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(57) ABSTRACT 

The invention relates to a compound selected from the group 
consisting of all stereoisomers and their mixtures of the com 
pounds of general formulas (1)–(4), in which R' is a straight 
chained, branched or cyclic hydrocarbon group with up to 12 
C-atoms and X* is selected from the group consisting of H, 
NH, mono, di or trivalent metal cations, NH.", primary, 
secondary, tertiary or quaternary organic ammonium ions 
with up to 48 C-atoms, which can carry even more functional 
groups, hydrazinium ion (NHS), hydroxylammonium ion 
(NH-OH), guanidinium ion (CNH), and organic deriva 

tives of (NH), NHOH", and CNH", which can carry 
even more functional groups, and similar. A method is also 
provided for producing these compounds, comprising the 
following steps: producing synthetic cannabinoid carboxylic 
acids in a chemical reaction, or extracting natural cannab 
inoid carboxylic acids from plant material or cell cultures of 
Cannabis sativa, and adding a suitable inorganic base, a 
Suitable organic base and/or a suitable inorganic or organic 
salt in a Suitable solvent, to the cannabinoid carboxylic acids 
or cannabinoid carboxylic acid-rich extracts produced in this 
a. 
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CANNABINOID CARBOXYLIC ACIDS, SALTS 
OF CANNABINOID CARBOXYLIC ACIDS, 
AND THE PRODUCTION AND USES OF 

SAME 

TECHNICAL FIELD 

0001. The invention relates in general to cannabinoid car 
boxylic acids. In particular the invention relates to salts of 
cannabinoid carboxylic acids, processes for the production 
thereof and uses thereof. 

PRIOR ART 

0002 Cannabinoids occur in the hemp plant Cannabis 
sativa in the form of their carboxyl derivatives, the cannab 
inoid carboxylic acids, from which the so-called “neutral 
cannabinoids' are derived by decarboxylation, i.e. elimina 
tion of CO. Thus for example cannabidiol (CBD-(I)) is 
formed by decarboxylation of cannabidiolic acid (CBDA 
(II)). 

(I) 

(-)-CBD 

2-((1R,6R)-3-methyl-6-(prop-1-en-2-yl)cyclohex-2- 
enyl)-5-pentylbenzene-1,3-diol 

0003 

(II) 

Cannabidiolic Acid (CBDA) 

2,4-dihydroxy-3-((1R,6R)-3-methyl-6-(prop-1-en-2- 
yl)-cyclohex-2-enyl)-6-pentylbenzoic acid 

0004. A-tetrahydrocannabinol (A-THC-dronabinol 
(III)) is formed by decarboxylation from the positionally 
isomeric A-tetrahydrocannabinol carboxylic acids, A-tet 
rahydrocannabinolic acid A (THCA-A-(IV)) and A-tetrahy 
drocannabinolic acid B (THCA-B-(V)). 
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(III) 

(-)-A-THC 

(6aR, 10aR)-6.6.9-trimethyl-3-pentyl-6a, 7.8.10a 
tetrahydro-6H-benzocchromen-1-ol 

0005 

(IV) 

A-Tetrahydrocannibinolic Acid A (THCA-A) 

(6aR, 10aR)-1-hydroxy-6.6.9-trimethyl-3-pentyl-6a, 
7.8.10a-tetrahydro-6H-benzocchromen-2-carboxy 

lic acid, 

0006 

(V) 

A-Tetrahydrocannibinolic Acid B (THCA-B) 

(6aR, 10aR)-1-hydroxy-6.6.9-trimethyl-3-pentyl-6a, 
7.8.10a-tetrahydro-6H-benzocchromen-4-carboxy 

lic acid). 

0007 Cannabigerol (VI) is formed in this manner from 
cannabigerolic acid (CBGA (VII)). 
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(VI) 

OH 

HO 

Cannabigerol (CBG) 

(Z)-2-(3,7-dimethylocta-2,6-dienyl)-5-pentylben 
Zene-1,3-diol 

0008 

(VII) 

OH 

CO2H 

HO 

Cannabigerolic Acid (CBGA) 

