
1862 C31H41NO2SSe 

Monoclinic 
P21 
a = 10.8176 (18) ,4, 
b = 9.7701 (13) A 
c = 15.242 (3) ,4, 
/3 = 108.832 (18o) ° 
V 1524.6 (4) A 3 
Z = 2  
Dx = 1.243 Mg m -3 
Dm not measured 

Data collection 
Rigaku AFC-5R diffractom- 

eter 
201w scans 
Absorption correction: 

numerical (Coppens et 
al., 1965) 
Zmin = 0.48, Zmax = 0.78 

7255 measured reflections 
3707 independent reflections 

(plus 3294 Friedel-related 
reflections) 

Refinement 

Refinement on F 2 
R[F 2 > 24(F2)] = 0.039 
wR(F 2) = 0.105 
S = 1.033 
7001 reflections 
366 parameters 
H atoms constrained 
w = 1/[crZ(Fo 2) + (0.062P) z] 

where P = (Fo 2 + 2F~)/3 
(A/O')max -- 0.008 

Cell parameters from 25 
reflections 

0 = 12.6-20.1 ° 
# = 1.326 m m -  
T = 293 (2) K 
Prismatic 
0.65 × 0.32 x 0.20 mm 
Colourless 

5804 reflections with 
I > 24(/) 

Rim - 0.027 
0max = 27.49 ° 
h =  - 1 4  ----~ 13 
k = - 1 2  ~ 12 
l = 0 ---~ 19 
3 standard reflections 

every 100 reflections 
intensity decay: 13.2% 

Apmax = 0.48 e A -3 
Apmin = --0.64 e ,~,-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter = 
-0.008 (9) 

structure: DIRDIF92 (Beurskens et al., 1992). Program(s) used 
to refine structure: SHELXL97 (Sheldrick, 1997). Molecular 
graphics: ORTEPII (Johnson, 1976). Software used to prepare 
material for publication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OA 1092). Services for accessing these 
data are described at the back of the journal. 
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Table  1. Selected geometric parameters  (,4, °) 
SeI--NI 1.791 (3) S1--N1 1.607 (3) 
Sel--C21 1.932 (4) S 1--C31 1.769 (4) 
Sel--C11 1.985 (3) 

N I--Sel--C21 96.63(16) C12---C11---C16 122.6(3) 
N I--Sel---C 11 116.66(14) C12---CI 1--Sel 110.6(2) 
C21--Sel---CI 1 96.95 (15) C16---C1 l--Sel 124.6 (2) 
SI--N1--Sel 112.55 (17) 

The data collection covered a hemisphere of reciprocal 
space to include the Bijvoet pairs. The average intensity of 
the standard reflections decayed by 13.2%, and the colour 
of the specimen changed from colourless to red after the 
intensity measurement. Measured intensities were corrected by 
polynomial fitting of the variation of standards, although the 
chemical reason for this phenomenon was not clear. All H 
atoms were placed in geometrically calculated positions and 
refined using a riding model because of the large thermal 
displacement of the tert-butyl groups. Although C121, C123 
and C143 had large anisotropic parameters, no disorder 
treatment could be applied. The final Flack parameter (Hack, 
1983) was -0 .008  (9), while the refinement of the inverted 

s t ructure  gave a value of 1.01 (2). 
Data collection: Rigaku/AFC Diffractometer Control Soft- 

ware (Rigaku, 1990). Cell refinement: Rigaku/AFC Diffrac- 
tometer Control Software. Data reduction: TEXSAN (Molec- 
ular Structure Corporation, 1992). Program(s) used to solve 
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Abstract 

The  title c o m p o u n d ,  C40H4804, has twofo ld  crys ta l lo-  
g raphic  s y m m e t r y  and  exhibi ts  a square- l ike  c o n f o r m a -  
tion, wi th  furan r ings  pos i t ioned  a l te rna te ly  u p - d o w n -  
u p - d o w n ,  near ly  o r thogona l  to the m e a n  p lane  o f  the 
m a c r o c y c l i c  ring. This  is the mos t  o r thogona l  pos i t ion  
o f  the furan r ings  towards  the m e a n  p lane  o f  the mac ro -  
cyc l i c  r ing a m o n g  k n o w n  c o m p o u n d s  o f  this type.  

