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The molecular and crystal structures of the 1-benzene (1/2) monohydrate 2 and of the l-p- 
xylene (111) complex 3 were determined by X-ray analysis. In both complexes the host 
molecules take the “face to face” conformation. In the 1-benzene (1/2) monohydrate 2 one 
benzene ring is perfectly enclosed within the intramolecular cavity of the host. The second 
benzene ring is located in channel type intermolecular cavities of the crystal lattice. The 
water molecule in the crystal lattice forms hydrogen bonds to the piperidine-nitrogens of 
neighbouring 1-molecules. - In the 1-p-xylene ( l / l )  complex 3 the host molecules are 
stacked along the a axis and p-xylene molecules are sandwiched by two adjacent host 
molecules in the stack. The two methyl groups of a p-xylene molecule are inserted into the 
cavities of the two sandwiching hosts. - The requirements for a preference of intramolecular 
cavity inclusion over intermolecular lattice inclusion of apolar guests in crystalline complexes 
of apolar macrocyclic hosts are discussed. 

Kristall- und Molekiilstrukturen der Wirt-Gast-Komplexe von l’,l”-Dimethyl- 
dispir~[1,6,20,25-tetraoxa[6.1.6.l]paracyc~ophan-l3,4‘:32,4’’-bi~piperidin] mit Benzol und 

Die Molekul- und Kristallstrukturen des 1-Benzol (2/2)-Monohydrats 2 und des 1-p-Xylol 
(l/l)-Komplexes 3 wurden durch Rontgenstrukturanalyse bestimmt. In bciden Komplcxcn 
liegen die Wirtmolekiile in der ,,face to face“-Konformation vor. Im 1-Benzol (1/2)-Mono- 
hydrat 2 ist ein Benzolring perfekt im intramolekularen Hohlraum des Wirtmolekiils ein- 
geschlossen. Der zweite Benzolring ist in kanalartigen intermolekularen Hohlrgumen des 
Kristallgitters lokalisiert. Das Wassermolekiil im Kristallgitter bildet Wasserstofirucken- 
Bindungen zu den Piperidin-Stickstoffatomen benachbarter 1-Molekiile aus. - Im 1-p-Xylol 
(l/l)-Komplex 3 stapeln die Wirtmolekiile entlang der a-Achse und die p-Xylolmolekule 
sind zwischen zwei benachbarten Wirtmolekiilen im Stapel eingelagert. Die beiden Me- 
thylgruppen eines p-Xylolmolekiils ragen in die Hohlraume der beiden umgebenden Wirt- 
molekiile. - Die Voraussetzungen fur die Bevorzugung eines intramolekularen Hohlraum- 
einschlusses unpolarer Gastmolekiile gegeniiber einem intermolekularen GittereinschluS in 
kristallinen Komplexen unpolarer makrocyclischer Wirte werden diskutiert. 

p-Xylol 

During the past decades, there has been considerable interest in the interactions between 
macrocyclic organic host molecules and neutral organic guests in solution as well as in the 
solid state’ - 3 ) .  Single-crystal X-ray analysis was used as method of choice to establish 
unequivocally whether in a crystalline complex the guest occupies intramolecular cavities of 
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the host or whether the guest is located within intermolecular cavities of the host lattice. A 
considerable number of X-ray structural investigations involved complexes with benzene 
derivatives as guests. The X-ray analysis of crystalline host-guest complexes of the naturally 
occurring cyclodextrins as hosts and a variety of polar benzene derivatives have been 
reported 1,4-9'. In these complexes the guest molecules are located within the molecular 
cavity of the cyclodextrins. 

Intramolecular cavity inclusion of neutral benzene derivatives has less often been observed 
for complexes formed by artificial macrocyclic hosts. Crystalline, stable 1 : 1 complexes of 
tetraaza[n.O.n.O]paracyclophanes as hosts and benzene as guest have been described al- 
ready in 1955 by Stetter and Roes''). These complexes were thought for a long time to be 
of the intramolecular cavity inclusion type until recently Hilgenfeld and Saenger showed 
that benzene in these complexes is located between host molecules in the crystal lattice"'. 
Intermolecular lattice inclusion of aromatic guests (hydroquinone and p-xylene) has also 
been observed in crystalline complexes formed by other hosts of the cyclophane 
Intramolecular cavity inclusion has been demonstrated by X-ray analysis for the crystalline 
1: 1 complex of a protonated tetraaza[6.1.6.1]paracyclophane and durene, which was ob- 
tained from aqueous solution'4). Both types of inclusion have been observed for the i : i 
complexes of two differently substituted calix[4]arenes and toluene as guest ''.I6). 

