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with the pseudo symmetry of the subcell. However, all 
attempts to refine trial structures in the expanded cell 
led to apparent disorder at one of the two molecular 
sites. Since it was clear that accurate C - O  distances 
would not be obtainable with this crystal the analysis 
was not pursued further. 

References 

BANYARD, S. H. & DUNITZ, J. D. (1976). Acta Cryst. B32, 
318-320. 

BENT, H. A. (1961). Chem. Rev. 61,275-311. 
BURGI, H. l.,  DUNITZ, J. D. & SHEFTER, E. (1974). Acta 

Cryst. B30, 1517-1527. 
CHADWICK, D. J. & DUNITZ, J. D. (1979). J. Chem. Soc. 

Perkin Trans. 2, pp. 276-284. 
DUNITZ, J. D. & SELLER, P. (1973). Acta Cryst. B29, 

589-595. 

JEFFREY, G. A., POPLE, J. A. & RADOM, L. (1974). 
Carbohydr. Res. 38, 81-95. 

JONES, P. G., KENNARD, O., KIRBY, A. J. & MARTIN, R. J. 
(1979). Acta Cryst. B35, 755-757. 

JONES, P. G. & KIRBY, A. J. (1979). J. Chem. Soc. Chem. 
Commun. pp. 288-289. 

LEHN, J. M., WIr'FF, G. & BORGI, H. B. (1974). Helv. Chim. 
Acta, 57, 493-496. 

MAVERICK, E., SEILER, P., SCHWEIZER, W. B. & DUNITZ, J. 
D. (1980). Acta Cryst. B36, 615-620. 

ROSENFIELD, R. E., TRUEBLOOD, K. N. & DUNITZ, J. D. 
(1978). Acta Cryst. A34, 828-829. 

STEWART, J. M., KRUGER, G. J., AMMON, H. L., DICKINSON, 
C. ~r, HALL, S. R. (1972). The XRAY system - version of 
June 1972. Tech. Rep. TR-192. Computer Science Center, 
Univ. of Maryland, College Park, Maryland. 

TRUEBLOOD, K. N. (1978). Acta Cryst. A34, 950-954. 
WILLIAMS, J. O., SCARSDALE, J. N., SCH.~,FER, L. & GEISE, 

H. J. (1981). J. Mol. Struct. 76, 11-28. 

Acta Cryst. (1982). B38, 1245-1248 

A 1:2 Host-Guest Complex Formed Between 1,4,7,10,13,16-Hexaoxaeyelooetadeeane 
(18-Crown-6) and Phenyl Carbamate 

BY JEAN GALLOY AND WILLIAM H. WATSON* 

FASTBIOS Laboratory, Department of  Chemistry, Texas Christian University, Fort Worth, Texas 76129, USA 

AND F. VOGTLE AND W. M. MUELLER 

Institut fffr Organische Chemic und Biochemie der Universitfft Bonn, Gerhard-Domagk-Strasse 1, D-5000 Bonn, 
Federal Republic of  Germany 

(Received 23 July 1981; accepted 29 October 1981) 

Abstract 

CI2H2406.2CTH7NO2, M r --- 538.60, monoclinic, 
P2Jc,  a = 10.053(2), b = 11.893(3), c = 
12.359 (3) A, f l=  105.51 (2) °, V =  1423.8 (5) A3, Z =  
2, d c = 1.26 Mg m -3, //(Cu Ka) = 0.817 mm -l. 
Full-matrix least-squares refinement (non-hydrogen 
atoms anisotropic, H atoms isotropic) based on 1518 
reflections led to a final R of 0.040. The 18-crown-6 
ether sits on a center of symmetry and exhibits 
approximate Dad symmetry. The six oxygen atoms are 
alternately 0.24 (1) ,/~ above and below the mean plane 
and form a nearly planar hexagon with averaged sides 
of 2.86 (1) ,/k. The two guest molecules are related by a 
center of symmetry and each forms hydrogen bonds 
with H . . . O  distances of 2.12 (3) and 2.39 (3) A. 

* To whom correspondence should be addressed. 
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Introduction 

The weak interactions between crown ethers and 
neutral organic molecules are of chemical and bio- 
logical interest. The study of such interactions may lead 
to the design of specific host molecules for small neutral 
biologically active compounds, as well as to a better 
understanding of secondary interactions that occur at 
biological receptors or enzyme pockets. These weak 
interactions may be of importance in stereoselective 
recognition by receptors and substrates. Although a 
number of structures of 18-crown-6 ethers with 
charged species have been described, only the neutral 
complexes with dimethyl acetylenedicarboxylate (1:1) 
(Goldberg, 1975), dimethyl sulfone (1:1) (Weber & 
Vfgtle, 1980), urea (1:5) (Harkema, Van Hummel, 
Daasvatn & Reinhoudt, 1981) and benzenesulfon- 
amide (1:2) (Knochel, Kopf, Oehler & Rudolph, 1978) 
have been reported. We would like to describe the 
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structure of the 1:2 complex formed between 
1,4,7,10,13,16-hexaoxacyclooctadecane and phenyl 
carbamate. 