(Z)-3-(3,7-dimethylocta-2,6-dienyl)-2,4-dihydroxy 
6-pentylbenzoic acid 

0009. The same also applies analogously for the naturally 
occurring trace cannabinoids such as for example A-tetrahy 
drocannabinol, cannabicyclol, cannabicitran, cannabielsoin 
or homologs of said cannabinoids. Also, in the case of a 
closed pyran ring as with A-THC (III), two positionally 
isomeric carboxylic acids A and B are in each case possible. 
Both forms occur in nature (e.g. see R. Mechoulam et al., 
Tetrahedron, 1965, 21, 1223; F. Korte et al., Angew. Chem. 
Internatl. Ed., 1965, 4, 872 and R. Mechoulam et al., Tetra 
hedron Letters, 1969, 2339). 
0010 Previously, compounds such as dronabinol (III) and 
homologs thereof had to be purified by laborious processes 
such as preparative chromatography. Thus U.S. Pat. No. 
4,025,516 discloses a process for the production of dronab 
inol by condensation of (+)-p-mentha-2,8-dien-1-ol with 
olivetol in the presence of BF, etherate. The synthesis of 
dronabinol from cannabidiolic acid esters in the presence of 
Lewis acids followed by hydrolysis is known from U.S. Pat. 
No. 5,342.971. The production of dronabinol from tetrahy 
drocannabinol-rich Cannabis followed by distillation and/or 
chromatography is described in the international patent appli 
cation WO 00/25127. Finally, DE 101 06 024 B4 discloses a 
process for the production of dronabinol wherein a) canna 
bidiol and/or cannabi-diolic acid is isolated from plant mate 
rials, b) the cannabidiolic acid obtained by decarboxylation if 
necessary is cyclized to dronabinol in an organic or nonpolar 
Solvent in the presence of Lewis catalysts, c) this is isolated by 
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a chromatographic process and d) the residue obtained from 
the eluate after distilling off the solvent is purified by vacuum 
distillation. 

0011. The production of crystallizable precursors such as 
the ester (e.g. of the 3,5-dinitrobenzoyl ester), crystallization 
thereof and the Subsequent Saponification are relatively labo 
rious and moreover associated with the risk of creating further 
impurities. 
0012. The reaction which results in the formation of the 
neutral cannabinoids from the aforesaid cannabinoid car 
boxylic acids as a rule proceeds slowly at room temperature, 
but can be accelerated by heating and/or addition of catalysts 
so that the CO loss proceeds within a few minutes or practi 
cally immediately. This reaction can be controlled so that it 
proceeds practically quantitatively and without the formation 
of further side products. 
0013 From the aforesaid, it follows that pure cannabinoid 
carboxylic acids are practically ideal precursors for obtaining 
pure neutral cannabinoids therefrom. Hence it would be a 
significantadvance for the production of pure cannabinoids to 
be able to provide a process which makes it possible to obtain 
and purify cannabinoid carboxylic acids economically. 
0014 Hence the invention is based on the objective of 
providing a process for the production of salts which are as 
pure as possible, preferably crystalline salts of natural or 
synthetic cannabinoid carboxylic acids, from which pure 
neutral cannabinoids can be obtained in a simple manner. 
0015. A further objective consists in providing a process 
which can be performed with relatively little expenditure and 
is less susceptible to the formation of impurities. 

DISCLOSURE OF THE INVENTION 

0016. The present invention solves this problem by pro 
viding a process for the production of crystalline and soluble 
salts of cannabinoid carboxylic acids by production of Syn 
thetic cannabinoid carboxylic acids in a chemical reaction or 
extraction of natural cannabinoid carboxylic acids from plant 
materials or cell cultures of Cannabis sativa and Subsequent 
treatment with a Suitable organic base, inorganic base and/or 
a Suitable inorganic or organic salt in a Suitable solvent. 
0017. The present invention solves this problem by pro 
viding a process for the production of amorphous and crys 
talline salts, in particular pure, preferably crystalline salts of 
cannabinoid carboxylic acids by production of synthetic can 
nabinoid carboxylic acids in a chemical reaction or extraction 
of natural cannabinoid carboxylic acids from plant materials 
or cell cultures of Cannabis sativa and Subsequent treatment 
with a suitable organic base, inorganic base and/or a Suitable 
inorganic or organic salt in a suitable solvent. Here, pure is 
understood to relate to Substance mixtures with a salt content 
of >90 wt.%. 

0018. The present invention comprises the production of 
natural or synthetic cannabinoid carboxylic acids and salts 
thereof (1) to (4), including all stereoisomers and mixtures 
thereof, in particular the production for the first time of crys 
talline salts of cannabinoid carboxylic acids, purification 
thereof by recrystallization and the obtention of pure neutral 
cannabinoids therefrom. 