We found that the 1,6,20,25-tetraoxa[6.1.6.l]paracyclophane 1 ") forms stable 
crystalline complexes with benzene derivatives. In this paper, we present the mo- 
lecular and crystal structures of the 1-benzene (1/2) monohydrate 2 and of the 
I-p-xylene (l/l) complex 3. 

2 = 1-benzene-water (1/2/1) 

3 = 1-p-xylene (1/1) 

'0-[ CH&-0' 

Molecular and Crystal Structures of 2 and 3 Is) 

Crystal Preparation and X-Ray Structure Analysis 
2: 100 mg (0.15 mmol) of 1 was dissolved in 50 ml of benzene, saturated with water. Upon 

standing of the solution at room temperature in a dessicator over pellets of potassium 
hydroxide, colourless prismatic crystals of 2 were obtained. 

3 100 mg (0.1 5 mmol) of 1 was dissolved in 20 ml of p-xylene and the solution was treated 
as described for 2: colourless prismatic crystals of 3 were obtained. 

Crystal and data collection parameters for 2 and 3 are listed in Table 1. Intensity data 
were collected on a CAD4 4-circle diffractometer by using a graphite-monochromated Mo- 
Ka irradiation and applying @/2@-scan technique. The structures were solved by conven- 
tional direct methods (M ULTAN) and were refined by full-matrix least squares technique 
using anisotropic temperature factors for non-hydrogen atoms and isotropic temperature 
factors for hydrogen atoms. Atomic coordinates and thermal parameters for non-hydrogen 
atoms arc gkcn in Tables 7 and 3 (for thc numbcriny of atoms cf. Figurcs 1. 2. mid 5). 

Molecular Geometry ?f the 1-Benzene (112) ~ ~ l o t i o h ~ ~ r l r . r i t c  2: The most striking 
feature of the structure of 2 is the complete incorporation of oiic hcnzcnc ring ( A )  
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Table 1. Crystal and data collection parameters for 2 and 3 

Compound 2 3 

Formula C44H54N204 x 2C6H6 x H20 GH54N204 X C8Hio 

a CPml 

[‘I 
P [“I 
Y “1 

Molecular mass 849.2 781.1 
Size of crystal [mm] 

799.2 (1) 626.2 (1) 
h CPml 1002.8 (2) 1210.6 (2) 
c CPml 1473.6 (3) 1534.0 (2) 

90.85 (2) 107.74 (2) 
90.21 (2) 90.66 (2) 
93.96 (2) 86.76 (2) 

0.45 x 0.3 x 0.2 0.35 x 0.35 x 0.3 

p i  p i  Space group 
Z 1 1 

d ,  Cgcm- 1 1.197 1.173 
Max. sin O/h [nm-’1 6.68 6.68 
No. of reflections measured 5969 5470 
No. of reflections with 4121 3515 

Symmetry of complex in the crystal C, c, 

I >  1.96 o (Z) 
R 0.042 0.042 

Table 2. Atomic coordinates and thermal parameters UeqU (in pm’) for 2 (numbers in 
parentheses are estimated standard deviations in units of the last quotcd digit) 

RtOrn x U 2 US9”. Rtom U z ueau. 

E.98943(8) 

8.8948 ( 11 

8. 99881 I )  

E.9988(1) 

8.8855( I )  

8.89961(8) 

9.7953( 1) 

8.697 I 1 1) 

8 .5949( I 

E.5878( I )  

8.6894( 1 ) 

8.7921 ( I )  

8.46561 I )  

8.3531 1 1 )  

8.2613( 1)  

8. l741( I )  

within the cavity of the host molecule. The whole 1/2/1 (host: guest: water) complex 
sits on a center of symmetry and benzene ring A is located exactly at the middle 
of the intramolecular cavity. Benzene ring B and the water molecule are located 
outside the cavity between host molecules in the crystal lattice. 

