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Finally it is noteworthy that trans-azobenzene and
trans-stilbene are not only isostructural and have
almost the same packing coefficients (Kitaigorodsky,
1973), which are 0-75 and 0-74 respectively, but also
show the same kind and degree of disorder. With this
similarity in mind we can imagine that these molecules
form a continuous series of mixed crystals.

We thank Drs A. J. M. Duisenberg for collecting the
intensity data.
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Abstract. M, = 540-83, orthorhombic, Pbca, a=
28-25(1), b=9-14(1), ¢=1027(DA, V=
2652 (4) A3, Z=4, D,=1.34, D ,=1-35gcm™3,
A(Mo Ka) = 0-71069 A, u = 3-40 cm—%, F(000) = 1152,
T =293 K. Final R = 0-092 for 1248 observed reflec-
tions. The molecule is a centrosymmetric 24-membered
metacyclophane macrocycle. The intraannular hydrox-
yl groups are hydrogen-bonded to oxa ring atoms
leading to the formation of two internal eight-membered
rings; moreover, they are involved in transannular
non-bonding interactions.

Introduction. Polycondensation in benzyl alcohol of
2,6-bis[ (dimethylamino)methyl]-4-methylphenol ~ with
2,2'-oxydiethanedithiol gives both a linear polymer and
a macrocycle, which were characterized by several
techniques (Costa Bizzarri, Della Casa, Ferruti,
Ghedini, Pilati & Scapini, 1983); molecular-weight
determination and a mass spectrum suggested a
12-membered ring for the macrocycle, while '"H NMR
spectra seem to indicate the presence of a larger ring. In
order to elucidate this problem single-crystal X-ray
analysis was undertaken.

Experimental. Crystals, in form of colourless
prisms, obtained by evaporating a toluene solution
for several days, and supplied by Costa Bizzarri

et al. D,, measured by flotation. Crystal of dimensions
0-21 x 0-24 x 0-35 mm used for data collection on an
automatic Siemens AED diffractometer using Zr-
filtered Mo Ka radiation. Accurate cell dimensions and
orientation matrix obtained from least-squares fit of 8,
x ¢ values of 14 reflections in range 15 <8 <18°,
measured by use of a narrow cotunter aperture. 2318
reflections up to 20 =50° (hkl range: 0-33, 0-10,
0-12) measured by 6-26 scan technique; intensities of
three standard reflections, 512, 512, 512, measured at
4 h intervals, no significant variation throughout data
collection. Systematic absences: 0kl, k = 2n + 1; hO|,
I=2n+1; hkO, h=2n+ 1 consistent with space
group Pbca (No. 61). Intensities corrected for Lorentz
and polarization factors. Structure solved by
MULTAN80 (Main, Fiske, Hull, Lessinger, Germain,
Declercq & Woolfson, 1980) and refined by full-matrix
least squares using 1248 reflections having I > 3a(J);
refined quantity 2 wAF? where w= 1/0% A difference
Fourier synthesis in final stages of refinement clearly
indicated positions of all H atoms, except those of
methyl group; residual electron density within —0-30
and 0-32 e A3, H contribution included and held fixed
in final least-squares cycles, where S atoms refined
anisotropically; R = 0-092, wR = 0.086, S = 3-3; max.
A/ =0-19. SHELXTL used throughout (Sheldrick,
1981). Atomic scattering factors from International
Tables for X-ray Crystallography (1974).

0108-2701/84/030431-03$01.50 @ 1984 International Union of Crystallography



432

Discussion. Positional and isotropic thermal parameters
are given in Table 1.*

The crystal-structure determination leads to a 24-
crown-6 metacyclophane macrocycle, which is shown
in Fig. 1 together with atom labelling and torsion
angles. The macrocycle, which is located about a
crystallographic centre of symmetry, has a rectangular
type of conformation and is rather flat, the interplanar
distance between least-squares planes through parallel
phenyl rings being 0-39 (1) A.

Values of bond distances and angles are given in
Table 2; they fall, within 20, in the range generally
found in the polyether macrocycle structures, with the
exception of the C(3)—C(4) bond which is significantly
shorter than the usual value of 1.51 A and of the
C(14)—-C(15)—-0(H), C(10)—C(15)—O(H) and C(13)—
C(14)—C(1’) angles which deviate from the expected
120° value.

