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The aromatic rings are tilted back from the calixarene 
cavity producing a pentagonal-shaped cavity in which the 
tert-butyl group of a neighboring calix[5]arene related by 
a c-glide is enclathrated. This self-inclusion process ex- 
tends through the lattice as a one-dimensional molecular 
'zipper' .  

Comment 

The structural chemistry of calixarenes continues to be of 
immense interest primarily because of their recognized 
practical use as organic guest-host systems (Gutsche, 
1989; Vicens & B6hmer, 1991). This is of fundamental 
importance in the quest for a better understanding of nat- 
ural molecular-recognition processes. 

We are currently studying the molecular structures of 
calix[4]arenes and calix[6]arenes, and their metal com- 
plexes. Several of these have been shown to enclathrate 
small organic molecules within the molecular cavity, e.g. 
dichloromethane (B6hmer et al., 1993), ethanol (Fer- 
guson, Gallagher & Pappalardo, 1993) and acetonitrile 
(McKervey, Seward, Ferguson & Ruhl, 1986). Until re- 
cently, there have been few structural studies reported for 
calix[5]arenes, mainly because of difficulties with syn- 
thesis and purification. Herein we report the structure of 
(I).0.3(n-hexane). 

(I) 

Abstract 
The pentahydroxy-p-tert-butylcalix[5]arene, 5,11,17,- 
23,29-penta-tert-butylhexacyclo[25.3.1.13,7.19,13.115,19._ 
121,25 ] pentatriaconta- 1 (31),3,5,7 (35),9,11,13(34), 15,17,- 
19(33),21,23,25 (32),27,29-pentadecaene-31,32,3 3,34,- 
35-pentaol-n-hexane (1/0.3), C55H70Os.0.3C6HI4 (I), 
adopts an open distorted chalice-shaped conformation in 
the solid state, primarily through O - - H . . . O  intramolec- 
ular hydrogen bonding involving all of the aromatic hy- 
droxyl groups. The five phenolic O.- .O separations are in 
the range 2.735 (7)-2.880 (8) ,~ [mean 2.793 (8) ,4,], with 
all hydroxyl H atoms disordered equally over two sites. 

t Present address: University Chemical Laboratories, Lensfield 
Road, Cambridge CB2 1EW, England. 

Our X-ray analysis of (I) shows that it adopts a distorted 
chalice conformation in the solid state (Figs. 1 and 2); the 
tert-butyl group on ring C is disordered over two orien- 
tations. The major conformation-determining feature in 
this molecule is the presence of O- -H.  • -O intramolecu- 
lar hydrogen bonding involving all five aromatic hydroxyl 
groups; the O- . .O  separations are in the range 2.735 (7)- 
2.880 (8) A [mean 2.793 (8) A]. Difference maps show 
that all five hydroxyl H atoms are disordered equally over 
two orientations; a similar situation was observed with the 
hydroxyl H atoms in pentahydroxycalix[5]arene acetone 
solvate, (II) (Coruzzi, Andreetti, Bocchi, Pochini & Un- 
garo, 1982). 

The conformation of (I) is defined by the angles which 
the aromatic rings make with the plane of the five methy- 
lene C atoms which link them, viz. 149.7 (3) (A), 136.0 (3) 
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Fig. I. An ORTEPII view of the chalice conformer of molecule (I) with 
our numbering scheme; the O atoms are shown with thermal ellipsoids 
drawn at the 50% probability level. For clarity, the C and H atoms are 
drawn as small spheres of arbitrary size. 

Fig. 2. A stereoview of the molecular cavity in tert-butylcalix[5]arene, 
with atoms drawn as their van der Waals spheres; the tert-butyi group 
on ring C is disordered. 

1992); the ranges in ~p and X values in (II) are from 77 (1) 
to 96 (1) ° and from -81  (1) to - 9 6  (1) °, respectively. 

