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We have synthesized hybrids of classical cannabinoids and aminoalkylindoles by combining the
dibenzopyran structure of A$-tetrahydrocannabinol with the ketonaphthyl or 1-naphthylmethyl moieties
found in aminoalkylindoles in order to investigate the role of the ketonaphthyl and 1-naphthylmethyl phar-
macophores in cannabimimetic activity.
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Introduction. respectively [7]. To test this hypothesis, we synthesized
hybrids of classical cannabinoids and aminoalkylindoles
by combining the dibenzopyran structure of A8-tetrahy-
drocannabinol with the ketonaphthyl or 1-naphthylmethyl
moieties found in aminoalkylindole analogs as described
in this communication. The synthesis of analogs (1-4),

The major psychoactive component of cannabis,
AS-tetrahydrocannabinol, as well as the putative endoge-
nous ligand for the cannabinoid receptor, anandamide [1]
mediate their cellular effects through a specific G protein-
coupled receptor in the brain (CB1) [2]. Recently a novel
cannabinoid receptor, designated as CB2 has been
described [3]. The CB2 subtype was shown to be
expressed in the spleen and may be involved in cannabi- OMe ' OMe
noid-mediated immune response. O O fones Q
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The need for establishing structure-activity relationships
for cannabinoid activity led to the synthesis of numerous MO
classical-cannabinoid analogs with high cannabimimetic OH
activity [4] and several 3-arylcyclohexanol, non-classical 5
cannabinoids, such as CP-55,940 [5]. More recently, sev- OMe
eral aminoalkylindole analogs such as WIN-55212-2 with
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no obvious structural similarity to the cannabinoids were O O _ BBr3, 78°C O Q
shown to possess cannabimimetic properties [2,6]. These ~ Me0” ™ X CH,CLy, 0.04M HO™ ™ X
aminoalkylindole analogs display excellent cannabinoid J \/
activity in vitro, as well as, in vivo and appear to bind at 7 85% 8 75%
the same site of the cannabinoid receptor.

The most potent of the aminoalkylindole analogs share SH
three common features: (a) an indole ring system; (b) a
tertiary amine moiety; and (c) an a-naphthoyl group. In A PTsA
contrast, the potent classical cannabinoid analogs contain: t, CsHe, 0.108M AgNO;3

(a) a phenolic moiety; (b) a cyclohexyl ring; and (c)a v BFyELO 90% EtOH, 0.06M, rt
hydrophobic side chain. . CH;Clz. 0.033M

Recently, when investigating the pharmacophoric simi-
larities between the aminoalkylindole analogs and the
classical cannabinoid analogs, by using 2D nmr spectro-

scopy in combination with computer-assisted molecular

modeling, we proposed a model in which the naphthoyl, ’:foi
morpholino, and 3-keto groups in the aminoalkylindole 0.15M, -10°C

analogs, correspond to the side chain, cyclohexyl ring and
phenolic hydroxyl of the classical cannabinoid analogs,
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(Schemes 1 and 2) and their in vitro pharmacological
evaluation will help to explore the structural requirements
for cannabinoid activity and serve as a basis for future
drug design.

Results and Discussion.

All of the A8-tetrahydrocannabinoid analogs were syn-
thesized by the condensation of (+)-cis/trans-p-mentha-
2,8-dien-1-ol with the appropriately substituted resorcinol
by the sequential treatment with p-toluenesulfonic acid
and boron trifluoride etherate. The aromatic coupling
partner 8 was prepared from commercially available
3,5-dimethoxybenzaldehyde by a four step reaction
sequence as depicted in Scheme 1. The initial Grignard
reaction between 1-naphthalenemagnesium bromide and
3,5-dimethoxybenzaldehyde provided hydroxy compound
5 in 90% yield. Treatment of 5 with Jones' reagent at
room temperature, followed by exposure of the resulting
ketone 6 to 1,2-ethanedithiol in the presence of borontri-
fluoride etherate resulted in the formation of 2-[3,5-
dimethoxybenzene]-2-[naphthyl]-1,3-dithiolane (7). The
methoxy linkages of 7 were cleaved with boron tribro-
mide in methylene chloride to afford 2-[3,5-dihydroxy-
benzene]-2-[naphthyl]-1,3-dithiolane (8) in 75% yield.
Finally condensation with (+)-cis/trans-p-mentha-2,8-
dien-1-ol provided the cannabinoid derivative 1.

