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Abstract. Reaction of the cis-anti-cis isomer of dicyclohexano-18-crown-6 with a mixture of 2-
chloro-5-methylbenzenesulphamide and 3-chloro-6-methylbenzenesulphamide gives a crystalline
product which has been characterized using X-ray crystallography. The complex (I) contains both
isomers in a 83.0 (0.6) : 17.0 (0.6) ratio in favour of the 3-chloro-6-methyl-isomer. The joint crystal-
lization of the crown ether with the mixture of the guest isomers might serve as a route for the partial
extraction of one of them. The complex with host: guest ratio 1:2 crystallizes in a triclinic space
group P1, ¢ = 13.087(4), b = 9.217(2), ¢ = 8.120(2) A, o = 92.05(3), 8 = 100.52(3), v = 80.64(2)°,
with Z = 1. The structure was refined to R = 0.041. Each of two equivalent guest molecules interacts
with the macrocyclic ring by two NH- - -O hydrogen bonds, with N- - -O distances of 2.912(5) and
3.040(5) A.

Supplementary Data relevant to this paper have been deposited with the British Library as Supple-
mentary Publication No. SUP 82180 (30 pp.).
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1. Introduction

One of the most interesting and complicated problems in host—guest chemistry
is that of selectivity and molecular recognition in the process of complex for-
mation. For metal complexes, cation selectivity depends on the correspondence
between the cation diameter and the macrocyclic cavity size [1, 2]. In the case
of chiral guests it is determined by specific features of host functional groups [3,
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4]. Host selectivity is frequently governed by bulky substituents conjugated with
the macrocyclic framework. These create additional steric hindrance and allow
selective guest recognition during complexation. Diastereomers of dicyclohexano-
18-crown-6 (DCH-6) are suitable examples of such hosts [5].

Previously we have shown that 2,4-dinitroaniline [6], 4-aminobenzenesulpha-
mide [7] and 4-acetylaminobenzenesulphamide [8] form stable molecular com-
plexes with the cis-anti-cis isomer of DCH-6 and do not react with the cis-syn-cis
isomer at all. This phenomenon could be used for separating these isomers. On the
other hand it would be interesting to use guest molecules with the same composition
but with distinctive geometries in order to identify hosts which could separate them
selectively. As such a model we have analysed the system consisting of the cis-
anti-cis-DCH-6 isomer with a mixture of 2-chloro-5-methylbenzenesulphamide
and 3-chloro-6-methylbenzenesulphamide.

The composition and structure of the title compound have been determined by
X-ray diffraction.

2. Experimental

It appears that the cis-anti-cis isomer of DCH-6 is able to enrich the mixture of
products obtained after nucleophilic substitution on the aromatic ring. The reaction
sequence used was:

p—CH3CeH,C1 “*%201 CH;3CH3(S0,CCI ™ CH3 CsH3(SO2NH,)Cl

The final product is a mixture of isomers with the sulphamide group ortho to the
CH3 (60%) or Cl (40%) substituents. They are well separated on ‘Silufol’ silica
gel plates. Their development by toluidine is quite different and unequivocal. As
shown below, 3-chloro-6-methylbenzenesulphamide is the main component in the
complex formed with cis-anti-cis-DCH-6.

2.1. SYNTHESIS OF COMPLEX I

The cis-anti-cis isomer of DCH-6 (372 mg, 1 mmol) and a mixture of 3-chloro-
6-methyl- and 2-chloro-5-methylbenzenesulphamide (205.5 mg, 1 mmol, 60 and
40%, respectively, were dissolved simultaneously in 25 mL of acetone at 56 °C.
After slow evaporation, crystals of complex I were obtained, suitable for X-ray
crystallography. The yield of complex I was 230 mg (93%) with respect to the
3-chloro-6-methylbenzenesulphamide or 56% with respect to the general mass
of both guest isomers. The chromatographic investigation was carried out using
‘Silufol’ plates using a methanol : chloroform mixture (1 : 8) as eluent with further
developing by gaseous chlorine followed by a 1% aqueous solution of toluidine
acetate. Under these conditions complex I is destroyed. Three spots were fixed on
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the ‘Silufol” plate: 3-chloro-6-methylbenzenesulphamide, DCH-6, and 2-chloro-
5-methylbenzenesulphamide with B¢ values of 0.41, 0.50 and 0.46 respectively.
The oily residue after the spontaneous evaporation of the filtrate (m.p. 45-110
°C) consisted of a mixture of 3-chloro-6-methylbenzenesulphamide, DCH-6, and
2-chloro-5-methylbenzenesulphamide. Repeated recrystallizations of this mixture
did not lead to the DCH-6 complex with 2-chloro-5-methylbenzenesulphamide or
separation of the mixture. Thus, the crystalline product was considered to be the
complex of DCH-6 with 3-chloro-6-methylbenzenesulphamide. Colorless, trans-
parent crystals; soluble in methanol, ethanol, acetone; m.p. 165-166 °C. Anal.
Sfound, % CI 9.30, N 3.65, S 8.10; Calcd. for C34HsyC1yN»010S,, % Cl 9.05, N
3.57,S 8.18.

