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The Crystal and Molecular Structure of Cannabidiol
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The structure of cannabidiol, C,H,0,, has
been determined by X-ray methods using 2046
reflections collected by counter methods. The
compound crystallizes in the space group P2,
with two molecules in the asymmetric unit.
Cell dimensions are: a=10.644(5) A, b=
10.667(2) A, c=17.323(5) A, A=95.42(3)°.
The structure model was refined to a conven-
tional R of 0.073. The cyclohexene ring is in
the half-chair conformation. The aryl and the
isopropenyl substituents are quasi-equatorial
and the conformation around the pivot bonds
are syn-periplanar relative to the quasi-axial
protons. The main difference between the two
molecules in the asymmetric unit is in the
conformation of the pentyl side-chain. The
molecules are kept together mainly by van der
Waals forces. There is only one hydrogen bond
[2.861(8) A] which connects the phenolic
groups in the two molecules in the asymmetric
unit.

Cannabidiol (CBD, 1) is the biogenstic precursor
of (—)4°-tetrahydrocannabinol (4°-THC, 2),
which is the major psychotomimetic constituent
in hashish. Cannabidiolic acid (CBDA) was the
first cannabinoid to be studied! and is the
predominant cannabinoid in nature.:®* CBD
is psychotomimetically inactive, but it is re-
ported ¢ that it will interfere with some of the
actions of 4°THC when given in combina-
tion. It is also known that CBD potentiates

* Present address: National Institute of Public
Health, Postuttak, Oslo 1, Norway.

barbiturates * and is antibiotic to Gram-
positive bacteria in vitro.%

‘We have earlier studied the three-dimensional
structures of cannabinoids with a pyran ring
(4°-THC Acid B,” 8-8-hydroxy-4°-THC® and
cannabinol ?), and in view of the increasing
interest in and importance of cannabinoids
which do not possess a pyran ring, we found
it of importance to undertake this investiga-
tion (see note on p. 811).

EXPERIMENTAL AND STRUCTURE
DETERMINATION

A crystal of extreme dimensions 0.24 x
0.38 x 0.44 mm was selected for the crystal-
lographic work. A computer-controlled Syn-
tex P1 four-circle diffractometer with graphite-
monochromatized MoKe radiation was utilized
in the preliminary experiments and the col-
lection of intensity data. The axial solutions
(computer program written by R. Sparks,
part of the diffractometer program library)
from the angular coordinates of fifteen reflec-
tions implied a monoclinic system. The sys-
tematic absences found in a fast low-angle data
collection indicated the space group P2, or
P2,/m with four molecules in the unit cell.
For the optically active compound this uniquely
determines the space group to be P2, with two
molecules per asymmetric unit, which will
be denoted A and B, respectively. Unit cell
dimensions and their standard deviations were
determined by a least-squares treatment of the
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angular coordinates of fifteen reflections with
20-values between 4 and 16°.

Three-dimensional intensity data were re-
corded using the »—20 scanning mode with
scan speed variable from 3 to 12° min™ de-
pending on the intensity of the reflection, and a
scan area from 26 («,) —0.7° to 20(«x,) + 0.8°.
Background counting time was equal to
0.35 x (scan time) on each side of the scan
area. The temperature was kept constant
within 2° at 23 °C. The variations in the in-
tensities of three check reflections which were
remeasured after every hundred reflections,
were random.

The estimated standard deviations were
taken as the square root of the total counts with
a 2 9 addition of the net intensity for ex-
perimental uncertainties. Of the 2754 sym-
metry-independent reflections measured
(260max =45°), 2046 had intensities larger than
twice their standard deviations. These were
regarded as observed reflections, whereas the
remaining were excluded from further cal-
culations. The intensities were corrected for
Lorentz and polarization effects.!®

The phase problem could not be solved by the
standard MULTAN ! program assembly.
Starting phases were, therefore, generated by
the use of magic integers.)® In the resulting
E-map from the statistically best solution
from the run with starting phases generated
by the use of the four integers 2, 3, 7 and 13,
34 of the 46 nonhydrogen atoms could be
located. The other nonhydrogen atoms were
found by successive Fourier-refinements. The
program used as well as programs subsequently
employed, is part of a local (Oslo) assembly
of computer programs which is described in
Ref. 13. Atomic scattering factors used were
those of Doyle and Turner ** for oxygen and
carbon, and those of Stewart et al.*® for hydro-
gen.

