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7-Hydroxy-.6.8-tetrahydrocannabinols of the formula 

wherein R 1 and R2 are both hydrogen atoms or one is 
a hydrogen atom and the other hydroxy process 
psychotropic activity and are produced by the micro­
biological hydroxylation of a corresponding 7-desoxy 
compound with a microorganism of the genus Strepto­
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?-HYDROXY-DELTA 
8-TETRAHYDROCANNABINOLS AND 

MICROBIOLOGICAL PRODUCTION THEREOF 

BACKGROUND OF THE INVENTION 

This invention relates to 7-hydroxy-il8-
tetrahydrocannabinols and the production thereof. 

2 
In contrast thereto, during the fermentation with Pe/­

lieu/aria filamentosa f. sp. sasakii (ATCC 13289), 7{3-
hydroxy-il8-tetrahydrocannabinols are obtained which 
contain an additional hydroxyl group in the 2 ' - or 4 ' -

5 position of the pentyl chain. 
The microbiological hydroxylation is effected ac­

cording to conventional methods. Thus, in generally 
customary preliminary tests, the most favorable fer­
mentation conditions, such as, for example, the choice 

l O of the most favorable nutrient medium, the suitable 
substrate solvent, the substrate concentration. the tech­
nical conditions, e.g., temperature, aeration, pH and 
the optimum time periods for germination, substrate 

il8-Tetrahydrocannabinols hydroxylated in the I l­
and in both the 7- and I I-positions have been known. 
They were discovered as metabolites of il8

-

tetrahydrocannabinol in metabolic investigations in an­
imal and human experiments [Annals New York Acad­
emy of Sciences I 9 I ( 1971) 23-39]. However, the 
preparation of these compounds presents extreme diffi-
culties. 15 

addition, and substrate contact on the enzyme of the 
microorganism are determined analytically, e.g., by 
thin-layer chromatography. In contrast thereto, it has now been found that hy­

droxyl groups can be introduced into the 7-, 7,2'- and 
7,4 '-positions, respectively, by microbiological conver­
sions of il8-tetrahydrocannabinol. 

SUMMARY OF THE INVENTION 

In a composition aspect, this invention relates to 
novel 7-hydroxy-il8-tetrahydrocannabinols of the gen­
eral formula 

wherein the 7-hydroxy group is in the a- or /3-position 
and R 1 and R2 each are hydrogen atoms or one is a hy­
drogen atom and the other is hydroxy. 

In another composition aspect, this invention relates 
to a compound of this invention in admixture with a 
pharmaceutically acceptable carrier. 

In a process aspect, this invention relates to a process 
for the production of A8-tetrahydrocannabinols hy­
droxylated in the ?-position by a microbiological 
method, which comprises subjecting A8

-

tetrahydrocannabinol to the oxygenating activity of the 
microorganism of the genus Streptomyces or Pellicu­
laria. 

DETAILED DISCUSSION 

For a detailed description of the cultivation and fer­
mentation of the microorganisms employed in the pro­
cess of this invention, see, e.g., U.S. Pat. Nos. 
2,773,878; 3,014,845; 3,014,846; and 3,040,038, 
whose disclosures are incorporated by reference. 

Especially suitable microorganisms of the genus 
Streptomyces are S. lavendulae (ATCC 8664) and one 
of the genus Pellicularia, P. filamentosa f. sp. sasakii 
(ATCC 13289). 

In the fermentation of A8-tetrahydrocannabinol with 
streptomyces lavendulae, 7a-hydroxy-A8

-

It is advantageous to employ substrate concentra­
tions of about 50 - 1,000 mg. per liter of nutrient me-

20 dium, preferably 80 - 250 mg. per liter. The pH is pref­
erably adjusted to a value in the range of 4 to 7. The 
growth temperature is in the range of 20° C. to 40° C ., 
preferably 25°-35° C. For aeration purposes, about I 
liter of air is introduced per minute and per liter of cul-

25 ture broth. The conversion of the substrate is suitably 
monitored by thin-layer chromatographic analysis of 
sample extracts. In general, adequate quantities of hy­
droxy lated A8-tetrahydrocannabinols are formed after 
50-100 hours. 