Host 1 in the complex takes a “face to face’’ conformation”) with the four 
benzene rings nearly perpendicular to the mean molecular plane of 1. A least 
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Table 3. Atomic coordinates and thermal parametcrs (Icqu (in pm’) for 3 (numbers in pa- 
rentheses are estimated standard deviations in units of the last quoted digit) 

R l m  U 2 Ueau. fitom U L Ueau . 

Figure 1. Molecular structure of 2 in a view onto the least square plane of the host. Only 
the host and the benzene ring A in the intramolecular cavity are shown. Some short C . . . C  
host-guest contacts and characteristic extensions of the cavity are shown (for details 

see text) 
Figure 2. View of the molecular structure of 2 parallel to the least square plane of the host. 

Only the host and the benzene ring in the intramolecular cavity are shown 

square molecular plane of 1 can be defined passing through C(7), C(lO), C(13), 
C(14), C(17), N(l’), and C(1”). Figure 1 is a view onto this plane and Figure 2a 
view parallel to this plane. The cavity of 1 is rectangularly shaped and the distances 
between least square planes including parallel benzene rings are 984 and 852 pm 
(Figure 1). The least square planes through the benzene ring of the shorter cavity 
site, through the benzene ring of the larger cavity site and through C(2’), C(3’), 
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Table 4. Bond lengths of 2 and 3 (in pm; numbers in parentheses are estimated standard 
deviations in units of the last quoted digit) 

Host 2 3 - - 2 2 

C(S'), C(6') of the spiropiperidine ring form angles of 89", 81", and 85", respectively, 
with the least square molecular plane of 1. The lone pairs of the four ether oxygens 
are directed outward of the cavity. The sequence of the torsional angles of the 
chains bridging the diphenylmethane units, C(17i) - 0 ( 1 )  - C(2) - C(3) - C(4) - 
C(5) - O(6) - C(7), is ap(antiperip1anar) - ap - sc(synclina1) - sc - ap. All hydrogen 
atoms of the tetramethylene bridges take staggered positions. With values of 150.2 
and 151.3 pm, the C-C bond lengths of the tetramethylene hridges of 1 are short 
and comparable to the short C-C bond lengths observed for the methylene 
bridges of higher [n.n.]paracycl~phanes~~). The spiropiperidine rings take chair 
conformations and the methyl group C(1") at N(1') is in an equatorial position. 
As has been established for other piperidine derivatives before"', the spiropipe- 
ridine rings of 1 are more puckered than the cyclohexane ring (see torsional angles 
in Table 5). 

Chem. Ber. I18 (1985) 
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Table 5. Bond angles and torsional angles of 2 and 3 (in ‘ I ,  numbers in parentheses are 
estimated standard deviations in units of the last quoted digit) 

iin.1111 II?.~III 

117.6(11 188.211) 

l12.9(11 1 1 5 . 1 1 1 1  

I l 5 . 1 ( 1 1  112.5111 

107.6111 I07.0(11 

l18.3(I) l l7 .4Cl l  

124.6<11 124.4lIl 

116.1(11 116.6(1) 

119.2(11 119.011) 

ii9.8111 i i 9 . 5 ~ 1 1  

I22.5111 l22.E(11 

116.2(1) 116.311) 

l2I.2lIl 119.9111 

122.411) I23.?(ll 

lT2,l<ll 121.611) 

121.2111 120.8(1) 

105.8111 186.411) 

1 I I . 1 1 1 1  lll.3ll) 

110.3(l) llu.slIl 

111.5(11 111.3(11 

112.8111 112.6lIl 

114.7(11 184.911) 

i2i.6111 123.011) 

121.8I l l  120.1111 

Il6.3(11 ll6.Illl 

122.111) 122.0111 

I ~ . J I I I  IZMIII 

IIf.6(11 116.711) 

124.9(11 124.4(11 

119.5111 119.0(1) 

119.2111 119.7( l l  

122.6<11 122.9111 

110.7111 lI1.3(1) 