The structure model was refined to a con-
ventional R of 0.13. The introduction of
anisotropic temperature factors for all non-
hydrogen atoms in the least-squares refinement
lowered R to 0.092. Due to the large number
of parameters each molecule (A and B, respec-
tively) was refined successively by <full-
matrix” refinement. At this point the hydrogen
atoms were placed in calculated positions and
included in the structure factor calculation
with estimated isotropic thermal parameters.
The least-squares refinement of all nonhydrogen
atomic parameters converged to a weighted
Ry of 0.074 and an R of 0.073. The weights
used in the refinement were 1/62 (Fs). A final
difference Fourier synthesis showed only spu-
rious peaks of maximum height 0.4 e E".

Atomic parameters for nonhydrogen atoms
are given in Table 1. A list of observed and
calculated structure factors is available upon
request from: Department of Chemistry, Univer-
sity of Oslo, Oslo 3, Norway, as is a list of the
parameters used for hydrogen atoms.

CRYSTAL DATA

Cannabidiol, C,,Hy0;, M =2314.47 amu, space
group P2, a=10.644(5) A, b=10.667(2) A,
c=17.323(5) A, p=95.42°(3), V=1958.2(11)
A3, Z=4, Dy, =1.067 g cm=, F(000)=688.

DISCUSSION

The molecular structure and the atomic
numbering of the two CBD molecules in the
asymmetric unit are shown in Fig. 1, together
with a view along the plane of the aromatic
ring showing the conformation. Selected di-
hedral angles are given in Table 2. The absolute
configuration was arbitrarily chosen (S,S
shown). By chemical synthesis® the absolute
configuration of the naturally occuring (—)-
CBD has been shown to be R,R. A list of bond
lengths and bond angles is available from the
authors upon request. The estimated standard
deviations in bond lengths and bond angles
are 0.01 A and 0.7—1.0° respectively, except
for the side-chains where the e.s.d.’s are 0.02—
0.03 A and 2-3°. Except for some abnormal

Fig. 1. The molecular structure and the atomic
numbering of the two molecules in the asym-
metric unit. The upper part of the figure is a
view down on the plane of the phenyl ring and
the lower part along the plane.
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Table 2. Dihedral angles (°). The angles are positive in a right-hand screw.

Angles (°) A B Angles (°) A B
C2—-C7—-C8—C9 —60.1(9) — 51.4(10) C2—-C7—-C8~C13 64.6(9) 73.5(9)
C7—C08—C9—C10 145.2(8) 133.4(9) C13—C8—C9—C10 18.1(11) 7.5(12)
C8—-C9—-C10-C11 —2.0(13) 5.1(14) C9—-C10—-Cl11—-C12 17.6(13) 17.9(12)
C10—-C11-C12—-C13 —49.2(11) —52.6(10) C11—-C12—-C13—-C8 65.3(9) 65.9(8)
Cl11-C12—-C13—Cl4 —168.9(9) —169.1(8) C12—C13—C8—C9 —48.4(8) —42.6(9)
C12—C13—-C8—C7 —172.9(8)  —167.7(7) C8—C13—Cl14—C17  —106.7(12) —115.4(11)
C12—-C13—-C14—-C17 129.3(12) 120.9(11) C3—C4—-C19—-C20 52.2(11) 69.4(15)
C4—-C19—C20—-C21 —177.8(9) 45.4(22) C19—-C20—-C21—-C22 —173.6(12) —172.7(15)
C20—-C21-C22—-C23 —155.9(35) —171.8(20) C8—C13—-C14—C18 71.2(11) 64.9(12)
C12—-C13—-C14—-C18 —52.6(12) —58.6(13)

