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and an oxepane ring with a twisted-chair conformation 
in each of (I) and (II), with the two bulky substituents 
quasi-equatorial or quasi-axial, respectively, both in a 
trans position in relation to the ring O atom. The 
tricyclic compound (III) consists of two five-membered 
envelopes and a 1,4-dioxane chair. The cyclooctane 
moiety has a twisted-chair conformation in both (I) and 
(II), whereas it is a chair in (III). 

Comment 
Transannular O-heterocyclization of cycloocta-1,5-diene 
represents the easiest way to obtain disubstituted bi- 
cyclic ethers, by employing an electrophilic cascade re- 
action. These compounds have been designed as starting 
materials for syntheses of natural products and their 
analogues. In consecutive reactions, the conformation 
seems to be very important. Therefore, we determined 
the structures of the polycyclic tetrahydrofurans (I), (II) 
and (III). 
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Abstract 
The crystal structures of endo,endo-2,5-dibromo-9-oxa- 
bicyclo[4.2.1 ]nonane, (I), C8H 12Br20, endo,endo-2,5-bis- 
(phenylthio)-9-oxabicyclo[4.2.1]nonane, (II), C20H22OS2, 

25 and 9,10-dioxatricyclo[4.2.1.1 , ]decane, (III), C8H1202, 
were determined and the conformations of these trans- 
annular O-heterocyclization products of cycloocta-l,5- 
diene were defined. The structure determinations reveal 
a tetrahydrofuran ring having an envelope conformation 

/ \ 

© 
(III) 

Among natural products, polycycles having a tetra- 
hydrofuran moiety are very common, especially in 
marine diterpenoids (Wahlberg & Eklund, 1992; 
Faulkner, 1996). However, no crystalline-state structures 
of simple synthetic building blocks for such compounds 
have been reported in the literature, endo,endo-2,5-Di- 
bromo-9-oxabicyclo[4.2.1]nonane, (I), can be prepared 
using N-bromosuccinimide and dioxane/water (4:1) as 
a solvent (Haufe, 1984). The conformation in solution 
of (I) and the endo-2-bromo-endo-5-fluoro analogue had 
been assumed earlier (Kleinpeter et al., 1977; Haufe et 
al., 1978; Haufe, Alvernhe & Laurent, 1990). Based on 
I H NMR spectra, an envelope conformation was pre- 
dicted for the five-membered ring and a chair confor- 
mation for the oxaheptane moiety. This assignment is 
now established by X-ray structure analysis. The same 
conformation is observed for endo,endo-2,5-bis(phenyl- 
sulfenyl)-9-oxabicyclo[4.2.1]nonane, (II). Due to the 
symmetry of the space group, the asymmetric unit con- 
tains only one half of the molecule. The second half 
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is genera ted  by a mir ror  plane,  symmet ry - r e l a t ed  by (x, 
3 z). Addi t ional ly ,  (II) shows  d isorder  in the C 3 - -  - y +  ~, 

C 4 - - C 4 " - - - C 3 "  br idge.  Re f inemen t  led to an occupancy  
o f  50% for each  o f  posi t ions  C4A and C4B. 

In order  to prepare  9 - o x a b i c y c l o [ 4 . 2 . 1 ] n o n a - 2 , 4 -  
diene,  an in teres t ing 1 , 3 - d i e n e  (Cope,  M c K e r v e y  & 
Weinshenker ,  1969), us ing endo,endo-2 ,5-d ihydroxy-  

C3 

C2 
C4 CI 

Fig. 1. XP (Siemens, 1990) plot of compound (I) with the atomic 
numbering scheme (50% probability ellipsoids). 

9 -oxab i cyc lo [4 .2 .1 ]nonane  as a precursor  (Lafont  & 
Vivant,  1963; Eaton & Mil l ikan,  1990), we  p roceeded  
accord ing  to the s cheme  depic ted  above.  The  tr icyclic 
sys tem 9,10-dioxat r icyclo[4 .2 .1 .12 ,5]decane ,  (III), was  
ob ta ined  as a by-product .  Mo lecu l e  (III) has a very  r igid 
confo rma t ion  o f  two enve lopes  and two chairs. As in 
(II), the a symmet r i c  unit  o f  (III) contains  only  ha l f  o f  the 
molecu le .  The  second  ha l f  is genera ted  by an invers ion  
centre  at ( - x ,  - y  + 2, - z  + 1). 