0019. Further, processes are disclosed by means whereof 
amorphous or crystalline salts can be obtained from cannab 
inoid carboxylic acids or amorphous or dissolved salts of 
cannabinoid carboxylic acids can be converted into crystal 
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line salts and by means whereof pure neutral cannabinoids 
can be produced from pure cannabinoid carboxylic acids or 
salts thereof. 

OH 

COX" 

RI 
HO 

OH 

COX" 

O R1 
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N OH 

COX" 
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0020. Therein, R is a straight-chain, branched or cyclic 
hydrocarbon residue with one C atom to 12 C atoms. 
0021 X* is preferably selected from the group consisting 
of NH, mono-, di- or trivalent metal ions, and primary, 
secondary, tertiary or quaternary organic ammonium ions 
with up to 48 C atoms, which may bear still further functional 
groups. 
0022. Examples of multivalent ammonium ions are N,N- 
dicyclo-hexylamine-H' and N,N-dicyclohexyl-N-ethy 
lamine-H". X" can also be the hydrogenium cation of a phar 
maceutical active Substance with at least one basic nitrogen 
atom, Such as for example morphine, methadone (or an enan 
tiomer thereof) or hydromorphone. 
0023 The production of pure, preferably crystalline salts 
of cannabinoid carboxylic acids comprises two steps: in a first 
step, synthetic cannabinoid carboxylic acids are produced in 
a chemical reaction or natural cannabinoid carboxylic acids 
extracted from plant material or cell cultures of Cannabis 
Sativa. 
0024. In a second step, the cannabinoid carboxylic acids or 
cannabinoid carboxylic acid-rich extracts thus produced are 

(1) 

(2) 

(3) 

(4) 
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treated in a Suitable solvent with a suitable organic base, a 
Suitable inorganic base and/or a suitable inorganic or organic 
salt, so that the poorly soluble salts of the cannabinoid car 
boxylic acids precipitate out. These can be separated for 
example by filtration and if necessary purified by recrystalli 
Zation. 

0025 Inafurther step, pure cannabinoids can be produced 
from the pure, preferably crystalline salts thus produced. 
0026. This can be effected by displacement of the cannab 
inoid carboxylic acids by means of another acid, extraction of 
the pure cannabinoid carboxylic acids and Subsequent ther 
mal or catalytic decomposition, or by decomposition of the 
salts of cannabinoid carboxylic acids with primary, second 
ary or tertiary amines (but not quaternary ammonium salts), 
which can also take place with thermal or catalytic assistance. 
0027. The invention further comprises cannabinoid car 
boxylic acid-containing liquids and cannabinoid carboxylic 
acid salt-containing liquids for medicinal vaporizers. 
0028 Such liquids are preferred compared to the oral 
dronabinol preparations which have the disadvantage of low 
and markedly varying bioavailability, which moreover also 
display low stability to oxidation. 

1. Production and Isolation of Cannabinoid Carboxylic Acids 

1.1 Synthetic Production of Cannabinoid Carboxylic Acids 

Method A: 

0029 Cannabinoid carboxylic acids can be produced syn 
thetically by carboxylation from neutral cannabinoids by pro 
cesses known from the literature. On this, see R. Mechoulam 
et al.: Chem. Communications, 1969, 343-344. Both natural 
and synthetic cannabinoids can be used as starting materials. 

Method B: 

0030 Synthetic cannabinoid carboxylic acids can be con 
structed by acid-catalyzed terpenylation of alkylresorcyl 
esters (6-alkyl-2,4-dihydroxybenzoates) (5) and Subsequent 
saponification of the esters as described in Crombie et al.: J. 
Chem. Research pp. 1301-1345 (1977). In this terpenylation, 
the use of the optically active compounds (6a) and (7a) 
respectively leads to the natural stereoisomers of the desired 
cannabinoid carboxylic acids and cannabinoids. 

(5) 
OH 

COR 

HO RI 

0031 Here, R is as defined above. R is H or a straight 
chain or branched alkyl with up to 16 C atoms, which may 
bear further Substituents such as phenyl, hydroxy, methoxy, 
ethoxy, halogen or nitrile. 
0032. In the terpenylation, compounds of the type (5) react 
with terpenes such as p-menthadienol (6), verbenol (7) and 
geraniol (8). 
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(6) 
OH 

(6a) 
OH 

1s 

(6a)=(4R)-1-methyl-4-(prop-1-en-2-yl)cyclohex-2- 
enol 

0033 

(7) 

> 
OH 

(7a) 

(7a)=(1R,5R)-4,6,6-trimethylbicyclo[3.1.1 hept-3- 
en-2-ol 

0034 

(8) 