I18.4( 1) 11 I. IC1) 

119.511> 110.611) 

112.3Il> 111.211, 

112.5<11 113.011~ 

l13.6(11 113.711) 

111.7111 1 1 1 . 9 1 1 1  

2 B.“..”. R 

3 I - 141.“. 

C(171)- O ( 1 )  - C(2) - C(3) 175.9 177.1 C(18)  - C(13) - C(14) - C(19)  88.7 72.4 
t ( 2 1  - O ( I 1  - C(17l)-  C(16I) -171.2 -176.2 C ( 3 ’ )  - C(13) - C(14) - C(15) 144.5 135.5 
C(2) - O ( 1 )  - C(l71)- C( l8I )  8.5 3.5 C(3‘) - C(131 - C(141 - C(l9)  -41.1 -48.9 
O(I) - C(2) - C(3) - Ct4) 176.9 -62.6 C ( 5 ’ )  - C(13) - C(14) - C(15) 27.8 18.E 
TI71 - C ( 3 1  - r ( l l  - C ( 5 )  75.8 -68.8 C(5’) - C(131 - C(14) - C(19)  -158.6 -166.4 

63.1 -179.6 
C(41 - C ( 5 1  - O(6) - C(7) -167.9 -178.4 
C(5) - O(6) - C(71 - C(8) -21.7 -7.7 
C(5) - O(6)  - C(71 - C(12)  158.7 172.1 
0161 - C(7) - C(81 - C(91 179.8 177.2 
C(12) - C(7) - C(81 - C(91 -1.4 -2.6 
O(61 - C(71 - C(12) - C ( I I 1  -178.8 -177.9 
C(6) - C(7) - C(l2I - C ( I l )  1.5 1.8 
r171 - c18) - c(91 - c(18)  -0.1 1.5 

174.4 174.1 
-67.4 -67.5 
54.9 54.6 

-175.5 4 7 2 . 7  
66.4 68 .5  

-55.8 -52.7 
173.4 176.2 
-1.3 0 . 4  

Benzene guest A is perfectly enclosed within the intramolecular cavity of 1. The 
plane of benzene forms an angle of 45” with the least square molecular plane of 
1 and the intersect of these planes forms an angle of 10” with the normal to the 
least square plane through C(2’), C(3’), C(5’), and C(6’) of the spiropiperidine ring. 
As consequence of this orientation, short contacts exist between the carbon atoms 
C(A 1) and C(A2) of the guest and carbon atoms of the aromatic rings of 1 located 
on the larger sides of the rectangular cavity (Figure 1; Table 6). With 345 pm, the 
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shortest contact is observed between C(A2) of the guest and C(17) of 1. Benzene 
guest A interacts via short H...C-contacts with the aromatic rings of the smaller 
side of the cavity of 1 (Table 6). 

Table 6. Some short distances in 2 (in pm) 

Short distances between host 1 and benzene ring A: 

C(17) ... C(A2) ( X, y, Z) 345.0 O(1) ... C(A2) ( 1 - x ,  1-y, I -Z)  359.7 
C(18) ... C(A1) ( X, y ,  Z) 362.2 C(12) ... H(A3) ( 1-X, l - y , l - ~ )  302 
C(17) ... C ( A l ) (  x, y ,  z)371,8C(17)  ... H(A2) ( x, y, z ) 3 0 2  
C(18) ... C(A2) ( x, y ,  z) 376.3 C(16) ... H(A2) ( x, y, Z) 313 
C(16) ... C(A2) ( x, y, z )  377.6 C(9) ... H(A1) ( x, y ,  z )  315 
C(12) ... C(A3) ( 1-X, I-y, 1-2) 378.3 O(1) ... H(A2) ( 1-X, 1 - y ,  I-Z) 309 
C(7) ..C(A3) ( 1-X, I-JJ, 1-Z) 384.1 H(2’A) ... H(A1) (-I+x, y ,  Z )  261 
C(2’) ... C(A2) ( - I + x ,  y, Z )  369.4 H(2’B) ... H(A2) ( - l + x ,  y, Z) 264 
C(2’) ... C(A1) (-1 +x, y, Z) 379.0 

