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The Crystal and Molecular Structure at —165 °C of the 1:1
Molecular Complex Formed by 8s-Hydroxy-4°-tetrahydro-

cannabinol and N, N-Dimethylformamide

T. OTTERSEN and E. ROSENQVIST *

Department of Chemistry, University of Oslo, Oslo 3, Norway

The structure of the title compound
C,,H,;,0;.C;H,NO has been determined by
X-ray methods using 2431 reflections col-
lected by counter methods at — 165 °C. The
complex crystallizes in the space group P2,
with two formula units per unit cell. Cell
dimensions at —165 °C are: a=8.815(4) A;
b=10.256(5) A; ¢=12.877(3) A; p=102.27(3)°.
The structure model was refined to a conven-
tional R of 0.047 and a weighted Ry, of 0.045.
The side chain shows a fully extended all-an#i
conformation and the cyclohexene and pyrane
rings are in the half-chair conformation. The
variations of the bond angles and deviations
from planarity in the benzene ring, indicate
strains in the aromatic system. The phenolic
group is bent 0.126 A out of the plane of the
benzene ring. The angle between this plane
and a plane through the cyclohexene ring is
40.4°. Along the twofold axes run channels
where the N,N-dimethylformamide molecules
fit. The carbonylic group of the dimethyl-
formamide molecules acts as acceptor for
hydrogen bond [2.733(3) A] from the 8p-
hydroxylic group. The phenolic group acts
as donor for another hydrogen bond [2.701(3)
A] along the a-axes to the 88-hydroxylic group
in a molecule one cell edge away.

The metabolism of 4°-tetrahydrocannabinol
(4°-THC) (1), the predominant active prin-
ciple of marihuana, has been extensively in-
vestigated (for a review, see Mechoulam et al.!)
The major pathway so far identified, is through
hydroxylation of the Cl1 position to give 11-
hydroxy-4°-THC (2). Another important metab-
olite, 8 8-hydroxy-4°-THC (3) has been isolated

* Present address: National Institute of Public
Health, Postuttak, Oslo 1, Norway.
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from incubation of 4°-THC with rabbit liver
homogenate.?

H H0H

Both metabolites are biologically active in
Rhesus monkeys and it has been suggested
that these compounds are indeed the active
forms of 4°-THC on the molecular level.®

We have earlier studied the structure of the
A°-THC skeleton in form of the psychotomi-
metically inactive 4°-THC Acid B (THCAB).4
However, a fuller understanding of the activity
of the cannabinoids requires more information
than at the present is available. The effect of
different environments on the conformation,
and the mode of interaction between 4°-THC
and other molecules, are important topics to
be investigated. Of particular interest would be
a complex between a cannabinoid and a model
molecule for the receptor. As 88-hydroxy-4°-
THC is an “‘active’’ molecule and also forms
a stable 1:1 complex with N,N-dimethyl-
formamide (DMF), we found this system well
suited for a structural study.
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Structure of 85-OH-4°-THC.DMF 751

EXPERIMENTAL AND STRUCTURE
DETERMINATION

Synthetic ® 88-hydroxy-A*-THC was kindly
supplied by Professor R. Mechoulam, Hebrew
University, Jerusalem. Colourless prismatic
crystals of the complex were formed by slow
evaporation of a saturated solution of the
compound in N,N-dimethylformamide.

Oscillation and Weissenberg diagrams in-
dicated monoclinic symmetry. Systematic ex-
tinctions of the 0k0 reflections for k odd uniquely
determined the space group to P2, for the
optically active compound. A computer-con-
trolled Syntex P1 four-circle diffractometer
with graphite-monochromatized MoK« radia-
tion and equipped with a modified Enraf-
Nonius liquid nitrogen cooling device was
utilized for preliminary experiments and for the
measurement of diffraction intensities. The
work was carried out using a crystal of dimen-
sions 0.3x0.3x0.1 mm.

Unit cell parameters were determined by a
least-squares treatment of the angular coor-
dinates of 15 symmetry independent reflections
with 26-values from 22 to 45°. The temperature
at the crystal site was — 165 °C.

Three-dimensional intensity data were re-
corded using the w— 26-scanning mode, with
scan speed variable from 2—12° min™, de-
pending on the peak intensity of the reflec-
tions. Background counting time was equal to
0.35 x scan time on each side of the scan area.
Reflections with 26-values larger than 45°
which had integrated counts of less than 5
cps, determined in a 2 s scan over the reflec-
tions, were not measured.