The calix[5]arene cavity enclathrates the tert-butyl 
group of a neighbouring molecule related by a c-glide 
operation, giving rise to a self-inclusion complex which 
extends through the lattice as a one-dimensional molec- 
ular zipper, propagated along the c-glide planes (Fig. 
3). Aromatic ring A (to which the tert-butyl group in- 
volved in the self-inclusion process is bonded) is tilted 
back furthest from the plane defined by the five methy- 
lene C atoms [149.7 (3)°], presumably due to steric inter- 
actions and intermolecular packing effects. The shortest 
C. . .C intermolecular contacts between the enclathrated 
tert-butyl moiety and those of the 'cup' C atoms involve 
C9A with C2C [3.55 (2),~] and C6B [3.57 (2)~,]. Dis- 
ordered partial-occupancy n-hexane molecules of crys- 
tallization (0.3 per calix[5]arene), are present in the lat- 
tice, situated about twofold axes in what would have been 
voids between molecules of (I). 

,M.LS e,. o  2,-o 

(B), 118.6 (3) (C), 139.8 (3) (D) and 123.8 (3) ° (E) (inter- 
planar angles > 90 ° indicate that the aromatic ring system 
is tilted so that its tert-butyl group is directed away from 
the ring cavity). Three of the aromatic tings (A, B, D) are 
tilted so that their tert-butyl groups are pitched well away 
from the pentagonal-shaped calix cavity compared with 
those of C and E (Figs. 1 and 2). Ugozzoli & Andreetti 
(1992) recently proposed a new approach for the assign- 
ment of the molecular conformations of calix[n]arenes (n 
= 4-8) using the values of the torsion angles involving 
the methylene C atoms, to which they assign the labels 

and X. The ~ and X values for these torsion angles in 
(I) are listed in Table 4 and are similar to those reported 
for pentahydroxycalix[5]arene-acetone (1/2 solvate com- 
plex), (II) (Coruzzi et al., 1982; Ugozzoli & Andreetti, 

Fig. 3. An ORTEPII stereoview of a chain of molecules in (I) which 
results from the c-glide symmetry operation. 

A search of the 1992 release of the Cambridge 
Structural Database (Allen, Kennard & Taylor, 1983) 
shows that there have been previous reports on four 
calix[5]arenes, namely: (II) pentahydroxycalix[5]arene- 
acetone (1/2 solvate complex) (Coruzzi et al., 1982); (III) 
pentahydroxy-p-tert-butylcalix[5]arene-tetralin (1/1 in- 
clusion complex) (Juneja et al., 1992); (IV) pentahy- 
droxy-p-l,l,3,3-tetramethylbutylcalix[5]arene and (V) 
pentahydroxy-p- 1,1,3,3-tetramethylbutylcalix [5]arene- 
toluene ( 1/1 inclusion complex) (Pen-in & Lecocq, 1991). 
The orientation of the aromatic rings and O. • .0 separa- 
tions between proximally related 0 atoms are summarized 



J. E GALLAGHER, G. FERGUSON, V. BOHMER AND D. KRAFT 75 

in Table 3 for the calix[5]arene structure determinations 
for which data are available. The O. . .O separations are 
similar in all five determinations and in the range 2.7- 
2.9 A. The range in aromatic ring orientation angles is 
greatest in our present molecule, (I), presumably due to 
the process of self inclusion. 

Perrin & Lecocq (1991) report that two types of in- 
clusion compounds have been found with calixarenes, 
with the guest either outside (as a solvate) or enclathrated 
within the calixarene cones [frequently described as 
cryptato-cavitate or tubulato-intercalato clathrates using 
the nomenclature proposed by Weber & Josel (1983)]. We 
have reported recently a third type of inclusion in cal- 
ixarenes, in a partial-cone calix[4]arene conformer where 
one of the aromatic rings is rotated so that its pyridine 
moiety is tightly accommodated inside the hydrophobic 
cavity as a self-inclusion monomer (Pappalardo et al., 
1992). The present structure is best described as a self- 
inclusion polymer (Fig. 3). 

