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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

C,H;O¢, M, = 450-4, F(000) = 840, is mono-
clinic, C2/c, with @ = 17-751 (3), b = 7-581 (2), ¢ =
16:316 (3) A, B = 106-64 (3)°, V = 2103-7 A3, Z = 4,
Dy = 1:420 Mg m~3, u(Mo Ka) = 0-06 mm~'. The
structure was solved by direct methods. The final R and
R,, values were 0066 and 0-061 respectively for 846
unique observed reflections, 7/ > 30(/). 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

0567-7408/82/041248-04801.00

(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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which they assigned the structure (3). A dimeric species
was shown to be present in commercial grades of (1)
(Elsabbagh, Whitworth & Schramm, 1979), together
with dihydroxyanthraquinone. Since the mechanism of
chemical oxidation may be related to the pharma-
cological activity of dithranol we have determined the
precise structure of the dimeric oxidation product by
X-ray crystallography.

Experimental

A crystal with dimensions 0-16 x 0-15 x 0-12 mm
was selected. The crystal data showed the systematic
absences hkl (h + k=2n+ and hOl (I=2n+ 1, h =
2n + 1), establishing the space group as Cc or C2/c.
The centrosymmetric space group was found to be
correct from the successful refinement of the structure.
Intensity data were collected on a Philips PW 1100
diffractometer with Mo Ka radiation (1 = 0-71069 A)
and a 6-26 scan mode for reflections with 6 < 26 <

Table 1. Atomic coordinates and isotropic thermal
parameters (A? x 10%)
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60°. During the course of data collection three
standard reflections, measured every 2 h to monitor
crystal quality and alignment, were constant within
+5%.

The variance of intensity was calculated as {[s([)]?
+ (0-041)?}2, where [6(1)] is the variance due to
counting statistics, and the term in I* allows for other
sources of error. I and a(I) were corrected for Lorentz
and polarization factors. Absorption corrections were
not applied. Equivalent reflections were averaged to
give 1902 unique reflections.

The structure was solved by direct methods with
SHELX76 (Sheldrick, 1976). Using E > 1-1 the
third E map from the multisolution Z, sign expansion
(figure of merit = 2-175) revealed the positions of all 17
non-hydrogen atoms. The H atoms were found in a
subsequent difference Fourier synthesis. All the atoms,
including H, were refined isotropically without con-
straint, using full-matrix least-squares methods. Refine-

Table 2. Interatomic distances and angles

(i) Bond lengths (A)

C(1)-C(2) 1-384 (7) C(1)-C(9a) 1.427(7)
C(2)-C(3) 1.354 (8) C(3)-C(4) 1-402 (8)
C(4)—C(4a) 1-383(7) C(4a)—C(10) 1-502 (6)
C(4a)—C(9a) 1-398(7) C(10)—C(10a)  1-508(7)
C(10)—C(10) 1622 (9) C(10a)-C(5) 1-389 (7)
C(10a)-C(8a) 1-407(7) C(5)-C(6) 1.382(8)
C(6)-C(7) 1-366 (8) C(7)-C(8) 1392 (7)
C(8)—C(8a) 1-418 (7) C(8a)—-C(9) 1:457(7)
C(9)—C(9a) 1.452(7)

C(1)-0(1) 1-352 (6) C—H 0-93-1.06 (6), (0-98)
C(9)-0(9) 1.255 (6) C(8)-0(8) 1-360 (6)
0O(8)-H(08) 0-92 (5) O(1)-H(01) 0-97 (6)
0O(9)---H(08) 1-74(6) 0O(9)---H(01) 1-68 (6)
0O(8)---0(9) 2.565 (6) O(1)---0(09) 2:582 (6)

(ii) Bond angles (°)

0(1)—-C(1)-C(2) 117.8(5)  C(7)—C(8)—C(8a) 120-4 (6)
O()-C(1)-C(9a)  122.2(5)  C(7)-C(8)-O(8) 117-5 (6)
C(2)-C(1)-C(9a)  120.0(6)  C(8a)—C(8)~O(8) 1220 (5)
C(1)-0(1)=H(O1)  102(3) C(8)-0(8)—H(08) 107 (4)

