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Gossypol and cyclododecanone crystallize at room tempera-

ture as an inclusion complex in a 1:2 molar ratio. This complex,

viz. 1,10,6,60,7,70-hexahydroxy-5,50-diisopropyl-3,30-dimethyl-

2,20-binaphthalene-8,80-dicarboxaldehyde±cyclododecanone

(1/2), C30H30O8�2C12H22O, is unusual in that there is limited

intermolecular hydrogen bonding within the structure. Each

cyclododecanone molecule accepts a hydrogen bond from a

gossypol molecule, but there are no gossypol-to-gossypol

hydrogen-bond interactions. The gossypol molecules form a

framework structure enclosing channels, and the cyclo-

dodecanone molecules lie in these channels. In terms of the

number of non-H guest atoms, this is the largest gossypol

inclusion complex reported to date.

Comment

Gossypol is a biologically active disesquiterpene found in the

cotton plant and other members of the Malvaceae family. The

compound is known to form inclusion complexes with many

small-molecular-weight organic compounds. These complexes

have been grouped by Gdaniec et al. (1996) into 12 families on

the basis of intermolecular hydrogen-bond and packing

patterns. As part of a project to determine whether gossypol

can form inclusion complexes with larger molecules, experi-

ments were conducted with cyclododecanone, and a structure

was identi®ed, viz. the title complex, (I), that represents a new

family of gossypol inclusion complex.

The title complex contains two molecules of cyclododeca-

none per gossypol molecule (Fig. 1), and no unusual bond

lengths or valence angles were found. As is observed for most

gossypol complexes, both halves of the gossypol moiety exist

as aldehydes (Fig. 1a), and intramolecular O3ÐH103� � �O2,

O4ÐH104� � �O3, O7ÐH107� � �O6 and O8ÐH108� � �O7

hydrogen bonds are formed (Fig. 2). The naphthalene rings

are approximately perpendicular, with an angle of 81.9 (1)�

between the least-squares best-®t naphthalene planes. Both

isopropyl moieties are oriented with the methyl groups

pointing outward and away from the binaphthalene bridge.

Each cyclododecanone ring is characterized by a periodic

. . . gauche±gauche±trans . . . arrangement of the ring torsion

angles (Table 1), which results in a `square' conformation

(Figs. 1b and 3). The distance between atoms along parallel

sides of the square is �4.5 AÊ and the distance between atoms

across the diagonal is �5.5 AÊ . A similar ring shape has been

observed for crystalline cyclododecanone (Groth, 1979),

cyclododecane (Dunitz & Shearer, 1960) and 2,12-dibromo-

cyclododecanone (Dehli & Groth, 1969), and has been inter-

preted as the solution conformation of cyclododecanone from

NMR data (Anet et al., 1973; Rawdah, 1991).

In (I), each cyclododecanone carbonyl group accepts a

hydrogen bond from either the O1ÐH101 or the O5ÐH105
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Figure 1
Views of (a) the gossypol molecule and (b) the two cyclododecanone
molecules in (I). Displacement ellipsoids are shown at the 50%
probability level.
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hydroxyl group of the gossypol molecule (Table 2 and Fig. 2).

The cyclododecanone molecules are arranged such that the

face of each ring is oriented parallel to the long axis of the

gossypol group (parallel to the C2ÐC17 bond) and perpen-

dicular to the planes of both naphthalene rings (Fig. 3).

There are no hydrogen-bond interactions between adjacent

gossypol molecules, which is unusual among known gossypol

complexes. The only other gossypol complex without direct

gossypol-to-gossypol hydrogen bonds is gossypol±1,4-dioxane

(1/3) (Ibragimov et al., 1993; Gdaniec et al., 1996). In this

structure, two of the three dioxane molecules accept pairs of

hydrogen bonds to form bridges between adjacent gossypol

molecules. The gossypol±di-1,4-dioxane assemblies pack in a

two-dimensional lattice. The third dioxane molecule sits in a

channel formed within this lattice and interacts with the

structure through van der Waals effects.

In (I), each cyclododecanone molecule accepts a single

hydrogen bond from a host gossypol molecule, and no

hydrogen-bond bridges are present. The gossypol molecules

form a lattice that surrounds rectangular channels which run

parallel to the c axis (Fig. 4). The channels are occupied by the

cyclododecanone molecules, which are oriented with their

faces perpendicular to the channel direction. Along the c

direction, the chiral gossypol molecules separate into alter-

nating enantiomorphic layers (Fig. 5), which interact only

through van der Waals effects. Similar layering is observed in

gossypol inclusion compounds formed with small esters

(Ibragimov et al., 1990; Gdaniec et al., 1996), although in these

structures the gossypol molecules within enantiomorphic

layers share hydrogen bonds.

In terms of guest size, (I) is the largest gossypol inclusion

complex reported to date, containing 26 non-H atoms of guest

molecule per gossypol molecule. In comparison, the next

highest gossypol-to-guest non-H-atom ratios are for gossypol±

pyridine (1/3), gossypol±1,4-dioxane (1/3) and gossypol±

tropolone (1/2), each of which contains 18 non-H atoms per

gossypol molecule (Gdaniec et al., 1996; Talipov et al., 2002).

The title complex is also the second example of gossypol

forming an inclusion complex with a compound that is

normally solid at room temperature.