We have seen this self-inclusion effect previously in 
the structures of (i) a diester derivative of a calix[4]arene 
(Ferguson, Gallagher, McKervey & Moran, 1993) and (ii) 
a phthaloyl derivative of a calix[6]arene (Kraft, B6hmer, 
V6gt, Ferguson & Gallagher, 1993), but (I) provides the 
first example of self inclusion in a calix[5]arene. The 
structures of a 1,2,3-alternate p-tert-butylcalix[4]arene 
derivative, where two of the ethereal chains partly fill 
the molecular cavity (Ungaro, Pochini, Andreetti & Do- 
miano, 1982), and of the partial-cone conformer of di- 
cyanomethoxydimethoxycalix[4]arene, where one of the 
nitrile groups partly fills the calixarene cavity (Guelzim 
et al., 1993), both as self-inclusion monomers, have been 
reported previously. 

Molecular dimensions (summarized in Table 2) are un- 
exceptional and serve to establish the structure. 

Experimental 
Crystal data 
C 5 5 H 7 0 O s . 0 . 3 C 6 H I 4  Dx = 1 .014  M g  m - 3  

Mr = 8 3 7 . 0  M o  Kc~ r a d i a t i o n  

M o n o c l i n i c  A = 0 . 7 1 0 7 3  A, 
C2/c Cel l  p a r a m e t e r s  f r o m  25  

r e f l e c t i o n s  
a = 3 4 . 6 8 7  (3)  ,~, 0 = 1 2 - 1 5  ° 
b = 13 .396  (2)  A, # = 0 . 0 6  m m -  
c = 2 5 . 7 2 1  (2)  ,~, T = 2 9 3  K 

/3 = 113 .518  (7)  ° B l o c k  

V = 1 0 9 5 9  ( 2 ) , ~ 3  0 . 5 5  × 0 . 2 5  × 0 . 2 5  m m  

Z--- 8 Colourless 

Data collection 

N o n i u s  C A D - 4  d i f f r a c t o m e -  Rint = 0 . 0 1 8  

t e r  0m,~x = 2 1.5 ° 

W20 s c a n s  h = - 3 5  ~ 32 

A b s o r p t i o n  c o r r e c t i o n :  k = 0 ~ 13 

n o n e  l = 0 ---, 26  

6 4 3 9  m e a s u r e d  r e f l e c t i o n s  

6 2 7 4  i n d e p e n d e n t  r e f l e c t i o n s  

2591  o b s e r v e d  r e f l e c t i o n s  

[/net > 3.0o '( lnet)]  

Refinement 

R e f i n e m e n t  o n  F 

R = 0 . 0 6 6  

wR = 0 . 0 9 2  

S - -  1.48 

2 5 9 1  r e f l e c t i o n s  

5 6 4  p a r a m e t e r s  

H a t o m s  r e f i n e d  as  r i d i n g ,  

C - - H  a n d  O - - H  0 . 9 5  A, 

w = I / [ o ' 2 ( F )  + 0 . 0 0 2 5 F  z] 

(m/O ' )max  = 0 . 0 4  

3 s t a n d a r d  r e f l e c t i o n s  

f r e q u e n c y :  60  m i n  

i n t e n s i t y  v a r i a t i o n :  n o n e  

mpmax = 0.29 e A -3 
mpmin = -0.18 e ,~-3 
Extinction correction: 

Larson (1970) 
E x t i n c t i o n  c o e f f i c i e n t :  

2 3 3 2 5  ( 7 4 6 8 )  

A t o m i c  s c a t t e r i n g  f a c t o r s  

f r o m  International Tables 
for X-ray Crystallogra- 
phy ( 1 9 7 4 ,  Voi .  IV, T a b l e  

2 . 2 B )  

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( A, 2) 

