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Abstract. The crystal structures of inclusion compounds of 4-aminobenzenesulfafifidine (sulfaguanidine) 
(L) with two dicyclohexano-18-crown-6 (DCH-6) isomers A(cis-syn-cis) and B(cis-anti-cis) have been 
determined by X-ray methods. The complexes exhibit 1:2 host-guest ratios. In fact the complex of 
isomer A is formulated as [DCH-6A.[L]H20]L (complex I), while that of isomer B is DCH-6BL2 
(complex II). 

In the crystals, host and guests are connected by O--H.--O and N--H.--O bonds. 
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1. Introduction 

In order to understand chemical and biochemical processes it is important to study 
neutral molecular complexes of the host-guest type. Macrocyclic molecules with 
different donor atom species often act as a host [ 1], the best known being the crown 
ethers. The structure of host-guest complexes with 18-crown-6 [2-3] has been 
studied in detail. Conformation and symmetry transformations of the crown ether 
take place during the formation of the complexes. The crown ether symmetry 
generally becomes D3a or (7,., depending on the geometry of the guest proton donor 
groups and on the host-guest ratios. The presence of rigid aromatic systems in the 
dibenzo-18-crown-6 molecule hinders the formation of stable host-guest com- 
plexes. Within the crown ethers a particular place is occupied by dicyclohexano-18- 
crown-6, (DCH-6), where different molecular complexes can be formed depending 
on the particular isomers used [4]. The fused six-membered rings introduce addi- 
tional rigid configurational constraints into the macrocyclic polyether ring [5] 
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similar to the effect of introducing a benzene ring [6]. On the other hand, there is 
a possibility in this system of cis-trans isomerism at the two bridge bonds [4]. Five 
isomers are available for DCH-6: A, cis-syn-cis; B. cis-anti-cis; C. trans-syn-trans; 
D. trans-anti-trans and E. trans-anti-cis. During the formation of complexes by 
some of the five isomers of DCH-6 it is essential to block the ether-oxygen atoms 
by the cyclohexane groups. In the malononitrile complexes with the A and B 
DCH-6 isomers a dependence of the host-guest ratio (1:1 for isomer A and 2:1 
for isomer B respectively) according to the isomer can be observed [7]. 

We have already studied [8, 9] the structure of the complexes formed between 
these two macrocyclic isomer compounds (A and B) with aminosulfonic acid and 
with its derivatives. Aminosulfonic acid forms complexes with both isomers with a 
ratio of 1 : 1. The framework of the crown-ether in both cases has D3d-symmetry 
due to the ion-dipole interaction between the -O3SNH ~- zwitter ion and the 
crown-ether. 

In the isomer A complex, aminosulfonic acid is at the distal side with respect to 
the cyclohexyl groups. 4-Aminobenzenesulfamide, NH2PhSO2NH2, forms com- 
plexes only with isomer B [10]. In this case the guest molecule forms a double 
bridge of the following kind: 

\ / g u e s t \  , 
/ c r o w n - e t h e r \  / c r o w n - e t h e r Q  

guest 

and this structure has a polymeric character. 
The blocking of one proton of the p-aminogroup in 4-aminobenzenesulphamide, 

with the consequent formation of the 4-acetylamino-benzenesulphamide, leads to 
the formation, for the B isomer, of the molecular complex guest-crown-ether-  
guest. 

We have studied by X-ray diffraction methods the complexes formed by the A 
and B isomers with sulfaguanidine. 

NH NH2 
//  / 

H 2 N - - ~  - - S 0 2 - - N H - - C  H 2 N - - ~  - - S O 2 - - N = C  
\ \ 

NH2 NH 2 
I II 

L L 

Both isomers form stable complexes with a crown-ether/ligand ratio of 1 : 2. 

2. Experimental 

The crystals of I and II were grown from solutions of I and II in acetone. The 
resulting crystals were large, clear and colourless. 