30 The products of the process are isolated and purified 
in the conventional manner. For example, the products 
of the process can be extracted with an organic solvent, 
such as methyl isobutyl ketone, the extract can be 
evaporated, and the process products are separated 

35 and purified by column chromatography. 
The novel 7-hydroxy-li8-tetrahydrocannabinols are 

useful as intermediates for the production of other can­
nabinols having psychotropic properties. They also 
possess valuable psychotropic effects themselves e.g., 

40 a psychic energizer in patients with general adynamy, 
apathy, lack of energy, loss of desire and lack of drive. 

The compounds of the invention can be employed in 
mixture with conventional excipients, i.e., pharmaceu­
tically acceptable organic or inorganic carrier sub-

45 stances suitable for parenteral, or oral application 
which do not deleteriously react with the active com­
pounds. 

For parenteral application particulary suitable are 
solutions, preferably oily solutions as well as suspen­

SO sions or emulsions. 
For oral application particularly suitable are tablets, 

dragees or capsules. 
Without further elaboration, it is believed that one 

55 
skilled in the art can, using the preceding description, 
utilize the present invention to its fullest extent. The 
following preferred specific embodiments are, there­
fore, to be construed as merely illustrative and not limi­
tative of the remainder of the disclosure in any way 

60 whatsoever. 

EXAMPLE I 

tetrahydrocannabinol is formed as the primary prod- 65 
uct, while the products carrying an additional hydroxyl 
group in the 2'- or 4'-position of the pentyl chain are 
also produced in minor amounts. 

Hydroxylation of A8-Tetrahydrocannabinol with 

Streptomyces lavendulae ATCC 8664 

Three Erlenmeyer flasks having a capacity of 2 liters 
and filled with respectively 500 ml. of a nutrient solu­
tion consisting of: 
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glucose 
CORN STEEP LIQUOR 
pcptone 
yeast extract 

1.5 '7r 
0.1 'h 
0.1 'if 
0.1 'h 

4 
spectively 1.5 I. of methyl isobutyl ketone. The com­
bined organic extracts were treated as set forth above, 
thus obtaining I. I 7 g. of a brown oil, separated over 
120 g. of silica gel with a solvent gradient of 3 I. of hex-

5 ane + 3 I. of hexane/acetone 2 + I. In addition to other 
metabolites, 1 70 mg. of a crude mixture of two com­
pounds was obtained, which was separated by way of 
a preparative thin-layer plate (silica gel) with ethyl ace-

with a pH of about 6.8 were inoculated with the super­
natant broth of a culture of S. lal'<mdulae grown for one 
week on an agar slant. After 3 days of growth on a ro­
tary vibrator at 30° C., the mycelium suspension was 10 
utilized as the inoculum for the inoculation of 20 two­
liter Erlenmeyer flasks containing respectively 500 ml. 

tate_ 
7 {3,2 '-dihydroxy-A8-tetrahydrocannabinol 
7 /3,4' -dihydroxy-A8-tetrahydrocannabinol. 
RF values in the systems: of the same nutrient medium. 

After a growth of I 7 hours, 2.5 ml. of a solution of (a) ether/hexane 3 + I 
(b) chloroform/methanol 6 + I (with chamber satu-

ration) . 
I g. of A8-tetrahydrocannabinol in 50 ml. of ethanol 15 
was added to each flask. At varying times, samples 
were withdrawn from respectively two flasks, ex­
tracted, and examined with respect to the degree of 
conversion with the aid of thin-layer chromatography. 

