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

The N-acetyl  derivative (2b) was prepared f rom the parent 
O-bridged pyr imidine (2a) (Ket tmann & Sve t l~ ,  1996) by 
acetylation with acetic anhydride,  as described by Kettmann,  
1)f'fmal & S v e t l ~  (1996). 

Crystal data 

CfsHj6N204S 
Mr = 320.36 
Triclinic 
P1 
a = 8.962 (3) ,~ 
b = 9.651 (4) ~, 
c = 10.009 (4) ,~ 
a = 68.45 (3) ° 
/3 = 71.46 (3) ° 
3' = 81.52 (3) ° 
V = 762.9 (5) ,~3 
Z = 2  
Dx = 1.395 Mg m -3 
Dm = 1.40(1) Mg m -3 
Dm measured  by flotation in 

b r o m o f o r m - h e x a n e  

Data collection 

Syntex P2~ diffractometer  
0/20 scans 
Absorption correction: none 
2893 measured  reflections 
2715 independent  reflections 
2008 reflections with 

I > 2tr(/) 
Rint = 0.031 

Mo Ka radiation 
A = 0.71073 ~, 
Cell parameters  from 15 

reflections 
0 = 8 - 1 8  ° 
# = 0.232 m m -  
T = 293 (2) K 
Prism 
0.35 x 0.25 x 0.20 m m  
Colourless 

0m~, = 25.06 ° 
h = 0 ---* 10 
k = - 1 1  ~ 11 
l = - 1 0  ~ 11 
2 standard reflections 

frequency:  100 min 
intensity decay: none 

N1--C2--N3---CI3 -156.5 (3) C4---C5---C6--NI -45.8 (3) 
Ni---C2--N3--C4 16.1 (3) C2--N3--CI3--O2 - 161.9 (3) 
C2--N3--C4---C5 -54.4 (3) 

All H atoms were  located in difference maps and were  not 
refined, with Uiso set to 1.2U~q of  the parent atom. 

Data collection: Syntex P21 diffractometer  software. Cell 
refinement: Syntex P2) diffractometer  software. Data reduc- 
tion: XP21 (Pavel6~,  1987). Program(s)  used to solve struc- 
ture: SHELXS86 (Sheldrick, 1985). Program(s)  used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular  graphics: 
ORTEPII (Johnson, 1976). Software used to prepare material 
for publication: SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1098). Services for accessing these 
data are described at the back of the journal. 
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Refinement 

Refinement  on F 2 
R[F 2 > 2ty(F2)] = 0.051 
wR(F 2) = 0.113 
S = 1.132 
2715 reflections 
200 parameters  
H atoms not refined 
w = 1/[a2(Fo 2) ÷ (0.0905P) 2 

+ 0.4132P] 
where  P = (Fo 2 + 2Fc2)/3 

(z~/O')max -- 0.028 

Apmax = 0.623 e A -3 

Apmin = - 0 . 4 7 2  e ~ - 3  
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.002 (5) 

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

T a b l e  1. Selected geometric parameters (A, 0) 

s 1--c2 1.666 (3) c4----c7 
N !--422 1.322 (3) C4---C5 
N 1----C6 1.456 (3) C5--C6 
C2mN3 1.366 (3) C6-4) I 
N3-----~ 13 1.411 (4) C8~O1 
N3--C4 1.472 (3) C 13---02 

C2--N I---C6 129.1 (2) N 3-----C4----C5 
N 1---C2--N3 116.2 (2) C4---C5---C6 
N I----C2--S I 120.5 (2) N 1---C6----C5 
N3---C2--S I 123.1 (2) C8---O 1---C6 
C2--N3--C13 126.3 (2) O2--C13--N3 
C2--N3---C4 116.3 (2) O2----C 13---C 14 
CI 3--N3--C4 117.0(2) N3--CI 3--CI4 

C6--N 1 ---C2--N3 6.8 (4) N3---C4--C5--C6 
C6----N 1--C2--S 1 -177.7 (2) C2--N 1----C6--425 

1.492 (4) 
1.514 (4) 
1.518 (4) 
1.426 (3) 
1.365 (4) 
1.199 (4) 
107.8 (2) 
105.0 (2) 
109.1 (2) 
115.5 (2) 
117.6 (3) 
121.5 (3) 
120.7 (3) 

67.8 (3) 
10.4 (4) 

Acta Cryst. (1997) .  C 5 3 ,  1 4 9 5 - 1 4 9 7  

The Cone Conformer of a Tetrakis(methyl- 
thio)tetrapropoxycalix[4]arene 

THOMAS M.  SCHULTZ, a RATA G. HAZELL b AND MOGENS 

LARSEN a 

"Condensed Matter Physics and Chemistry Department, 
Rise National Laboratory, PO Box 49, DK-4000 Roskilde, 
Denmark, and b Chemistry Department, Aarhus University, 
Langelandsgade 140, DK-8000 Aarhus C, Denmark. E-mail: 
thomas.schultz @ risoe.dk 