----. 
3,7-dimethylocta-2,6-dien-1-ol 

0035. Both Brönstedt acids and Lewis acids are acids suit 
able for the terpenylation. Examples of suitable Brönstedt 
acids are: perchloric acid, hydrohalic acids (HF, HCl, HBr 
and HI), Sulfuric acid, hydrogen Sulfates, phosphoric acid and 
acid salts thereof, pyro- and polyphosphoric acids, organic 
carboxylic and sulfonic acids with one to 30 carbonatoms and 
one or more acidic groups, and acidic groups bound onto 
polymeric Supports Such as for example acidic ion exchangers 
and mixtures of said acids. Formic acid, oxalic acid, trifluo 
roacetic acid and p-toluenesulfonic acid may be mentioned 
by name. 
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0036. The invention includes by reference the entirety of 
the disclosure content of the European patent application EP 
2 314 580 (Application No. 10 004 422.1-2117), at least 
regarding the procedure described therein for the acid-cata 
lyzed terpenylation for the production of the precursors of the 
salts according to the invention. 
0037 Examples of suitable Lewis acids are the cations of 
alkaline earth and earth metals and transition metals: the 
halogen compounds and other trivalent compounds of ele 
ments of the third main group Such as boron trifluoride and 
other boronhalogen compounds and complexes thereof, alu 
minum halides such as anhydrous aluminum chloride, salts 
and halogen compounds of transition metals such as titanium 
tetrachloride, zinc chloride and zinc trifluoromethane 
Sulfonate, halogen compounds of elements of the fourth and 
fifth and sixth main group Such as for example tin tetrachlo 
ride, phosphorus trichloride, phosphorus pentachloride, 
phosphorus oxychloride, antimony pentafluoride, thionyl 
chloride and sulfuryl chloride, alone or mixed with other 
Lewis or Brönstedt acids, and positive centers bound onto 
polymeric frameworks such as montmorillonite. 
0038. Further suitable reagents for performing the con 
densation are the acetals of N,N-dimethylformamide such as 
for example N,N-dimethylformamide dineopenty1 acetal and 
other water-abstracting reagents, for example those which are 
used for the formation of amides and peptides such as for 
example PPAA (T3P propanephosphonic acid anhydride). 
0039. These reagents can be added as such to the reaction 
mixture or be applied onto a support material such as for 
example aluminum oxide. 
0040 Suitable solvents for performing the terpenylation 
step are water, solvents immiscible with water or miscible 
with water such as for example hydrocarbons with up to 30 
carbon atoms, halogenated hydrocarbons with up to 20 C 
atoms Such as for example dichloromethane or chloroform, 
ethers such as for example 2-methyltetra-hydrofuran, alco 
hols, carboxylic acids with up to 16 C atoms, amides with up 
to 20 Catoms, esters with up to 60 Catoms, carbon dioxide, 
sulfur dioxide, water, water with a phase transfer catalyst, the 
acidic catalysts themselves, and mixtures of said solvents 
with one another. 

0041. To perform the process, an as a rule equimolar mix 
ture of 6-alkyl-2,4-dihydroxybenzoic acids (5) and the rel 
evant terpene in one of said solvents is treated with a catalytic 
to ca. equimolar quantity of acid and stirred at a temperature 
between minus 40°C. and plus 120° C. until the reaction has 
reached the desired degree (tests by thin layer chromatogra 
phy or HPLC). 
0042. Next the acid is neutralized with an aqueous base 
Such as aqueous sodium hydrogen carbonate, and the organic 
layer is separated and evaporated. Cannabinoid carboxylic 
acid esters are thus obtained, which as described by Crombie 
et al. can be saponified to the corresponding cannabinoid 
carboxylic acids (cannabinoid carboxylic acids). 

Method C: 