f Systematic name: 21,22,23,24-tetraoxapentacyclo[ 16.2.1.13,6.18, I I .- 
113,16]tetracosa_3,5,8,10,13,15,18,20-octaene-2,7,12, i 7-tetraspirocyclo- 
hexane. 
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Comment 
The capability to self-assemble is a property of some 
furan-based compounds. Macrocyclic rings can be easily 
synthesized by acid-promoted condensation of furan 
and selected aldehydes and ketones. Tetraoxaquaterenes 
are also interesting due to their structural similarity to 
porphyrinogenes. The parent compounds with R1/R2 = 
H (two polymorphs; Hass et al., 1988) and R1/Re = Me 
(Hazell, 1989), and a silver complex of the compound 
with RI/R2 = Et (Kretz et al., 1994) are known. Also, 
the dicationic form of the derivative with R1/R2 = 
H, as the diperchlorate, was characterized by X-ray 
crystallography (Vogel et al., 1988). 

The fully symmetric title molecule, (I), in solution 
shows C2 symmetry in the crystal. The C2 axis parallel 
to the crystal b axis passes through the centre of the 
macrocyclic ring. 

Rlx ~ / R 2  

Rlf/ ~i\ IF \--'R2 
R ~ kL....LJ " R 1 

(I) 

The conformation of the molecule is square-like, with 
the furan rings adopting near orthogonal up-down- 
up-down geometry (Fig. 1). This is similar to that 
found in the compounds with RIIR2 = H (monoclinic 
form) and RIIR2 - Me, and the nitrogen analogue. The 
angle between the mean planes of neighbouring furan 
rings is 88.9 (1) °. The conformation of the macrocyclic 
ring in the present case is closer to square symmetry 
than predicted by the MNDO method (the predicted 
dihedral angle between neighbouring furan rings is 
66.6°; Cuthbertson & Glidewell, 1983). The furan 
rings are tilted only slightly away from the cavity so 
that the dihedral angles between the mean planes of 
opposite-lying rings are 4.5 (1) and 5.2 (1) °. The angles 
between the mean plane of the macrocyclic ring and 
the furan-ring planes are 92.1 (1) and 87.7 (1) °. This is 
the most orthogonal position found among this class 
of compounds, cf. RIlR2 = Me 77-80 °, RtlR2 - H 
(monoclinic form) 76-80 ° and RIlR2 - H (triclinic form) 
ca 30 ° . In all the compounds examined previously, the 
furan O atoms were directed slightly towards the inside 
of the cavity. This tendency could thus be attributed to 
the bulky cyclohexyl substituent interacting with the H 
atoms of the furan ring. 

CI0 

6 'd 

c;9~ 

CI8 

~ ~ ~ C C I 4  ~'~ 

C4 1 

C 3 v ~  C2 

C21 

2 

Fig. 1. ORTEPII (Johnson, 1976) plot of (I) with atom labels and 50% 
probability displacement ellipsoids for non-H atoms. H atoms have 
been omitted for clarity. 

Inspection of the appropriate bond lengths and angles 
in the crystallographically unique part of the molecule 
shows that they are typical. The C3--C4 bond length is 
greater than that of C2--C3, which is a characteristic 
feature of non-annulene forms of such compounds; the 
same is observed for the thiophene (Vogel et al., 1989) 
and pyrrole derivatives (Dolphin, 1978). 

The packing in (I) (Fig. 2) is significantly different 
from that of the R1/R2 = Me analogue. In the present 
case, molecules are arranged in stacks with intramolec- 
ular voids positioned exactly over one another, while 
in the R~/R2 = Me compound, the methyl groups are 
positioned over the centre of the void. 

Fig. 2. The packing of (I) viewed down the c axis. 
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C a f e o  et al. (1999)  o b s e r v e d  intra-  and  i n t e r m o l e c u l a r  

C- -H . . . 71 -  i n t e r ac t i ons  a m o n g  re la ted  s t ruc tures .  We 
h a v e  a lso  f o u n d  a shor t  i n t e r m o l e c u l a r  d i s t ance  w h i c h  

c o u l d  be  c o n s i d e r e d  a C- -H . . . 71 -  i n t e r ac t ion  [H21A. . .T r  
1 

2.88 ,~ and  C 2 1 - - H 2 1 A . . . 7 t -  156°; .  7r = O 1 . . . C 5 ( x -  ~, 
1 z ) ] .  Y - Z ,  

