ypoxanthine 0.002%

Experientia 37 (1981), Birkhduser Verlag, Basel (Schweiz)

shown to be hypoxanthine by comparison (HRMS, *C
NMR) with an authentic sample. Elution of the octadecyl
silica column with water: methanol (1:1) afforded an active
fraction E (2.5 g) which was chromatographed on Sephadex
LH-20 in methanol to yield potent material at Vp/Vy, 2.20-
2.53. Rechromatography on Sephadex LH-20 afforded the
active constituent (44 mg) which was shown to be identical
with 5-HT by '*C NMR, 'H NMR and bioassay. The pure
Pentacter crassa 1.39 kg

frozen, ground

Extraction
H,0

Extract A 27%

XAD-2

MeOH elution B 1.2%
EtOAc-H,0 Partition
Aqueous phase C 0.6%

Octadecyl silica

H,0 H,0:MeOH 1: 1

D 0.07% E 0.18%

Sephadex G-25 Sephadex LH-20

5-HT 0.003%

Separation scheme for the isolation of the anti-hypertensive consti-
tuent from the holothurian, Pentacter crassa.
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material caused the well known triphasic response on blood
pressure after i.v. administration and this effect was abo-
lished by predosing with methysergide'?, a specific inhibitor
of 5-HT. The concentration of 5-HT present (30 ug/1 g dry
organism) in P.crassa was confirmed by HPLC analysis of
butanol extracts of whole organisms.

Aqueous extracts of the holothurians Thelenota ananus
Jaeger (1833) and Stichopus chloronatus Brandt (1835)
almost certainly contain 5-HT as they exhibited very simi-
lar hypotensive activities, which were abolished by methy-
sergide, to the P.crassa extract. Although we were unable to
examine neuronal tissue of these holothurians, the isolation
of 5-HT from P.crassa, and its apparent presence in
T. ananus and S. chloronatus, means that 5S-HT should be of
primary importance when considering the neurotransmit-
ters, and cardiovascular effects, of holothurians. ’
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Hashish: Synthesis of (+)-2/,11-dihydroxy-4°-tetrahydrocannabinol (THC), a metabolite of 4°-THC!

R.P. Duffley, G. Lambert, H. C. Dalzell and R.K. Razdan'

SISA Institute for Research, Inc., 763D Concord Ave., Cambridge (MA 02138, USA), 15 December 1980

Summary. The synthesis of ()-2",11-dihydroxy-4>-THC, a difunctionalized metabolite of 4’>~THC, is presented.

In recent years a great deal of attention has been focused
on the biotransformation of cannabinoids. Metabolism has
been studied in several species: man, mouse, monkey,
rabbit and guinea-pig among others>*. In the case of A°-
THC, the active constituent of marihuana, these studies
have identified primary metabolites that are hydroxylated
within the terpene portion at the allylic positions, C-8 and
C-11 and/or the aromatic side chain as shown in 1. Some of
these metabolites are pharmacologically equi-active with
A°-THC, and still others are active to greater and lesser
degrees. This has comgylicated the understanding of mari-
huana activity in man?3,

Synthetic methods have been developed which have pro-
vided metabolites of 4> THC functionalized either in the
terpene portion® or the aromatic side chain®®. Until now,
the metabolites with a functionalization both in the terpene
portion and the aromatic side chain have not been synthe-

sized. In this communication we wish to report the synthesis
of (£)-2/,11-dihydroxy-A4°>-THC (2), the first example of a
metabolite belon%ing to this class. Compound 2 was shown
by Harvey et al."’ by GC-MS to be a major metabolite of
A°-THC in the guinea-pig, although it does not appear to
be a major metabolite in man.
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OAc? Diadducts
+iso-THC's

Scheme. a, pTSA, PhH; b, Ac,0, Pyr,; ¢, HgO, BF; - Et;0, H,O-THF; d, LiA1H,.

The synthesis of 2 was achieved by utilizing the general
procedure we develcgrped for 11-substituted 4°-THC’s from
the novel synthon 3*%, This further extends the versatility of
our procedure for the synthesis of different types of meta-
bolites.

The terpene synthon 3°¢ was added to an excess of (+)-2-
acetoxyolivetol 4!! in refluxing benzene with a catalytic
amount of dry p-toluenesulfonic acid (p-TSA). After
15 min the reaction was quenched with aqueous sodium
carbonate, worked-up by extraction and the oily residue
separated by flash chromatography (silica gel 60, 230-400
mesh, 4/1 hexane/EtOAc) yielding approximately equal
amounts of n-adduct, 5, (16%) [NMR (CCly) §: 0.87 (t, w-
CH,), 1.37 (s, 6H, gem CHjy’s), 1.98 (s, 3H, 2"-OAc), 2.75 (br
band, 6H SCH, and H-1’), 4.52 (s, 1H, 2-dithiane H), 5.05
(br s, 1H, H-2), 6.10 (s, 2H, H-2 and H-4) and 6.93 (br s,
1H, H-10)] and abn-isomer, 6, (17%) [NMR (CCl,) é: 0.90
(t, -CH,), 1.27 and 1.37 (s, 3H, gem CHy’s), 1.95 (s, 3H,
2"-0OAc), 232 (brs, 2H, H-1%), 2.80 (br band, 4H, SCH,),
3.50 (brs, 1H, H-10a) 4.47 (s, 1H, 2-dithiane H), 517 (br s,
1H,H-2%),6.07 (s, 1H, H-2) and 6.23 (br s, 2H, H-4 and H-10)
ppm] as well as diadducts and iso-THC’s. After first pro-
tecting the phenol as its acetate (Ac,O/Pyr., rt, overnight),

1 Acknowledgment. This work was carried out with the support
of NIDA Grant No. DA 00574. We are grateful to Mr. J. Coe
for assistance with some of the experiments. Author for
correspondence R.K. Razdan.