1 * * Ueq = ~ Y]iY]jUija i aj ai.aj. 
x y z Ueq 

OIA 0.3422 (2) 0.1547 (4) 0.8986 (3) 0.064 (4) 
C lA 0.3097 (3) 0.1171 (6) 0.8511 (4) 0.049 (6) 
C2A 0.3181 (3) 0.0871 (6) 0.8048 (4) 0.053 (7) 
C3A 0.2849 (3) 0.0469 (7) 0.7590 (4) 0.064 (8) 
C4A 0.2451 (3) 0.0325 (6) 0.7580 (4) 0.058 (7) 
C5A 0.2400 (3) 0.0621 (6) 0.8064 (4) 0.059 (7) 
C6A 0.2715 (3) 0.1033 (6) 0.8538 (4) 0.048 (6) 
CTA 0.3619 (3) 0.0868 (7) 0.8063 (4) 0.066 (7) 
C8A 0.2103 (4) -0.0179 (8) 0.7089 (4) 0.077 (8) 
C9A 0.2184 (4) -0.0279 (12) 0.6566 (5) 0.149 (13) 
CIOA 0.1708 (5) 0.0458 (17) 0.6913 (7) 0.201 (18) 
CI1A 0.1988(7) -0.1108(15) 0.7259(6) 0.247(21) 
O 1B 0.3211 (2) 0.2726 (4) 0.9727 (2) 0.055 (4) 
CIB 0.2788 (3) 0.2947 (6) 0.9496 (3) 0.040 (6) 
C2B 0.2506 (3) 0.2247 (6) 0.9147 (3) 0.044 (6) 
C3B 0.2083 (3) 0.2506 (7) 0.8908 (4) 0.054 (6) 
C4B 0.1928 (3) 0.3415 (7) 0.9001 (4) 0.051 (7) 
C5B 0.2224 (3) 0.4053 (6) 0.9381 (4) 0.055 (7) 
C6B 0.2652 (3) 0.3832 (6) 0.9638 (3) 0.042 (6) 
C7B 0.2640 (3) 0.1208 (6) 0.9069 (3) 0.050 (6) 
C8B 0.1472 (3) 0.3688 (8) 0.8719 (4) 0.067 (7) 
C9B 0.1194(4) 0.2801 (13) 0.8510(8) 0.194(17) 
CIOB 0.1411 (4) 0.4341 (18) 0.8252 (8) 0.293 (24) 
CI IB  0.1311 (4) 0.4103(14) 0.9141 (7) 0.177(16) 
OIC 0.3793 (2) 0.4211 (4) 1.0176 (2) 0.057 (4) 
CIC 0.3605 (3) 0.5133 (6) 0.9994 (3) 0.046 (6) 
C2C 0.3192 (3) 0.5292 (6) 0.9904 (3) 0.041 (6) 
C3C 0.3015 (3) 0.6197 (6) 0.9682 (3) 0.049 (6) 
C4C 0.3238 (3) 0.6954 (6) 0.9557 (4) 0.054 (7) 
C5C 0.3653 (3) 0.6780 (6) 0.9695 (4) 0.054 (7) 
C6C 0.3853 (3) 0.5900 (7) 0.9921 (3) 0.049 (6) 
C7C 0.2945 (3) 0.4526 (6) 1.0082 (4) 0.052 (6) 
C8C 0.3023 (4) 0.7945 (7) 0.9291 (5) 0.085 (10) 
C9C1 0.33399 0.86121 0.91974 0.23 (6) 