0043. The cannabinoid carboxylic acids (II), (IV), (V) and 
(VII) and homologs thereof can also be constructed directly 
from 6-alkyl-2,4-dihydroxybenzoic acids (5: R=H) and the 
corresponding terpenes. Here the same reagents and solvents 
are used as with the esters of the 6-alkyl-2,4-dihydroxyben 
Zoic acids. 
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0044. By construction from non-esterified 6-alkyl-2,4-di 
hydroxybenzoic acids, the Subsequent Saponification step is 
avoided. 
1.2 Extraction of Cannabinoid Carboxylic Acids from Natu 
ral Plant Material from Cannabis Sativa or from Cell Cultures 
0045. The aboveground growing parts of Cannabis sativa 
(hemp) and cell cultures of this species contain the cannab 
inoid carboxylic acids (II), (IV), (V) and (VII), and further 
cannabinoid carboxylic acids and low homologs thereof in 
usable quantities. Advantageously, a resin-rich extract of 
plant parts, such as can for example be obtained by the "Ice 
o-later process or by sieving out the resinglands, can be used 
for further concentration of the cannabinoid carboxylic acids. 
0046 By extraction with a suitable solvent, a cannabinoid 
carboxylic acid-rich extract wherein, depending on the crop 
variety of Cannabis sativa, one of said cannabinoid carboxy 
lic acids predominates can be obtained therefrom. 
0047 For this, plant parts dried as necessary or cell cul 
tures are contacted with a suitable solvent and thus respec 
tively the cannabinoid carboxylic acids mainly stored on the 
outside of the cell are “washed' off or the cell cultures 
extracted. 
0048 Advantageously, the desired cannabinoid carboxy 

lic acids are concentrated in the solvent by using already 
cannabinoid carboxylic acids-containing extract for the 
extraction of further plant materials. 
0049 Advantageously, the countercurrent process is used 
for this, i.e. the cannabinoid carboxylic acid-containing 
extract is already contacted with fresh plant material and fresh 
solvent with already “washed' hemp. 
0050. By cautious evaporation at low temperatures, pref 
erably below 60° C., the cannabinoid carboxylic acids can 
thus be concentrated in the crude extract. 
0051. If necessary, this is performed under reduced pres 
sure in order to lower the boiling point of the solvent. 
i) Suitable solvents immiscible with water: 
0052 Hydrocarbons with up to 30 C atoms, also liquefied 
hydrocarbons gaseous in the normal state such as propane 
and/or butane, petroleum distillates Such as petroleum ether 
ligroin, kerosene, naphtha, halogenated hydrocarbons with 
up to 12 C atoms, carbon disulfide, esters and ethers with up 
to 16 C atoms, alcohols, ketones and nitriles with at least 4 
and up to 12C atoms, and mixtures of said solvents. 
ii) Suitable solvents miscible with water 
0053 Water with basic additives, such as for example 
ammonia, alkylamines, hydroxylamine, hydrazine, metal 
hydroxides, metal carbonates or metal hydrogen carbonates, 
water with detergents, lower alcohols with up to 4 C atoms, 
acetonitrile, propionitrile, acetone, and mixtures of said sol 
VentS. 

iii) Also carbon dioxide and liquefied sulfur dioxide, liquefied 
ammonia and liquefied alkylamines, also with additions of 
the solvents mentioned in i) and ii). 
0054 From water immiscible solvents, the cannabinoid 
carboxylic acids can also be separated from the neutral com 
ponents by washing with aqueous alkali. For this, an extract 
prepared with one of the solvents named in i) is contacted 
with an aqueous ammonia or alkali solution Such as for 
example 1% aqueous KOH by stirring or shaking. The phases 
are then allowed to separate and the aqueous phase which now 
contains the pre-purified (largely freed from neutral compo 
nents) cannabinoid carboxylic acids in the form of their 
soluble salts is separated. 
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0055. By cautious acidification (neutralization) with an 
acid, the extracted cannabinoid carboxylic acids can be pre 
cipitated from this and if necessary extracted with one of the 
Solvents named in i). 

EXAMPLE 

0056 100 g of dried (or ca. 300 g of fresh) flowering tops 
and leaves of Cannabis sativa (THC type of the “white 
widow” variety) are extracted with 11 of petroleum ether at 
<40°C. Next the undissolved plant components are removed 
by filtration. This first extract is stirred with 0.51 of aqueous 
0.1 molar potassium hydroxide solution, to which 5 g of 
Sodium sulfite can be added to protect against oxidation. This 
second, aqueous extract is separated and treated with a solu 
tion of 5 g of citric acid in 50 ml water, whereupon the 
cannabinoid carboxylic acids precipitate as an oil. By addi 
tion of 200 ml petroleum ether and stirring, a third extract is 
now prepared. Removal of the organic phase and evaporation 
under reduced pressure at 40° C. yields 15.7 g of an oily 
residue, which 80% consists of a mixture of the A-THC acids 
A and B. 
0057. From the extracts obtained with the solvents named 
in ii) and iii), crude cannabinoid carboxylic acids can be 
obtained by evaporation, preferably below 60° C. 
0.058 From extracts obtained with water with basic addi 
tives, the cannabinoid carboxylic acids can be obtained by 
cautious acidification (neutralization) and extracted with one 
of the solvents named in i) if necessary. 
0059 Cannabinoid carboxylic acids from hemp extracts 
can also be separated from non-acidic components by means 
of basic ion exchangers. 