Structure determination and refinement 

A crystal of dimensions 0.38 x 0.25 x 0.20 mm was 
selected for all X-ray measurements. Intensity data 
were collected on a Syntex P2~ diffractometer system 
by the 0 :20  scanning technique using a variable scan 
speed, Cu Ka radiation (2 = 1.54178/k) and a graphite 
monochromator. Room-temperature lattice param- 
eters were refined by a least-squares procedure utilizing 
15 reflections whose angles were measured by a 
centering routine associated with the diffractometer. 
The unit cell was found to be monoclinic, and 

Table 1. Atomic positional parameters (× 104, x 103 
for  H atoms) 

The thermal parameters were not refined for H atoms. 
Ucq* or 

x y z Uiso (A2) 

O(1) -1022 (1) 1922 (I) 817 (I) 51 
C(2) 5 (2) 2756 (2) 1183 (2) 61 
C(3) 738 (2) 2955 (2) 310 (2) 62 
0(4) 1588 (1) 2022 (1) 268 (1) 51 
C(5) 2368 (3) 2147 (2) -519 (2) 61 
C(6) 3096 (2) 1081 (2) -607 (2) 59 
0(7) 2128 (1) 238 (1) -1074 (1) 56 
C(8) 2785 (2) -800 (2) -1185 (2) 69 
C(9) 1704 (3) -1660 (2) -1643 (2) 66 
O(10) 8383 (1) 5393 (1) 2072 (1) 59 
C(11) 8174 (2) 4898 (2) 2859 (2) 43 
N(12) 9096 (2) 4391 (2) 3678 (2) 51 
O(13) 6871 (1) 4752 (1) 2985 (1) 52 
C(14) 5796 (2) 5342 (2) 2250 (1) 43 
C(15) 5664 (2) 6475 (2) 2386 (2) 49 
C(16) 4533 (2) 7021 (2) 1701 (2) 55 
C(17) 3568 (2) 6438 (2) 905 (2) 63 
C(18) 3736 (3) 5307 (2) 773 (2) 70 
C(19) 4850 (2) 4747 (2) 1454 (2) 58 
H(2) 66 (3) 254 (2) 179 (2) 57 
H(2') -40  (3) 341 (2) 127 (2) 57 
H(3) 9 (3) 302 (2) -50  (2) 57 
n(3')  123 (3) 360 (2) 43 (2) 57 
H(5) 173 (2) 231 (2) -115 (2) 57 
H(5') 296 (3) 271 (2) -32  (2) 57 
H(6) 364 (2) 90 (2) 18 (2) 57 
n(6')  376 (3) 113 (2) -109 (2) 57 
H(8) 334 (2) -100 (2) -32  (2) 57 
H(8') 336 (2) -69  (2) -170 (2) 57 
n(9) 106 (3) -139 (2) -235 (2) 57 
H(9') 210 (2) -238 (2) -186 (2) 57 
H(12) 999 (3) 448 (2) 368 (2) 57 
H(12') 882 (3) 415 (2) 415 (2) 57 
H(15) 639 (3) 684 (2) 289 (2) 57 
H(16) 446 (2) 777 (2) 177 (2) 57 
n(17) 281 (2) 692 (2) 38 (2) 57 
H(18) 318 (3) 492 (2) 30 (2) 57 
H(19) 499 (2) 395 (2) 139 (2) 57 

* Ueq : ] \Zi x,'y [Uu(1,a, (ai.aj)] ' e.s.d. = 1 A 2 for all Ueq. 

systematic absences were consistent with space group 
P21/c. A periodically monitored reflection showed no 
significant change in intensity. Of the 2314 independent 
reflections measured (20 < 130 °) 1518 had intensities 
greater than 33(I). Lorentz and polarization correc- 
tions were applied, but no absorption corrections were 
made. 