2.2. X-RAY DATA COLLECTION, STRUCTURE DETERMINATION AND
REFINEMENT

The main crystallographic data are given in Table I. X-ray data were collected
on a Philips PW 1100 diffractometer. Lattice parameters were obtained using
36 reflections in 6 range 5.41-18.66° with a routine which repeatedly improves
the angular values to reach the maximum of the peaks until the angles change
by not more than 0.001°. The intensity data were collected at room temperature
by w—28 scan technique in the range 3 < # < 28°. Two standard reflections,
monitored every 60 minutes, showed insignificant variations in intensity (less than
1%). Intensity data were corrected for Lorentz and polarization factors but no
absorption correction was applied. The structure was solved by direct methods
using the SIR92 package [9]. All calculations were performed using an IBM
PS2/80 personal computer. Scattering factors were those of SHELX. The structure
was refined by the full-matrix technique; isotropic refinement was carried out using
SHELX76 [10] down to R = 0.12, while anisotropic refinement was carried out
using SHELX93 [11]. At all the preceding stages (until the agreement factor B
= 0.050) the structure was refined in the supposition that only one guest isomer,
3-chloro-6-methylbenzenesulphamide, was present. However, there were some
disturbing features related to the methyl and chloro groups: the C—CHj; bond
length appeared to be abnormally long, 1.635 A, while U, for the Cl atom was
rather large: 0.087. Because the two guest isomers differ from each other merely by
the interchange of a methyl group and a chloro group, which have similar van der
Waals radii, there could be a small amount of 2-chloro-5-methylbenzenesulphamide
in the crystal. Thus at the last stage of the refinement Cl and C (methyl) atoms
were put at the fixed standard distances (C(6G)—CI(1X) = 1.729 A and C(3G)—
C(7X) = 1.503 A) from the proper atoms of the aromatic moiety along the bonds
C(6G)—C(7G) and C(3G)—Cl(1G) and for them only the occupancy position
parameters and U, (CI(1X)) were refined. Using such an approach the ratio of
the guest isomers, 3-chloro-6-methylbenzenesulphamide and 2-chloro-5-methyl-
benzenesulphamide, was 83.0 (0.6):17.0 (0.6). H-atoms were localized from a
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TABLE L Crystal data and summary of intensity data
collection and structure refinement for complex (I).

Formula

M.W.

Crystal system
Space group

a (A)

b (A)

c (A

a (deg)

8 (deg)

7 (deg)

V (A%

VA

D, (Mg/m®)
Crystal form
Crystal size (mm}
Diffractometer
Radiation
pem™)

T (K)

Number of reflections
Measured
Observed
Condition for obs.
No. of variables
GOF

(A/ a )max

A pgin (e/ AS)
Apmax (ef A3)
R(hkl) (w=1)

CoH3605 - 2(C7HsClNOzS)
783.8

Triclinic

P1

13.087 (4)

9.217 (2)

8.120(2)

92.05 (3)

100.53 (3)

80.64 (2)

950.2 (3)

1

1.370

Prism

0.3 x0.5 x 09

Philips PW 1100

Mo Ko (A = 0.71069 A)
34

293

4179

2029

) >2e()
326

1.248

0.116

0.244
—0.231
0.041

difference Fourier map, excluding those of the methyl group, which were put in
calculated positions, all H-atoms were refined isotropically. The final difference
Fourier map does not show any residual peaks having significant intensity. The
final agreement factor was R = 0.041 for 2029 independent reflections with unit
weights. The further description and all the calculated parameters refer to the
complex of DCH-6 with 3-chloro-6-methylbenzenesulphamide. Final positional
parameters are listed in Table II, bond distances, valence and torsion angles in
Table III. The figures were produced using the CRYSRULER [12] and ORTEP
[13] packages. The atomic numbering scheme in the molecules forming I is given

in Figure 1.
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TABLE II. Atomic coordinates (x10%) and equivalent
isotropic displacement parameters (A% x 10°) for 1. U (eq)
is defined as one third of the trace of the orthogonalized U;;

tensor.