Short distances between host 1 and benzene ring B: 

C(6’) ... C(B3) ( -x, -y, -z) 363.8 C(11) ... H(B3) ( X, l + y ,  Z) 299 
C(6’) ... C(B2) ( ’  - x , - ~ , - z )  376.5 C(12) ... H(B3) ( x , l + y ,  Z) 304 
C(15) ... C(B3) ( -x, - y ,  -z) 376.5 C(1”) ... H(B2) ( - l - ~ ,  -y, - z )  310 
C(6) ... C(B1) ( X, y, Z) 384.1 Cjl”) ... H(B1) (-I-X,  -Y,-z) 313 
C(1”) ... C(B2) (-I-x, -y ,  -z) 375.1 H(1’A) ... H(B6) (--l--,~, -JJ, -z) 265 
C(1”) ... C(B1) (-I-x, -y ,  -z) 375.8 

Short distances between host molecules: 

C(3) ... C(18) (1 +x, 1 + y ,  Z) 374.8 O(1) ... C(12) (1 --x, 2-y, 1 - z )  369.5 
C(5’) ... C(5’) ( -x, 1 - y ,  -z) 375.0 O(1) ... C(6) (1-X, 2-y, 1-Z) 370.9 
C(12) ... C(16) ( X, 1 fy, Z) 382.9 O(1) ... C(2) ( 2 - ~ ,  ~ - J J ,  1 - z )  374.7 
O(6) ... C(16) ( x, 1 +y.  z )  358.3 

Short distances involving the water molecule: 

O.. .N(l’)  ( X, y ,  Z) 291.1 O...C(6‘) ( - I - X , ~ - ~ , - Z )  356.4 
O...N(I’) ( - l - ~ ,  I-y, - z )  291.4 [0 ... 0 ( - l - ~ ,  I-y, -z) 231.91 
O.. .C(l”) ( x, y, z )  279.3 

In the 2-crystals the host molecules form band type structures along [llo]. 
Short contacts between host molecules are given in Table 6. Figure 3 shows the 
crystal packing of 2 in the projection along a and depicts the position of benzene 
guest B and the water molecule in the crystal lattice, located both in [OOl]. Benzene 
guest B occupies intermolecular channel type cavities along the Q axis. The van 
der Waals interactions of this guest with the neighbouring macrocycles are con- 
siderably weaker than the interactions between 1 and the intramolecularlyenclosed 
benzene ring A (Table 6). The shortest intermolecular C...C-contact of guest B 
is 363.8 pm compared to 345 pm for the shortest intramolecular C...C-contact 
between 1 and benzene ring A. The C-C-bond lengths of both benzene guests 
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are short with a mean value of 136 pm. This is a consequence of the considerable 
temperature factors of both guests. The thermal parameters Uesu of their carbon 
atoms are almost twice as large as Ucqu of the aromatic carbon atoms of 1 
(Table 2). 

Figure 3. Crystal packing of 2 as shown in the projection along a 

Two water molecules, each with occupancy 0.5 and related by an inversion 
center at 0.5,0.5,0, are located between the host molecules and the benzene rings 
B. The water molecules are presumably contributing significantly to the stability 
of the crystal lattice. Their position enables them to form hydrogen bonds to the 
tertiary nitrogens of the spiropiperidines of neighbouring bands (N ... H - O-dis- 
tance of 291 pm). 

Molecular Geometry of the 1-p-Xylene ( I l l )  Complex 3: The most striking 
feature of the structure of 3 is a completely different location of the aromatic guest 
as compared to the location of the two benzenes in 2. In 3, host molecules form 
stacks along the a axis and the p-xylene molecules are sandwiched by two adjacent 
host molecules in the stacks. 