C 10C 1 0.26674 0.77459 0.87265 0.13 (3) 
C 11C 1 0.28569 0.84541 0.96746 0.12 (3) 
C9C2 0.25654 0.79127 0.91793 0.19 (4) 
C 10C2 0.32304 0.87914 0.96833 0.29 (6) 
C 11 C2 0.30683 0.8 ! 080 0.87359 0.17 (4) 
O I D 0.4347 (2) 0.3908 (4) 0.9603 (2) 0.065 (4) 
C1D 0.4470 (2) 0.4729 (8) 0.9387 (4) 0.053 (6) 
C2D 0.4455 (2) 0.5672 (8) 0.9616 (4) 0.055 (7) 
C3D 0.4569 (3) 0.6488 (8) 0.9379 (5) 0.076 (8) 
C4D 0.4701 (3) 0.6401 (10) 0.8938 (5) 0.085 (9) 
C5D 0.4735 (3) 0.5452 (11) 0.8750 (5) 0.080 (9) 
C6D 0.4631 (3) 0.4609 (8) 0.8983 (4) 0.062 (7) 
CTD 0.4319 (3) 0.5796 (6) 1.0098 (4) 0.059 (6) 
C8D 0.4806 (5) 0.7347 (11) 0.8679 (7) 0.120 (12) 
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C9D 0.4473 (6) 0.8107 (13) 0.8530 (10) 0.219 (22) 
CIOD 0.4909 (9) 0.7155 (14) 0.8175 (10) 0.27 (3) 
CI1D 0.5181 (7) 0.7800(15) 0.9102 (10) 0.235 (22) 
OIE 0.41679 (17)  0.2136 (5) 0,89548 (24) 0.066 (5) 
CIE 0.4103 (3) 0.2388 (7) 0.8404 (4) 0.054 (7) 
C2E 0.4339 (3) 0.3131 (7) 0.8303 (4) 0.059 (7) 
C3E 0.4251 (3) 0.3408 (8) 0.7751 (5) 0.069 (8) 
C4E 0.3944 (3) 0.2951 (8) 0.7286 (4) 0.066 (8) 
C5E 0.3731 (3) 0.2149 (7) 0.7401 (4) 0.064 (7) 
C6E 0.3810 (3) 0.1839 (7) 0.7961 (4) 0.058 (7) 
C7E 0.4706 (3) 0.3599 (9) 0.8790 (4) 0.074 (8) 
C8E 0.3859 (4) 0.3324 (10) 0.6699 (5) 0.089 (10) 
C9E 0.4246 (4) 0.3502 (16) 0.6611 (5) 0.188 (17) 
CIOE 0.3609 (6) 0.4275 (14) 0.6582 (6) 0.189 (18) 
CI IE 0.3607 (6) 0.2594 (14) 0.6244 (6) 0.194 (18) 
CIH 0.0052 (13) 0.431 (3) 0.218 (2) 0.21 (2)t 
C2H -0.0073 (15) 0.412 (4) 0.153 (3) 0.20 (2)t 
C3H 0.0 0.42083 ~ 0.20 (6)t 
c4n  --0.01923 0.44851 0.17917 0.18 (3)t 
C5H -0.01595 0.41524 0.10916 0.16 (3)t 
C6H -0.03277 0.41739 0.06527 0.21 (3)t 
C7H -0.03958 0.42880 0.02083 0.22 (3)t 

