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Abstrad: Molecular modeling has been employed to design a new group of cannabimimetic l-alkyl-2-methyl-
3-(1-naphthoyl)indoles. Cannabinoid activity was evaluated in vivo in the mouse and in vitro by determining
the binding to the cannabinoid receptor. Maximum activity was found for the l-butyl, pentyl and hexyl
analogs. A rationalization for the alignment of these indoles with traditional cannabinoids is presented.

In the thiny years since Gaoni and Mechoulam described the isolation and elucidation of structure of 1l9-

TIlC (1.1l9-tetrahydrocannabinol)1 a comprehensive set of structure activity relationships for cannabinoids has
been developed.2 In the past few years, however, several nontraditional cannabinoids have been prepared,
which include infer alia, a series of 3-arylcyclobexanols, such as CP-55,940 (2) and related compounds.I
Although structural similarities between mc (1) and analog 2 are apparent, several cannabimimetic
aminoalkylindoles have been described recently which bear no obvious structural resemblenee to other active
cannabinoids.f The most active of these indoles is WIN-55,212 (3), which acts in vitro at the same binding
site as THC4 and shows in vivo activity in the mouse model which is comparable to THC.s A three point
receptor model for cannabinoids has been suggested, 6which has been modified by calculations which define a
receptor essential volume for the cannabinoid receptor." Inherent in all approaches to the structural
requirements for cannabinoid activity is the presence of a phenolic hydroxyl group at C-l, and a lipophilic side
chain at C-3.2•6•7 Indole 3 does not contain a phenolic hydroxyl, nor is it obvious which portion of this
molecule corresponds to the lipophilic side chain present in active cannabinoids described previously,

To reconcile the structural features inherent in indole 3 with those of more traditional cannabinoids, and
perhaps to develop other cannabimimetic indoles, a study was initiated using the program PCModel. 8 The
structure of THC was simplified by reducing the length of the side chain to four atoms. and the morpholine unit
of indole 3 was changed to a dimethyl amino. For mc the nonaromatic rings were assumed to be in the half
chair conformation, and side chain conformations within 1 KcalJmole of the apparent global minimum were
considered. For indole 3 several rotational isomers about the bonds to the carbonyl carbon and the aromatic
rings were investigated, and the minimum energy conformation of the dimethylamino (morpholino) group was
employed. Various atoms of the ring systems were compared and the relative alignments of the lipophilic side
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chains and appropriate portions of indole 3 were compared visually. The best fit was found to be the alignment 

indicated in structures 1 and 3, in which the 1,2,3,9 and 10 carbons and phenolic oxygen of the cannabinoid 

correspond with the corresponding carbons and ketonic oxygen of the indole (The lettering indicated on 

structures 1 and 3 indicates which atoms were aligned for comparison.). When the structures were super- 

imposed using this alignment, the side chain of the cannabinoids and the nitrogen substituent of the indole 

corresponded well with each other. 

CH3 

3 4 5 

If the indole nitrogen in cannabimimetic indoles corresponds to C-l’ of cannabinoids and the 

substituent on the nitrogen corresponds to the remaining atoms of the side chain, it is predicted that 1-alkyl-Z 

methyl-3-(1-naphthoyl)indoles such as 4 should show cannabinoid activity. Modeling studies identical to those 

described above were carried out using 1, again with a n-butyl substituent at C-3, and 4, R=n-C3H7. Excellent 

correspondence between the cannabinoid side chain and the nitrogen substituent of 4 was observed. A 

corollary to this hypothesis is that the naphthoyl substituent, or an alternative group which occupies a similar 

region in space is essential to cannabinoid activity.5.7 

To test this hypothesis a series of acyl indoles related to 4 containing various substituents on nitrogen as 

well as two indoles related to 5 possessing 3-acyl-2-methyl-l-(4morpholinoethyl) structures have been 

prepared and their pharmacology has been evaluated. The 3-acylindoles (R=CI-I3 and R=(CH&+CH) were 

prepared by Friedel-Crafts acylation of 2-methyl- 1-(4-morpholinylethyl)~d~e.9~t~ Indole derivatives 4 (Table 