Intensity data were collected on a Philips PW1100 diffractometer using the o~-20 
scan technique. A summary of data collection and crystal data of I and II are given 
in Table I. 
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Table I. Experimental data for the crystallographic analyses of the compounds 
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Compound I H 

Formula C34 Hss Ol 1 N8 $2 C34 H56 Ol 0 N8 $2 
m.w. 818.98 800.98 
Space group P1 P21/n 
a/A 17.063(3) 15.580(8) 
b/A 11.748(2) 11.962(6) 
c/A 10.451 (3) 11.202(6) 
~/deg 77.41(1) 90.0 
fl/deg 98.68(3) 102.83(2) 
y/deg 100.56(2) 90.0 
VIA 3 1996(2) 2036(2) 
Z 2 2 
dc/g cm -3 1.356 1.307 
Temperature/K 294 294 
Crystal size/mm 3 0.20 x 0.65 × 0.72 0.30 x 0.75 x 0.55 
Diffractometer Philips PW1100 Philips PW1100 
# /cm-  I(MoK~) 1.885 1.842 
Scan speed/deg min -1 3-9 3-9 
Scan width/deg 1.40 + 0.35 tan 0 1.40 + 0.35 tan 0 
Radiation MoK~ MoK~ 
0-range 3-24 3-23 
h-range - 18 : 15 - 16:16 
k-range - 9  : 12 0 : 12 
/-range 0:10 0:12 
Scan mode ~o-2 0 09-2 0 
N of reflections measured 5532 3153 
Condition for I > 2a(1) I > 2a(1) 

observed reflection 
N of reflections used 3234 1610 

in the refinement 
N of refined parameters 333 348 
R = ~IAFI/~IFol  0.0334 0.0498 
Rw = [Zw( AF)2 /ZwF~] 1/2 0.0363 0.0536 
k, g(w = k[a2(Fo) + gF~]) 0.31, 3.38.10 -3 0.81, 2.65.10 -3 

Calculations were carried out with SHELX76 system computer programs [ 11]. 
Atomic scattering factors for S, O, N, C, H were taken from [12]. For geometrical 
calculations the program PARST was used [ 13]. Figures were obtained by using the 
programs ORTEP [14] and C R Y S R U L E R  [15]. The final value of the positional 
parameters are quoted in Tables IIa and IIb for ! and II respectively. 

All non-H atoms were refined anisotropically, H-atoms found from difference 
electron density maps were included in the refinement as fixed contributions. 

3. Discussion 

T h e  m o l e c u l a r  c o m p l e x  o f  the  cis-syn-cis i s o m e r  o f  d i c y c l o h e x a n o - 1 8 - c r o w n - 6  wi th  

s u l f a g u a n i d i n e  [ D C H - - 6  A.  L .  H 2 0 ]  ~1) is s h o w n  in F i g u r e  1. A f u n d a m e n t a l  ro le  in 

its f o r m a t i o n  is p l a y e d  by the  N H . . . O  a n d  O H . . . O  sys tem,  s h o w n  in T a b l e  IV. 
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Fig. I. A view of the molecular structure of I with the atomic numbering scheme. H atoms are omitted. 
Hydrogen bonds are represented by dashed lines. Only the complexed ligand is shown, 

In this structure sulfaguanidine is on the side of the crown ring that is proximal 
to the syn-cyclohexyl groups. 

In this case, the aminogroup H2N--Ph in the L molecule does not take part in 
the interaction with the crown-ether. The L ligand is in the tautomeric form L n 
with a formal double bond between the C(7) and N(2) atoms. The terminal 
aminogroups are bound by three H atoms with the ether oxygen atoms in DCH--6 
with the parameters indicated in Table IV. 

The geometrical parameters of these hydrogen bonds in the molecular complex 
are similar to the N H h O  interactions in crown-ether complexes [10, 16-19]. The 
sulfaguanidine molecule conformation is stabilized by the intramolecular hydrogen 
bond N(3B)--H...O1B. The other side of the crown ether is occupied by a water 
molecule, forming two hydrogen bonds O(W)hH'- 'O(7) = 1.91(4) and 
O(W)--H--.O(16) = 1.88(6) A. 

These two bonds are similar to those present in the complex 
[DCH--6 A. H30][C104] [20] and in the complex formed by HgC12 with hydrated 
DCH--6 A [21] but the fundamental difference is that these bonds H30+(H20) are 
arranged in a proximal position with respect to the cyclohexyl groups. 

A proximal position is also occupied by potassium in the DCH--6 A • K • 2-nitro- 
phenoxide [22] and [DCH--6 A. K][(CN)2Au] [23] crystal structures. The guest 
symmetry in fact influences the configuration and the conformational parameters of 
the macrocycle. During the formation of the complexes with the metal [22-23] 
or with the cation (H30 +) [18] the distance between the crown ether oxygen 
atoms is practically equivalent. In the case of transannular bridge formation 
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O...H--O--H...O, as found in this structure, the cavity in the macrocycle is 
subjected to a substantial electrical alteration, i.e. the cavity tends to elongate in the 
direction of the cyclohexyl substituents. 