Compound 1 lent itself to conversion to cannabinoid
analogs 2 and 3. Thus cleavage of the 1,3-dithiolane pro-
tecting group with silver nitrate [8] afforded 3-ketonaph-
thyl derivative 2, which was subsequently reduced to the
corresponding cannabinoid analog 3 in 78% yield.

For the preparation of the resorcinol derivative 9
(Scheme 2), substitution of the hydroxyl group by hydro-
gen via the corresponding iodo intermediate was initially
planned. However, the direct replacement of the hydroxyl
by iodine according to the well known triphenylphos-
phine/iodine/imidazole method, when performed in the
absence of imidazole [9], afforded the naphthylmethy!l
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compound 9 in 94% yield. Dimethyl ether cleavage, fol-
lowed by condensation with (+)-cis/trans-p-mentha-2,8-
dien-1-ol generated the target cannabinoid 4.

The cannabinoids 1-4 were evaluated in vitro by using
standard cannabinoid assays as described by Compton
[10]. All analogs were found to possess cannabimimetic
activity although their potencies were lower than those of
the parent cannabinoid A8-tetrahydrocannabinol. These
results will be described in more detail elsewhere.

EXPERIMENTAL

All reactions were carried out under scrupulously dry conditions
with magnetic stirring. Organic phases were dried over anhydrous
sodium sulfate and evaporated under reduced pressure. Silica gel
(grade 60, 200-400 mesh, E. Merck, Germany) and (ASTM 150-
230 mesh, E. Merck, Germany) was used for flash and gravity col-
umn chromatography respectively. All compounds were demon-
strated to be homogeneous by analytical tlc on precoated silica gel
tlc plates (grade 60, F254, E. Merck, Germany), and chrom-
atograms were visualized by phosphomolybdic acid staining. The
IH nmr spectra were recorded on a Bruker AC 300 spectrometer
operating at 300 MHz and are reported in units of & relative to
internal chloroform at 7.24 ppm. All nmr spectra were recorded in
deuteriochloroform unless otherwise stated. Analyses indicated by
the symbols of the elements were carried out by the microanalyti-
cal section of the Institute of Organic and Pharmaceutical
Chemistry of the National Hellenic Research Foundation.

o-(3,5-Dimethoxybenzene)-a-(1-naphthalene)methanol (5).

3,5-Dimethoxybenzaldehyde (0.60 g, 3.61 mmoles) was dis-
solved in dry tetrahydrofuran (7.22 ml), an argon atmosphere
was secured and the flask cooled to -78°. 1-Naphthalene-
magnesium bromide [prepared from 1-bromonaphthalene (1.5
ml, 10.83 mmoles) and Mg turnings (0.263 g, 10.83 mmoles) in
dry tetrahydrofuran (20 ml)] was added and stirring continued
for 4 hours at -60°. Upon completion the reaction was quenched
by the addition of saturated ammonium chloride (10 ml). The
reaction mixture was extracted with ethyl acetate (3 x 20 ml),
washed with saturated ammonium chloride (2 x 10 ml), brine
(10 ml), dried (anhydrous sodium sulfate) and evaporated.
Purification by flash column chromatography (20% diethyl
ether-petroleum ether as eluent) provided 0.95 g of compound 5
(90%) as an oil; 'H nmr (300 MHz, deuteriochloroform): & 8.09-
8.05 (m, 1H, naphthalene proton), 7.86-7.78 (m, 2H, naphtha-
lene protons), 7.58 (d, J = 7 Hz, 1H, naphthalene proton), 7.48-
7.43 (m, 3H, naphthalene protons), 6.57 (d, J = 2.1 Hz, 2H,
phenyl protons), 6.44 (broad s, 1H, CHOH), 6.36 (t, J= 2.1 Hz,
1H, phenyl proton), 3.73 (s, 6H, OMe), 2.36 (broad s, 1H, OH).