Experimental

Cyclododecanone (m.p. 332 K) was dissolved in hexane until the

solution was almost saturated. Racemic gossypol was dissolved in this

solution, and additional hexane was added to induce crystallization of

(I) at 298 (2) K.

Figure 2
The association of the gossypol and cyclodoecanone molecules in (I).
Hydrogen bonds are shown as dashed lines, and cyclododecanone H
atoms have been omitted for clarity.

Figure 3
The conformation of the cyclododecanone rings, viewed along the C2Ð
C17 bond.

Figure 4
The packing of the gossypol molecules in (I), viewed along the c axis.
Gossypol molecules are shown in CPK (Corey±Pauling±Koltun) space-
®lling format, and cyclododecanone molecules have been omitted in
order to show the channels.

Figure 5
A view of the enantiomorphic layers associated with the packing of the
gossypol molecules in (I). Cyclododecanone molecules have been
omitted for clarity.



Crystal data

C30H30O8�2C12H22O
Mr = 883.13
Triclinic, P1
a = 12.2640 (4) AÊ

b = 14.4674 (4) AÊ

c = 15.1532 (5) AÊ

� = 82.108 (1)�

� = 89.206 (1)�


 = 66.264 (1)�

V = 2435.32 (13) AÊ 3

Z = 2
Dx = 1.204 Mg mÿ3

Mo K� radiation
Cell parameters from 30 511

re¯ections
� = 2.2±29.9�

� = 0.08 mmÿ1

T = 150 (2) K
Irregular, yellow
0.6 � 0.5 � 0.4 mm

Data collection

Bruker CCD area-detector
diffractometer

' and ! scans
Absorption correction: empirical

(SADABS in SAINT; Bruker,
1998)
Tmin = 0.749, Tmax = 0.975

65 791 measured re¯ections

14 038 independent re¯ections
10 049 re¯ections with I > 2�(I )
Rint = 0.053
�max = 29.9�

h = ÿ17! 17
k = ÿ20! 20
l = ÿ21! 21

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.055
wR(F 2) = 0.163
S = 1.04
14 038 re¯ections
851 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.0993P)2

+ 0.1464P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.003
��max = 0.39 e AÊ ÿ3

��min = ÿ0.29 e AÊ ÿ3

All H atoms were located from difference maps and most were

re®ned with an isotropic model, giving CÐH distances in the range

0.93 (2)±1.05 (2) AÊ and OÐH distances in the range 0.80 (3)±

0.94 (2) AÊ . However, the H atoms on atoms C29 and C30 were

modeled as rotating groups, with CÐH distances of 0.98 AÊ , in order

to improve the tetrahedral geometry about these C atoms.

Data collection: SMART (Bruker, 1998); cell re®nement: SAINT

(Bruker, 1998); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

PLATON (Spek, 2003); software used to prepare material for

publication: PLATON.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GD1253). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected torsion angles (�).

C1ÐC2ÐC17ÐC16 ÿ99.92 (15)
C1ÐC2ÐC17ÐC18 83.58 (16)
C3ÐC2ÐC17ÐC16 81.65 (15)
C3ÐC2ÐC17ÐC18 ÿ94.85 (15)
C42ÐC31ÐC32ÐC33 69.15 (19)
C31ÐC32ÐC33ÐC34 60.0 (2)
C32ÐC33ÐC34ÐC35 ÿ160.62 (15)
C33ÐC34ÐC35ÐC36 75.7 (2)
C34ÐC35ÐC36ÐC37 74.0 (2)
C35ÐC36ÐC37ÐC38 ÿ160.00 (14)
C36ÐC37ÐC38ÐC39 64.34 (19)
C37ÐC38ÐC39ÐC40 64.0 (2)
C38ÐC39ÐC40ÐC41 ÿ160.31 (15)
C39ÐC40ÐC41ÐC42 72.10 (19)

C40ÐC41ÐC42ÐC31 71.40 (18)
C32ÐC31ÐC42ÐC41 ÿ165.17 (13)
C62ÐC51ÐC52ÐC53 70.47 (18)
C51ÐC52ÐC53ÐC54 61.67 (19)
C52ÐC53ÐC54ÐC55 ÿ160.64 (15)
C53ÐC54ÐC55ÐC56 71.7 (2)
C54ÐC55ÐC56ÐC57 74.4 (2)
C55ÐC56ÐC57ÐC58 ÿ159.30 (15)
C56ÐC57ÐC58ÐC59 65.5 (2)
C57ÐC58ÐC59ÐC60 65.9 (2)
C58ÐC59ÐC60ÐC61 ÿ161.27 (14)
C59ÐC60ÐC61ÐC62 69.47 (19)
C60ÐC61ÐC62ÐC51 70.70 (18)
C52ÐC51ÐC62ÐC61 ÿ164.42 (13)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1ÐH101� � �O9 0.86 (2) 1.96 (2) 2.7451 (14) 150 (2)
O3ÐH103� � �O2 0.94 (3) 1.57 (3) 2.4700 (15) 158 (2)
O4ÐH104� � �O3 0.80 (3) 2.08 (2) 2.5904 (16) 121 (2)
O5ÐH105� � �O10 0.85 (2) 1.99 (2) 2.7272 (14) 145 (2)
O7ÐH107� � �O6 0.91 (3) 1.63 (3) 2.4598 (15) 149 (3)
O8ÐH108� � �O7 0.80 (2) 2.05 (2) 2.5935 (16) 125 (2)