1" These seven sites about a twofold axis are associated with a very 
disordered n-hexane molecule which was assigned an overall occupancy 
of 0.3 on the basis of peak heights in Fourier and difference Fourier 
maps. 

T a b l e  2. Selected bond lengths (~,) (range and mean)for 
molecule (1) 

Range Mean 
Car--O~,eno~c 1.373 (11) - 1.387 (10) 1.382 (11) 
C,~--C,, 1.358 (13) - 1.417 (14) 1.386 (14) 
Car--Csp3 1.497 (12) - 1.543 (13) 1.519 (13) 
C~,3 --Csp3 1.429 (20) - 1.520 (24) 1.480 (21)* 

* The disordered methyl C atoms of the tert-butyl group on ring C 
were not included in the calculation. 

T a b l e  3. Summary o f  the 0 . . . 0  separations (lk) (range 
and mean) and aromatic ring orientations (o) (range and 

mean)for the reported calix[5]arenes 

O- • .O Aromatic ring orientations 
Range Mean Range Mean Molecule 

2.735 (7)-2.880 (8) 2.793 (8) 118.6 (3)- 149.7 (3) 133.6 (3) (I) 

2.828(9)-2.856(10) 2.841(10) 126.5(8)-139.4(6) 131.8(8) (II) 

2.750(11)-2.881(11) 2.801(10) 122.7(2)-145.4(2) 130.7(2) (IV) 

2.696 (8)-2.822 (6) 2.761 (10) 130.3 (1)-145.4 (1) 135.4 (1) (V) 

References: (I) present work; (II) Coruzzi et al. (1982); (IV) Perrin & 
Lecocq (1991); (V) Pen-in & Lecocq (1991). 

T a b l e  4. The ~ and x torsion angle values (o), which define 
the conformation o f ( I )  according to the scheme proposed 

by Ugozzoli & Andreetti ( 1 9 9 2 )  
qa x 

A--B 86.3 (7) -96 .5  (7) 
B--C 84.7 (7) -97 .2  (7) 
C--D 93.1 (8) -75 .6  (7) 
D--E 80.7 (8) -93 .0  (9) 
E--A 105.7 (9) -85 .4  (8) 

The pentahydroxy-p-tert-butylcalix[5larene was synthes ized by 
a procedure  descr ibed  by Stewart  & Gutsche  (1993). Suit- 
able crystals were  obta ined on recystaUization f rom CHC13- 
n-hexane.  Molecule  (I) crystal l ized in the monoc l in ic  system; 
the sys temat ic  absences  (hkl, h + k = 2n + 1; hOl, 1 = 2n + 

1) a l low the space g roup  to be ei ther  C2/c or Cc; the for- 
me r  was a s sumed  and conf i rmed  by the analysis.  It was  clear 
f rom early dif ference maps  that the methyl  C a toms  of  the tert- 
butyl g roup  on aromat ic  r ing C were  d isordered equal ly over  
two  sites (a relatively c o m m o n  occurrence) ;  this was a l lowed 
for by us ing six half-oc, cupancy  C atoms,  pos i t ioned  geomet -  
rically [ C - - C  1.50 (1 )A] ,  and refining only  their thermal  pa- 
rameters.  Difference densi ty  maps  in the plane o f  the five O 
a toms  s h o w e d  clearly that the hydroxyl  H a toms  were  d isordered  
over  two  orientat ions;  this was a l lowed for by pos i t ioning each 
ha l f -occupancy  H a tom along the O . . . O  vector  [ O - - H  0.95/~] .  
The  H a toms  at tached to the C a toms  were  pos i t ioned  geomet -  
rically [ C - - H  0.95,4,] and all were  inc luded as r iding a toms  in 
the s t ructure-factor  calculations.  It was  evident  at an interme- 
diate stage o f  the ref inement  that there was a d isordered partial- 
occupancy  n-hexane  solvent  o f  crystal l izat ion in the lattice, situ- 
ated about  a twofo ld  axis. The  two major  peaks  were  ref ined and 
the minor  peaks  were  inc luded at the posi t ions  in which  they 
were located f rom the di f ference maps  and only  their  thermal  
parameters  were  a l lowed to refine isotropically. H a toms  were  , 
not inc luded for this d isordered solvent  molecule .  Data collec- 
tion: CAD-4 Software (Enraf -Nonius ,  1989). Cell ref inement:  
CAD-4 Software. Data reduct ion:  NRCVAX DATRD2 (Gabe, Le 
Page,  Charland,  Lee & White,  1989). Program(s)  used to solve 
structure: NRCVAX SOLVER. Program(s)  used to refine struc- 
ture: NRCVAX LSTSQ. Molecular  graphics:  NRCVAX ORTEPII 
(Johnson,  1976); PLUTON (Spek,  1991). Sof tware  used to pre- 
pare material  for publicat ion:  NRCVAX TABLES. 