The crown ether conformation in the complex is substantially different (Table 
III) from that found for the free macrocycle in [24, 25]. In fact the arrangement of 
the macrocycle O - - C - - C - - O  fragments is gauche +, gauche +, gauche , gauche-, 
gauche +, gauche -. 

It is possible to present the idealized symmetry of isomer A as C2 or C~ [4]. In our 
case a quasi-planar symmetry is observed. The 'angular' fragments are found in the 
catechol part of the macrocycle. Interatomic distances in the crown ether (Table 
III) are normal and the C--O, C--C, and C--C (cyclohexyl) distances remain 
between the limits found in the literature. The cyclohexyl groups show a chair 
conformation. In the structure (Figure 2) the ribbon of the single molecular 
complexes are bound by means of the second sulfaguanidine molecule (Table IV). 
All three aminogroups of the ligand take part in the formation of H-bonds. 

The cis-anti-cis-dicyclohexano-18-crown-6 isomer complex with sulfaguanidine 
[D CH- - 6  B" L2] (2). The centrosymmetrical molecular complex which is formed in 
the case of the cis-anti-cis isomer is shown in Figure 3. Its formation, just as in the 

Table III. Interatomic distances (A) and angles (deg) in complex I 

Atoms R(,~) Atoms R(/k) 

O(I)--C(2) 1.423(4) O( 10)--C(11) 
C(2) --C(3) 1.517(4) C( I 1 ) --C(12) 
C(3)--O(4) 1.441(5) C(12)--O(13) 
O(4)--C(5) 1.416(4) O(13)--C(14) 
C(5) --C(6) 1.494(6) C( 14)--C(15) 
C(6)--O(7) 1.423(4) C(15)--O(16) 
O(7) --C(8) 1.424(5) O(16) --C(17) 
C(8)--C(9) 1.493(6) C(17)--C(18) 
C(9)--O(10) 1.427(4) C(18)--O(1) 
C(2)--C(19) 1.530(6) C(11)---C(23) 
C(19) --C(20) 1.520(5) C( 23)--C(24) 
C(20)--C(21) 1.523(5) C(24)--C(25) 
C(21)--C(22) 1.528(6) C(25)--C(26) 
C(22)--C(3) 1.510(5) C(26)--C(12) 
S(A)--O(IA) 1.446(3) S(B)--O(IB) 
S(A) --O(2A) I. 434(2) S(B) --O( 2 B) 
S(A)--N(2A) 1.590(3) S(B)--N(2B) 
S(A)--C(1A) 1.747(4) S(B)--C(1B) 
C( 1 A) --C(2A) 1.382(5) C( 1 B) --C(2B) 
C(2A)--C(3A) 1.370(6) C(2B) --C(3B) 
C(3A)--C(4A) 1.388(5) C(3B)--C(4B) 
C(4A) --C(5A) 1.393(5) C(4B) --C(5B) 
C(5A)--C(6A) 1.363(6) C(5B)--C(6B) 
C(6A) --C( 1 A) 1.386(5) C(6B) --C( 1 B) 
N(1A)--C(4A) 1.371(5) N(1B)--C(4B) 
C(7A) --N(2A) 1.332(4) C(7B) --N(2B) 
C(7A)--N(3A) 1.335(5) C(7B)--N(aB) 
C(7A)--N(4A) 1.319(5) C( 7B)--N(4B) 

1.435(5) 
1.520(5) 
1.433(4) 
1.438(4) 
1.473(6) 
1.420(5) 
1.424(5) 
1.488(6) 
1.404(4) 
1.508(6) 
1.524(6) 
1.506(6) 
1.503(6) 
1.516(5) 
1.444(3) 
1.435(2) 
1.587(3) 
1.752(4) 
1.384(6) 
1.380(7) 
1.388(6) 
1.395(7) 
1.376(6) 
1.397(5) 
1.377(6) 
1.342(5) 
1.324(6) 
1.320(5) 
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Table III. (continued) 

Atoms Angle (deg) Atoms Angle (deg) 