Besides many similarities, the molecular geometries of host 1 in complexes 2 
and 3 exhibit distinct differences. The least square molecular plane of 1 is defined 
as described above for 1 in complex 2. Figure 4 is a view onto this plane and 
Figure 5 a view parallel to this plane. The cavity of the host in complex 3 is more 
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Fig. 4 Fig. 5 

Figure 4. Molecular structure of 3 in a view onto the least square plane of the host. The 
host and two p-xylenes, penetrating each with one methyl group from one side into the 
intramolecular cavity, are shown. Some short C ... C host-guest contacts and characteristic 

extensions of the cavity are shown (for details see text) 
Figure 5. Stacking feature of the host in 3 and position of the p-xylene in a view parallel 

to the least square plane of the host 

quadratic than in complex 2. The extensions of 1 between the least square planes 
passing through parallel benzene rings are 923 and 861 pm (Figure 4). The "face 
to face" conformation of host 1 in complex 3 is less ideal than in complex 2. The 
least square planes through the benzene ring of the larger cavity and through the 
benzene ring of the smaller cavity site form angles of 69" and 77", respectively, 
with the least square molecular plane of 1. In 3, the sequence of the torsional 
angles of the chains C(17 i) - 0(1) - C(2) - C(3) - C(4) - C(5) - O(6) - C(7) bridging 
the diphenylmethane units is ap - sc - sc - ap - ap, and all hydrogen atoms are 
staggered. The geometry of the spiropiperidine rings is very similar in both com- 
plexes. In 3, the least square plane through C(2'), C(3'), C(S'), and C(6') of the 
piperidine ring forms an angle of 88" with the least square molecular plane of 1. 
Bond lengths and bond angles of 1 in both complexes are very similar (Tables 4 
and 5). C-C-, C-0-, and C-N-bond lengths of 1 in complexes 2 and 3 differ 
only by 2 pm at maximum. 

The host molecules in the 3-crystals are stacked along the a axis with the 
stacking axis forming an angle of 14" with the least square molecular planes of 
the 1-molecules (Figure 5). Neighbouring 1-molecules in the stack are laterally 
shifted to each other parallel to the molecular plane by 151 pm. Short contacts 
between host compounds in a stack and between host compounds in neighbouring 
stacks are shown in Table 7. The p-xylene molecules are sandwiched between two 
adjacent macrocycles in the stack. The two methyl groups of a p-xylene molecule 
are inserted into the cavities of the two sandwiching hosts. The plane of p-xylene 
forms an angle of 41" with the least square molecular plane of the host and the 
intersect of these planes forms an angle of 2" with the normat to the least square 
plane through C(2'), C(3'), C(5'), and C(6') of the spiropiperidine ring. The angle 
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of 41” in 3 is similar to the angle of 45” between the plane of benzene guest A and 
the least square molecular plane of 1 in complex 2. 

Table 7. Some short distances in 3 (in pm) 

Short distances between host 1 and p-xylene: 

C(18) ... C(A1) ( - ~ , l - y , l - ~ )  348.4 O(6) ... C(A2‘) ( X, y, Z) 383.1 
C(8) ... C(A1) ( l - ~ ,  I-y,  1-2) 370.4 C(8) ... H(A1) (1-X, I-y, 1-2) 303 
C(19) ... C(A1) ( -x,  1-JJ, 1-Z) 370.5 C(9) ... H(A1) (1-X, 1-y, 1-Z) 312 
C(5) ... C(A2’) ( x, y, z) 383.1 C(12) ... H(A3) ( x, y, z )  313 
C(19) ... C(A3) ( x, y, z) 386.1 H(5B) ... H(A2C) ( x, y, z )  254 
C(18) ... C(A3) ( x, y, z) 388.9 H(8) ... H(A3) (1+x, y, z) 260 

Short distances between host molecules: 

C(1”) ... C(1”) ( -x, 2-y, - z )  349.3 C(16) ... O(1) ( X, l + y ,  Z) 366.0 
C(2) ... C(17) ( 1 + ~ ,  - 1  +y, Z) 369.5 O(6) ... C(1”) (I-X, I-y, -z) 366.0 

C(7) ... C(1”) (I-X, 1 - y ,  -z) 380.9 O(1) ... O(1) ( 2 - ~ ,  - y ,  1-Z) 375.8 
C(3) ... C(17) (1 +x, - 1  +y, Z) 382.1 C(7),..N(l’) (1-X, I-y, -2) 368.0 
C(3) ... C(18) (1 +x, -1 +y, Z) 383.4 C(8) ... N(1’) (1-X, 1-y, -2 )  371.6 