The direct-methods program M U L T A N  78 (Main, 
Lessinger, Woolfson, Germain & Declercq, 1978)was 
used to calculate phases for the 350 LEI values greater 
than 1.45. The phase set with the highest combined 
figure of merit was selected, and the E map calculated 
with these phases revealed the positions of all non- 
hydrogen atoms. After several cycles of refinement 
difference Fourier maps yielded the coordinates of all 
hydrogen atoms. After anisotropic refinement of the 
heavy-atom positions, the data were corrected for 
extinction through use of the equation I F*I --- k l Fcl (1 
+ 2r*lFcl2~) -1/4 (Larson, 1970). ~5 is a dimensionless 
constant for each reflection and r* was refined to a 
value of 5 (1) x 10 -3 e -2 during the final cycles of 
least-squares refinement. The refinement was ter- 
minated at a final R of 0.040 (R w = 0.053) where R 
and R w are defined as ~[IFol - IFclI/X rFor and 
[~'w(IFol - IFcl)2/~. WlFol2] v2. The function 
minimized in the refinement was Y w(IFol - klFcl) 2, 
where w = 1/a(I) was determined from counting 
statistics. 

Atomic scattering factors were calculated by the 
XRAY 76 program (Stewart, Machin, Dickinson, 
Ammon, Heck & Flack, 1976). The largest peak in a 
final difference Fourier map was 0.25 e A -3, and the 

Table 2. Interatomic distances (A) 

O(1)-C(2) 1.417 (3) O(10)-C(1 l) 1.203 (3) 
O(1)-C(9) 1.409 (3) C(l 1)-N(12) 1.321 (2) 
C(2)-C(3) 1.479 (4) C(11)-O(13) 1.372 (2) 
C(3)-O(4) 1.410 (3) O(13)-C(14) 1.400 (2) 
O(4)-C(5) 1.411 (3) C(14)-C(15) 1.369 (3) 
C(5)-C(6) 1.482 (4) C(14)-C(19) 1.368 (3) 
C(6)-O(7) 1.410 (3) C(15)-C(16) 1.385 (3) 
O(7)-C(8) 1.424 (3) C(16)-C(17) 1.371 (3) 
C(8)-C(9) 1.490 (4) C(17)-C(18) 1.37I (4) 

C(18)-C(19) 1.380 (3) 

Table 3. Valence angles (o) 

C(2)-O(1)-C(9) 
O(1)-C(2)-C(3) 
C(2)-C(3)-O(4) 
c(3)-o(4)-c(5) 
o(4)-c(5)-c(6) 
C(5)-C(6)-O(7) 
C(6)-O(7)-C(8) 
O(7)-C(8)-C(9) 
C(8)-C(9)-O(1) 

112.2 (2) 
109.9 (2) 
109.0 (2) 
113-3 (2) 
109.7 (2) 
109.7 (2) 
111.7 (2) 
108.8 (2) 
108.8 (2) 

O(10)-C( l l ) -N(12)  127.2 (2) 
O(10)-C( l l ) -O(13)  122.2(1) 
N(12)-C( l l ) -O(13)  110.5(2) 
C(11)-O(13)-C(14) 117.2(1) 
O(13)-C(14)-C(15) 119.8(1) 
O(13)-C(14)-C(19) 118.3 (2) 
C(15)-C(14)-C(19) 121.8 (2) 
C(14)-C(15)-C(16) 118.5 (2) 
C(15)-C(16)-C(17) 120.7 (2) 
C(16)-C(17)-C(18) 119.7 (2) 
C(17)-C(18)-C(19) 120.4 (2) 
C(14)-C(19)-C(18) 118.9(2) 
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Table 4. Torsion angles (o) for the centrosymmetric 
18-crown-6 ether 

Benzene- 
Phenyl carbamate sulfonamide* 

C (9')O( I)C (2)C (3) 177.0 (2) 176.7 
O(1)C(2)C(3)O(4) -71 .8  (2) -65 .8  
C(2)C (3)O(4)C(5) - 178.1 (2) -157.6  
C(3)O(4)C(5)C(6) - 173.2 (2) 180.0 
O(4)C(5)C(6)O(7) 66.3 (2) -66 .6  
C(5)C(6)O(7)C(8) 179.4 (2) 180.0 
C(6)O(7)C(8)C(9) 178-0 (2) -72 .5  
O(7)C(8)C(9)O(1') -69 .7  (2) -68 .4  
C(8)C(9)O(1')C(2') -178 .7  (2) + 172.9 

* Knochel, Kopf, Oehler & Rudolph (1978). Several values have 
been recalculated. 

average shift/error during the final cycle of refinement 
was 0.09. Atomic positional parameters and Ueq values 
are presented in Table 1 while interatomic distances, 
valence angles and torsion angles are given in Tables 2, 
3 and 4.* 