Anal. Caled. for CgH,;305: C, 77.52; H, 6.16. Found: C,
78.00; H, 6.13.

1-(3,5-Dimethoxybenzoyl)naphthalene (6).

a-(3,5-Dimethoxybenzene)-o.-(1-naphthalene)methanol (5)
(0.11 g, 0.38 mmole) was dissolved in acetone (1 ml). To this
cold (0°) solution was added a solution of Jones' reagent (0.53
ml, prepared from 7 g of chromium(VI) oxide, 50 ml water and
6.1 ml of concentrated sulfuric acid). The reaction mixture was
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stirred at room temperature for 0.5 hour. Upon completion the
reaction mixture was quenched by the addition of propan-2-ol
(1 ml), diluted with ethyl acetate (20 ml) and the organic phase
washed with 20% aqueous sodium bisulfite (2 x 5 ml), water
(5 ml), brine (5 ml), dried (anhydrous sodium sulfate) and evapo-
rated. Purification by flash column chromatography (30% diethyl
ether-petroleum ether) yielded 104 mg of compound 6 (95%) as
an oil; 1H nmr (300 MHz, deuteriochloroform): & 8.1-8.0 (m, 1H,
naphthalene proton), 7.97-7.92 (m, 1H, naphthalene proton),
7.91-7.89 (m, 1H, naphthalene proton), 7.59-7.47 (m, 4H, naph-
thalene protons), 7.00 (d, J = 2.2 Hz, 2H, phenyl protons), 6.68
(t, J = 2.2 Hz, 1H, phenyl proton), 3.80 (s, 6H, OMe).

Anal. Calcd. for CjgH;¢03: C, 78.06; H, 5.52. Found: C,
78.00; H, 5.57.

2-[3,5-Dimethoxybenzene]-2-{1-naphthyl]-1,3-dithiolane (7).

Ketone 6 (0.109 g, 0.373 mmole) was dissolved in methylene
chloride (1.5 ml) and 1,2-ethanedithiol (0.087 ml, 1.05 mmoles)
was added, followed by borontrifluoride etherate (0.028 mi, 0.24
mmole). The solution was stirred at room temperature overnight
and at completion a saturated solution of sodium hydrogen carbon-
ate (1 ml) was added. The mixture was diluted with diethyl ether
(20 ml). The organic layer was washed with water (5 ml), brine
(2 x 5 ml), dried (anhydrous sodium sulfate) and evaporated to
afford 117 mg of compound 7 (85%) sufficiently pure for the fol-
lowing step; 'H nmr (300 MHz, deuteriochloroform): & 8.38 (d,
J = 7.3 Hz, 1H, naphthalene proton), 7.79-7.69 (m, 3H, naphtha-
lene protons), 7.47-7.22 (m, 3H, naphthalene protons), 6.74 (d,J =
2.1 Hz, 2H, phenyl protons), 6.27 (t, J = 2.1 Hz, 1H, phenyl pro-
ton), 3.66 (s, 6H, OMe), 3.53-3.28 (m, 4H, SCH,CH,S).

Anal. Caled. for Cy1H,00,S,: C, 68.45; H, 5.47. Found: C,
68.73; H, 5.42.

2-[3,5-Dihydroxybenzene]-2-[1-naphthyl}-1,3-dithiolane (8).

Boron tribromide (0.6 ml, 6.25 mmoles) was added to a solu-
tion of 2-[3,5-dimethoxybenzene]-2-[1-naphthyl]-1,3-dithiolane
(7), (0.86 g, 2.33 mmoles) in methylene chloride (58 ml) at -78°
under an argon atmosphere. Following the addition of boron tri-
bromide the reaction temperature was raised gradually over a
period of 3 hours to -30°. Stirring was continued at that tempera-
ture until completion of the reaction (48 hours). Unreacted
boron tribromide was destroyed by addition of methanol at -78°.
The methylene chloride was removed in vacuo and the residual
oil was diluted with ethyl acetate. The solution was washed with
saturated sodium hydrogen carbonate (2 x 20 ml), water (2 x 10
ml) and brine (2 x 20 ml). The organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo.
Purification by flash column chromatography (50% diethyl
ether-petroleum ether as eluent) gave 600 mg of compound 8
(75%); oil; 'H nmr (300 MHz, deuteriochloroform): 8 8.37 (d, J
= 7.2 Hz, 1H, naphthalene proton), 7.79-7.76 (m, 2H, naphtha-
lene protons), 7.7 (d, J = 8.5 Hz, 1H, naphthalene proton), 7.47-
7.24 (m, 3H, naphthalene protons), 6.61 (d, J = 2.2 Hz, 2H,
phenyl protons), 6.10 (t, J = 2.2 Hz, 1H, phenyl proton), 5.05
(broad s, 2H, OH), 3.49-3.29 (m, 4H, SCH,CH,S).