C(5’). . . C(2’) (1 +x, y, z) 373.7 O(1) ... C(2) (2-x, -y, 1-2) 373.9 

There exist expectedly less short C--.C-contacts between p-xylene and 1 in 3 
than between benzene ring A and host 1 in 2. With 348 pm, the shortest C...C- 
contact is observed between C(A1) and C(18) (Table 7). p-Xylene interacts via 
short H ... C-contacts with the benzene rings of the large cavity side. It is noticeable 
that in both complexes the guests located in the intramolecular cavities almost 
exclusively interact with the aromatic rings of 1 and not with the tetramethylene- 
bridges of the host. With a mean value of 138 pm, the aromatic C - C-bond lengths 
of p-xylene are longer than the C-C-bond lengths of the two benzene guests of 
complex 2 (Table 4). The thermal parameters Uequ of the carbon atoms of p-xylene 
are sligthly smaller than those of the carbon atoms of the two benzene guests in 
2, but still considerably larger than the thermal parameters of the aromatic carbon 
atoms of 1 in complex 3 (Table 3). 

Discussion 

In analogy to the solid state complexes formed by cyclodextrins, the guests in 
2 and 3 are enclosed either completely (benzene) or to a significant extent (p- 
xylene) within the molecular cavity of host 1. From its geometry, the molecular 
and crystal structure of 2 is analogous to the structure of the ct-cyclodextrin-m- 
nitrophenol (1/2) complex**), in which one guest molecule penetrates the intra- 
molecular cavity whereas the second guest molecule is located between host mo- 
lecules in the crystal lattice. The geometry of 3 is comparable to the geometry of 
the cl-cyclodextrin-1-phenylethanol (1/1) tetrahydrate’), in which the guest mole- 
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cules are also sandwiched between adjacent macrocycles in the stacks of the cyclo- 
dextrin molecules. 

There is much discussion about the conditions which lead to preference of 
intramolecular cavity inclusion of an apolar guest over intermolecular lattice in- 
clusion in crystalline complexes formed by macrocyclic hosts having apolar 
cavities ‘‘.13,16) . On e essential requirement for intramolecular cavity inclusion is of 
course the geometric fit of the guest to the cavity of the host. Another important 
requirement in host-guest chemistry for intramolecular cavity inclusion of a guest 
in the crystalline state as well as in solution has been clearly recognized by Cram 
and  coworker^^^^^^). A macrocyclic host should not have energetically favourable 
conformations in which the host fills its own cavity. Thus the host of the Stetter 
complexes would have to reorganize to an energetically less favourable confor- 
mation if the benzene guest in the solid state had to be enclosed within the 
intramolecular cavity ‘ I ) .  Cyclodextrins possess enforced and organized cavities 
and intramolecular cavity inclusion is always observed Diphenylmethane units 
enforce and organize to a large extent the cavities of host 1 and of the host 
described by KogaI4). The “face to face” conformation of these hosts seems to be 
energetically favourable. 

These geometrical requirements however are not necessarily sufficient to gua- 
rantee intramolecular cavity inclusion in crystalline complexes of apolar hosts and 
guests ‘ * , 1 3 7 1 6 ) .  Van der Waals contacts between macrocyclic host and guest might 
be of the same magnitude in crystals with the guest located in intermolecular 
cavities of the host lattice than in crystals with the guest located in the intramo- 
lecular cavity of the host. Furthermore, molecular packing effects can be more 
important than differences in van der Waals interactions in determining the lo- 
cation of the guest in the crystalline complex. Molecular cavity inclusion seems 
especially favoured to us if the crystals are grown from a solution, in which there 
exist already strong interactions between host and guest. In aqueous solution, 
hydrophobic interactions lead to the complexation of apolar guests in the apolar 
cavities of macrocyclic hosts 17,25) and the host-guest complexes can crystallize as 
a kind of preformed entity. Crystallization from aqueous solution has indeed led 
most often to molecular cavity i n c l u ~ i o n ” ~ - ~ ’ ~ ~ ) .  

We thank Prof. Dr. H .  A. Staab for the generous support of this work and Mrs. H. Cisse 
for very helpful assistance in the X-ray analysis. 
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