In all three  structures,  no in te rmolecu la r  contacts  are 
shorter  than normal  van der  Waals separat ions.  

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

The crystal of compound (I), prepared according to Haufe 
(1984), was grown from pure methanol. Compound (II) was 
synthesized by refluxing cycloocta-l ,5-diene with phenyl- 
sulfenyl chloride in acetonitrile/water (24:1) for 18 h. The 
crystal was grown from ethyl ether. Compound (III) was 
isolated as a 10% by-product in the elimination of the dimesyl- 
ate of endo,endo-2,5-dihydroxy-9-oxabicyclo[4.2.1]nonane by 
refluxing with potassium carbonate in 1,3-dimethyl-3,4,5,6- 
tetrahydro-2(1H)-pyrimidinone for 4 h. The crystal was grown 
from the distilled product mixture. 

Fig. 2. XP (Siemens, 1990) plot of compound (II) with the atomic 
numbering scheme (50% probability ellipsoids). Atoms marked with 
an asterisk (*) are in the symmetry position (-x, 2 - y, 1 - z). 

C o m p o u n d  (I) 

Crystal data 

CsHI2Br20 
Mr = 284.00 
Triclinic 

a = 7.656 (1) .~ 
b = 7.801 (1) ,~, 
c = 8.547 (1) ,~ 
o~ = 111.95 (1) ° 
fl = 99.76 (1)° 
7 = 90.09 (1) ° 
V = 465.43 (10) ~3 
Z = 2  
D., = 2.026 Mg m -3 
Dm not measured 

Mo Kc~ radiation 
A = 0.71073,4, 
Cell parameters from 25 

reflections 
0 = 18.48-21.21 ° 
# = 8.651 mm -1 
T = 293 (2) K 
Plate 
0.2 × 0.2 x 0.1 mm 
Colourless 

CI ~ IC4* 

C4 ~)-" 

Fig. 3. XP (Siemens, 1990) plot of compound (III) with the atomic 
numbering scheme (50% probability ellipsoids). Atoms marked with 
an asterisk (*) are in the symmetry position (-x, 2 - y, 1 - z). 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w120 scans 
Absorption correction: 

empirical via ~b-scan data 
(Fair, 1990) 
Tmin = 0.913, Tma~ = 0.999 

2034 measured reflections 
1890 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2cr(F2)] = 0.039 
wR(F 2) = 0.108 

1277 reflections with 
I > 2~r(/) 

Rint = 0.028 
0max = 26.26 ° 
h = - 9  ---, 9 
k =  - 9 - - - ' 9  
l = 0 ---~ 10 
3 standard reflections 

every 250 reflections 
intensity decay: 4.6% 

(A/o')max = 0.001 
Apmax = 0.636 e ,~-3 
Apmin = -0 .982  e ~ - 3  
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S = 1.006 
1890 reflections 
101 parameters 
H atoms calculated 

and refined riding, 
with Uiso(H)= 1.2(or 
1.5)Ueq(host atom) 

w = 1/[0"2(Fo 2) + (0.068P) 2] 
where P = (Fo 2 + 2F2)/3 

C o m p o u n d  (II) 

Crystal data 

C20H22OS2 
Mr = 342.50 
Orthorhombic 
Pnma 
a = 12.433 (2) ,4, 
b = 25.248 (4) ,4, 
c = 5.590 (1) A, 
V = 1754.7 (5) A, 3 
Z = 4  
Dr = 1.296 Mg m -3 
O,n not measured 