Anal. Caled. for C1gH;60,S5: C, 67.05; H, 4.74. Found: C,
6737, H, 4.98.

2-[1-Hydroxy-6a,7,10,10a-tetrahydro-6,6,9-trimethyl-6 H-
dibenzo[b,d]pyran-3-yl]-2-[ 1-naphthyl]-1,3-dithiolane (1).

To a solution of resorcinol 8 (0.51 g, 1.5 mmoles) in dry ben-
zene (14.0 mi) at 25° under an argon atmosphere was added

Pharmacophoric Requirements for Cannabinoid Side Chains 561

(+)-cis/trans-p-mentha-2,8-dien-1-ol (0.285 g, 1.87 mmoles), fol-
lowed by the addition of p-toluenesulfonic acid (0.053 g, 0.28
mmole). The reaction mixture was stirred at 25° for 0.5 hour at
which time thin-layer chromatography indicated the complete con-
sumption of starting materials. The reaction mixture was diluted
with ether. The ethereal solution was washed with saturated
sodium hydrogen carbonate, water, brine and dried over anhydrous
sodium sulfate. Evaporation of the solvent followed by flash col-
umn chromatography (10% diethy! ether-petroleum ether) pro-
duced 0.707 g of cannabidiol. To a solution of this cannabidiol
(0.707 g, 1.49 mmoles) in anhydrous dichloromethane (44 ml) was
added borontrifluoride etherate (0.67 ml, 5.33 mmoles) at 0°.
Following the addition, the reaction mixture was stirred at 25° for
4 hours, at which time tlc indicated the dissappearance of starting
material. The reaction was quenched by the addition of a saturated
solution of sodium hydrogen carbonate, concentrated in vacuo and
diluted with ethyl acetate (100 ml). The organic layer was washed
with water (15 ml), brine (2 x 15 ml) and dried over anhydrous
sodium sulfate. Solvent evaporation and purification by flash col-
umn chromatography (10% diethyl ether-petroleum ether as elu-
ent) provided cannabinoid analog 1. The overall yield from 8 was
424 mg (60%); 'H nmr (300 MHz, deuteriochloroform): & 8.37 (4,
J =73 Hz, 1H, naphthalene proton), 7.76 (t, J = 7 Hz, 3H, naph-
thalene protons), 7.45-7.22 (m, 3H, naphthalene protons), 6.73 (d,
J = 1.7 Hz, 1H, phenyl proton), 6.40 (d, J = 1.7 Hz, 1H, phenyl
proton), 5.38 (d, J = 3.4 Hz, 1H, Hg), 4.8 (s, 1H, OH), 3.48-3.29
(m, 4H, SCH,CH,S), 3.28-3.26 (dd, J = 10 and 2 Hz, 1H, Hyqy),
2.7-2.59 (m, 1H, H;g,), 2.19-2.08 (m, 1H, Hy), 1.85-1.7 (m, 3H,
Heq H7, Hygp), 1.64 (s, 3H, CHs), 1.3 (s, 3H, CH3), 1 09 (s, 3H,
CH,3); ms: m/z 475 (M+1).

Anal. Caled. for CygH390,S5: C, 73.39; H, 6.37. Found: C,
73.46; H, 6.59.

1-Hydroxy-6a,7,10,10a-tetrahydro-6,6,9-trimethyl-6 H-dibenzo-
[b,d]pyran-3-yl 1-Naphthyl Ketone (2).

