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Abstract

The title compound crystallizes as a centrosymmetric
dimer, bis(u-4-trichloromethyl-1,3,5-trinitro-2,5-cyclo-
hexadien-1-ido)-1x20',0" :2k0%1x0%:2x20" 0" -bis-
[(1,4,7,10,1 3,16—hexaoxacyclooctadecane-n6O)potas-
sium], [{K(C12H2406)}2(#-C7H3C13N3O6)2], in which
the coordination of the (18-crown-6)potassium ions is
completed by a bidentate para nitro group from one an-
ion and a monodentate ortho nitro group from the other.
The CCl; group is axial and points away from the cen-
tre of inversion. The K* ion is 0.782(2) A out of the
mean plane of the six crown O atoms.

Comment

Meissenheimer (1902) presented the first chemical ev-
idence for the molecular structures of the brightly
coloured solutions formed by the interaction of aromatic
nitro compounds with bases. There are recent reviews
of the behaviour of these compounds in solution (Bun-
sel, Norris & Russell, 1968; Terrier, 1981) but very lit-
tle has been published on their properties in the solid
state and few structures have been determined. One rea-
son is that the potassium salts of Meissenheimer anions
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such as (I) and (II) tend to give crystals of poor qual-
ity with only weak diffraction patterns. It was thought
that better crystals might be obtained by the complex-
ation of the K* ion with a crown ether. Reaction of
the potassium salt of (I) with 18-crown-6 in ethyl ac-
etate yielded 18-crown-6 potassium picrate (Barnes &
Collard, 1988) as pale yellow crystals. The potassium
salt of (II) (0.1 g, 0.30 mmol) reacted with 18-crown-6
(0.09 g, 0.3 mmol) in chloroform (4 ml) to give bright
red crystals after slow evaporation at room temperature.
These have been found to be the 18-crown-6 potassium
complex of (III), a Meissenheimer anion in which the
methoxy group has been replaced by CCl;. (I) probably
reacts similarly with chloroform but the poor quality or-
ange crystals obtained gave an unsatisfactory weak data
set from which no model could be obtained.
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O;N NO, O;NNO: O:N NO.
NO. NO, NO,
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The structure of the title compound is dimeric about
the centre of inversion at (, 3, 1) with the ring planes
of the Meissenheimer anion approximately perpendicu-
lar to the a axis. The separation of these ring planes
is 3.50 A and the rings are arranged in a typical semi-
overlapping arrangement associated with intermolecu-
lar 7 interactions (Prout & Kamenar, 1973) such that
C(241—C(25') lies perpendicularly below the ring di-
agonal C(23) to C(26) [symmetry code: (i) 1 —x, 1 -y,
1—z). The nominally single bonds to C(21) in the ring of
the anion average 1.504 (4) A, 100 shorter than the ex-
ocyclic C(21)—C(27) bond. C(22)—C(23) and C(25)—
C(26) average 1.354(3) A, 1lo shorter than C(23)—
C(24) and C(24)—C(25). The tetrahedral C atom C(21)
[C(26)—C(21)—C(22) 107.8 (2)°] is 0.389 (5)A out of
the mean plane through C(22), C(23), C(24), C(25) and
C(26) with the H atom equatorial so that the CCl3 group
points axially towards the outside of the dimer. The nor-
mal to the mean plane of the three Cl atoms makes
an angle of 14.8 (1)° to the normal to the mean plane
through C(22), C(23), C(24), C(25) and C(26). The ni-
tro groups are twisted out of the latter plane by 19.1(2),
13.6 (2) and 18.4 (4)°, so that neither the loss of aro-
maticity nor the coordination to K* introduces deviation
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from the middle of the range of twist angles found for
trinitrobenzenes in donor-acceptor complexes (Barnes
& Golnazarians, 1987).

Fig. 1. The dimeric unit in the 18-crown-6 potassium complex of
(II).

The K* ion is in a nine-coordinate piano-stool en-
vironment. The six O atoms from the crown occupy
one side of the K* ion with the O atoms O(35) and
O(36) from a bidentate nitro group para to the CCls
group of one anion and O(39") from a nitro group or-
tho to the CCl; group of a second anion on the other
side. The K* ion is 0.782 (2) A from the mean plane of
the crown O atoms, slightly closer than in 18-crown-
6 potassium picrate (Barnes & Collard, 1988) in which
the K—O(crown) distances range from 2.862 to 2.989 A
compared with 2.800 (3) to 2.931(4) A in the present
compound. The conformation of the crown is very sim-
ilar in the two compounds; the average absolute O—
C—C—O torsion angle and the average diametric O—
K—O angle in the present compound are 62.7 (6) and
148.4 (1)°, respectively, while in 18-crown-6 potassium
picrate the corresponding values are 65.8 and 144.5°,
respectively.