In contrast to bis(2’-carboxy-1',3'-xylyl)-24-crown-6
(Goldberg, 1981) most of the dihedral angles deviate
from energetically optimal values expected for gauche
and anti bonds, indicating the presence of diffuse ring
strains, as a consequence of 1,4 and transannular
interactions whose values are given in the caption to the
figure.

The torsion angles about C—O bonds are antiperi-
planar with ether O atoms directed into the cavity and

* Lists of structure factors, anisotropic thermal parameters for
the S atoms and H-atom coordinates have been deposited with the
British Library Lending Division as Supplementary Publication No.
SUP 38984 (12 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.

Fig. 1. A perspective view of the molecule with torsion-angle values
(°, es.d’s ~1°). Parameters of the hydrogen bond are:
O0—-H=091, 0:--0=2.75(2) A, O—H-.-0 = 135°; relevant
1,4 and intraannular interactions are: S(8)---O(5) 3-16 (7),
$(2)---C(13") 307 (9), O(H)---C(9) 2-90 (1), O(H)---C(1")
"2-69 (1), O(H)---C(3) 3-33 (1), O(H)---C(4) 3-28 (1) A.

CasH3604S4

Table 1. Fractional atomic coordinates (x10*) and
isotropic temperature parameters (x 10%) with e.s.d.’s in

parentheses
x y z U/Ue(A?)
cq) 501 (3) 1765 (10) 1303 (9) 42 (2)
S(2) 192(1) 2780 (3) 2533 (3) 48 (2)*
c@) —402(3) 2622 (10) 1943 (9) 40 (2)
c@) —519(3) 3665 (11) 896 (9) 44 (3)
0(5) —999(2)  3472(0) 488 (6) 38(2)
c(6) —1167(3) 4719 (10) —183(9) 39(2)
c(n —1682(3) 4448 (10) —590 (9) 38(2)
S(8) —1730(1) 3038 (3) —1805 (2) 41 Q2
co) —1909 (3) 1455 (9) —832(9) 37Q)
C(10) —1682 (3) 98 (9) —1392 (8) 32(2)
c(1n —-1945(3)  —822(9) —2193 (8) 332
c(12) —1742(3)  —2053 (9) —2727(8) 36 (2)
c(13) ~1270(3) —2361(10)  —2428 (9) 36 (2)
c(14) —~1002(3)  —1465 (9) —1633 (8) 30(2)
c(15) —12173)  —229(9) ~1121 (8) 33(2)
C(H3) —2025(3) —3040(11)  —3616 (9) 44 (3)
O(H) —939 (2) 608 (8) —317(6) 42 3)

*Ueq = (U, + Uy + Uy

Table 2. Bond distances (A) and angles (°) with e.s.d.’s
in parentheses
C(1)-5(2) 1.794 (10) C(10)—C(11) 1-391(12)
$(2)~C(3) 1.790 (9) CO1)—C(12) 1.377(12)
CB3-C@4 1.475 (12) C(12)-C(13) 1397 (12)
C(4)—C(5) 1430 (11) C(13}-C(14) 1-382 (12)
0(5)-C(6) 1.414 (11) C14)—C(15) 1.386 (12)
C(6)—C(N 1-534 (12) C(15—C(10) 1-376 (12)
C(7-S(8) 1-799 (9) C(12-C(H3)  1.512(12)
S(8)-C(9) 1-830 (9) C(14)-C(1) 1481 (12)
C(9)—C(10) 1510 (12) C(15-0(H) 1.373 (10)
C(147—C(1)=S(2)  113-6(8) C(10)—C(11)—-C(12) 1205 (9)
C(1)-S()-C(3) 100-1 (5) C(11)-C(12)-C(H3) 120.5 (8)
$(2)—-C(3)—-C(4) 113.9 (7) C(H3)-C(12)-C(13) 121-1(8)
C(3)-C(4)-0(5) 110-3 (8) C(11)-C(12-C(13) 118-3 (9)
C(4)—-0(5)—C(6) 111-2(7) C(12)-C(13)}—-C(14) 122.2 (9)
0(5)-C(6)-C(7) 108-7 (8) C(13}-C(14)—C(15) 117-8 (8)
C(6)-C(7)—S(8) 112-1 (7 C(13)-C(14)-C(1")  123-3(9)
C(71)-S(8)—C(9) 102-0 (4) C(15-C(14)-C(1)  118-9 (8)
$(8)-C(9)-C(10) 1089 (6) C(14)—C(15)-O(H) 115-6 (8)
C(9)-C(10)-C(15) 1205 (8) C(10)-C(15)-O(H) 1232 (8)
C(O-CU0-CA1)  119:7(9) C(10—C(15)-C(14) 121-3 (8)
C(11)—C(10)—C(15) 119-9 (8)