C( 18)--O(1)--C(2) 114.4(3) C(9)--O( 10)--C(11) 113.5(3) 
O(1)--C(2)--C(3) 105.5(3) O(10)--C(11)--C(12) 112.2(3) 
C(2) --C(3) --O(4) 112.8(3) C( 11 ) --C(12) --O(13) 108.2(3) 
C(3)--O(4)--C(5) 113.8(3) C( 12)--O( 13)--C(14) 113.4(3) 
O(4) --C(5) --C(6) 110.1 (3) O(13) --C(14) --(2(15) 110.9(3) 
C(5) --C(6) --O(7) 109.5 (3) C(14) --C(15) --O(16) 109.8(3) 
C(6)--O(7)--C(8) 112.5(3) C(15)--O(16)--C(17) 111.7(3) 
O(7)--C(8)--C(9) 110.4(3) O( 16)--(2( 17)--C(18) 110.2(3) 
C(8) --C(9) --O(10) 109.8 (3) C(17) --C(18) --O( 1 ) 107.9(3) 
O(1)--C(2)--C(19) 112.7(3) O(10)--C(11)--C(23) 108.4(3) 
C(19)--C(2)--C(3) 109.0(3) C(23)--(2(11)--42(12) 113.3(3) 
C(2)--C(3)--C(22) 111.6(3) C(11)--C(12)--C(26) 108.9(3) 
C(22) --C(3)--O(4) 108.1(3) C(26) --(2( 12)--O(13) 112.5(3) 
C(2)--C(19)--C(20) 112.2(3) C(11)--C(23)--C(24) 111.0(3) 
C( 19)--C(20)--C(21) 110.1(3) C(23)--(2(24)--C(25) 111.0(4) 
C(20) --C(21 )--C(22) 112.0(3) C( 24)--C( 25)--C(26) 110.3(4) 
C(21)--C(22)--C(3) 110.8(3) C(25)--C(26)--C(12) 111.5(3) 
N(1A)--C(4A)--C(3A) 120.3(4) N(1B)--C(4B)--C(3B) 120.2(4) 
N(1A)--C(4A)--C(SA) 121.6(4) N(1B)--C(4B)--C(5B) 121.9(4) 
C(6A) --C( 1 A) --C(2A) 118.2(4) C(6B) --C( 1 B) --C(2B) 119.1 (4) 
C(1A)--C(2A)--C(3A) 121.0(4) C(IB)--C(2B)--C(3B) 120.4(4) 
C(2A)--C(3A)--C(4A) 120.8(4) C(2B)--C(3B)--C(4B) 121.2(4) 
C(3A)--C(4A)--C(SA) 118.1(4) C(3B)--C(4B)--C(5B) 118.0(4) 
C(4A)--C(5A)--C(6A) 120.6(4) C(4B)--(2(5B)--C(6B) 121.3(4) 
C(5A) --C(6A) --C( 1 A) 121.2(4) C(5B) --C(6B) --C( 1 B) 120.1 (4) 
S(A) --C( 1A)--C(2A) 121.7(3) S( B)--C( 1B)--C(2B) 121.4(3) 
S(A)--C(1A)--C(6A) 120. I(3) S(B)--C(1B)--C(6B) 119.3(3) 
C( 1 A) --S(A) --O( 1 A) 107.2(2) (2( 1 B) --S(B) --O( 1 B) 107.2(2) 
C( 1 A) --S(A) --O(2A) 107.2(2) C( 1 B) --S(B) --O(2B) 107.5(2) 
C(1A)--S(A)--N(2A) 106.3(2) C(1B)--S(B)--N(2B) 104.8(2) 
N(2A)--S(A)--'O(IA) 113.2(2) N(2B)--S(B)--O(1B) 113.7(2) 
N('2A) --S(A) --O(2A) 105.4(2) N(28) --S(B) --O(28) 106.7(2) 
O(1A)--S(A)--O(2A) 117.0(2) O(1B)--S(B)--O(2B) 116.3(2) 
S(A)--N(2A)--C(7A) 
N(2A)--C(7A)--N(3A) 
N(2A)--C(7A)--N(4A) 
N(3A)--C(7A)--N(4A) 
O(1)--C(2)--C(3)--O(4) 
C(2)--C(3)--O(4)--C(5) 
C(3)--O(4)--C(5)--C(6) 
O(4)--C(5)--C(6)--O(7) 
C(5) --C(6) --0(7) --C(8) 
C(6)--0(7)--C(8)--C(9) 
0(7)--C(8)--C(9)--0(10) 
C(8)--C(9)--O( 10)--C(11) 
C(9)--O( 10)--C( I 1)--C(12) 