C(1)-C(2)-C(3) 120-4 (6)  C(10a)—C(8a)—C(8)  118-6(5)
C(2)-C(3)-C(4) 121.0(7)  C(10a)-C(8a)—C(9)  120-4 (5)
C(3)-C(4)-C(4a)  119-9(6)  C(8)—C(8a)—C(9) 120-7 (5)
C(4)—-C(d4a)—C(10) 118-7(5)  C(8a)—C(9)—C(Ya) 119-2 (5)
C(4)-C(4a)-C(9a)  120-1(5)  C(8a)—C(9)—-O(9) 119:7(5)
C(10)—C(42)-C(9a) 121-1(5)  C(9a)—C(9)-O(9) 121.0(5)
C(42)—C(10)—C(10a) 114-3(5)  H(O1)---O(9)—-C(9)  100(2)

C(10)—C(102)—C(5) 120-6(5)  H(O1)---O(9)---H(O8) 154 (3)

C(10)—C(10a)—C(8a) 120-7(5)  H(08)---0(9)-C(9) 103 (2)

C(5)-C(10a)—C(8a) 118-7(5)  C(1)=C(9a)—C(4a) 1186 (5)
C(102)—C(5)-C(6)  122:2(6)  C(1)~C(9a)—C(9) 1203 (5)
C(5)—C(6)-C(T) 119:6 (7)  C(9)~C(92)-C(4a) 121-1 (5)
C(6)—C(7)—C(8) 120.4(7)  O(1)=H(O1)---O(9) 152 (5)

O(8)—H(08)---0(9) 147 (5) C(42)-C(10)=C(10')  109-1 (5)

C(10a)—C(10)—C(10") 110:6 (5)

(iii) Non-bonding intermolecular and intramolecular contacts (A)

x y z U
C(1) 0-3828 (3) 0.4901 (8) —0-0064 (4) 47 (1)
C(2) 0-3430 (3) 0.6487(8) —0-0256 (4) 52(1)
C(3) 0:3626 (4) 0-7870 (9) 0-0289 (4) 55(1)
C4) 0-4229 (3) 0-7727 (8) 0-1058 (4) 49 (1)
C(4a) 0-4631 (3) 0-6152(7) 0-1271 (3) 39(D)
C(10) 0-5226 (3) 0-5990 (7) 0-2133 (3) 39(1)
C(10a) 0-5757 (3) 0-4404 (7) 0-2226 (3) 36 (1)
C(5) 0-6468 (3) 0-4343 (8) 0-2866 (4) 50 (1)
C(6) 0:6934 (4) 0-2850 (9) 0-3021 (4) 57(1)
C(M 0-6708 (4) 0-1394 (9) 0-2516 (4) 58 (1)
C(8) 0:6020 (3) 0-1419 (8) 0-1840 (3) 49 (1)
C(8a) 0-5533 (3) 0-2937(7) 0-1682 (3) 38 (1)
c(9) 0-4857 (3) 0-3045 (8) 0-0925 (3) 44 (1)
C(9a) 0:4442 (3) 0-4710 (7) 0-0716 (3) 38(1)
o(1) 0-3612 (2) 0-3571(6) —0-0636 (3) 49 (3)
0(8) 0-5850 (3) —0-0038 (6) 0-1334 (3) 54 (2)
0(9) 0-4662 (2) 0-1725 (5) 0-0448 (3) 52(2)
H(2) 0-303 (3) 0:634 (6) —0-084 (3) 91 (19)
H(3) 0-339 (3) 0-904 (7) 0-022 (3) 38 (19)
H(4) 0-435(2) 0-872 (5) 0.143 (2) 38(13)
H(10) 0.557(2) 0-706 (6) 0-223 (2) 49 (14)
H(5) 0:661 (2) 0.539 (5) 0-316 (2) 29 (12)
H(6) 0.-747 (4) 0-293 (8) 0-351 (4) 145 (29)
H(7) 0-692 (3) 0-022 (8) 0-258 (3) 92 (20)
H(O1) 0-400 (3) 0-267 (8) —0-039 (4) 96 (26)
H(O8) 0-537 (3) 0.017 (8) 0-093 (3) 76 (21)