The variations in the intensities of three
standard reflections which were remeasured
after every sixty reflections were random.
Accordingly no corrections were applied to the
intensity data for these variations.

The estimated standard deviations were
taken as the square root of the total counts
with a 2 9% addition for experimental uncer-
tainties. Of the 2793 symmetry-independent
reflections measured (20, =60°) 2431 had
intensities larger than twice their standard
deviations. These were regarded as “observed’
reflections, and the remaining were excluded
from further calculations. The intensities were
corrected for Lorentz and polarization ef-
fects. The computer programs utilized in all
calculations are part of a local assembly of
programs for CYBER-74 described in Ref. 6.

Atomic form factors used were those of
Doyle and Turner ? for oxygen, carbon and
nitrogen and those of Stewart et al.® for hydro-
gen.

The phase problem was solved by the
MULTAN ° program assembly. The structure
model was refined with isotropic thermal
parameters to a conventional R of 0.11. In-
troduction of anisotropic thermal parameters
and least-squares refinement yielded an R of
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0.08. At this point a difference Fourier map was
calculated and all the 37 hydrogen atoms were
found in the map. These were included in the
calculations. Full-matrix least-squares refine-
ment of all positional and anisotropic thermal

arameters for the non-hydrogen atoms and
1sotropic thermal parameters for the hydrogen
atoms, resulted in a conventional R of 0.047
and a weighted R, of 0.045.

Atomic parameters are listed in Table 1.
A listing of observed and calculated structure
factors 18 available from the authors upon
request. (May also be obtained from: Depart-
ment of Chemistry, University of Oslo, Oslo 3,
Norway.)

Standard deviations in molecular parameters
were calculated from the correlation matrix
ignoring standard deviations in cell parameters.

CRYSTAL DATA

1:1 8 8-Hydroxy-4°-tetrahydrocannabinol
N,N-dimethylformamide C, H;,NO,, M =403.5
amu, space group: P2,, cell dimensions at
—165 °C: a=8.815(4) A, b=10.256(5) A,
c=12.877(3) A, p=102.27(3)°, V=1137.5(8)
As, Z=2, D.=1.178 gem=, F(000)=440.

DISCUSSION

The observed molecular geometries and
intramolecular distances and angles are shown
in Fig. 1, together with the atomic labels used
in this study. Selected dihedral angles are
presented in Table 2. Compared to the structure
determination of THCAB,* the standard devia-
tions of the present study are improved by a
factor of approximately three.

With the exception of the side chain, the
bond angles, distances and conformation are
close to the corresponding values in THCAB,
and may all be regarded as normal values.

The influence on the conformation of the
cyclohexene ring from the hydroxyl-substituent
seems to be small, but significant. The dihedral
angle C9—-C10—-C11—-C12 has changed from
—11.3 (15)° in THCAB to —7.6 (4)° in this
structure, which gives a more distorted half-
chair conformation, with C12 0.14 A below
and C13 0.61 A above plane C (Table 3).
The corresponding values in THCAB are 0.21
and 0.59 A. The conformation of the pyran ring
is also half-chair, with C13 0.41 A above and
C14 0.38 A below a least-squares plane through
Ol, C2, C17, C8 (plane B, Table 3). The main

Table 2. Selected dihedral angles (°) with
estimated standard deviations. The angles are
positive in a righthand screw.

Angle )

C7-C2-01-Cl4 15.4(4)
C2—C7-C8—C9 138.2(3)
C2-C7-C8-C13 15.1(4)
C7-C8-C9—C10 —150.3(3)
C13-C8—C9—-C10 —26.7(4)
C7-C8-C13-C12 —177.5(2)
C7-C8-C13—-Cl4 —48.6(3)
C9-C8—Cl13—-Cl12 55.3(3)
C9—-Cl10—C11—Ci12 —7.6(4)
C10-C11-C12—-C13 37.7(4)
Cl11-C12-C13-C8 —63.0(3)
C11-C12—C13-Cl4 171.0(2)
C8—C13—C14-01 65.0(3)
C12-C13—-Cl14—01 —~170.0(2)
C2-01-Cl14—-C13 —47.8(3)
C8-C7-C6-015 —4.5°(4)
C3-C4—C20-C21 ~90.0(3)
C4—C20-C21—C22 —176.7(2)
C20—C21—C22—C23 176.0(3)
C21-C22—C23-C24 —168.9(3)
C16—C10—Cl11—-017 —63.1(3)
025—C26— N27-C28 1.9(5)
025—C26 — N27—C29 179.7(3)

Table 3. Deviations from least-squares planes
(A x 10%). The deviations for those atoms used
to define the plane are marked with an asterisk.*