123.3(3) S(B)--N(2B)--C(7B) 121.6(3) 
125.2(3) N(2B)--C(7B)--N(3B) 125.6(4) 
116.8(3) N(2B)--C(7B)--N(4B) 117.1(4) 
118.0(4) N(3B)--C(7B)--N(4B) 117.3(4) 
58.5(4) O( 10)--C( 11)--C( 12)--O(13) - 54.9(4) 
76 .7(4)  C(11)--C(12)--O(13)--C(14) -177.0(3) 

173.1(3) C( 12)--O( 13)---C( 14)--C(I 5) -159.0(3) 
73 .7(4)  O(13)--C(14)--C(15)--O(16) 73.6(4) 

-179.8(3) C( 14)--C(15)--O(16)--C(17) 166.2(3) 
-177.2(3) C(15)--O( 16)--C( 17)---C(18) 172.4(3) 
-74.0(4) O( 16)--C( 17)--C( 18)---O(1) -76.9(4) 

- 173.9(3) C( 17)--C( 18)---O(1)--C(2) - 174.6(3) 
-95.2(4) C(18)--O(1)--C(2)--C(3) -174.8(3) 
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0 C 

Fig. 2. Representation of the packing of I in the unit cell. 

preceeding case, takes place thanks to the formation of  H-bonds between the 
amino-groups and the crown ether oxygen atoms. 

One of the protons of  the NH2 groups of  N(3A) takes part in a bifurcated 
H-bond between the 0(4)  and 0(7)  atoms of  the ring (Table VI). In this case the 
H-bond length becomes 3.285(8) and 3.382(8)A while the H-bond length in 
N(4A)--H.- .O(4)  is 2.932(7) A. In the ligand there is an intramolecular bond of  the 
same kind as that already mentioned. 

For  the crown ether D C H - - 6  B the arrangement of the O - - C - - C - - O  fragments 
is gauche +-. Ten C - - O  bonds present an anti-, while the remaining two C - - O  bonds 
present a gauche-conformation (Table V). 
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Table IV. Hydrogen bond systems in I. 

YURIJ SIMONOV ET AL. 

Donor (D) Acceptor (A) R(D...A) R(D--H) R(H...A) D--H.. .A 
A A, /~ deg 

O(w) O(16) (1) 2.793(4) 0.94(6) 1.88(6) 164(5) 
O(w) 0(7) (1) 2.798(4) 0.92(4) 1.91(4) 162(4) 
N(3B) O(13) o) 2.948(4) 0.94(5) 2.03(4) 166(4) 
N(3B) O(1B) (1) 2.712(4) 0.89(5) 2.07(4) 129(4) 
N(4B) 0(4) (1) 3.017(5) 1.02(5) 2.05(5) 158(4) 
N(4B) O(10) (1) 3.095(6) 0.77(5) 2.39(5) 152(5) 
N(1B) N(1A) (2) 3.202(7) 0.95(6) 2.27(6) 167(4) 
N(IA) O(2B) (3) 3.129(5) 0.80(4) 2.35(4) 165(4) 
N(1A) N(2B) (4) 3.297(5) 0.87(4) 2.46(4) 161(4) 
N(3A) O(IA) o) 2.804(4) 0.88(6) 2.13(5) 134(5) 
N(3A) O(1A) (5) 3.071(5) 0.88(6) 2.33(6) 142(5) 
N(4A) N(2A) (4) 2.991(4) 0.86(4) 2.13(4) 177(4) 

Symmetrical transformation for A 
1. = x , y , z  2. = x -  1, 1 +y ,  1 + z  
4. = 1 + x , -  1 + y , z  5 . = 2 - x , - y ,  1 - z  

3 . = 2 - - x ,  l - y ,  1- -z  

O2A 

C@A SA N2A 

C4A C5A 

C7A A 

(/*%--/ C3~A C2A ". C13 

N3A \\\ 

C9 / ~ ~ ~ 04 
"h ~ / -.~, oll 

07/ C6 

\ 

) 
Fig. 3. Structure and numbering scheme of II. H atoms are omitted. Hydrogen bonds are represented 
by dashed lines. 
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Table V. Interatomic distance (•) and angles (°) in II 
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Atoms R(/~) Atoms R(/~) 