7 /3,2'-dihydroxy-A"-tetrahydrocannabinol (a) 0.3 (b) 0.45 
20 7 ,8.4'-dihydroxy-A"-tetrahydrocannabinol (a) 0.24 (b) 0.42 After an incubation period of 89 hours, the optimum 

The preceding examples can be repeated with similar 
success by substituting the generically and specifically 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 

of the conversion had been reached, and the flasks 
were worked up as follows: The entire suspension was 
extracted three times with respectively 1.5 I. of methyl 
isobutyl ketone. The combined extracts were dried and 
evaporated under vacuum, thus obtaining 1.2 g. of a 25 
brown oil, which was separated by column chromatog­
raphy over 50 g. of silica gel with a solvent gradient of From the foregoing description, one skilled in the art 

can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and 

30 scope thereof, can make various changes and modifica­
tions of the invention to adapt it to various usages and 
conditions. 

2 I. of chloroform+ 2 I. of chloroform-methanol (97 + 
3 ). 

The following fractions were obtained: 
III 130 mg. of 7a-hydroxy-A8-tetrahydrocannabinol, 
V 76 mg. of 7a,2'-dihydroxy-A8

-

tetrahydrocannabinol, 
VI 48 mg. of 7 a,4 '-dihydroxy-A 8-

tetrahydrocannabinol. 
RF values on analytical instant silica gel plates 

(Merck F 254): 

(a) system ether/hexane I + I 
( b) system ether/hexane 5 + I 
( c) system chloroform/methanol ( with chamber saturation) 
7 a-hydroxy-<l"-tctrahydrocannabinol (a) R,. = 0.4 
7 a,2'-dihydroxy-<l'-tctrahydro- (h) R,· = 0.45 (c) 0.5 
cannahinol 
7 a.4' -dihydroxy-A'-tctrahydro- (b) R,. = 0.33 (c) 0.42 
cannabinol 

EXAMPLE 2 

Hydroxylation of A8-Tetrahydrocannabinol with 

Pellicularia filamentosa f. sp. sasakii A TCC 13 289 

The procedure of Example I was followed, but a nu­
trient medium was used having the following composi­
tion: 

glucose 
corn steep liquor 
peptonc 
yeast extract 
pH: 4.5 - 5.0 

3 'h NaNO:1 
2 '7r KH2P0 4 

0.5 'h MgSO, 
0.5 '7r FeSO, 

0.2 '7r 
0.2 '7r 
0.05 '7r 
0.02 'h 

In this case, the substrate was added after a growth 
time of 3 hours. 

After a fermentation period of 68 hours, the batches 
were worked up, after sampling by the thin-layer 
method. 

The mycelium was filtered off through gauze and 
washed three times with 0.5 I. of methyl isobutyl ke­
tone. The filtrate was extracted three times with re-

What is claimed is: 
1. A process for the production of A8-

35 tetrahydrocannabinols of the formula 

40 

HO 
45 

50 wherein R 1 and R2 each are hydrogen atoms or one is 
a hydrogen atom and the other is a hydroxy, which 
comprises subjecting a corresponding 7-desoxy-A8

-

tetrahydrocannabinol to the oxygenating activity of a 
microorganism of the genus Streptomyces or Pellicu-

55 !aria. 
2. A process of claim I wherein the reaction product 

is 7 a-hydroxy-A 8-tetrahydrocannabinol. 
3. A process of claim I wherein the reaction product 

is 7 a,2 '-dihydroxy-A8-tetrahydrocannabinol. 
60 4. A process of claim I wherein the reaction product 

is 7 a,4 '-dihydroxy-A8tetrahydrocannabinol. 
5. A process of claim I wherein the reaction product 

is 7 /3,2 '-dihydroxy-A8-tetrahydrocannabinol. 

65 
6. A process of claim I wherein the reaction product 

is 7 /3,4 '-dihydroxy-A8-tetrahydrocannabinol. 
7. A process according to claim 1, wherein the micro­

organism is Streptomyces lavendulae ATCC 8664. 
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8. A process according to claim 1, wherein the micro­
organism is Pe/lieu/aria fila111entosa f. sp. sasakii ATCC 
13289. 

9. A process according to claim 1 wherein the micro-
5 
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6 
organism is of the genus Streptomyces. 

10. A process according to claim I wherein the mi­
croorganism is of the genus Pellicularia. 

* * * * * 
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