2. Crystalline Salts of Cannabinoid Carboxylic Acids 
0060 2.1 Precipitation of Crystalline Salts with Suitable 
Bases 
0061. If cannabinoid carboxylic acids or cannabinoid car 
boxylic acid-containing extracts in a Suitable solvent are 
reacted with a suitable base, crystalline salts are formed, 
which can be separated. 
0062 Suitable solvents are alcohols, esters, ethers, 
ketones, hydrocarbons, halogenated hydrocarbons and 
nitriles with up to 20 C atoms. 
0063 Suitable bases for the formation of crystalline salts 
are primary, secondary and tertiary organic amines with up to 
48 C atoms Such as for example dicyclohexylamine, ammo 
nia, alkoxides, hydroxides, carbonates, hydrogen carbonates, 
carboxylates and other basic salts of elements of the first, 
second and third main group and oftin, lead and bismuth, and 
the alkoxides, hydroxides, carbonates, hydrogen carbonates, 
carboxylates and other basic salts of transition elements such 
as for example silver (Ag). Inorganic salts may be com 
plexed (e.g. silver hydroxide as silver diammine complex) in 
order to increase the solubility. Further suitable organic bases 
are pharmaceutical active Substances with at least one basic 
nitrogenatom in the molecule, such as for example morphine, 
hydromorphone (Palladon(R), buprenorphine, etc. 

Procedure: 

0064. A quantity of base equivalent to the expected quan 
tity of desired cannabinoid carboxylic acids is added with 
stirring to the Solution of the cannabinoid carboxylic acids in 
a suitable solvent. Preferably ca. 2% to 20% solutions of 
cannabinoid carboxylic acids are used here. This is allowed to 
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crystallize overnight and the crystallization is if necessary 
completed by cooling to ca. -10° C. Next, the precipitated 
crystalline slurry is suction filtered/centrifuged down and 
rinsed with a small quantity of the same solvent as was used 
for the precipitation. The salt is then allowed to dry at <40°C. 
It can be purified by suspension in one of the aforesaid sol 
vents, digestion and Suction filtration of the undissolved mat 
ter. It can also be recrystallized from a suitable solvent, pref 
erably a lower alcohol, nitrile, ketone, ester or ether with up to 
4C atoms. 

Example 

0065. 15.7g of a ca. 80% mixture of A-THC acids A and 
B are dissolved in 150 ml isopropanol with stirring and 8.0 g 
of dicyclohexylamine are added with stirring. 24 hrs stirring 
at 0°C. produces a thick white precipitate of the dicyclohexy 
lamine salts of the cannabinoid carboxylic acids. After Suc 
tion filtration, washing with 50 ml cold isopropanol and dry 
ing, 18.7 g of dicyclohexylamine salt of the A-THC acids 
with a content of 91% are obtained. 
Precipitation of the Dicyclohexylamine Salt of CDBA from 
an Isopropanolic Industrial Hemp Extract 

Example 
0066 2 kg of flowering tops of industrial hemp (e.g. of the 
variety Fedora 19, but others are also possible) dried at below 
30° C. are extracted portionwise with cold (<15°C.) isopro 
panol by the countercurrent process. The extract obtained is 
concentrated under reduced pressure at max. 40° C. to a 
volume of ca. 400 ml. This concentrate is treated 12 g of 
dicyclohexylamine and stirred for 24 hrs at 0°C. The dicy 
clohexylamine Salt of cannabidiolic acid crystallizes, and is 
suction filtered off. Rinsing with 80 ml of ice-cold isopro 
panol and drying under vacuum gives 22.4 g of cream-colored 
salt. 