Data collection 

Enraf-Nonius  CAD-4 
diffractometer 

w/20 scans 
Absorption correction: 

empirical via g,-scan data 
(Fair, 1990) 
Tmin = 0.909, Tmax = 0.941 

1809 measured reflections 
1809 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 20"(F2)] = 0.057 
wR(F 2) = 0.184 
S = 1.059 
1809 reflections 
115 parameters 
H atoms calculated 

and refined riding, 
with Ui~o(H)= 1.2(or 
1.5)Ueq(host atom) 

Extinction correction: 
SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.054 (4) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Mo Kc~ radiation 
A = 0.71073 ~, 
Cell parameters from 25 

reflections 
0 = 18.47-21.55 ° 
# = 0.306 mm -~ 
T = 293 (2) K 
Block 
0.40 × 0.20 × 0.20 mm 
Colourless 

1137 reflections with 
I > 20"(/) 

0ma~ = 26.31 ° 
h = 0 --+ 15 
k = - 3 1  ---+0 
1 = 0---+ 6 
3 standard reflections 

every 250 reflections 
intensity decay: 1.9% 

w = 1/[0"2(F 2) + (0.1004P) 2 
+ 0.5007P] 

where P = (Fo 2 + 2Fc2)/3 
(A/or)max <~ 0.001 
Apmax = 0.464 e ,&-3 
Apmin = -0 .361  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Data collection 

Enraf-Nonius  CAD-4 
diffractometer 

w/20 scans 
Absorption correction: 

empirical via ,p-scan data 
(Fair, 1990) 
Tram = 0.761, Tma~ = 0.860 

756 measured reflections 
714 independent reflections 

Refinement 

Refinement on F z 
R[F 2 > 20.(F2)] = 0.063 
wR(F 2) = 0.184 
S = 1.077 
714 reflections 
47 parameters 
H atoms calculated 

and refined riding, 
with Uiso(H)= 1.2(or 
1.5)U~(host atom) 

w = 1/[0.2(Fo 2) + (0.0957P) 2 
+ 0.2883P] 

where P = (F } + 2F,2)/3 

697 reflections with 
I > 20.(/) 

Rint = 0.018 
0ma~ = 74.17° 
h = - 7  ---, 7 
k =  0---, 8 
1 = 0--+ 11 
3 standard reflections 

every 250 reflections 
intensity decay: 0.5% 

(A/0.)max < 0.001 
Apma× = 0.647 e ,~-3 
Apmin = - 0 . 2 4 9  e ,&-3 
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.105 (15) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

The disorder in (II) was handled with the PART (SHELXL93; 
Sheldrick, 1993) command.  C3A and C3B were refined using 
the constraints EXYZ and EADP (SHELXL93); the distances 
C3A---C4A and C3B---C4B were restrained using the SADI 
(SHELXL93) command.  

For all compounds,  data collection: EXPRESS (Enraf-  
Nonius, 1995); cell refinement: EXPRESS; data reduction: 
MolEN (Fair, 1990); program(s) used to solve structures: 
SHELXS86 (Sheldrick, 1990); program(s) used to refine struc- 
tures: SHELXL93; molecular  graphics: XP (Siemens, 1990); 
software used to prepare material for publication: SHELXL93. 

T h e  p r e s e n t  w o r k  was  s u p p o r t e d  by  the  D e u t s c h e  

F o r s c h u n g s g e m e i n s c h a f i  and  the  F o n d s  de r  C h e m i s c h e n  
Indus t r i e .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: LNI000). Services for accessing these 
data are described at the back of the journal. 

Compound ( l I l )  

Crystal data 

C8H1202 
M~ = 140.18 
Monoclinic 
e21/n 
a = 6.143 (1) ,4, 
b = 6.521 (1) A 
c = 9.194 (1) ,4, 
/3 = 106.73 (1) ° 
V = 352.71 (9) ~3 
Z = 2  
Dr = 1.320 Mg m -3 
Dm not measured 