1) were prepared from 2-methyl-3-(1-naphthoyDindole9 and the appropriate alkyl halide or tosylate. For 

primary groups alkylation was carried out using KOH in DMSO and the appropriate alkyl bromide. The 2- 

heptyl derivatives were prepared from the corresponding tosylates with KH in DMSO. The unoptimized yields 



Cannabimimetic indoles 565 

with primary halides were from 38% to 54% ; however the 2-heptyl derivatives gave elimination as the major 

reaction path and the purified alkylation products were obtain& in only 17% to 19% yield 

All of the indoles were evaluated in virro by measuring their ability to displace [3Hl CP-55,940 (2) from 

its binding site in a membrane preparation as described by Compton er al.11 The KI values for the indole 

derivatives, CP-55,940 (2). Ag-THC (1) and WIN-55.212 (3) are presented in Table 1. Several of the indole 

derivatives were also evaluated in vivo in a mouse model of cannabimimetic activity.5*12 These evaluations 

include measures of spontaneous activity, andnociception, hypothermia, and catalepsy. It has been shown that 

an average of the EDso values for these four behavioral procedures correlate well with K$t and the in vivo data 

in Table 1 are presented as these averages. Data for compounds 1,2 and 3 are also included in Table 1. 

Table 1. Ph armacology of Indoles 4 and 5, and Cannabinoids 1,2 and 3. 

Entry Compound KI (nM) in vivo (ED% pM/Kg) 

1 4 R = 2-Phenylethyl 125Ozt250 >257 

2 4 R = 2-Cyclohexylethyl 46f13 65.8 

3 4 R = n-Propyl 164ti2 not det. 

4 4 R = n-Butyl 22f1.5 not det. 

5 4 R = n-Pentyl 9.5f4.5 2.62 

6 4 R = n-Hexyl 48f13 14.0 

7 4 R = n-Heptyl >lO.OOO ~189 

8 4 R = RS-2 Heptyl 33fll 35.6 

9 4 R = R-2-Heptyl 81f41 21.5 

10 4 R = S-ZHeptyl 72f32 not det. 

11 SR-CH3 >lO.OOO >350 

12 5 R = (CH3)$J=CH >lO,OOO >103 

13 1 A9-THC 41a 4.7oa 

14 2 CP-55,940 0.9248 0.55c 

15 3 WIN-55,212 24d 6.53b 

. Ref. 11. b. Ref. 5. c. Ref 12(b). d. Ref. 15. not da. = not deteamined. 

As predicted by the hypothesis developed using PCModel those 3-acylindoles (5) which lack a naphthoyl 

substituent at C-3, were devoid of cannabmoid activity (entries 11, 12). However, in agreement with the hy- 

pothesis, the 1-alkylindoles in which the nitrogen substituent provides a chain of four to six carbons show both 

in vitro and in vivo activity comparable to both THC and WIN-55,212 (entries 4 -10, 13, 15). It is known that 

in traditional cannabiiids activity normally requires a side chain of four to seven carbons.h Since the 

modeling studies indicate that the indole nitrogen corresponds to C-l’ of the cannabiioid, then these results are 

consistent with the theory of structural alignment proposed above. It is also interesting to note that the racemic 

1-(2heptyl) analog and both enanriomers have the same (within experimental error) in vitro activity (entries 8 - 

10). Also, the n-heptyl derivative (entry 7) is devoid of activity, although the next lower homolog is quite 

active. The n-heptyl compound would correspond to an octyl side chain on a traditional cannabinoid and 

consequently would be expected to have little, if any, activity. 
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In a recent publication, Semus and Martin have concluded, on the basis of modeling studies, that the 

phenolic hydroxyl group of cannabinoids hydrogen bonds to the receptor.13 However, in neither the indoles 

described in Table 1, nor WIN-%,212 can this occur. It appears quite probable that in both ~nnabi~~tic 

indoles, and possibly traditional cannabinoids, that the receptor serves as a hydrogen bond donor to the 

cannabimoid, similar to the mechanism prolxxd and evaluated by Reggio et aLI 

In suck, modeling experiments have been employed to design a new group of c~~a~~c indoles 

which possess activity comparable to that of traditional cannabinoids. These readily available compounds 

demonstrate this activity both in vitro and in vivo, provide additional evidence that the cannabinoid receptor 

hydrogen bonds to the substrate, and suggest a possible structural alignment between cannabimimetic indoles 

and traditional cannabinoids. 
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