To a stirred solution of 1 (46 mg, 0.096 mmole) in 90%
ethanol (1.6 ml) at 25°, was added a solution of silver nitrate (42
mg, 0.24 mmole) in water (0.25 ml). The reaction mixture was
stirred at room temperature for 3 hours. At completion the pre-
cipitate was removed, washed with ethyl acetate and the filtrate
was further diluted with ethyl acetate. The acetate solution was
washed with brine and dried over anhydrous sodium sulfate.
Solvent evaporation and purification of the residue by flash col-
umn chromatography (15% diethyl ether-petroleum ether as elu-
ent) afforded 28 mg of the cannabinoid analog 2 (73%), oil; 1H
nmr (300 MHz, deuteriochloroform): & 8.05 (d, J = 8.5 Hz, 1H,
naphthalene proton), 7.97 (d, J = 8 Hz, 1H, naphthalene proton),
7.9-7.87 (m, 1H, naphthalene proton), 7.58-7.45 (m, 4H, naph-
thalene protons), 7.12 (d, J = 1.5 Hz, 1H, phenyl proton), 6.75
(d, J = 1.5 Hz, 1H, phenyl proton), 5.85 (broad s, 1H, OH), 5.41
(d, J = 3.3 Hz, 1H, Hy), 3.29-3.26 (dd, J = 10 and 2 Hz, 1H,
Hjge)» 2.78-2.7 (m, 1H, Hyg,), 2.26-2.10 (m, 1H, Hy), 1.92-1.7
(m, 3H, Heq, Hy, Hygp). 1.67 (s, 3H, CHy), 1.32 (s, 3H, CHy),
1.06 (s, 3H, CHj); ms: m/z 399 (M+1).

Anal. Caled. for Co7H,¢05: C, 81.37; H, 6 58. Found: C,
81.00; H, 6.74.

o-(1-Hydroxy-6a,7,10,10a-tetrahydro-6,6,9-trimethyl-6 H-
dibenzo[b, d]pyran-3-yl)-a-(1-naphthyl)methanol (3).
Cannabinoid derivative 2, (46 mg, 0.114 mmole) was dis-

solved in methanol (0.78 ml) and the mixture cooled to -10°.
Sodium borohydride (8.8 mg, 0.23 mmole) was added in one
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portion and stirring continued at -10° for 2 hours, whereupon the
reaction was quenched by the addition of a saturated solution of
ammonium chloride. The mixture was concentrated in vacuo to
remove most of the methanol. The residue was extracted with
ethyl acetate (3 x 5 ml), and the organic phase washed with
water (5 ml), brine (5 ml), and dried over anhydrous sodium sul-
fate. Filtration, evaporation and purification by flash column
chromatography (30% diethyl ether-petroleum ether as eluent)
yielded 36 mg of cannabinoid analog 3 (78%); oil; 1H nmr (300
MHz, deuteriochloroform): 6 8.03 (m, 1H, naphthalene proton),
7.87-7.78 (m, 2H, naphthalene protons), 7.69-7.66 (m, 1H,
naphthalene proton), 7.5-7.42 (m, 3H, naphthalene protons), 6.5
(d, J = 1.3 Hz, 1H, phenyl proton), 6.36 (d, J = 1.3 Hz, 1H,
phenyl proton), 6.29 and 6.26 (broad s, 0.5H each, CHOH), 5.4
(d, I = 3.2 Hz, 1H, Hg), 4.73 (broad s, 1H, OH), 3.18-3.13
(m, 1H, Hypy), 2.77-2.66 (m, 1H, Hyp,), 2.26-1.70 (m, 4H, Hg¢,,,
Hj, Hygp), 1.68 (s, 3H, CH3), 1.32 (s, 3H, CH3), 1.07 (s, 3H,
CH3); ms: m/z 401 (M+1).

Anal. Calcd. for Cy7H,505: C, 80.96; H, 7.05. Found: C,
81.46; H, 7.31.

1,3-Dimethoxy-5-(1-naphthylmethyl)benzene (9).

