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It is well known that Al-3,4-trans-tetrahydrocannabinol (5), the major active constit-
uent of hashish, 1s completely isomerized to AI(G)—S,b—tms—THC (7) when refluxed with p-toluene-

sulfonic acid (p~TSA) in benzene.2’3’4’5

The acetate of 5 behaves similarly. In contrast Al~3,4-
eig-THC (1) is converted to A"(B)—iso-THC (4) and the acetate of (1) is recovered unchanged under
similar conditions., This last experiment led Gaoni and Mechoulam to suggest an apparent concerted
reaction for the conversion of 1 to 4. These authors also explained the difference in behavior
between the ¢is and the trang series on the basis of relief of steric strain in the trans series.6

In this communication we describe that 1, citrylideme-cannabis (2) and iso-THC's (3 and
4) are interconvertible. On the basis of this equilibrium and other results we wish to propose
an interpretation of acid-catalyzed transformations in cannabinoids.

We have found that refluxing l7 with p-TSA in benzene, followed by the usual workup and
gas chromatographic analys:i.s,8 gave a product showing peaks for three additional compounds along

with unchanged 1. The new compounds were 1dent1fied9 as 2 and the isomeric iso-THC's 3 and 4.

Similarly we have found that treatment of pure 10,11,12

gave mainly 4, with some 3 and 1 along
with unchanged 2. A more detailed examination of this reaction of 2 (aliquots taken at different
time intervals and analyzed by glc) revealed that initially 3 was formed, which changed mainly to
4 with time. Furthermore, treatment of a pure mixture of iso-THC'slo 3 and 4 under identical con-
ditions formed 1 and 2 in small amounts.

These results indicate that treatment with p-TSA in refluxing benzene produces an
equilibrium13 among 1, 2, and iso-THC's, which heavily favors the iso-THC's, particularly 4
(scheme a). Ring B of 2 cleaves]'lb preferentially to give 3, which we have shown is mostly con-

verted to 4, the more thermodynamically stable isomer. It therefore follows that the acetate of

1 will be recovered unchanged as observed by Gaoni and Mechoulam,6 since the formation of 2 is
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blocked. Our results also explain why a transformation parallel to the cis series (to iso-THC's)
does not take place in the trans series. This is because the tetracyclic 2}0 with a trans-3a,4
ring junction cannot be formed. An examination of the Dreiding models clearly confirms this. The
conversion of 1 to 4 therefore takes place through 2 which is the key intermediate and has a cis~
3a,4 ring junction. Had the oxygen ring opened first to give a diol of type 6, some 7 would have
been formedlh (see below).

Furthermore, 1 was allowed to react with boron tribromide in methylene chloride at -20°C
for 1.5 hr, and the reaction mixture was quenched in liquid ammonia. A gum was obtained, which
after purification by chromatography (60%), was found to be identical to 7 in all respects. This
is the first example of an interconversion of e¢ig into trans-THC. Interestingly, Mechoulam and
co—wotkersl4 have observed that cis cannabidiol (6), like trans cannabidiol (8), on treatment
with p-TSA is changed to 7. The mechanism of conversion of 1 to 7 must therefore involve cleavage
of the ether bond to give the cis diol 9, followed by inversion to the more thermodynamically
stable 10, with the trans ring junction, followed by ring closure.

It is also known that another cannabinoid, cannabichromene (11), gives different products
with different acid catalysts (scheme b).lo’llb’lz’14

We conclude that in cannabinoids that have one of the oxygens tied up in the form of a
pyran ring, acid catalysts iike p~-TSA, which can protonate a double bond, effect transformations
with retention of stereochemistry at the 03_C4 ring junction. However, non-protonic acid catalysts
like BBr3, BF3, effect interconversions with inversion at the C3-C4 ring junction to more thermo-
dynamically stable forms.

The conversion of both ¢is (6) and trans (8) cannabidiols to 7 with p~TSA therefore
becomes understandable. The fact that 7 and not the iso~THCs is the major product formed from 6
implies that the rate of inversion should be much faster than oxygen participation at Cl' Simi-
larly the products obtained from cannabichromene (scheme b) can be easily explained. The geometry

11b

is fixed because of the chromene ring in 11, and only 1s0-THCs 3 and 4 are formed with p-TSA.

With BF3 the cleavage of the chromene is a competitive reaction and thus some eis and trang-THCs
are formed.

Further work along these lines is in progress and will be the subject of future

communications.
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