Atom Plane A Plane B Plane C
(0] 69 4% — 1667
C2 22% — 9%

C3 o* -175

C4 —25*

Cs 5%

Cé 28* 103

Cc7 —40% 9* — 697
C8 - 109 —4* 4*
C9 -1071 — 898 —10*
C10 - 1697 10*
Cl1 — 1547 — 4%
C12 —478 143
C13 —474 —415 —613
Cl4 397 381 —-718
015 126

Cl6 64
017 - 1202
C18 1896

C19 34 -30

C20 —138

* Angle between: A and C, 40.4° A and B, 3.3%
B and C, 37.1°
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C18-Cu-C19 1102

C13-C14~01 106.8

017 1447
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N 218
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753

Fig. 1. Bond lengths (A), bond angles (°) and a view along the plane of the benzene ring showing
the conformation and relative orientation of the molecules. The estimated standard deviations

are 0.003—0.004 A for the bond lengths and 0.2—0.3° for the bond angles.

Acta Chem, Scand. B 31 (1977) No. 9
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differences in geometry between the pyran
rings in the two structures, are the opening of
the C7—C2-01 angle from 118.7 (7)° in
THCAB to 123.2 (3)° in this structure and the
closing of the C2—01-—Cl4 angle from 122.3
(7)° in THCAB to 117.4 (3)° in this structure.
The dihedral angle C8 —C13—C14— 01, which
was calculated (Westheimer calculations) by
Archer et al.’® to be 56° in A°-THC, is here
65.0(3) and in THCAB 60.8 (10)°. The dif-
ferences may be explained by the effects of the
intramolecular hydrogen bond to the pyran
oxygen in THCAB. As in THCAB, the varia-
tions of the bond angles and the deviation from
planarity in the benzene ring (Plane A), in-
dicate strains in the aromatic system. The
phenolic group (015) is bent 0.126 A out of the
plane of the benzene ring and away from the
C9 proton, which is situated only 2.25 A
away from O15. The dihedral angle C8 — C7—
C6—-015 is —4.5°, and the C9-H91---0O15
angle is 121°

In this low temperature determination the
atomic positions in the pentyl side chain are
fixed with low thermal vibrations and normal
C(sp®) — C(sp®) single bond distances and angles.
From the crystal structures of the cannabinoids
hitherto studied: THCAB,* cannabicyclol,
cannabinol,’? cannabidiol,’®* we do not find
any preferred side chain conformation. In this
structure there is a fully extended all-ant:
conformation. Compared to THCAB there is a
rotation of 180° around the C4-—C20 bond,
and the side chain is on the same side of plane
A as the cyclohexene ring (see Fig. 1). Structure
activity relationship studies have shown that
changes in the side chain are of importance
for the psychotomimetic activity. For example,
cannabinoids with a dimethylheptyl side chain
are considerably more active than those with
a pentyl side chain.!* There is therefore good
evidence for the assumption that the side
chain is involved in a stereospecific interaction
with a hydrophobic part of the receptor.
Exactly in what way the 88-OH-4*-THC
molecule will interact with a receptor is not
possible to predict, but if we imagine the
DMF-molecule as a part of the binding site,
we suggest that this complex may represent
the mutual orientation of the molecules also
in a cell membrane.

As seen from Fig. 1 and the packing diagram

Fig. 2. The crystal structure of the complex as
viewed along the b-axis.

in Fig. 2, the 88-OH-4°-THC and the DMF
molecules are kept together by hydrogen bonds
from the g-hydroxylic group to the carbonylic
oxygen in DMF. The O17---025 distance is
2.733(3) A and the O17—-H171:--025 angle
is 146.9°.

The 88-OH-4°THC molecules are also
linked together by hydrogen bonds along the
a-axis with the phenolic group in one molecule
as hydrogen donor and the 8p-hydroxylic
oxygen in another as acceptor. The 015:--017
distance is 2.701(3) A and the angle O15—
H151---017 is 163.7°.

Between the columns of 8§-OH-4°-THC
molecules are channels running along the two-
fold axis, into which the DMF molecules fit.
These are very nearly planar with no atoms
more than 0.01 A out of the least-squares plane
through the heavy atoms. Bond angles and
distances agree well with the values observed

Acta Chem. Scand. B 31 (1977) No. 9



in a nitramin.DMF complex studied by Cob-
bledick and Small.1®

There are only van der Waals contacts
between the DMF molecules.

Acknowledgement. We wish to express our
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for supplying the raw material.
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