Experimental

Crystal data

[K(C7H3Cl:N306)- Mo Ka radiation
(C12H240¢)] A =0.71069 A

M, = 634.89 Cell parameters from 25

Triclinic reflections

P1 0 =7-14°

a=11676 3) A ¢ = 0.531 mm™’

b=11.845(3) A T=293(2)K

c=13.110 4) A Plate

a=7259 (3)° 0.46 x 0.41 x 0.10 mm

B8 =6172 (3)° Dark red

v = 63.44 (2)°

V = 1419.4 (7) A®

Z=2

D; = 1485 Mg m™3

[K(C7H3Cl13N306)(C12H2406)]

Data collection

Enraf-Nonius CAD-4 Riny = 0.037
diffractometer Omax = 23.97°
w/20 scans =-11->12
Absorption correction: k=-12 - 12
none l=0-— 14

5581 measured reflections
4369 independent reflections
1975 observed reflections

[l > 20D

Refinement
Refinement on F?

3 standard reflections
frequency: 60 min
intensity variation:

insignificant

(A/)max = 0.001

R(F) = 0.0360 Apmax = 0.284 ¢ A3
wR(F?) = 0.0930 Apmin = —0.192 e A™3
§=0.332 Extinction correction: none

4369 reflections
350 parameters
U refined for groups of H
atoms, position and U
refined for H(21)
Calculated weights
w = 1/[cX(F2)
+ (0.1000P)?]
where P = (FZ + 2F2)/3

Atomic scattering factors
from International Tables
JSor Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (I/S)EiEjUUa‘?‘aj.' a;.a;.

x y z Ueq

K1) 0.28449 (7) 0.82025 (5) 0.83588 (5) 0.0591 (2)
C(1) 0.0000 (5) 0.7110 (4) 1.0517 (4) 0.0917 (14)
C(2) —0.0842 (5) 0.8379 (4) 1.0103 (4) 0.0943 (14)
0@3) —0.0059 (3) 0.8779 (2) 0.8971 (2) 0.0791 (7)
C4) —0.0818 (4) 0.9966 (4) 0.8541 (4) 0.0855 (12)
C(5) 0.0087 (5) 1.0336 (4) 0.7335 (4) 0.0892 (13)
0O(6) 0.1176 (3) 1.0487 (3) 0.7383 (2) 0.0826 (8)
(7 0.2080 (6) 1.0879 (5) 0.6297 (4) 0.105(2)
C(8) 0.3042 (7) 1.1228 (5) 0.6434 (4) 0.120(2)
0(9) 0.3814 (4) 1.0200 (3) 0.6969 (3) 0.1036 (10)
C(10) 0.4728 (5) 1.0470 (5) 0.7167 (5) 0.122(2)
C11) 0.5601 (6) 0.9321 (6) 0.7637 (6) 0.152(3)
0(12) 0.4791 (3) 0.8829 (4) 0.8702 (4) 0.1211 (13)
C(13) 0.5608 (6) 0.7661 (7) 0.9211 (6) 0.148 (3)
C(14) 0.4713 (6) 0.7199 (6) 1.0287 (5) 0.135(2)
0(15) 0.3860 (4) 0.6841 (3) 1.0096 (3) 0.1075 (11)
C(16) 0.3008 (6) 0.6322 (4) 1.1141 (4) 0.112(2)
C(17) 0.2022 (6) 0.6085 (4) 1.0911 (4) 0.111 (2)
0(18) 0.1131 (3) 0.7227 (2) 1.0557 (2) 0.0866 (9)
C(21) 0.8048 (3) 0.3433 (3) 0.3977 (2) 0.0467 (7)
CQ22) 0.7368 (3) 0.3200(2) 0.5282(2) 0.0479 (7)
C(23) 0.6594 (3) 0.4149 (3) 0.5972 (3) 0.0533 (8)
C(24) 0.6181 (3) 0.5411 (3) 0.5480 (3) 0.0523 (8)
C(25) 0.6368 (3) 0.5672 (3) 0.4308 (3) 0.0537 (8)
C(26) 0.7181 (3) 0.4731 (3) 0.3602 (2) 0.0500 (7)
c@27n 0.9583 (3) 0.3298 (3) 0.3573 (2) 0.0548 (8)
C1(28) 1.03642 (9) 0.35858 (9) 0.20224 (7) 0.0729 (3)
C1(29) 0.97058 (11) 0.43940 (10) 0.41512 (10) 0.0850 (3)
CI(30) 1.05768 (8) 0.17412 (8) 0.39945 (8) 0.0748 (3)
NQ@3I) 0.7441 (3) 0.1937 (2) 0.5819 (2) 0.0573(7)
0(32) 0.7869 (3) 0.1112(2) 0.5201 (2) 0.0716 (7)
0(33) 0.7073 (3) 0.1701 (2) 0.6887 (2) 0.0760 (7)
N(34) 0.5345 (3) 0.6387 (2) 0.6214 (2) 0.0670 (8)
0(35) 0.5278 (3) 0.6159 (2) 0.7228 (2) 0.0859 (8)
0(36) 0.4670 (3) 0.7445 (2) 0.5847 (2) 0.0850 (9)
N@37) 0.7122 (3) 0.4951 (3) 0.2489 (2) 0.0665 (8)
0(38) 0.6676 (3) 0.6039 (3) 0.2070 (2) 0.0976 (10)
0(39) 0.7513 (3) 0.4018 (3) 0.2001 (2) 0.0801 (8)
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Table 2. Selected geometric parameters (A, °)