hydrogen-bonded to the phenolic hydroxyl groups. This
intramolecular interaction leads to the formation of two
eight-membered rings, shown in the figure, which play
an important role as stabilizing factors on the macro-
cycle structure (Goldberg, 1981); their presence, on the
other hand, limits the size of the cavity, where only the
two hydroxyl O atoms across the centre of symmetry at
a distance of 5-41 A are in a geometrical position
suitable to the possible coordination to a metal atom; in
the present conformation the cavity is, however,
severely limited by the orientation of the methylenic
groups C(1) and C(1").

The ether O atoms O(5) divide the aliphatic chain in
two parts of differing conformations as shown by the
sequence of the values of torsion angles, particularly
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those about C(3)—C(4) and C(6)—C(7) which are
antiperiplanar and synclinal respectively, the first
favouring extension of the chain along the longer side of
the rectangular cavity, the second favouring the folding
of the shorter one; both push the two S atoms out of the
cavity.

The molecules lie almost on planes perpendicular to
the ¢ axis; the crystal packing is regulated by normal
van der Waals contacts.

This work was supported by CNR; computations

were performed on the Univac 1100 of the Centro di
Calcolo, University of Cagliari.
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Structure of 2,2,4,4,6,6-Hexa-tert-butylcyclotrisilazane, [(C,H,),SiNH],
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Abstract. M, = 472.0, rhombohedral, space group
R3¢, a=10-227(1), ¢=49-051(7) A on hexagonal
axes, U=4443.0A3, Z=6, D, =1.058 Mgm™,
AMo Ka)=0-71069 A, 4=0-17mm~!, T=291K,
F(000) = 1584, R = 0-060 for 736 observed reflections.
The Si;N, ring is planar, with internal angles at Si and
N of 104-1 (2) and 135-9 (2)°. The Si—N bond length
is 1.727 (2) A.

Introduction. Compounds of the type R,SiXY, in which
X and Y are the functional groups OH or NH, and R is
an alkyl substituent, readily undergo condensation
reactions to give chain and ring siloxanes (Si—O—Si)
and silazanes (Si—N—Si); when R is tert-butyl (Bu),
such condensation is not observed, probably because of
the steric bulk of the Bu substituents (Sommer & Tyler,
1954). An indirect synthetic route is required, and has
been achieved via the intermediates Bu,SiFOH and
Bu,SiFNH, (Klingebiel, 1981; Clegg, Klingebiel &
Sheldrick, 1982; Klingebiel & Vater, 1983). The
cyclotrisiloxane (Bu,SiO), contains a planar Si;O; ring
(Clegg, 1982). The cyclotrisilazane (Bu,SiNH); is
found to be isostructural with it.

Experimental, Crystal obtained from n-hexane, 0-2 x
0-2 x 0-3 mm. Stoe-Siemens AED diffractometer.
Unit-cell parameters from 26 values of 38 reflections
(20 < 20 < 25°). 2049 reflections with 26 < 55° and all
indices = 0. Profile analysis on-line (Clegg, 1981). No
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significant variation for three standard reflections. No
absorption corrections. R, =0-017, 1137 unique
reflections, 736 with F > 40(F). Automatic multi-
solution direct methods. Blocked-cascade refinement on
F; w™' = 6%(F) + 0-0004F2. Bu H atoms constrained to
give C—H=0.96 A, H-C-H=109.5°, U(H)=
1.2U(C); N—H refined freely subject to space-group
symmetry constraints, with isotropic U. Anisotropic
thermal parameters for non-H atoms. No extinction
correction. Scattering factors from International Tables
for X-ray Crystallography (1974). 58 parameters,
R =0-060, wR =0-058. Slope of normal probability
plot = 1.32. (4/0) . = 0-006, (4/0)pean = 0-002. Lar-
gest peak in final difference map 0-35 e A3, largest
hole —0-29e¢ A-3. Programs used: SHELXTL
(Sheldrick, 1978); diffractometer control program by
wC.

Discussion. Atomic coordinates are given in Table 1,*
bond lengths and angles in Table 2. The molecular
structure is shown in Fig. 1. (Bu,SiNH), is iso-
structural with (Bu,SiO), (Clegg, 1982), three N—H
groups replacing the three O atoms. The Si;Nj ring is

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 38978 (8
pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.
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