Atom z/a y/b z/ec Ueq)
CI(1G) 5542(2) 8499 (2) 5958 (3) 76 (1)
S(G) 8148(1) 3312(1) 5991(1) 30(1)
O(IG) 8698(2) 2464(3) 7420(4) 45 (1)
0 @2G) 779 (3) 2557 (3) 4485(4) 47 (1)
N(1G) 8878(3) 4403 (4) 5562 (6) 35(1)
cC(aGy 6993(3) 4354 (5) 6569 (5) 29 (1)
C@2G) 67434) 5827 (5) 6155(6) 34 (1)
cC(3G) 58254 6652 (5) 6489 (6) 43 (1)
C@G) S141(@) 6014(7) 7200(7) 57(2)
C(5G) 5401 (%) 4545 (7) 7631 (7) 55(2)
C(6G) 6321@4) 3674 (5) 7322(6) 40 (1)
C(7G) 6538(6) 2047 (%) 7825(11) 74(5)
o) 8746 (2) 5406 (3) 2159(3) 35(1)
C@) 8793 (4) 4318 (5) 870(6) 40 (1)
c3) 9419 (4) 2910 (5) 1580 (6) 37 (1)
0@ 10490 (2) 3082 (3) 2158(4) 37 (1)
C () 11148 (4y 1734 (5) 2733(6) 43 (1)
C (6) 11072 (5) 1302(5) 4455 (6) 44 (1)
o) 11562 (2). 2258 (3) 5662(3) 33 (1)
C® 11408 (4) 1994 (4) 7316(5) 31(1)
C ) 8182 (4) 6815(4) 1553 (6) 31 (1)
C (10 7003 (4) 6921 (6) 1415(7) 45 (1)
can 6428 (5) 8412 (7) 791 (8) 61 (2)
C(12) 6839 (5) 9638 (6) 1885 (8) 56 (2)
C(13) 8021 (4) 9501 (5) 2007 (7) 42 (1)
Cl(1X) 6611 1851 7921 61 (5)
C@TX) 5579 8253 6030 72

3. Results and Discussion

3.1. HOST-GUEST BINDING MODE

109

Figure 1 shows the structure of the host : guest molecular complex between the cis-
anti-cis-DCH-6 isomer and 3-chloro-6-methyl-benzenesulphamide. The complex
has a stoichiometry of 1: 2. The host molecule, an analogue of 18-crown-6, hindered
by two cyclohexyl substituents, lies on an inversion centre. Thus, on both equal
faces of the cavity the same guest molecules interact in an identical manner. Host—
guest interactions involve both H-atoms of the sulphanmide group. The parameters
of the two H-bonds are: N(1G)---O(1) 2.912 (5), HON)- - -O(1) 2.01 A, angle
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TABLE III Bond lengths (A) and angles (deg) for 1.

Atoms d, A Atoms d, A
ClL{1G)—C (3G) 1735(¢5) O{1)—CO 1.441 (5)
S (1G6)—0 (2G) 1.42433) C(2—C(3) 1.491 (7)
S(16)—0 (1G) 1.432(3) C(3)—0&) 1.427 (5)
S (1G)—N (1G) 1.582(4 O @H—C(5) 1.432 (5)
S (1G)—C (1G) 1.784 (4 C(5)—C (©6) 1.492 (7)
C (16)—C (2G) 1.383(6) C(@®)—0) 1.429 (5)
C (1G)—C (6G) 1.394(6) O(@—C(8) 1.429 (5)
C (2G6)—C (3G) 1379 (6) C@—C 9 1.509 (6)
C (3G)—C (4G) 1366 (7) C@®—C (134 1.526 (6)
C(B3G)—C(7X) 1.503 (5)

C (4G)—C (5G) 1.383(8) C@O—CQ0) 1.514(7)
C (5G)—C (6G) 1.392(7) Cao—C1n 1.512 (8)
C (6G)—C (7G) 1.537(9) C(11)—C12) 1.519(9)
C (6G)—Cl1 (1X) 1.729(5) C12—-C(13) 1.516 (8)
o(H)—-C@Q) 1.426 (5)