2.2 Precipitation of Salts by Addition of a Suitable Cation to 
a Solution of Cannabinoid Carboxylic Acids 
0067. To a solution of cannabinoid carboxylic acids in a 
Suitable solvent is added an equivalent quantity of a base 
which in the solvent used forms amorphous or soluble salts 
with the corresponding cannabinoid carboxylic acids, such as 
for example ammonia. Next, the solution of a suitable pri 
mary, secondary, tertiary or quaternary ammonium salt or a 
metal salt of the first, second, third, fourth or fifth main group, 
a lanthanide metal or a transition metal Such as for example 
silver in a suitable solvent is added to the solution of the 
cannabinoid carboxylic acid salts. Suitable solvents are those 
named in 2.1. 
0068 Suitable primary, secondary, tertiary or quaternary 
ammonium salts are organic ammonium salts with up to 48 C 
atoms, which may bear further functional groups. 
0069. The solvent and the ammonium salt or metal salt are 
selected such that the relevant cation forms a poorly soluble 
precipitate with the anions of the cannabinoid carboxylic 
acids in the relevant solvent. 
0070 The corresponding poorly soluble cannabinoid car 
boxylic acids Salt precipitates, and is isolated by Suction 
filtration or centrifugation. 

2.3 Recrystallization of Cannabinoid Carboxylic Acid Salts 
0071 Since the cannabinoid carboxylic acid salts are more 
stable to decarboxylation than the free acids, the salts thus 
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precipitated can be purified by recrystallization. The same 
solvents can be used for the recrystallization as for the pre 
cipitation. The crystallization is preferably from a lower alco 
hol, ketone, nitrile, ester or ether with up to 8C atoms. The 
addition of a catalytic quantity of complexing agents for 
metal cations, such as for example EDTA Sodium or a crown 
ether, can increase the stability of the cannabinoid carboxylic 
acid salts during the recrystallization procedure. This purifi 
cation process has the advantage that it is considerably sim 
pler to perform compared to the processes conventionally 
used with cannibinoids, such as chromatography. 

Example 

00721 18.7 g of dicyclohexylamine salt of A-THCAA and 
B with a content of 91% A-THC acids in the cannabinoid 
content are dissolved with stirring in 150 ml of boiling abso 
lute ethanol, and cooled immediately after dissolution has 
occurred. Stir overnight at 0°C. to crystallize out. Suction 
filter the white precipitate formed and wash with 50 ml cold 
absolute ethanol. Yield: 15.5 g of pure white salt with a 
content of >97% of A-THC acids (A and B) in the cannab 
inoid content. 
0073. This product is of sufficient purity to yield pharma 
ceutically usable dronabinol as per DAC 2003 after decar 
boxylation. 
0074. A further use of the cannabinoid carboxylic acid 
salts thus produced is as stable additives to dermatological 
products. For this, salts of cannabinoid carboxylic acids 
which have been formed with bases toxicologically harmless 
or therapeutically active in man or animals are preferably 
used. These salts need not be crystalline, but can also be used 
in amorphous form and be added to the dermatological prod 
ucts. They are characterized by increased stability (shelflife) 
compared to free cannabinoid carboxylic acids. A further 
stabilization can beachieved by addition of metal complexing 
agents such as for example EDTA sodium, which complex 
metal ions which catalyze the decarboxylation of cannab 
inoid carboxylic acid salts. 
3. Obtention of Pure Cannabinoids from Salts of Cannabinoid 
Carboxylic Acids 
3.1 Production of Pure Cannabinoids from Cannabinoid Car 
boxylic Acid Salts by Displacement of the Free Cannabinoid 
Carboxylic Acids 
0075. By addition of an acid to cannabinoid carboxylic 
acid salts, the carboxylate anions are reprotonated and the 
free lipophilic acids can be extracted with a suitable solvent. 
Suitable solvents for this are those named in 1.2.i). 
0076 Suitable acids are water-soluble Brönstedt acids 
with a pK, below 7, and carbonic acid (generated for example 
by passing CO into water). 
(0077. Preferably, readily volatile solvents are used which 
have a boiling point below 160° C. at normal pressure. After 
removal of the solvent by distillation, preferably at low tem 
perature such as <60° C., preferably <40°C., the free can 
nabinoid carboxylic acids remain as a residue. 

Example 

0078 15.0 g of recrystallized dicyclohexylamine salt of 
the tetrahydrocannabinolic acids A and B are suspended in 
200 ml water and overlayered with 200 ml petroleum ether. 
3.0 g of citric acid are now added and the mixture stirred until 
the cannabinoid carboxylic acid salt has completely dis 
Solved. The aqueous phase, which now contains the citrate of 
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dicyclohexylamine, is separated and discarded. The petro 
leum ether phase, which now contains the free A-tetrahydro 
cannabinolic acids, is successively washed once with 50 ml of 
1% citric acid and three times with 50 ml portions of water. 
After evaporation of the petroleum ether phase on the water 
bath at 40° C. under reduced pressure, 9.8g of amorphous 
residue of the two positionally isomeric A-tetrahydrocan 
nabinolic acids remain. 