Discussion 

Fig. 1 is an ORTEP drawing (Johnson, 1971) of the 
title compound with three phenyl carbon atoms omitted 
for clarity. Fig. 2 shows the stacking of the molecules. 
Parallel sheets of phenyl rings and 18-crown-6 ether 
moieties are oriented approximately 90 ° relative to 
each other. The hexaether lies at an inversion cente" 
and exhibits approximate Dad symmetry. The torsio~t 
angles about the C - C  bonds average 69 (1) °, cor- 
responding to a gauche conformation of the ethylene- 
oxy units. The torsion angles about the C - O  bonds 
average 177(1) ° indicating the planarity of these 
segments. As shown by the torsion angles in Table 4, 
the conformation of the 18-crown-6 ether is not 
identical to that in the 1:2 benzenesulfonamide 
complex which is also described as having D3d 
symmetry (Knochel, Kopf, Oehler & Rudolph, 1978) 
although significant deviations from this symmetry are 
apparent. The C - O  and C - C  distances average 
1.414(4) and 1.484 (4)A while the C - O - C  and 
O - C - C  angles are 112.4 (2) and 109.3 (2) °, respec- 
tively. The shortening of the bonds is consistent with 
reported values for other 18-crown-6 complexes (Dun- 
itz, Dobler, Seiler & Phizackerley, 1974). The six 
oxygen atoms of the hexaether are alternately about 
0.24 (1) A above and below the mean plane and form a 
nearly planar hexagon with average O . . .  O separation 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 36556 (16 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
&Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 
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T T 
Fig. 1. ORTEP drawing of the 1:2 complex between 18-crown-6 

ether and phenyl carbamate. Three phenyl carbon atoms have 
been omitted for clarity. (Distances shown are in ,~.) 

> - - . r  • , 

Fig. 2. Packing diagram showing hydrogen bonding. 

of 2.86 (1) A [2-83 (1) to 2.88 (1)/k]. The distance is 
close to the van der Waals contact distance for oxygen 
atoms. 

Phenyl carbamate molecules are located about the 
center of symmetry on both sides of the ether moiety. 
The NH 2 groups are oriented toward the cavity and are 
hydrogen bonded to two oxygen atoms unrelated by 
symmetry. The conformation of the 18-crown-6 ether 
is not the same as that in the benzenesulfonamide 
complex, where hydrogen bonds involve oxygen atoms 
related by the center of symmetry. The distances and 

Table 5. Hydrogen-bond distances (/k) and angles (o) 

N - H  N . . . O  H . . . O  N - H . . . O  

N(12)-H(12)...O(T) 0.90 (3) 3.013 (2) 2.12 (3) 172 (2) 
N(12)-H(12')...O(1 i) 0-77 (3) 3.099 (2) 2-39 (3) 154 (2) 

(i) l + x, ½-Y, ½ + Z. 
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angles describing the hydrogen bonding in the phenyl 
carbamate complex are presented in Table 5. There are 
no intermolecular contacts, other than the hydrogen 
bonding, which are shorter than 3.6 A. 

We wish to thank the Robert A. Welch Foundation 
for financial support (P-074). This is FASTBIOS 
contribution number 88. 
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Abstract 

C28H1806, M r = 450.4, F(000) = 840, is mono- 
clinic, C2/c, with a = 17.751 (3), b = 7.581 (2), c = 
16.316 (3)A, f l=  106.64 (3) ° , v =  2103.7 A 3, z = 4, 
Dealt = 1.420 Mg m -3, p(Mo Ka) = 0.06 mm -l. The 
structure was solved by direct methods. The final R and 
R w values were 0.066 and 0.061 respectively for 846 
unique observed reflections, I > 3a(I). There is a 
crystallographic twofold symmetry axis perpendicular 
to the C(10) -C(10 ' )  bond which links the two halves 
of the molecule, and each half is markedly less planar 
than the monomeric precursor, 1,8-dihydroxy-9 (10H)- 
anthrone. The C(10)-C(10 ' )  bond is long (1.62 A) and 
probably weaker than a normal bond. 

Introduction 

Since it was first synthesized in 1915 (Bayer & 
Co., 1915) and used clinically (Unna, 1916), dithranol 

0567-7408/82/041248-04501.00 

(1) has remained the most widely prescribed prep- 
aration used exclusively for the treatment of psoriasis 
(Weigand & Everett, 1967). Its mode of action involves 
its ability to oxidize readily within the epidermal tissues 
which, by enzymatic inhibition, results in a slowing 
down of cellular proliferation (Fisher & Maibach, 
1975), with subsequent clinical clearance. 

(1) 

Spectroscopic (Avdovitch & Neville, 1980) and 
crystallographic (Ahmed, 1980) examination of 
dithranol has recently shown that it exists as the keto 
tautomer, 1,8-dihydroxy-9(10H)anthrone (1). When 
(1) was dissolved in acetone, Segal, Katz & van 
Duuren (1971) were able to obtain a dimeric species to 
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