(Received 4 February 1997; accepted 23 May 1997) 

A b s t r a c t  

5 , 1 1 , 1 7 ,  23 - T e t r a k i s  ( m e t h y l t h i o ) -  2 5 , 2 6 ,  27,  28 - t e t r a p r o -  

p o x y c a l i x [ 4 ] a r e n e ,  C44H5604S4,  a d o p t s  a ' d i s t o r t e d -  

c o n e '  c o n f o r m a t i o n  in t he  so l id  s tate .  T h i s  d i s t o r t i o n  
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from a perfect cone shape is well known from other 
structural studies of calix[4]arene derivatives. Two op- 
posite benzene tings lean towards one another forming 
a dihedral angle of - 1 5  (1) °, while the other two lean 
away from one another and form an angle of 108 (1) °. 

Comment 
Calixarenes are a class of macrocyclic compounds com- 
prising four, five, six or more phenolic moieties joined 
in a cyclic array at the meta positions by methyl- 
ene groups. They are prepared from p-alkylphenols and 
formaldehyde in the presence of a catalytic amount of 
base. The size of the ring can be controlled by the 
nature and amount of the base. The special feature of 
5,11,17,23-tetrakis(methylthio)-25,26,27,28-tetrapropoxy- 
calix[4]arene, (I), discussed here, is the four methylthio 

~ H 2  % 
(I) 

groups which have been introduced in order to make a 
calixarene suitable for self assembly on gold surfaces. 
It has been demonstrated through extensive research 
activities in the past ten years using FT-IR, ESCA, 
STM, MS, contact-angle measurements, surface plas- 
mon resonance and grazing-angle X-ray diffraction that 
alkanethiols, CH3(CH2)nSH, with n = 8,9 ..... 16, form 
highly textured monolayers on gold (Fenter, Eberhardt 
& Eisenberger, 1994). These stable organic monolay- 
ers are ideal model systems for the study of physical 
and chemical properties of organic surfaces and are eas- 
ily prepared using simple chemisorption methods. Like- 
wise, modified calixarenes with thiol groups anchored 
to the rim of the bowl-shaped assembly of aromatic 
rings, have been shown to produce ordered monolayers 
on clean fiat gold surfaces (Huisman, Velzen, Veggel, 
Engbersen & Reinhoudt, 1995) but have not yet been 
characterized. The calixarenes have an outstanding ca- 
pacity as molecular receptors, due to their variable 
chemical modification potential and their conformational 
pliability which enables them to adapt to the shape of 
suitable guest molecules. The possibility of making well 
defined monolayers of calixarenes opens up a whole 
new range of experimental characterization techniques, 
among those being grazing-angle X-ray diffraction using 
synchrotron radiation. The present calixarene, (I), is be- 
lieved to form a monolayer on gold (111) surfaces. In 
order to interpret grazing-angle X-ray diffraction data 
recorded on this system at the BW2 beamline, Hasylab, 
Hamburg, Germany, we needed to determine the three- 
dimensional crystallographic structure which is reported 
here. 

C41 
c 3 8 ~  @ 

C33a~c4~2~)~ 
o ~  ' - '~ r~ l l  - -  ~'Z-~_"-....~c14 

cS219 2 C23~ T CI1 S3 

s 4 ~ ~  
$2 C30 

Fig. I. ORTEPIII (Burnett & Johnson, 1996) drawing of one 
calixarene molecule showing the labelling of the non-H atoms. 
Displacement ellipsoids are shown at 50% probability levels and 
H atoms have been omitted for clarity. 

In the crystal structure of (I), the calixarene is 
found to adopt a distorted cone configuration similar to 
that of many calixarenes with p- ten-buty l  substituents 
(Grootenhuis et al., 1990). Following the approach of 
Ugozzoli & Andreetti (1992), the present structure is 
unequivocally described by four pairs of conforma- 
tional parameters (torsion angles): (~,X)l = 51.2(5), 
-112.2(4) ;  (~P,X)2 = 111.7(4), -61 .0 (5) ;  (~P,X)3 = 
57.6 (5), - 99 .0  (4); (~P,X)4 = 100.6 (4), -51 .3  (5) °. This 
conformation is often described as the ( + -  + -  + -  + - )  
conformation. 

Experimental 

Compound (I) was prepared from the corresponding tetra- 
bromocalix[4]arene cone in a lithium bromine exchange 
reaction followed by quenching with CH3SSCH3. The final 
product was recrystallized from acetonitrile. 