Table 3. Deviations from least-squares planes (A x 108). The deviations for those atoms used to define the

plane are given in italicized figures.®

Atom Al Bl Atom A2 B2 Atom A3 B3

01 91 0 Cc7 — 806 —1016 C7 - 2520 —2518
Cc2 32 13 C8 16 -~ 29 C8 —1373 — 12956
C3 —-11 ] Cc9 —20 39 Cc9 —1318 — 1162
C4 —20 -8 C10 -7 6 C10 —200 —18
C6 27 12 Cl11 -2 6 Cl1 1130 1286
Cé ~6 -3 Ci12 416 493 C12 1080 1215
Cc7 —23 —10 C13 — 385 —334 C13 —4 1
C8 - 151 b Cl4 - 270 —116 Cl4 11 -2
015 —47 20 C16 13 -21 C17 —4 1
C19 16 —-23 C18 —4 1

4 Angle between planes Al and A2: 80.3°. Angle between planes Bl and B2: 73.4°.

short bonds in the side-chains [C22A — C23A:
1.07(3) A, and C22B —(C23B: 1.34(3) A] caused
-by the large thermal vibration, the mean
values of bond angles and lengths are normal
within their e.s.d.’s, although there are some
large differences between molecule A and B.

As seen from Fig. 1, the main difference in
conformation between molecule A and molecule
B is found in the side-chain. In molecule A
the chain is fully extended and all-anti while
in B the conformation is gauche around the
C19—C20 bond, with a dihedral angle
C4—C19-C20—-C21 of 45.4(2.2)°. The mean
value of the dihedral angle C3 —C4—C19—C20
is 60.9°. The corresponding angle was approx-
imately 90° in both the two 4°-THC structures
studied.™® The present structure shows that
there is no preferred side chain conformation

in the cannabinoids but that this will be deter-
mined by the packing in a crystal.

The aromatic ring is planar within 0.03 A
in both molecules, but the deviations from the
plane for the atoms directly attached to the
ring are considerably greater in molecule A
than in B (see Table 3, plane Al and Bl).

A comparison of the cyclohexene conforma-
tion in CBD and in 4°-THC clearly demonstrates
the effect of the pyran ring formation. In the
present structure the conformation is closer to
a true C; symmetric half-chair, as observed in
cyclohexene,’” than it was in 4°-THC. The
mean dihedral angle C10—C11—-Cl12-Cl13 in
CBD is 50.9°, while the value observed in
88-hydroxy-4°-THC was 37.7°. The deviation
from the plane through C8-C9-Cl10—-Cll
(plane A2 and B2, Table 4) is +0.41 A and
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—0.39 A for C12 and CI13 in molecule A,
respectively, and +0.49 A and —0.33 A in
molecule B. The -corresponding values in
8f-hydroxy-4°-THC were +0.12 and —0.61 A.

Both the aryl and the isopropenyl groups are
quasi-equatorial substituents on the cyclohexene
ring, and the conformation around the pivot
bonds C7—C8 and C13—Cl4 are syn-clinal.
The torsion angle C2—~C7—-C8—C13 is 64.9(9)°
in molecule A and 73.5(9)° in B. The torsion
angle C8-C13—-C14—C18 is 71.2(9)°. in mole-

Fig. 2. The molecular packing in the unit cell,
as seen down the b-axis.
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cule A and 64.9(10)° in B. This means that the
C6—C7 and C14—C17 bonds are syn-periplanar
relative to the quasi-axial protons on C8 and
C13, respectively. This conformation leads to a
short contact between the phenolic oxygen 015
and the proton on C8. In molecule A this
distance is 2.28 A and in B 2.34 A (assuming
normal C—H bond distance and angle.)

A packing diagram of the crystal is shown
in Fig. 2. The molecules are kept together
mainly by van der Waals forces. Although there
are four free phenolic groups in the asymmetric
unit, only one hydrogen bond is formed.
This is from the phenolic group O1 in molecule
A to the phenolic oxygen O15 in molecule B
in the neighbour cell. The O1A..-O15B distance
is 2.861(8) A. There are no other inter-molecular
contacts between nonhydrogen atoms shorter
than 3.5 A.

Note added in proof. An independent X-ray
crystallographic structure determination of
cannabidiol has been published: Jones, P. G.,
Falvello, L., Kennard, O., Sheldrick, G. M.
and Mechoulam, R. Acta Crystallogr. B 33
(1977) 3211. The results do not differ signifi-
cantly.
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