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It is well docum_ented2 that the main physiologically active principle of marijuana or hashish
is (—)—A1—3,4—E£§g§fTHC (1a). On treatment with acid catalysts, it is isomerized to the thermo-
dynamically more stable AI’G-EzégﬁfTHC (2a) which also occurs naturally in a few varieties of
Cannabis sativa L., and is similar to E£§E§7A1—THC in physiological potency. Of the correspond-

3,4 It is much less

ing compounds with a 3,4-cis-ring fusion only A1—3,4—EE§TTHC (3a) is known.
potent than the trans isomer and has not yet been found in the plant.2 On acid catalysis it is
converted to A%»8-iso-THC (é_)5 which was at one time erroneously regarded as the A1’6—3,4—gi§—
THC (éé).B This cis isomer is heretofore unknown and claims regarding its synthesis have not
been substantiated.2’3’6

In this communication, we describe three unambiguous syntheses of authentic dl—AI’G—SingHC
(6a) and compare the mobility of the double bond in both the cis and the trans isomers of Al-
and AYs6_THC. 1In the first synthesis we have utilized the stereospecific intramolecular epoxide
cleavage by phenolate anion which we reported earlier.la

Thus 3b (Scheme) on oxidation with m-chloroperbenzoic acid in CHZCl2 at 0° gave epoxide 7; §
(CC14) 6.40 (s,2,aromatics), 3.00 (m,2,C2—§)C3—E), 2.28 (s,3,acetate), 1.30 (5’3’C1_CEG)’ 1.23,
1.20 (25,6,C8(C§3)2), 0.90 (t,3,m—C§3), in 80% yield. Under basic hydrolytic conditions the
epoxide was cleaved, as expected, by the phenolate anion to furnish the benzofuran 8 in 90%
yield: & (CClA) 6.00 (s,2,aromatics), 4.73 (d,l,J=9Hz,C2—E), 3.65 (dd,l,J2’3=9Hz,J3’4=6Hz,C3—§),
1.34, 1.30 (2s,6,C8—(C§3)2), 0.90 (t,3,w—C§3), 0.83 (5’3’C1_CES)' The configuration shown for
epoxide 7 is based on the attack of the peracid from the less hindered side and on the sub-
sequent facile trans intramolecular opening of the epoxide to give a 2,3-cis ring junction in

la,7

compound 8. This assignment is supported by the coupling constant of the hydrogens at C

2

8

and C3 (9Hz) . The result of the epoxide opening is unusual in that the oxygen functions in the
product are diequatorial. The reacton probably proceeds by the normal anti periplanar opening to
give initially a boat C ring which then assumes the more stable chair conformation. This con-

clusion is supported by the C -Cga absorption at § 0.83, a high field position caused by the

1
methyl group being in the shielding cone of the benzene ring. Furthermore the assignment of the
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Cl hydroxyl group as equatorials’9 is supported by dehydration results (see below) in which both
the exo (10) and the endo (9) elimination products were obtained.

Dehydration of 8 (HMPA, 240°, 0.25 hr) gave a mixture of 9 and 10 (approx. 3:2 by mmr) which
was used in the subsequent reaction without purification. Treatment with K/NH3 liq. for 1.5 hr
afforded a mixture (7:3 by glc after silylation) of Al- and Al’e—gingHC (3a and 6a, 90% from
8). It was acetylated (acetic anhydride, pyridine at 0°) to give a mixture of acetates which
was separated using high pressure liquid chromatography10 into ghéb and Al’e-gingHC acetate
(6b): & (CClA) 6.48, 6.33 (AB,2,J=2Hz), 5.38 (br,l,C6ﬁ§), 3.05 (br,l,C3-§) 2.23 (s,3,acetate),
1.65 (s,B,Cl—Cga), 1.35, 1.25 (25,6,C8—(C§3)2), 0.92 (t,3,w—C§3). Hydrolysis of 6b with a 2:1
mixture of methanol/1N sodium hydroxide at room temperature furnished Al>6-cis-THC (6a): &
(CClA) 6.12, 5.93 (AB,2,J=2Hz,aromatics), 5.30 (br,l,olefinic), 3.13 (br,l,C3—§), 1.63 (s,3,Cl—
CEB)’ 1.33, 1.25 (23,6,C8—(CH3)2), 0.88 (t,3,w—C§3); mass spectrum (70 eV) m/e (%) 314(22),
299(7), 271(10), 258(6), 246(21), 231(100). The positions of the C8 a—CH3 at § 1.25 and the-
vinylic proton at 8§ 5.30, as well as the conversion of the acetate 6b to Al—gingHC acetate (3b)
(see below) confirm the structure. Furthermore on treatment with p-toluenesulfonic acid (p-TSA)
in boiling benzene, 6a gave A%58-ig0-THC (4) as the major product. AI—EiEfTHC undergoes the
same transformation on acid catalysis.s’ll

In a second synthesis of Al—gingHC acetylation of the known cis-tertiary alcohol ééé (acetic
anhydride, pyridine at 0° for 2 hr, quantitative) gave compound 5b (appropriate nmr). Treatment
of 5b with thionyl chloride in pyridine at 0° for 0.5 hr furnished in quantitative yield a mix-
ture of 3b and 6b (3:2 by glc) which was separated and hydrolyzed as described above to yield
6a.

It was found that Al—gig—THC acetate (3b) under acid catalysis (p-TSA in boiling benzene)
provided substantial quantities of the thermodynamically less stable A1’5—21§7THC acetate (6b)
at equilibrium (ratio of 77:23 respectively). This is contrary to results reported in the

literature5 and constitutes, on hydrolysis, the third synthesis of 6a.
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The equilibrium constants and free energy differences (AG) of the double bond isomers in the
cis and the trans THC's are given in Table 1. The double bond equilibria in these systems are
qualitatively similar to those in the cis and the E£§2§_octalins.12 There are quantitative
differences, however, such as the greater extent to which the Al’e—position is favored in the
trans-THC's. This difference may be due to the steric repulsion between either the phenolic OH
and the CZ—H,5a or the C3—H and the C8 axial—CH3 group,13 or to both interactions. The role
that steric factors play in these equilibria is presently under investigation.

Compound 6a showed no CNS activity in mice up to 25 mg/kg iv.

TABLE 1
k
Reaction(a) K(-El——) AG (Kcal/mole)
-1
kl
3b —— 6b 0.30 0.85
k
-1
b —— 2b 13.3 -1.82
<
la —> 2a 13.3 -1.82
<

(a) Equilibrations of the isomers were effected as .0l molar solutions in refluxing benzene
using p-TSA as catalyst; analyzed by glc as the silates (3% OV-17, 240-250°).
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