O(1)--C(2) 1.430(6) S(A)--O(1A) 1.451(5) 
C(2)--C(3) 1.524(8) S(A)--O(2A) 1.437(5) 
C(3)--O(4) 1.437(6) S(A)--N(2A) 1.576(4) 
O(4)--C(5) 1.407(7) S(A)--C(1A) 1.761(4) 
C(5)--C(6) 1.483(9) C(1A)--C(2A) 1.383(7) 
C(6)--O(7) 1.396(8) C(2A)--C(aA) 1.376(7) 
O(7)--C(8) 1.442(8) C(3A)--C(4A) 1.382(8) 
C(8)--C(9) 1.433(9) C(4A)--C(5A) 1.371(7) 
O(1)--C(9)* 1.433(8) C(5A)--C(6A) 1.363(7) 
C(2)--C(10) 1.527(7) C(6A)--C(1A) 1.377(7) 
C( 10)--C( I I) 1.499(10) N(1A)--C(4A) 1.366(7) 
C(11)--C(12) 1.486(12) C(7A)--N(2A) 1.339(7) 
C(12)--C(13) 1.523(9) C(7A)--N(3A) 1.328(8) 
C(3)--C(13) 1.510(8) C(7A)--N(4A) 1.322(9) 

Atoms Angles (deg) Atoms Angles (deg) 

C(9)*--O(1)--C(2) 110.7(5) N(1A)--C(4A)--C(3A) 121.3(5) 
O(l)--C(2)--C(3) 107.2(4) N(1A)--C(4A)--C(5A) 121.3(6) 
C(2)--C(3)--O(4) 111.6(4) C(6A)--C(1A)--C(2A) 118.6(5) 
C(3)--C(4)--C(5) 115.1(4) C(1A)--C(2A)--C(3A) 120.8(5) 
O(4)--C(5)--C(6) 109.2(5) C(2A)--C(3A)--C(4A) 120.6(5) 
C(5)--C(6)--O(7) 108.6(5) C(3A)--C(4A)--C(5A) 117.4(5) 
C(6)--O(7)--C(8) 110.2(5) C(4A)--C(5A)--C(6A) 122.8(6) 
O(7)--C(8)--C(9) 110.2(6) C(SA)--C(6A)--C(1A) 119.7(5) 
C(8)--C(9)--O(1)* 110.0(6) S(A)--C(lA)--C(2A) 120.3(4) 
O(1)--C(2)--C(10) 111.5(5) S (A)--C(1A)--C(6A) 121.1(4) 
C(3)--C(2)--C(10) 109.3(5) C( 1A)--S(A)--O(1A) 106.8(2) 
C(2)--C(10)--C(11) 111.7(5) C(1A)--S(A)--O(EA) 107.3(3) 
C( 10)--C( 11)--C(12) 111.6(7) C(1A)--S(A)--N(EA) 106.0(2) 
C(11)--C(12)--C(13) 111.5(6) N(2A)--S(A)--O(1A) 114.7(3) 
C(12)--C(13)--C(3) 109.7(5) N(2A)--S(A)--O(2A) 105.8(2) 
C(2)--C(3)--C(13) 112.6(5) O(1A)--S(A)--O(2A) 115.6(3) 
O(4)--C(3)--C(13) 107.4(4) S(A)--N(2A)--C(TA) 123.2(4) 

N(2A) --C(7A) --N(3A) 124.2(6) 
N(2A) --C(7A) --N(4A) 117.7(5) 
N(aA)--C(7A) --N(4A) 118.1 (6) 

O(1)--C(2)--C(3)--O(4) 55.1(5) C(6)--O(7)--C(8)--C(9) 177.6(6) 
C(2)--C(3)--0(4)--C(5) 58.4(6) O(7)--C(8)--C(9)--O( 1)* 66.3(7) 
C(3)--O(4)--C(5)--C(6) 168.3(5) C(2)--O(1)--C(9)*--C(8) * 177.2(5) 
O(4)--C(5)--C(6)--O(7) 73.4(6) C(9)*--O(1)--C(2)--C(3) - 156.7(5) 
C(5)--C(6)--O(7)--C(8) - 178.2(5) 

(C(9)*(-x, 2 -y ,  2 -z )  

The ligand orientation is, relatively to the ring, such that the aminogroup (N(4A) 
forms a H-bond with the N(2A) atom [ - x ,  2 - y ,  1 - z ]  (Table VI). In this way it 
forms a chain along the crystal y-axis. Parallel chains are joined in a framework due 
to the H-bond N(1A).-.O(2A) [1/2 + x, 1/2 + y, 1/2 + z] = 3.008(7)/k (Figure 4). 

