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The Crystal and Molecular Structure of 3,4-Dimethyl-1,6-
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Crystals of the title compound C,;H,¢N,S are
orthorhombic, space gro R Pbca, with unit cell
dimensions a=12.393(4) b=8.560(3) A, c=
29.024(5) A, and Z =8. The structure was solved by
direct methods and refined by full-matrix least-
squares.

The central ring system is almost planar with bond
distances, N(1)—S(6a)=1.895(4), N(6)—S(6a)=
1.873(4), N(1)—N(2)=1.340(6), N(2)—C(3)=1.330
6), C(3)—C(3a)=1.398(6), C(3a)—S(6a)=1.738(4),
C(3a)—C(4) =1.411(6), C(4)—N(5)=1.351(6), and
N(5)—N(6)= 1.329(5)& ;the N(1)— S(6a) — N(6) angle
is 167.4(2)°.

The 1- and 6-phenyl groups are twisted 18 and
15° about the respective connecting bonds, and the
N(1)—C(15)—C(18) and the N(6)—C(9)—C(12) se-
quences point slightly out to opposite sides of the
central ring plane. The methyl carbons C(7) and
and C(8) lie 0.09 and —0.13 1 off this plane.

The 1,6,6a-trithiapentalene system (Ia) has now
been known for more than twenty years,' and its
interesting structure has been thoroughly studied,
e.g. by X-ray crystallography, electron diffraction,
ESR, and ESCA, as well as by theoretical
methods.2 ™4

Since the beginning of 1958 several new com-
pounds, e.g. Ib—Id, analogous to Ia, have been
synthesized,® ! and for a series of these the struc-
tures have been determined.?

The molecular structure of a compound which
contains the ring system Ic, with A=S and X=
N - Ar, has not been reported so far, and the present
study of II was therefore carried out.
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STRUCTURE ANALYSIS

Crystals of II were generously supplied by D.H.
Reid.!® The crystals are dark red.
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CRYSTAL DATA

C,7H (N,S; FW.=308.40

Space group Pbca

a=12.393(4) A, b=8.560(3) A, c=29.024(5) A
V=3079.0 A3

D,=1.330 g/cm3, D,(flotation)=1.34 g/cm?
Z=8

u=1822cm™! (CuKa)

All the X-ray measurements were carried out
on a paper-tape controlled Siemens AED diffrac-
tometer using CuKa radiation. The unit cell di-
mensions were determined from the 260 values of
high order reflections measured at room tem-
perature, t =22 °C, Aa, =1.5404 A. A least-squares
procedure gave the values quoted above.

The intensities were measured by means of the
five-value scan technique.!' Reflections for which
the net count was greater than two times the
respective standard deviations in the net count,
were accepted as observed. With this criterion 2270
independent reflections within 6 =71° were accepted
as observed. The data set comprises in addition
the 696 unobserved reflections.

Lp corrections and absorption corrections?
were applied. The dimensions of the crystal were
03x0.5%x03 mm in the three axial directions;
a grid of 8 x 16 x 8 points was used.

1,2,5,6-Tetra-aza-6a-thiapentalene 815

The scattering factors for sulfur, nitrogen and
carbon were taken from International Tables.'?
For hydrogen, the scattering factor curve given by
Stewart et al.'* was used.

The structure was solved by a symbolic addition
procedure programmed by Long.!* Only parts of
the molecule showed up in the E-map, but a subse-
quent F-map with signs calculated on the basis of
these parts, showed all the nonhydrogen atoms.
The positions of the phenyl hydrogens were cal-
culated, and the positions of the methyl hydrogens
were found from a difference map. The atomic
parameters were refined by full-matrix least-squares
(see for example Ref. 16) to an R of 0.070.

Final atomic coordinates and temperature param-
eters are listed in Table 1. The final structure factor
list is available on request.

Rigid body analysis has been carried out accord-
ing to the method of Schomaker and Trueblood.!’
In this analysis the central ring system plus C(7),
C(8), C(9) and C(15), ¢f. Fig. 1, were regarded
as a rigid body. The corrections in bond lengths
due to libration are small, less than the correspond-
ing standard deviations, ¢f. Table 2. The corrections
have been carried out according to the method
of Cruickshank.'®

The calculations mentioned above were carried
out on an IBM 360/50H computer. The programs,

Fig. 1. The molecular structure of compound II with numbering of atoms. ORTEP 2° drawing,
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816 Birknes and Hordvik

Table 2. Bond lengths Kjk) and I(jk), bond angles / (ijk), and deviations A from least-squares plane for
compound II. Standard deviations in parentheses. The bond lengths /'(jk) have been corrected for libration.
The deviations for atoms which are included in the least-squares plane calculations are printed in italics.

