bond in a cis planar
disulfide group, 2.10 A,'# is regarded as a relevant
reference value when discussing sulfur — sulfur bonds
in planar molecules, and a covalent radius of 1.05
A for sulfur is accordingly used in the present paper.
However, the covalent radii used above for selenium
and tellurium do not refer to cis planar groups.

It has been shown, empirically and theoreti-
cally,'#20 that the length of the S—S single bond in
a disulfide group changes with the dihedral angle;
2,02 A is a relevant length for the S—S single bond
at 90° dihedral angle, and 2.10 A is a relevant
length at 0 and 180° dihedral angles. It is interesting
to mention in this connection that the lengths of
the S—S bonds in bis(2-pyrimidyl) disulfide at
C—S—S—C dihedral angles of 82.5°%! 84.6°%2
and 180°,%2 are found to be 2.016(1), 2.019(1) and
2.113(1) A, respectively.

Calculations on diselenide and ditelluride groups
show similar variations of Se — Se and Te —- Te bonds
with dihedral angle,2° and the range of the bond
length variations are, according to the calculations,
almost the same for the Se—Se and Te—Te bonds
as for the S—S bond.

A more realistic value for the Se —Se single bond
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Me Me

Fig. 3. The structures of derivatives of compounds
I, II, V, and VI showing average O—S, O—Se,
S—Se, and Se — Se bond lengths (A) and some bond
angles (°).

length in cis planar diselenide groups may be
obtained if one compares the average Se — Se bond
length in Seg, 2.334(5) A,23 with the average bond
length in Sg, 2.048(2) A.2* The latter is seen to be
0.05 A shorter than the S—S single bond in cis
planar groups, and, if this difference is added to
the former, one arrives at a value of 2.38 A for the
Se —Se single bond length in cis planar diselenide
groups. A covalent single bond radius of 1.19 A
may therefore be proposed for Se in such groups.
Similarly 1.39 A may be proposed as a more realistic
value than 1.37 A for the covalent radius of Te in
cis planar ditelluride groups; the latter value is
representative for dihedral angles about 90°.2°
It is realized that the same conclusions have been
reached by Sathre et al. from a different view
point.!8 :

If the values 1.19 and 1.39 A are used for the
covalent radii of Se and Te, respectively, the

lengthenings of S—S, S—Se and Se—Se bonds in
compounds IV —VI become 12.5, 9.3 and 8.5 %,
and the lengthenings of O—S, O—Se and O—Te
bonds in compounds I—III become 8.3, 7.6 and
1.8 %, respectively. This agrees with the mentioned
ESCA studies and CNDO/2 calculations.

Structures of three derivatives of compounds I
and II have been studied earlier, ¢f. Fig. 3.25727
One notes that the O —X(6a) bond lengths in these
compounds are somewhat different from those in
compounds I and II. This illustrates, in fact, to
which extent substituents may influence the bond-
ing in compounds I and II. Thus the substituents
in VII and VIII have caused lengthenings of the
respective O — X(6a) bonds, while the methyl groups
in IX have shortened the O—Se(6a) bonds there
relative to those in II. The latter effect is also seen
if one compares the S — Se and Se — Se bond lengths
in X 28 and XI2° with those in V and VI, respectively,
¢f. Figs. 2 and 3.

Comparison with 1,6,6a-trithiapentalene. A survey
of bond lengths in 1,6,6a-trithiapentalenes has been
reported.!> This survey shows that the terminal
C(2)—C(3) and C(4)—C(5) bonds are, as a rule,
shorter and has more n-character than the central
C(3)—C(3a) and C(4)—C(3a) bonds. The same
structural feature is found for compounds I and II.
Thus thie average value of the terminal C—N
bonds in I is 1.309(6) A and in II 1.33(1) A, and
the average values of the central C—C bonds in
I and IJ are 1.407(6) and 1.42(1) A, respectively,
¢f. Table 4. The C—C and C—N bond lengths in
III are not considered accurate enough to be in-
cluded in this discussion.

The mentioned survey shows further that the
central C(3a)—S(6a) bonds in 1,6,6a-trithia-
pentalenes have a rather constant length of about
1.75 A, and the terminal C(2)—S(1) and C(5)—
S(6) bonds are usually found to be somewhat
shorter, about 1.70 A.

Accepted values for C—S single and double
bond lengths are 1.82 and 1.61 A, respectively.?
Thus, as a rule, the terminal C—S bonds in 1,6,6a-
trithiapentalenes possess more double bond char-
acter than the central ones.

The central C(3a)—S(6a) bond in I, 1.683(4) A,
is found to be significantly shorter than that in
1,6,6a-trithiapentalenes. The same applies to the
C(3a)— Se(6a) bond in I, 1.827(8) A, when compared
with the average C(3a)—Se(6a) bond length of
1.91(1) A found for 1,6,6a-triselenapentalenes and
1,6-dithia-6a-selenapentalenes. ! 7-28 732 Accepted

Acta Chem. Scand. A 36 (1982) No. 8
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Fig. 4. A stereo view of the crystal structure of 1.

Fig. 5. A stereo view of the crystal structure of III showing the disorder.
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Fig. 6. A stereo view of the crystal structure of III showing an example of the real crystal packing.

values for C—Se single and double bond lengths
are 1.94 and 1.74 A, respectively.!?