G F  t h a n k s  N S E R C  C a n a d a  f o r  r e s e a r c h  g ran t s .  T h e  au -  
t h o r s  t h a n k  P r o f e s s o r  C.  D. G u t s c h e  fo r  a p r e l i m i n a r y  
c o m m u n i c a t i o n  o f  t he  s y n t h e t i c  p r o c e d u r e  fo r  t he  tert- 
b u t y l c a l i x [ 5 ] a r e n e .  

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates and complete geometry have been deposited with the British 
Library Document Supply Centre as Supplementary Publication No. 
SUP 71470 (28 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. [CIF reference: MU 1052] 
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Structure of 2,2,6,6-Tetramethyl-4- 
oxaheptanedinitrile 
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Abstract 
The title molecule, C 10H 16N20 (I), has approximate mir- 
ror symmetry with the main chain fully extended. The 
main torsion angles defining the molecular conforma- 
tion are O--Cw3--Cw3--Cw 58.9 (4) and -60.5  (4) °. 
The mean principal dimensions include N~Csp 1.13 (1), 
Csp--Cw3 1.46 (1) and Csp3--O 1.410 (6) A. The two ni- 
trile groups are oriented cis to one another [N=Csp. . .  
Csp:--N 4.4o(5) °] and the intramolecular N.- .N separation 
is 4.70 (1) A. 

t Present address: University Chemical Laboratories, Lensfield 
Road, Cambridge CB2 1EW, England. 
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Comment 
The structural determination of 2,2,6,6-tetramethyl-4- 
oxaheptanedinitrile (I) was undertaken as part of a re- 
search program directed towards the development of 
new macrocyclic ligands for use in the synthesis of 
transition-metal complexes (Ferguson, McAlees, Mc- 
Crindle, Restivo & Roberts, 1977; McCrindle, Fergu- 
son, McAlees, Parvez, Ruhl, Stephenson & Wieckowski, 
1986; McCrindle, Ferguson, McAlees, Parvez & Stephen- 
son, 1982, 1983; McCrindle, Ferguson, McAlees & 
Roberts, 1981; McCrindle, Ferguson & Parvez, 1984; 
McAlees & McCrindle, 1981). 

The crystal structure determination establishes the over- 
all conformation and the orientation of the two nitrile 
moieties in the solid state, Fig. 1. (I) has pseudo-mirror 
symmetry with the mirror plane passing through the cen- 
tral ether O atom; the two nitrile groups are oriented cis 
and are almost parallel to one another [N=Cw.  • . C w = N  
4.4 (5)°], and to the a axis. The angle between the C32--  
and C 7 2 - - C s p  3 - - C s p ~ N  planes is 2.6 (6) °. The principal 
dimensions include: N = C  w 1.127 (10) and 1.129 (10) A; 
Csp--Csp3 1.464 (10) and 1.467 (10) A; Csp3--Csp3 in 
the range ol.506 (8)-1.532 (8)A with a mean value of 
1.512 (7) A; Csp3--O 1.409 (6) and 1.412 (6) A. The main 
torsion angles defining the molecular conformation are 
O--Csp3--Csp3--Csp 58.9 (4) and -60.5  (4) °. The dis- 
tance between N1 and N9 is 4.70 (1),~,, and this makes 
the molecule a potentially useful bridging ligand in metal- 
cluster chemistry. Full details of other molecular dimen- 
sions are available as supplementary material. 

Fig. 1. An ORTEPII view of molecule (I), with the non-H atoms shown 
with their thermal ellipsoids drawn at the 50% probability level. For 
clarity, the H atoms are drawn as spheres of arbitrary size. 

Experimental 
Crystal data 
CloHl6N20 Dx = 1.04 Mg m -3 
Mr = 180.25 Mo Kc~ radiation 
Monoclinic A = 0.71073 A, 
P21/c Cell parameters from 25 

reflections 
a = 6.6495 (4) ,~ 0 = 7.5-15.6 ° 
b = 9.8627 (7) ,~ 
c 17.6172 (12) A, # -- 0.064 mm -l = T = 293 K 
/3 -- 91.286 (5) ° Block 
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