C(5)---C4a')
C(10a)- --C(4a')
C(10)---C(4)
Oo(h)---H(6")
0(9)---H(08")

3.04 (1)
3.04 (1)
3.12(1)
2-39 (5)
2-66 (5)

C(5)---C(9a))
C(10).--C(4a)
0(8)---H(O1")
0(®)---H(7)

3.19 (1)
2:55(1)
2-58 (5)
2-36 (5)

Symmetry code: (i) | — x, p, § — z; (i) 1 — x, —y, —z; (iii) — + x, § — »,

—4+ 2z
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ment converged to conventional and weighted R values
of 0-066 and 0-061 respectively for 846 reflections with
I > 30(J) and a weighting factor, w = 1/6%(F,).
Neutral-atom scattering factors were used (Cromer &
Mann, 1968). The final refined parameters are listed in
Table 1.* A final difference map showed no significant

features, with the maximum residual density 0-31 e
A-3

Results and discussion

The dimeric compound has the chemical composition
C,;3H ;O and is the oxidation product 1,1',8,8'-
tetrahydroxy-10,10'-bi-9(10H)-anthrone (2) (see Fig.

* Lists of structure factors, torsion angles and least-squares-
planes data have been deposited with the British Library Lending
Division as Supplementary Publication No. SUP 36531 (9 pp.).
Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

1,1',8,8'-TETRAHYDROXY-10,10'-BI-9(10H)-ANTHRONE

1). The molecule exists as a discrete unit in the solid
state and has a crystallographic twofold symmetry axis
perpendicular to C(10)—C(10"). The principal bond
lengths and angles are listed in Table 2. The dimer
exists as the ketonic form with a C(9)—0(9) bond
length of 1-255 (6) A, much less than the phenolic C-O
distances of 1-352 (6) and 1-360 (6) A at C(l) and

o)
HOD O

HO8) O®

: ~ Z&ew
C\\/ C(R% c(gfa)\’:)*O 3
COTN Cliar \_,\ Q) >YD/O
ozv C(102)
o A ~F S

0 cno

Fig. I. A perspective view of (2) (ORTEP, Johnson. 1965).

Table 3. Bond lengths (A) in the anthracene portions of some related molecules

Compound R, R,
(1) OH =
) OH =0
(@) H =
(5) H =0
(6) OH =
@) OH =0
) Cl =0
Bond (Q)) ) )
1 1384 (6) 1-384 (7) 1.38
2 1:414 (6) 1-427(7) 1-39
3 1-448 (6) 1452 (7) 1-48
4 1450 (5) 1.457(7) 1.48
5 1-409 (6) 1-418 (7) 1-40
6 1.379 (6) 1.392(7) 1.37
7 1.367 (6) 1-366 (8) 1.39
8 1.379 (6) 1-382 (8) 1-40
9 1.377 (6) 1-389 (7) 1-39
10 1.492 (6) 1-508 (7) 1-51
11 1492 (6) 1502 (6) 1-51
12 1.380 (6) 1-383(7) 1-40
13 1-379 (6) 1-402 (8) 1-40
14 1-375 (6) 1-354 (8) 1.38
15 1-409 (5) 1-398 (7) 1-40
16 1.413 (4) 1-407(7) 1-40
17 1.354 (4) 1-360 (6) -
18 1.261 (4) 1.255 (6) -
19 1.356 (4) 1.352 (6) -