Atoms deg. Atoms deg.
0(2G)—S (1G—0(1G) 1186(2) C@2—0(1)—C©O) 113.1(3)
0 (2G)—S (1IG)—N (1G) 10742 O(1H)—C2—C@A) 109.9 (4)
0 (1G)—S (1G)—N (1G) 1084(2) OM@W—C@B—CQ 110.3(4)
0 2G)—S (1G)—C(1G) 1059(2) C@B—-O0M@—COB) 1129 (4)
0 (1G)—S (16)—C (1G) 1072(2) OM@W—-LCGB—C(®6) 114.4 (4)
N (1G-S (1G)—C(1G) 109.1 2y O@—C®B—CS5) 109.8 (4)
C (2G)—C (1G)—C (6G) 1207 (4) C(@E—-OM—C(@8) 1119 (3)
C 2G)—C (1G)—S (1G) 1186 (3) O@)—CB—CO# 107.8 (3)
C (6G)—C (1G)—S (1G) 1206 (3) O () —C (8)—C (13)# 112.8 (4)
C (3G)—C 2G)—C (1G) 1205(4) C@O#E-CEB—CU13)H 10894
C (4G)—C (3G)—C (2G) 1203(5) O(I)—CO—C @B 109.0 (3)
C (4G)—C (3G)—C(7X) 1206 (4) O (1)—CO—C 10 1125 4)
C 2G)—C BQ)—C(X) 119.1 4y C@—CO—CUG) 1111 (4
C(4Gy—C 3G—LCLUG) 12064y C{D—CA0—CO) 111.6 (5)
C(2G6)—C (36)—C1(1G) 11919 CQ0O—CU1)—C(12) 11115
C (3G)—C (46)—C (5G) 119.0(5) CQ3)—C{12)—C(1) 110.1(5
C (4G)—C (5G)—C (6G) 1225(5) CU2—CA3)—C@®# 11194
C (5G)—C (6G)—C (1G) 117.0 (4)

C (5G)—C (6G)—C (7G) 1189 (5)

C (1G)—C (6G)—C (7G) 124.1(5)

C (5G)—C (6G)—Cl (1X) 120.3 (4)

C (1G)—C (6G)—Cl (1X) 122.7(4)

Atoms

CO—O0(1)—C@2—C3) 178.0
oO—C@2—CEB—-0®W —65.5
CQ—CEB—O0MU—-CO) —175.5
C(3)—0@—LC3)—C©) —79.2
O 4—C (5—C 60 -71.4
CE)—C @60 M—-C® 173.5
C(6)—0 (7)—C (8)—C (9# ~172.2
O(M—CE@—COH#—O W 592

Symmetry transformations used to generate equivalent atoms: # —z+2, —y+1,
—z+1.
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Fig. 1. ORTEP diagram of complex I. The atoms are represented with 50% probability
ellipsoids. H-bonds are shown as dotted lines.

N(1G)- - -H(IN)- - -O(1) 164°; N(1G)- - -O(4)* 3.040 (5), H2N)- - -O(4)* 2.27 A,
angle N(1G)—H(2N)- - -O(4)* 156° (* symmetry operation 2 — 2, 1 — y, 1 — 2)
(Figure 1). Host oxygen atoms divided by the oxyethylene fragment participate
in these contacts. This is a simple mode of coordination for the equal-faced 18-
membered crown ethers. The N-atom of the sulphamide group is 1.73 A from the
host average plane defined by the six oxygen atoms. The dihedral angle between
the same plane of the crown ether and the guest aromatic moiety is 77.3° and
defines the mutual arrangement of the two components in the complex.

The structure of the cis-anti-cis- DCH-6 complex with 2-methylbenzene-
sulphamide has been determined previously [14] by X-ray crystallography. The
geometric parameters are similar to the analogous ones discussed here. The N- - -O
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Fig. 2. Crystal packing of the complex in the unit cell.

distances are 2.910 and 3.082 A. The N-atom of the sulphamide group is 1.74 A
from the host average plane defined by the six oxygen atoms.

Analysis of the intermolecular distances involving Cl and Me-group atoms
shows that they do not participate in C—H- - -Cl and C—H- - -O non-bonded interac-
tions. Note, however, the short Cl- - -Cl contact of 3.211 A between guest molecules
belonging to different complexes and related by the symmetry operation 1 — z,
2 —y, 1 — z. This value is in range for Ar—Cl. - -Cl-—Ar contacts described in refs.
[15, 16]. All other intermolecular distances equal or exceed the sum of the van der
Waals radii. The crystal packing for complex I is shown in Figure 2.