The average N—O bond length is 1.350(5) A
in I and 1.33(1) A in II, ¢f. Table 4. Accepted lengths
for N—O single and double bonds are 1.46 and
1.25 A, respectively.!> Thus one may conclude
that the double bond characters of the N—-O
bonds in I and II are about the same as those of the
C(3a)—X(6a) bonds in the respective molecules.

Crystal structures. A stereo view of the crystal
structure of I is given in Fig. 4. The crystal structure
of II is similar since crystals of the two compounds
are isomorphous. There are no intermolecular
contacts closer than corresponding van der Waals
distance in crystals of I and II.

The crystal structure of compound III is
disordered. Fig. 5 illustrates the disorder, and Fig.
6 gives one example of real crystal packing. There
are a series of possible intermolecular close contacts
in the crystal structure of I1I. These are, two possible
Te- - Te contacts of 3.67 and 3.86 A, respectively,
five possible Te- - ‘O contacts in the range 3.19 — 3.50
A and seven possible Te:--N contacts in the range
326-3.60 A.

Acknowledgements. The authors are indebted to
Dr. J. Vialle, Department de Chimie, Université
de Caen, France, for samples of the title compounds.
One of us (A. H.) wishes to thank the Norwegian
Research Council for Science and the Humanities
for financial aid.

REFERENCES

L.

10.

1L

12.

13.

14.

Hansen, L. K., Hordvik, A. and Sathre, J. In
Stirling, C. J. M., Ed., Organic Sulphur Chemistry,
Butterworth, London 1975, p. 1.

. Barillier, D., Rioult, P. and Vialle, J. Bull.

Soc. Chim. Fr. (1976) 444.

. Throughton, P. G. H. Siemens Review XXX VII

(1970) Fourth Special Issue: X-Ray and Electron
Microscopy News.

. Coppens, P., Leiserowitz, L. and Rabinovich, D.

Acta Crystallogr. 18 (1965) 1035.

. Long, R. E. Ph. D. Dissertation, University of

California at Los Angeles, Los Angeles 1965.

. Hordvik, A. and Szthre, L. J. Acta Chem.

Scand. 26 (1972) 3114.

. The X-RAY SYSTEM, Version of 1976, Com-

puter Science Center, University of Maryland,
College Park 1976.

. Stewart, R. F., Davidson, E. R. and Simpson, W.

T. J. Chem. Phys. 42 (1965) 3175.

. International Tables for X-Ray Crystallography,

Kynoch Press, Birmingham 1968, Vol. 3, p. 202.
Cromer, D. T. and Mann, J. B. Acta Crystallogr.
A 24 (1968) 321.

Schomaker, V. and Trueblood, K. N. Acta
Crystallogr. B 24 (1968) 63.

Johnson, C. K. ORTEP-II: A Fortran Thermal-
Ellipsoid Plot Program For Crystal Structure
Hlustrations, Report ORNL-3794, Oak Ridge
National Laboratory, Oak Ridge 1971.
Pauling, L. The Nature of the Chemical Bond,
3rd Ed., Cornell University Press, New York
1960.

Hordvik, A. Acta Chem. Scand. 20 (1966) 1885.

Acta Chem. Scand. A 36 (1982) No. 8



15.
16.
17.
18.

19.

20.
21.
22,
23.
24.
25.
26.

217.
28.

29.
30.
31
32.

33.

Hansen, L. K. and Hordvik, A. Acta Chem.
Scand. 27 (1973) 411.

Hordvik, A. and Julshamn, K. Acta Chem.
Scand. 25 (1971) 1895.

Hordvik, A. and Julshamn, K. Acta Chem.
Scand. 25 (1971) 2507.

Sathre, L. J., Mértensson, N., Svensson, S.,
Malmquist, P. A., Gelius, U. and Siegbahn, K.
J. Am. Chem. Soc. 102 (1980) 1783.

Sathre, L. J., Malmquist, P. A, Martensson, N.,
Svensson, S., Gelius, U. and Siegbahn, K. Inorg.
Chem. 20 (1981) 399.

Sathre, L. Acta Chem. Scand. A 29 (1975) 558;
Sathre, L. Private communication.

Furberg, S. and Solbakk, J. Acta Chem. Scand.
27 (1973) 2536.

Simmons, C. J, Lundeen, M. and Seff, K.
Inorg. Chem. 18 (1979) 3444.

Foss, O. and Janickis, V. J. Chem. Soc. Dalton
Trans. (1980) 624.

Cooper, A. S.,, Bond, W. L. and Abrahams, S. C.
Acta Crystallogr. 14 (1961) 1008.

Llaguno, E. C. and Paul, 1. C. J. Chem. Soc.
Perkin Trans. 2 (1972) 2001.

Llaguno, E. C. and Paul, L. C. Tetrahedron Lett.
(1973) 1565.

Stevens, E. Private communication.

Hordvik, A., Rimala, T. S. and Sathre, L. J.
Acta Chem. Scand. 27 (1973) 360.

Jynge, K. Cand. Real. Thesis, University of
Tromse, Tromse (Norway) 1976.

Hordvik, A. and Porten, J. A. Acta Chem.
Scand. 27 (1973) 485.

Hordvik, A., Rimala, T. S. and S&thre, L. J.
Acta Chem. Scand. 26 (1972) 2139.

Rimala, T. S. Cand. Real. Thesis, University
of Bergen, Bergen (Norway) 1973.

Abrahams, S. C. Q. Rev. Chem. Soc. 10 (1956)
407.

Received January 7,1982.

Acta Chem. Scand. A 36 (1982) No. 8

Dioxa-6a-S-, -Se-, and -Te-pentalenes

681