E x p e r i m e n t a l  

Compound  (I) was prepared using an improvement  of  the 
procedure of  Brown & Hutchinson (1978). Precooled sulfuric 
acid (5 ml, 90.5%) was added dropwise to a precooled (273- 
278 K) stirred mixture of  cyclohexanone (20 mmol),  furan 
(1 .44ml,  2 0 m m o l )  and dioxane (30ml) .  Upon addition of  
sulfuric acid, the reaction mixture turned red and some 
precipitation of  product was observed. The reaction mixture 
was stirred overnight at room temperature, then water (50 ml) 
was added and the acid was neutralized with an aqueous 
sodium hydroxide solution (20%). The crude product was 
filtered off, washed with water (2 × 10 ml), methanol (2 × 
1 0 m  l) and recrystallized from toluene to give the title 
compound  as colourless prisms (45% yield). 

Crystal data 

C40H4804 Cu K a  radiation 
Mr = 592.78 A = 1.54178 A, 
Monoclinic Cell parameters from 25 
C2/c  reflections 
a = 21.897 (2) ,~, 0 = 22.32-45.37 ° 
b = 6.8919(5) A, # = 0.592 m m  -~ 
c = 21.694 (2) ,~, T = 293 (2) K 
/3 = 90.953 (7) ° Prism 
V =  3273.4(5) ,~3 0.39 × 0.32 × 0.18 mm 
Z = 4 Colourless 
Dx = 1.203 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius  MACH3 
diffractometer 

w-20 scans 
Absorption correction: none 
3393 measured reflections 
3303 independent  reflections 
2636 reflections with 

I > 2o'(/), 

Rint -- 0.019 
0max = 74.07 ° 
h =  0--~ 27 
k =  0 ---+ 8 
1 = - 2 7  ~ 27 
3 standard reflections 

frequency: 50 min 
intensity decay: none 

Refinement 

Refinement on F 2 
R(F) = 0.051 
wR(F 2) = 0.135 
S = 1.154 
3303 reflections 
199 parameters 
H atoms constrained 
w = 1/[o.2(Fo z) + (0.0614P) 2 

+ 2.0057P] 
where P = (Fo z + 2F~)/3 

(Z~/o.)ma~ < 0.001 
Aprnax = 0.16 e A, -3 
Apmin = - 0 . 2 9  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Table  1. Selec ted  geometr ic  parame ter s  (A, °) 

O1---C2 1.372 (2) CI2--C16 1.341 (2) 
O1---C5 1.373 (2) CI2---O13 1.373 (2) 
C 2 ~ 3  1.342 (2) O13~14  1.375 (2) 
C2---C171 1.505 (2) C1~-C15 1.343 (2) 
C3~C4 1.427 (3) C14--C17 1.507 (2) 
C4---C5 1.341 (2) CI5--C16 1.429 (2) 
C5---C6 1.508 (2) C17------C21 1.505 (2) 
C6----C 12 1.505 (2) 

C2--OI---C5 107.50 (14) C16--CI2------O13 109.43 (15) 
C3---C2~O1 109.26 (15) C16---CI2--C6 134.53 (16) 
C3--C2--C17' 134.71 (17) OI3----C12---C6 116.02 (15) 
OI---C2---C17' 116.02 (15) C12---OI3---C14 107.34 (13) 
C2---C3---C4 106.97 (17) CI5~C14---O13 109.26 (15) 
C5------C4---C3 107.12 (17) C15--CI4---C17 135.15 (16) 
C4--C5---O1 109.14 (15) O13~C14------CI7 115.56 (15) 
C4--C5--C6 135.24 (16) C14--C15--C16 107.01 (16) 
O1--C5--C6 115.54 (15) C12---CI6--C15 106.97 (17) 
CI2~C6---C5 108.02 (13) C2'---CI7--C14 108.04 (13) 
Symmetry code: (i) 1 - x,y, ~ - z. 

Data collection: CAD-4 EXPRESS (Enraf-Nonius,  1994). Cell 
refinement: CAD-4 EXPRESS. Data reduction: OpenMolEN 
(Enraf-Nonius,  1997). Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1990). Program(s) used to refine struc- 
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: OR- 
TEPII (Johnson, 1976). Software used to prepare material for 
publication: SHELXL93. 

T h i s  w o r k  was  s u p p o r t e d  by  the  S ta te  C o m m i t t e e  for  
Sc ien t i f ic  R e s e a r c h  (p ro jec t  3 T O 9 A  126 15). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1288). Services for accessing these 
data are described at the back of the journal. 
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