Cu Koe radiation 
A = 1.5418,4, 
Cell parameters from 25 

reflections 
0 = 41.96-44.27 ° 
/z = 0.757 m m - l  
T = 223 (2) K 
Plate 
0.70 x 0.60 x 0.20 mm 
Colourless 
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Abstract 
The hydrogen-bond-directed inclusion proporties of 
two related enantiomerically pure diamide-type hosts 
have been investigated. The (1 IS, 12S)-trans-N,N'-di- 
cyclohexyl-9,10-dihydro-9,10-ethanoanthracene- 11,12- 
dicarboxamide host, C30H36N202, (I), formed a quater- 
nary compound when crystallized from a dimethylform- 
amide solution and also includes cyclohexylamine and 
HC1 as guests [(I).DMF.cyclohexylamine.HC1 1:1:1:1], 
C30H36N202.C6H14N+.C3HTNO.C1 - ,  (Ia). Three-com- 
ponent crystals were grown from a dimethyl sulphoxide 
solution of the (11 S, 12S)-trans-N, Nt-di-tert-butyl-9,10-di- 
hydro-9,10-ethanoanthracene- 11,12-dicarboxamide host, 
C26H32N202, (II), also containing H20 as a guest [(II).- 
DMSO.H20 1:2:1], C26H32N202.2C2H6OS.H20, (lib). 
Infinite supramolecular frameworks in both compounds 
are created involving host and guest molecules in a 
way that not only host-guest, but guest-guest hydro- 
gen-bonding interactions are observed. However, no di- 
rect host-host hydrogen bonds were formed between the 
chiral diamide molecules (I) or (II). 

Comment 
Amide molecules usually use their self-complementary 
hydrogen-bonding functionality to form cyclic dimers or 

]- Formerly Olga Gallardo. 

(I) R = cyclohexyl (11S,12S) 
(II) R = ten-butyl (11S,12S) 
(Ia) = (I).Cyclohexylamine.DMF.HC1 (1:1:1:1) 
(lib) = (II).DMSO.H20 (1:2:1) 

Contrary to related racemic hosts, the resolved (11 S, 12S) 
chiral diamide hosts (I) and (II) do not form direct host- 
host hydrogen-bond interactions in the present inclusion 
compound. Instead, the host functionalities are hydro- 
gen bonded to complementary groups belonging to 
the guest molecules. Thus, the amide -NH functions 
of different host molecules in (Ia) are linked via the 
chloride anion, yielding N(H).- .C1...(H)N interactions, 
whereas the C~------O groups are involved in hydro- 
gen bonding with the cyclohexylamine guest, forming 
O--.(H)N(H).. .O connections. The crystal packing is 
further stabilized by an inter-guest hydrogen bond from 
the positively charged cyclohexylamine N atom to 
the C1- anion. The infinite supramolecular network 
thus created (Fig. 3) can be seen to be a result of 
the tendency to incorporate as many acceptor sites 
as possible into the hydrogen-bonding scheme (Etter, 
1982). The crystalline architecture of (Ia) is in the 
form of parallel strings extending along the a axis and 
involving three components of the quaternary compound 
(Table 1). The fourth component, DMF, though known 
to be a good proton acceptor (Weber, 1989), is outside 
the hydrogen-bonding scheme. The proton-acceptor sites 
are in excess in (Ia), and in such circumstances the best 
donor and the best acceptor preferentially form hydro- 
gen bonds to one another (Etter, 1991). Thus, the DMF 
guest, competing with the host amide C==O groups 
and the C1- ion in (Ia), is not able to participate in 
a hydrogen-bonding interaction. The DMF molecules 
are even found not to be involved in the weak C - -  
H. . .O  interactions and are retained in the voids of the 
crystal structure only by weak lattice forces, exhibiting 
rather high mobility [mean Ui~o of the non-H atoms 
is 0.22 (2) ,~,2]. The hydrogen-bonding pattern in this 
inclusion compound consists of two 11-membered rings. 
This corresponds to graph set R2(ll)R~(ll)  (Bernstein 
et al., 1995). 

In (lib), on the other hand, each host-NH group 
is involved in an N(H) . . .O(~S)  interaction with a 
DMSO guest, known to be an eminent proton accep- 
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