Atoms Bond lengths (&) Bond angles (°) Plane deviations(A)
i i k (k) (k) £_(ijk) Aj Ak
N(1) S(6a) N(6) 167.4(2) — 001

C(3a) S(6a) N(1) 1.8934) 1.895 83.3(2)

C(3a) S(6a) N(6) 1.872(4) 1.873 84.002)

S(6a) N(1) NQ) 1.338(6) 1.340 115.33) —.050

NQ) N(1) c(15) 1.418(6) 1.421 118.503)

S(6a) N(1) C(15) 125.5(3)

N(1) N(2) C(3) 1.328(6) 1.330 109.6(3) 037

N(2) C(3) C(3a) 1.397(6) 1.398 117.1(4) 023

NQ) c0) () 1.506(9) 1,510 117.2(4)

C(3a) C(3) C(7) 125.7(5) 088
C(3) C(3a) C(4) 1.410(6) 1411 131.8(4) —.011

cB) C(3a) S(62) 1.734(4) 1.738 114.4(3)

S(6a) C(3a) Cld) 113803)

C(3a) ) N(S) 1.350(6) 1.351 116.3(4) —028

C(3a) C4) c®) 1,504(9) 1,508 126.9(4) —132
C(8) C4) N(5) 116.8(4)

C(4) NS) N(6) 1.327(5) 1.329 109.4(3) — 016

N(5) N(6) S(6a) 116.3(3) 044

N(5) N(6) C9) 1.436(6) 1.438 118.2(3)

S(6a) N(6) o) 124.82)

N(6) (&()] C(10) 121.6(4)

N(6) Co) C(14) 118.1(3)

C(14) C©) C(10) 120.3(4) —.060

C9) C(10) C(11) 1.388(8) 119.6(4) —.394

C(10) 1) C(12) 1.379(8) 120.5(5) _ 511

(1) C(12) C(13) 1370(8) 119.3(5) — 287

C(12) C(13) C(19) 1.385(8) 120.8(4) 038

C(13) C(14) C(9) 1.380(6) 119.5(4) 174

C(16) C(15) N(1) 118.3(4)

N(1) C(15) C(20) 121.6(4)

C(20) C(15) C(16) 1.375(7) 120.1(4) 034

C(15) C(16) Cc(17) 1.379(8) 119.0(5) —.284

C(16) C(17) C(18) 1.358(8) 122.7(5) —.156

C17) C(18) C(19) 1.374(9) 118.0(5) 261

C(18) C(19) C(20) 1.308(7) 121.1(5) 567

C(19) C(20) c(1s) 1379(7) 119.1(3) 457

with some exceptions, originate from the Weizmann
Institute of Science, Rehovoth, Israel, and have
been modified for the 360 by D. Rabinovich, L. M.
Milje, K. Maartmann-Moe and K. Ase.

DISCUSSION

The molecular structure of compound II as found
in the present study is shown in Fig. 1. Bond lengths
and angles with standard deviations, calculated

from the values in Table 1, are listed in Table 2.
A more realistic estimate of the standard deviations
might probably be obtained by multiplying those
given by a factor of two.!®

Deviations of atoms from a least-squares plane
through the atoms of the central rings are given in
Table 2. Weights equal to atomic weights were used
in this calculation. One notes from Table 2 that the
central ring system is nearly planar and that the
N(1)—C(15)—C(18) and the N(6)— C(9)—C(12) se-
quences point slightly out to opposite sides of this

Acta Chem. Scand. A 36 (1982) No. 10
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Fig. 2. Bond lengths (A) and angles (°) in the central
ring system of the present compound (II) and it the
central ring system of 1,6-diphenyl-3,4-trimethylene-
1,6-diaza-6a-thiapentalene (III).

1,2,5,6-Tetra-aza-6a-thiapentalene 817

plane. The methyl carbons C(7) and C(8) lie 0.09
and —0.13 A, respectively, off the plane of the
central rings.

The 1- and 6-phenyl groups are twisted 18 and
15° about the respective connection bonds, cf.
Fig. 3. The twist angle about N(1) — C(15) was taken
as the angle between the normal to the least-
squares plane through C(15), N(1), N(2) and S(6a)
and the normal to the least-squares plane through
C(20, C(16), C(15) and N(1); the twist about N(6)—
C(9) was calculated similarly.

Calculations show that the environments of
N(1) and N(6) are slightly pyramidal. Thus, N(1)
liess —0.051 A out from the plane through C(15),
N(2), and S(6a), and N(6) lies 0.072 A off the plane
through C(9), N(5) and S(6a).

A comparison of bond lengths and angles in the
central ring system of the present compound with
bond lengths and angles in the central ring system
of 1,6-diphenyl-3,4-trimethylene-1,6-diaza-6a-thia-
pentalene (III)?! is given in Fig. 2. One notes that
the sum of the N—S distances is 3.768 A in II and
3.849 A in III; the difference of 0.081 A is significant.
It should be mentioned in this connection that the
difference between the sum of S—S bond lengths
in 2,5-diphenyl-1,6,6a-trithiapentalene,?? 4.666 A,
and the sum of S—S bond lengths in 2,5-diphenyl-
3,4-dimethyl-1,6,6a-trithiapentalene,? 4.606 A, is
0.060 A, and this difference as well as that mentioned
above should be seen in relation to the repulsion

Fig. 3. A stereoscopic view of the crystal structure of compound II in g-axis direction.

Acta Chem. Scand. A 36 (1982) No. 10



818 Birknes and Hordvik

between the methyl groups in 3- and 4-positions.
A discussion of this effect has recently been re-
ported.?*

The lengths of other bonds in II are normal.

Apart from the N—S bonds one notes that the
double bond characters of equivalent bonds in the
central ring systems of molecules II and III agree
within the experimental error.
A stereoscopic view of the molecular packing in
the unit cell is given in Fig. 3. There are no inter-
molecular contacts shorter than corresponding van
der Waals distances.
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