3.2. HoST CONFORMATION AND GEOMETRY

cis-anti-cis-DCH-6 has a di-angular conformation [17] with the corner fragments
fixed at the C5 (C5*) atoms. All C—C bonds are in gauche conformation with
torsion angles in the range 59.2-71.4°. Two of the C—O bonds related by the
inversion center also adopt gauche conformations, with a torsion angle of —79.2°,
all the other C—O bonds being in anti conformations with torsion angles in the
range 152.8-178.0°. The various torsion angles in the macrocyclic framework
are given in Table III. Host oxygen atoms are coplanar within +0.217 A. The
transannular O- - -O distances are O (1)- - -0 (1)* 5.152,0(4)- - -0 (4)*5.913,0 (7)"
5.957 A. Bond distances and angles in the host molecule have the following average
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TABLE 1V. Anisotropic displacement parameters (A% x 10°) for 1. The
anisotropic displacement factor exponenttakes the form: —2x2 (h2a*2 Uy +
oo+ 2hka™b* Uny).

Atom Un Un Us Uz Uis Up

CI(1G) 85(1) 46(1) 81(1)  14¢1) 10(1)  27(D)
S(G)  35(1) 25(1) 30 —1()  8(1) =5
0(1G) 44(@2) 41Q2) 462 192) 11Q) 7Q)
0@2G) 58(2) 43(2) 442 -19Q2) 142 -200Q)
N(IG) 38(2) 40(2) 292) -1 92 -15@2)
CG) 232 33(2) 292) -2 1) -6
CQG) 35@3) 34(03) 31 (3) 202)  4Q) -5
C(BG 423) 38Q) 44 (3) 12 1) 6(2)
C@G) 333) 71@&) 634) -93) 1003 4(3)
C(5G) 39(3) 69 (4) 64(4) —6@3) 203) -—19(@3)
C@G) 373) 42(3) 41(3) 52 32 -13(2)
C(IG) 65(6) 39@4) 135(10) 19(4) 41(5) -28(3)
o) 522 252 26(2) —1(1) 1) —=5()
C@ 493 3803) 303) -8 0Q2) -9
C@ 473 320) 343)  —-9Q) 7@ -14Q)
0@ 442 32(2) 34 (2) 1) 3@ -10()
CGB) 54@) 3703) 353)  —-9(2) 4 12)
C@6) 68(4) 23(2) 36 (3) 02 -2@3) -8Q2)
O 4202 28(2) 27 (2) 1(1) 3¢ —8()
C (8) 343) 28(Q2) 32(2) 32) 11Q)  -7Q)
C (9) 393) 29(2) 25(2) 62 62 —4()
C0)y 413 523) 4003) 13) —-1Q) 13(2)
C(1) 41@) 764 574) 153 0Q) 53)
C(12) 61(@) 49(3) 50(4) 183 153) 23(3)
C(13) 624 31(3) 373) 6(2) 163) —6(2)

values: C(sp>)—O 1.431, C(sp®)—C(sp®) 1.497 A, endocyclic angles C—O—C
112.9, C—C—O0 110.2°. The cyclohexyl substituents have a chair conformation
with the average C—C bond distance equal to 1.519 A and C—C—C angle 110.8°
(Table II).

3.3. GUEST GEOMETIRY

The geometric characteristics of the guest molecule are similar to those for related
aromatic molecules. The average C—C distance is 1.388 A, the C—C—C endo-
cyclic angles are in the range 117.0~122.5° and depend on the substituents bonded
to the aromatic moiety.

The torsion angles in the guest molecule around the S—C bond are similar to
those given in ref. [14]. The torsion angles N(1G)—S(1G)—C(1G)—C(2G) and
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N(1G)—S(1G)—C(1G)—C(6G) have the values 17.0 and —167.2° in this guest
molecule; the corresponding values for 2-methylbenzenesulphamide are —11.9 and
+169.9°. According to [18] this is an unusual conformation for benzenesulphamide
derivatives, since the N—S—C(1)—C (z) angles more frequently fall in the range
—75 £ 20°, which is the most heavily populated range found in a search of the
Cambridge Crystal Data File.

The crystal data analysis confirms that full selective complexation with only one
guest isomer does not occur. The similar topology of 3-chloro-6-methylbenzene-
sulphamide and 2-chloro-5-methylbenzenesulphamide results in the enrichment of
the first isomer by the complex. This phenomenon is connected with the packing
conditions rather than with the host-guest interaction peculiarities.
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