Interatomic distances within the crown ether have average values for the C--C,  
C- -O,  and C - - C  (cyclohexane) bonds. 
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Table VI. Hydrogen bond systems in II. 

YURIJ SIMONOV ET AL. 

Donor (D) Aeceptor (A) R(D...A) R(D--H) R(H'"A) D--H...A 
A A A deg 

N(3A) 0(4) °) 3.285(8) 0.87(5) 2.51(5) 149(4) 
N(3A) O(1A) o) 2.803(9) 0.82(5) 2.18(6) 133(5) 
N(4A) 0(4) (1) 2.932(7) 0.78(6) 2.17(6) 164(5) 
N(4A) N(2A) (2~ 3.037(8) 0.84(6) 2.20(6) 175(5) 
N(1A) O(2A) (3~ 3.008(7) 0.93(6) 2.13(6) 158(6) 
N(3A) 0(7) (1) 3.382(8) 0.87(5) 2.80(5) 126(4) 

Symmetrical transformation for A 
I = x , y , z  2= - x ,  2 - y ,  1 - z  3 = 1/2 + x, 1/2--y, 1/2+z 

0 

Fig. 4. Representation of the packing diagram for II. 
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The guest structure in I and II is not essentially different from that found in 
[26-27]. It is necessary to emphasize that in all structures (two forms of free L [26], 
L ' H 2 0  [27], PdL2C12 [27], complexes I and II (present work)) the coplanar 
guanidine moiety is fixed to the sulfone group via an intramolecular 
N(3)--H...O(1) bond (numbering corresponds to I and II) and assumes the 
tautomeric L n amino form with the following bond lengths: 

ILfr ~ ILoomp IILcomp Lfr ~ L" H20 PdL2 CI 2 
S--Oav 1.440 1.440 1.444 1.443/ 1.440 1.456 

1.440 
S--N 1.590 1.587 1.576 1.589/ 1.586 1.596 

1.594 
S--Cnng 1.747 1.752 1.761 1.767/ 1.752 1.763 

1.763 

Angular parameters are given in Table V. The spatial arrangements of the aryl- 
amino groups are significantly different for the guest in ! and II. In I free and 
complexed sulfaguanidine molecules have similar conformations with the torsion 
angles C(6)--C(1)--S--N(2) being 82.0 and 88.1 ° respectively. This conformation 
resembles that found in one form of uncomplexed L [N--S--C(1)--C(6) = 94.4°], 
in L- H20 and PdLzC12 [27] and in the majority of arylSOzNX, X' compounds. 

The sulfaguanidine molecule in II has an unusual conformation with the torsion 
angle N--S--C(I)--C(6)  being -32.8 °. It coincides with the second form of 
uncomplexed L (angle N--S--C(1)- -C(6)= -12.5°). So we confirm the sugges- 
tion by A. Kfilmfin et al. [26] about the unhindered rotation of the aryl moieties 
about the S--Cnng bond both in the free and complexed ligands. 

In this way both the A and B isomers of dicyclohexano-18-crown-6 form 
inclusion compounds with sulfaguanidine in the same host:guest ratio but the 
character of the complexes are fundamentally different according to the different 
formation conditions. 

For isomer A the complex is characterized as [DCH--6 A • L.  H20 ]. L where only 
one guest has a direct contact with the crown-ether. The second guest reacts only 
with the coordinated guest. The structure can be simplified in this way: 

\ / 
G 

/ \ 
W - - H - - G  G---H--W H = host molecule 

\ / 
G W = water molecule 

/ \ 
W - - H - - G  C_r--H--W G = guest molecule 

\ / 
G 

/ \ 

For the second DCH--6 isomer a more common situation is observed; guest- 
host-guest-guest-host-guest.-. .  The study has shown a substantial influence of 
the DCH--6 isomeric composition on the formation of the crystal molecular 
structure in the host-guest type complex. 



194 YURIJ SIMONOV El" AL. 

References 

1. D. J. Cram: Chem. Scr. 28, 263 (1988). 
2. E. Weber: Progress in Macroeyclic Chemistry (Ed. R. M. Izatt and J. J. Christensen), V. 3, Wiley 

N.Y. (1987). 
3. A. Elbasyouny, H. J. Briigge, K. von Deuten, M. Dickel, A. Kn6chel, K. U. Koch, J. Kopf, D. 