Crystal data 

C44H560454 Mo Ka radiation 
Mr = 777.20 A = 0.71073 ,~, 
Monoclinic Cell parameters from 54 
P21/ n reflections 
a = 12.479 (3) ,~, 0 = 9-12 ° 
b = 27.145 (8) ,~, # = 0.265 rnm -~ 
c = 12.591 (4) ,~, T = 120 K 
/3 = 97.40 (1)° Thick plate 
V= 4230 (2),~3 0.3 x 0.3 x 0.1 mm 
Z = 4 Colourless 
Dx = 1.22 Mg m -3 
Om not measured 

Data collection 

Huber four-circle diffractom- Rint = 0.026 
eter 0ma~ = 25.0 ° 
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0/20 scans 
Absorption correction: none 
6324 measured reflections 
5999 independent reflections 
4431 reflections with 

I > 2cr(/) 

Refinement 

Refinement on F 
R = 0.O57 
wR = 0.067 
S = 1.466 
4431 reflections 
508 parameters 
H-atom parameters 

constrained 
w = 1/{[ff(F 2) + 1.03/72] 1/2 

-IFI} 2 
(~/~)m~x = 0.0o4 

h = - 1 4  ~ 14 
k = 0 ~ 2 9  
1 = 0 ---~ 14 
2 standard reflections 

every 50 reflections 
intensity decay: 8% 

Z~pmax = 0.67 (6) e ,~-3 
Apmi, = - 0 . 3 9  (6) e ,~,-3 
Extinction correction: type 1, 

Lorentzian isotropic 
(Becker & Coppens, 
1975); mean path length 
put to 1 

Extinction coefficient: 
4(4)  × 10 

Scattering factors from Inter- 
national Tables for X-ray 
Crystallography (Vol. IV) 

Table  1. Selected geometric parameters (,4, o) 

S I--C5 1.780 (4) 
S I~C29 1.790 (5) 
S2~C 11 1.772 (4) 
$2---C30 1.790 (5) 
O 1---C25 1.369 (5) 
O 1 ---C33a 1.453 (14) 
OI---C33b 1.481 (10) 

C24---C 1 ---C2----C3 51.2 (5) 
C 1--C2--C3---C4 - 112.2 (4) 
C6---C7--C8---C9 111.7 (4) 
C7---C8--C9~-C 10 -61.0 (5) 

O2~C26 1.390 (5) 
O2--C36 1.434 (5) 
C 1--C2 1.532 (5) 
C2----C3 1.500 (6) 
C7--C8 1.513 (6) 
C8--C9 1.531 (5) 

c12--c13--c14--c15 57.6(5) 
c 13---c 14--c 15--c 16 -99.0(4) 
c 1 8 ~  19--c20--c21 100.6 (4) 
c19--c2o----c21~22 -51.3 (5) 

Data collection was performed at 120 K by means of a Huber 
four-circle diffractometer equipped with an Oxford Cryosys- 
tems Cryostream unit (Cosier & Glazer, 1986). The unit- 
cell dimensions were determined from reflections measured 
at 4-20. Data were corrected for background, Lorentz and 
polarization effects. The positions of H atoms were calcu- 
lated. Non-H atoms were refined anisotropically. The propoxy 
groups attached to the two phenyl groups inclined to the axis 
of the molecule exhibit a twofold disorder. The disorder in- 
fluences only the two middle atoms of the propoxy groups 
and the occupation factors were refined to 0.50 (2):0.50 (2) for 
one propoxy group and 0.42 (2):0.58 (2) for the other (sites la- 
belled a and b in Fig. 1). The large displacement parameters 
of the C atoms in the propoxy groups clearly indicate that 
additional disorder is present but this was not modelled since 
the data available did not warrant the introduction of more 
parameters. 

Data collection: MAD (Allibon, 1995). Cell refinement: 
MAD. Data reduction: KRYSTAL (Hazell, 1995). Program(s) 
used to solve structure: SIR92 (Altomare et al., 1994) and 
KRYSTAL. Molecular graphics: ORTEPIII (Burnett & Johnson, 
1996) and KRYSTAL. Software used to prepare material for 
publication: KRYSTAL. 

We are indeb ted  to the Car l sberg  F o u n d a t i o n  and to 
the Dan i sh  S c i e n c e  Resea rch  Counc i l  for  f inanc ing  the 

H u b e r  d i f f rac tometer .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: AB 1468). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

T h e  title c o m p o u n d ,  (3ao~, 10ao~)- 11,11 - d i b r o m o -  6 -  
m e t h o x y - 2 , 3 , 3 a ,  10a- te t rahydro-  1H,4H-3a ,  10a -me thano-  
b e n z [ f ] a z u l e n - 9 ( 1 0 H ) - o n e ,  C16HI6Br202,  is s h o w n  to 
con ta in  a C 6 - m e t h o x y l a t e d  a roma t i c  r ing and  bears  
s o m e  r e s e m b l a n c e  to the A B C  r ing  sys t em o f  pacl i taxel  
(Taxo1TM). 

Comment  
In c o n n e c t i o n  wi th  efforts  to use cer ta in  cyc lo -  
h e x a n n u l a t e d  [5 .3 .1]prope l lanes  for  cons t ruc t ion  o f  the 
A B C  r ing sys t em assoc ia ted  wi th  the  an t i cance r  agen t  
Taxol  TM (Banwe l l ,  Gable ,  Peters  & Phy land ,  1995), 
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