K(1)—0(15) 2.800 (3) C(23)—C(24) 1.399 (4)
K(1)—0(9) 2.839(3) C(24)—C(25) 1.400 (4)
K(1)—0(35) 2.852(3) C(24)—N(34) 1.408 (4)
K(1)—0(18) 2.873(3) C(25—C(26) 1.356 (4)
K(1)—0(3) 2.878(3) C(26)—N(37) 1.433(4)
K(1)>—0(6) 2.887 (3) C(27—Cl1(30) 1.771(3)
K(1)—0(12) 2931 (4) C(27)—Ci(29) 1.772(3)
K(1)—0(39") 3.038(3) C(27)—C1(28) 1.785 (3)
K(1)—0(36) 3.098 (3) N(31)—0(32) 1.231 (4)
K(1)—N(34) 3.359(3) N(31)—0(33) 1.236 (4)
C(21)—C(26) 1.503 (4) N(34)—0(36) 1.241 (4)
C(21)»—C(22) 1.504 (4) N(34)—0(35) 1.246 (4)
C(21)—C(27) 1.553 (5) N(37)—0(38) 1.217 (4)
C(22)—C(23) 1.351 (4) N(37)—0(39) 1.239 (4)
C(22)—N(31) 1.432 (4)

O(15)—K(1)—0(35) 76.52(10)  O(18)—K(1)—0(36) 138.03 (8)
O(9)—K(1)—0(35) 97.14(10)  O(3)—K(1)—0O(36) 111.44 (9)
O(35)—K(1)—0(18) 109.63 (9) O(6)—K(1)—0(36) 87.32(8)
0(35—K(1)—0(3) 130.79 (9) O(12)—K(1)—0(36) 99.20 (11)
O(15)—K(1)—0(6) 151.55(9) C(26)—C(21)—C(22) 107.8(2)
0O(35)—K(1)—0(6) 129.81(9) C(26—C(21—C(27) 112.1 (3)
O(35—K(1)—0(12) 84.29(10)  C(22)—C(21)—C(27) 1109 (3)
O(3)»—K(1)—0(12) 144.33(10)  C(22)—C(23)—C(24) 119.9 (3)
O(15)—K(1)—0(39") 94.74 (10)  C(23)—C(24)—C(25) 119.6 (3)
O(9)—K(1)—0(39") 137.93 (9) C(26)—C(25)—C(24) 119.9 (3)
0O(35)—K(1)—0(39") 61.34(9) C(25—C(26)—C(21) 122.7(3)
O(18)—K(1)—0(39") 70.89 (8) C(21»—C(27—C1(30)  110.5(2)
O(3)—K(1)—0(39") 70.14.(8) CN—C27H—C129) 1123(2)
O(6)—K(1)—0(39") 107.25(8) C(21»—C(27—C1(28) 110.1 (2)
O(12)—K(1)—0(39") 141.63 (10)  O(32)—N(31)>—0(33) 121.6(3)
O(15)—K(1)—0(36) 118.29(10)  O(36)—N(34)—0(35) 121.4(3)
O(9)—K(1)—0(36) 72.52(9) O(38)—N(37)—0(39) 122.8(3)
O(35)—K(1)—0(36) 42.51(8)

Symmetry code: (i) 1 —x,1 —y, 1 —z.

Data collection, cell refinement and data reduction: CAD-4
Software (Enraf-Nonius, 1989). The structure was solved us-
ing the direct methods routine TREF in SHELXS86 (Sheldrick,
1990), which located the K* ion, most of the 18-crown-6
molecule and part of the anion, and gave three unexpected
strong peaks which were eventually interpreted as the Cl atoms
of the CCls group. Routine least-squares refinement and differ-
ence syntheses carried out using SHELX76 (Sheldrick, 1976),
with SHELXL (Sheldrick, 1994) used for the last cycles, com-
pleted the structure. Molecular graphics were prepared using
PLUTON92 (Spek, 1992).

We wish to thank Professor R. Foster and Dr J.
A. Chudek (Dundee University) for suggesting the
problem, providing a sample of (II) and valuable
discussions of the results, and Drs C. K. Prout and D.
J. Watkin, Oxford University, for the opportunity to use
the diffractometer.

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the IUCr
(Reference: LI11100). Copies may be obtained through The Managing
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.
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Abstract

In the title compound, [Hg(NO;)(C,,H¢S;)-
(CisHsP)J[NO;1.H,0.0.5C,H¢O, the coordination
sphere of the Hg?* ion is a distorted trigonal bipyra-
mid defined by the three S atoms of the trithiamacro-
cycle, the P atom of the triphenylphosphine group
and an O atom of one nitrate group.

Comment

Among crown thioethers, 1,4,7-trithianonane (9S3) is
unique in the unusual electronic and redox behaviour
of its complexes (Blake & Scroder, 1990). By exten-
sion, interest has been aroused in the coordinating
capabilities of related trithiamacrocycles, especially
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