R, Rg Reference
H, H (@)
Dimer H This work
Dimer H ()]
=0 H (c)
= NO, @
=0 H (é’,f,g)
= H (h)
Compound
® (6) Q) 6] Mean
1-383 1.395 (6) 1-43 1-33 1-384
1-391 1.385 (6) 1-49 1.-48 1-425
1-490 1.456 (6) 1-49 1-42 1-462
1-495 1.470 (6) 1-50 1-49 1-477
1-391 1-368 (6) 1-44 1-46 1-412
1-391 1.383 (6) 1-41 1.38 1-386
1-392 1.351 (6) 1-34 1-37 1-368
1.383 1.395 (6) 1-38 1-37 1-384
1.391 1.385 (6) 1-41 1-35 1-384
1-490 1.456 (6) 1-49 1-43 1-482
1.495 1-470 (6) 1-50 1-42 1-484
1-391 1.368 (6) 1-38 1-47 1-396
1-391 1.383 (6) 1-44 1-41 1-401
1.392 1.351 (6) 1.34 1.32 1-359
1-404 1.418 (6) 1-37 1-41 1-401
1-404 1.418 (6) 1-41 1-41 1-409
- 1.336 (5) 1-27 - 1-33
- 1.219 (5) 1.25 - 1.25
- - 1-35 - 1-35

References: (@) Ahmed (1980). (b) Ehrenberg (1967). (c) Bailey & Brown (1967). (d) Prakash (1965). (e) Lonsdale, Milledge &
El Sayed (1966). (/) Lonsdale, Walley & El Sayed (1966). (g) Prakash (1967). (k) Mikhno, Ezhkova & Kolokolov (1972).
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C(8). The C(10)—C(10") bond [1:622 (9) A] is long,
indicating that cleavage of the dimer (2) at C(10)
should occur easily. Similar long dimer C—C bond
distances have been found in di-p-anthracene (Ehren-
berg, 1966) (1-61 A) and in 10,10’-bi-9(10H)-anthrone
(Ehrenberg, 1967) (1-60 A).

The C—C bond lengths within the C,, skeleton in the
dimer (2) are almost identical with corresponding
values in the monomer (1) (Ahmed, 1980), and also
with the mean values for a range of similar compounds
(Table 3). It appears that relatively extensive
substitution in the aromatic nucleus has no significant
effect on the bond lengths in the anthrone ring system.
The only significant difference in bond lengths and
bond angles between the monomer and dimer is in the
angle at C(10) which is more nearly tetrahedral in (2)
[C(4a)—C(10)-C(10a) = 117-7(3) in (1) and
114-3 (5)° in (2)].

The O atoms at C(1), C(8) and C(9) make up a very
strong hydrogen-bonded unit with short hydrogen
bonds, O(9)---H(O1) = 1-68 (6) and O(9)---H(08) =
1.74 (6) A [with O(1)---0O(9) 2-582 and 0(8)---0(9)
2-565 A]. These hydrogen bonds are approximately
symmetrical about O(9) and force a small in-plane
splaying such that the extreme outside angles
O(1)~C(1)—C(2) and O(8)—C(8)—C(7) are decreased
from the normal value of 120 to ca 117-5°, accom-
panied by an increase of the angles O(1)—C(1)—C(9a)
and O(8)—C(8)—C(8a)to ca 122-1°.

Each half of the dimer is planar to within 0-3 A and
the least-squares planes of the two halves make an
angle of 36-3° to each other. The molecule adopts a
skew conformation with the torsion angle
H(10)—C(10)—C(10")—H(10’) = 64°. The distortions
appear to result from the formation of the
C(10)—C(10’) bond: C(10) is displaced by 0-39 A
from the rest of the carbon skeleton, and each half of
the dimer is folded (angle 168°) about the
C(9)---C(10) line. The skew conformation appears to
be responsible for minor distortions in ring C, which is
subject to intra-dimer forces and deviates from
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planarity by +0-02 A, whereas ring 4 is free from such
forces and is planar to within 0-004 A.

Although peri interactions in 1,8-disubstituted
naphthalenes are well known (Gore & Henrick, 1980),
little information is available on the details of molecular
distortions in 1,8,9-trisubstituted anthracenes (Dellaca,
Penfold & Robinson, 1969). It appears that any peri
steric strain in compound (2) is largely relieved by
out-of-plane bending rather than by bond-length or
bond-angle deformations whereas the monomer (1) is
remarkably planar and free from distortion.

There are no inter-dimer contact distances of any
significance which would explain why the molecule
adopts a cisoid conformation rather than a less-
overlapped transoid conformation about C(10)—C(10").
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