Melzer, and G. Rudolph: J. Am. Chem. Soe. 105, 6568 (1983). 
4. M. Mercer and M. R. Truter: J. Chem. Soe. Dalton. Trans. 2215 (1973). 
5. A. C. Coxon, D. A. Laidler, R. B. Pettman, and J. F. Stoddart: J. Am. Chem. Soc. 100, 8260 (1978). 
6. I. J. Burden, A. C. Coxon, J. F. Stoddart, and C. A. Wheatley: J. Chem. Soe. Perkin Trans. I, 220 

(1977). 
7. J. R. Damewood, J. J. Urban, T. C. Williamson, and A. L. Rheingold: J. Org. Chem. 53, 167 (1988). 
8. Yu. A. Simonov, T. I. Malinowsky, A. A. Dvorkin, M. S. Fonar, Ed. V. Ganin, and S. A. Kotlyar: 

Z. Kristallogr. lgS, 249 (1988). 
9. M. S. Fonar, Yu. A. Simonov, A. A. Dvorkin, T. I. Malinowsky, E. V. Ganin, and V. F. Makarov: 

J. Incl. Phenom. 7, 613 (1989). 
10. A. A. Dvorkin, M. S. Fonar, S. T. Malinowsky, Ed. V. Ganin, Yu. A. Simonov, V. F. Makarov, 

S. A Kotlyar, and N. G. Lukyanenko: Z. Strukt. Chim. 30, 96 (1989). 
11. G. M. Sheldrick: SHELX76 Program for Crystal Structure Determination, Cambridge University 

(1976). 
12. 'International Tables for X-ray Crystallography', Kynoch Press, Birmingham, 1974, Vol. 4. 
13. M. Nardelli: Comput. Chem. 7, 95 (1983). 
14. C. K. Johnson: ORTEP Report ORNL-3794, Oak Ridge National Laboratory, Tennessee (1965). 
15. C. Rizzoli, V. Sangermano, G. Calestani, and G. Andreetti: J. Appl. Crystallogr. 20, 326 (1987). 
16. G. Weber and G. M. Sheldrick: Acta Crystallogr. B37, 2108 (1981). 
17. A. Kn6chel, J. Kopf, J. Oehler, and G. Rudolph: J. Chem. Soe. Chem. Commun. 595 (1978). 
18. Yu. A. Simonov, N. F. Krasnova, A. A. Dvorkin, V. V. Yakshin, V. M. Abashkin, and B. N. 

Laskorin: Dokl. Akad. Nauk. SSSR 272, 1129 (1983). 
19. E. V. Ganin, V. F. Makarov, S. A. Kotlyar, N. G. Lukyanenko, M. S. Fonar, A. A. Dvorkin, and 

Yu. A. Simonov: Xim. gesteroc, soed. 9, 1190 (1988). 
20. Yu. A. Simonov, N. Ph. Krasnova, and A. A. Dvorkin: 3rd European Symposium on Macroeyelic 

Compounds. Posters and Abstracts. University of Stifling, Scotland, A32 (1984). 
21. N. Ph. Krasnova, Yu. A. Simonov, V. K. Bel'sky, M. B. Korshunov, V. V. Yakshin, and B. N. 

Laskorin: Dokl. Akad. Nauk SSSR 287, 348 (1986). 
22. F. R. Fronczek, R. D. Gandour, M. B. Gehrig, L. R. Caswell, K. A. MeDowell, and I. Alam: J. 

Incl. Phenom. 5, 379 (1987). 
23. N. Ph. Krasnova, Yu. A. Simonov, V. K. Bel'sky, V. M. Abashkin, V. V. Yakshin, T. I. 

Malinowsky, and B. N. Laskorin: Dokl. Akad. Nauk SSSR 276, 607 (1984). 
24. N. K. Dalley, J. S. Smith, S. B. Larson, J. J. Christensen, and R. M. Izatt: J. Chem. Soc. Chem. 

Commun. 43 (1975). 
25. Yu. A. Simonov, N. Ph. Krasnova, N. A. Tsarenko, B. K. Bel'sky, V. V. Yakshin, and B. N. 

Laskorin: Dokl. Akad. Nauk SSSR .285, 892 (1985). 
26. A. K~ilm~tn, M. Czugler, and G. Argay: Acta Crystallogr. B37, 868 (1981). 
27. M. All6aume, A. Gulko, F. H. Herbstein, and M. Kapon: Acta Crystallogr. B32, 669 (1976). 