2 R. Mechoulam, ed., Marihuana, Chemistry, Pharmacology,
Metabolism and Clinical Effects. Academic Press, New York
1973.

3 R. Mechoulam, N.K. McCallum and S. Burstein, Chem. Rev.
76, 75 (1976).

4 a M.E. Wall, D.R. Brine, in: Marihuana: Chemistry, Bio-
chemistry and Cellular Effects. Ed. G.G. Nabhas,
W.D.M. Paton, J.E. Idanpaan-Heikkila. Springer, New York
1976; b S. Burstein, in: Cannabinoid Analysis in Physiological
Fluids. Ed. J.A. Vinson. ACS Symposium Series 98, American
Chemical Society, Washington, D.C., 1979; ¢ reference 9.

5 See for example: ¢ C.G. Pitt, F. Hauser, R.L. Hawks, S. Sathe
and M.E. Wall, J. Am. chem. Soc. 94, 8578 (1972); 5
R.K. Razdan, D.B. Uliss and H.C. Dalzell, J. Am. chem. Soc.
95, 2361 (1973); ¢ C.G. Pitt, M.S. Fowler, S. Sathe, S.C. Sri-

the dithiane masking group was hydrolyzed with red mer-
cury oxide and boron trifluoride etherate in wet (15%)
tetrahydrofuran®. The aldehyde 7 was purified by multiple
development preparative TLC (silica, 30% EtOAc/hexane);
yield 84%. NMR (CCly) §: 0.88 (t, »-CHy), 1.12 and 1.40 (s,
3H, gem CHjy’s), 1.93 (s, 3H, 2’0Ac), 2.25 (s, 3H, 1-OAc),
2.70 (d, 1H, J 6 Hz, H-1"), 3.30 (br s, 1H, H-10a), 4.97 (br s,
1H, H-2), 6.38 (s, 1H, H-2), 6.52 (s, 1H, H-4), 7.25 (brs, 1H,
H-10) and 9.38 (s, |H, CHO) ppm; M calc.: 428.21989, M+
428.22054.

The aldehyde and both acetate groups were reduced with
lithium aluminum hydride in THF at rt for 4 h which, after
work-up and purification (preparative TLC on silica devel-
oped with ether), produced (+)-2’,11-dihydroxy-4°>-THC
as a clear gum in 71% yield, NMR [(CD,),CO] §: 0.87
(t, w-CH;), 1.06 and 1.37 (s, 3H, gem CHjs), 2.52 (d, 1H,
J 6 Hz, H-1"), 3.33 (br s, 1H, H-10a) 3.60 (br s, 1H, H-2"),
3.93 (brs, 2H, H-11), 6.18 (d, 1H, J 2 Hz, H-2), 6.33 (d, 1H,
J 2 Hz, H-4) and 6.77 (br s, 1H, H-10) ppm. Mass spectrum
(70 eV) m/e (relative intensity): 346 (33), 315 (100), 259
(10), 247 (16) and 175 (43); vpae (CH,CLy): 3600 and
3450 cm ™,

vastava and D. L. Williams, J. Am. chem. Soc. 97, 3798 (1975);
d D.B. Uliss, G.R. Handrick, H.C. Dallzell and R.K. Razdan,
Am. chem. Soc. 100, 2929 (1978); ¢ R.W. Rickards and
W.P. Watson, J. org. Chem. 43, 751 (1980).

6 C.G. Pitt, H.H. Seltzman, Y. Sayed, C.E. Twine, Jr, and
D.L. Williams, J. org. Chem. 44, 677 (1979).

7 G.R. Handrick, D.B. Uliss, H.C. Dalzell and R.K. Razdan,
Tetrahedron Lett., 1979, 681.

8 R.M. Christie, R.W. Rickards and W.P. Watson, Aust. J.
Chem. 31, 1799 (1978).

9 In the related A%-series, see A. Ohlsson, S. Agurell, K. Lean-
der, J. Dahmen, H. Edery, G. Porath, S. Levy, R. Mechoulam,
Acta pharm. Suec. 16, 21 (1979); I. Franke and M. Binder,
Helv. chim. Acta 63, 2508 (1980).

10 D.J. Harvey, B.R. Martin and W.D.M. Paton, J. pharm.
Pharmac. 32, 267 (1980); and reference 8 therein; M. Binder
and A. Popp, Helv. chim. Acta 63, 2515 (1980).

11 R.P. Duffley, G.R. Handrick, D.B. Uliss, G. Lambert,
H.C. Dalzell and R.K. Razdan, Synthesis 733 (1980).