To a refluxing solution §, (50 mg, 0.17 mmole) and tri-
phenylphosphine (116.3 mg, 0.443 mmole) in dry toluene (0.85
ml), iodine was added (112.5 mg, 0.443 mmole). Heating was
continued for 1 hour, then five drops of anhydrous ethanol was
added. The mixture was allowed to cool to room temperature,
decanted and the residue was washed with ethyl acetate (2 x 10
ml). The combined organic extracts were washed with a satu-
rated solution of sodium thiosulfate (5 ml), water (5 ml), brine
(5 ml), dried, filtered and the solvent was evaporated.
Purification by flash column chromatography (10% diethyl
ether-petroleum ether as eluent) provided 44 mg of 9 (94%
yield), oil; 'H nmr (300 MHz, deuteriochloroform): & 7.99-7.97
(m, 1H, naphthalene proton), 7.85-7.83 (m, 1H, naphthalene
proton), 7.81-7.72 (m, 1H, naphthalene proton), 7.45-7.40
(m, 3H, naphthalene protons), 7.39-7.26 (m, 1H, naphthalene
proton), 6.36 (d, J = 1.8 Hz, 2H, phenyl protons), 6.30 (d, J = 1.8
Hz, 1H, phenyl proton), 4.36 (s, 2H, -CH,-), 3.70 (s, 6H, OMe),
ms: m/z 279 (M+1).

1,3-Dihydroxy-5-(1-naphthylmethyl)benzene (10).

Boron tribromide (0.26 ml, 2.7 mmoles) was added to a solu-
tion of 1,3-dimethoxy-5-(1-naphthylmethyl) benzene (9), (250
mg, 2.33 mmoles) in methylene chloride (22.5 ml) at -78° under
an argon atmosphere. Following the addition of boron tribro-
mide the reaction temperature was raised gradually over a period
of 3 hours to 0°. Stirring was continued at that temperature until
completion of the reaction (12 hours). Unreacted boron tribro-
mide was destroyed by addition of methanol (3 ml). The methyl-
ene chloride was removed in vacuo and the residual oil was
diluted with ethyl acetate (50 ml). The solution was washed with
saturated sodium hydrogen carbonate (2 x 10 ml), water (2 x 10
ml) and brine (2 x 10 ml). The organic layer was dried over
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anhydrous sodium sulfate, filtered and concentrated in vacuo.
Purification by flash column chromatography (40% diethyl
ether-petroleum ether as eluent) gave 192 mg of compound 10
(85%), oil; 'H nmr (300 MHz, deuteriochloroform): & 8.06-7.91
(m, 1H, naphthalene proton), 7.90-7.88 (m, 1H, naphthalene
proton), 7.82-7.79 (m, 1H, naphthalene proton), 7.47-7.37
(m, 4H, naphthalene protons), 6.20 (s, 3H, phenyl protons), 4.30
(s, 2H, -CH,-), 2.05 (broad s, 1H, OH); ms: m/z 251 (M+1).

1-Naphthylmethyl A8-Tetrahydrocannabinol (4).

This compound was prepared according to the method we fol-
lowed for the preparation of the cannabinoid analog 1, oil; 1H nmr
(300 MHz, deuteriochloroform): & 7.99-7.96 (m, 1H, naphthalene
proton), 7.85-7.82 (m, 1H, naphthalene proton), 7.76-7.73 (m, 1H,
naphthalene proton), 7.45-7.30 (m, 4H, naphthalene protons), 6.33
(s, 1H, phenyl proton), 6.00 (s, 1H, phenyl proton), 5.41 (d, J =
3.2 Hz, 1H, Hg), 4.64 (s, 1H, OH), 4.26 (s, 2H, -CH,-), 3.17 (dd,

= 10 and 2 Hz, 1H, H,q,), 2.76-2.67 (m, 1H, H,g,), 2.21-2.09
(m, 1H, H), 1.85-1.70 (m, 3H, Hg¢,, H,, Hyop), 1.67 (s, 3H, CHy),
1.34 (s, 3H, CHs,), 1.08 (s, 3H, CHj3); ms: m/z 385 (M+1).

Anal. Calcd. for Cp7H40,: C, 84.34; H, 7.34. Found: C,
84.84; H, 7.76.
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