3.1.1 Cannabinoids by Thermal Decomposition 
(Decarboxylation) of Cannabinoid Carboxylic Acids 

0079. By heating to a temperature>60° C., preferably over 
100° C., the free cannabinoid carboxylic acids are decarboxy 
lated, i.e. they are converted into the corresponding neutral 
cannabinoids by loss of carbon dioxide. This is preferably 
performed in vacuo or under an inert gas atmosphere in order 
to prevent oxidation of the cannabinoids formed. If this is 
performed under a sufficient vacuum, preferably below 0.3 
mbar, the product can immediately be distilled at a tempera 
ture of preferably over 140°C. If the heating is performed in 
a current of gas, the vapors of the neutral cannabinoids pro 
duced can be administered medicinally. 

Example 

0080 9.8g of A-tetrahydrocannabinolic acids (A and B) 
with a purity of 97.8% determined by HPLC are heated at 
160° C. for 30 mins in a current of nitrogen. After carbon 
dioxide evolution has ceased, 8.4 g of dronabinol with a 
purity of 97.6% (HPLC) remain. 

3.1.2 Cannabinoids by Catalytic Decomposition 
(Decarboxylation) of Cannabinoid Carboxylic Acids 

0081 Catalysts can accelerate the decarboxylation of can 
nabinoid carboxylic acids so that this practically instanta 
neously proceeds quantitatively. This was observed by the 
rapid onset of bubble formation (CO) in free cannabinoid 
carboxylic acids on metal Surfaces such as Steel. Suitable 
catalysts are elements of the transition metals in finely 
divided form or with activated surfaces and ions of transition 
metals. Conversely, the deactivation of surfaces or the addi 
tion of complexing agents can be used in order to stabilize 
cannabinoid carboxylic acids and salts thereof. 

Example 

0082 In a medicinal inhaler (e.g. “Vulcano'), 0.05 ml of a 
5% ethanolic solution of pure A-tetrahydrocannibinolic 
acids (A and B) is applied onto the metal wire gauze of the 
vaporizer part. A current of hot gas at 230°C. is then allowed 
to pass through the vaporizer part for 60 secs. Finely divided 
A-tetrahydrocannibinol of pharmaceutical purity for inhala 
tion for medicinal use collects in the receiver (collector part). 

3.2 Cannabinoids by Decomposition of Cannabinoid 
Carboxylic Acid Salts 

0083. In the cold and at room temperature, the salts of 
cannabinoid carboxylic acids are stable Substances, storable 
undecomposed for years. Moreover, crystalline salts of can 
nabinoid carboxylic acid can be particularly easily and effec 
tively purified by recrystallization. These properties can be 
exploited in order to use them as quantitative and qualitative 
standards in analytical chemistry. 
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3.2.1 Thermal Decomposition of Cannabinoid Carboxylic 
Acid Salts 

I0084. The salts of cannabinoid carboxylic acids with pri 
mary, secondary and tertiary amines have a mobile hydroge 
nium ion (H) in the cation, which at elevated temperature is 
in perceptible equilibrium with the carboxylate anion of the 
cannabinoid carboxylic acids component. In the reprotonated 
state, the cannabinoid carboxylic acids are readily accessible 
to decarboxylation to the corresponding neutral cannibinoids. 
Thus, if cannabinoid carboxylic acid salts of ammonia, pri 
mary, secondary and tertiary amines, hydrazine, hydroxy 
lamine, guanidine and organic derivatives thereof are 
strongly heated, carbon dioxide is readily evolved and mix 
tures of the free amines and the neutral cannabinoids are 
formed. At elevated temperature, particularly in vacuo or in a 
current of gas, these are present in vapor form and can for 
example be used for inhalation. 
0085. A further use consists in the use of the salts of 
cannabinoid carboxylic acids, stable in the cold and at room 
temperature, as reference Substances and standards for gas 
chromatography. This is particularly advantageous in cases 
where the cannabinoids formed are unstable, oxidation-sen 
sitive substances, such as for example in the case of A-tet 
rahydrocannabinol. 
0086. In these cases, a solution of a stable salt such as for 
example the dicyclohexylamine salt of A-tetrahydrocannab 
inolic acid A or B with a primary, secondary or tertiary amine 
is injected into the injector of the gas chromatograph. 
Because of the high temperature of the injection block (as a 
rule >230° C.), the salt immediately decomposes quantita 
tively into the neutral cannabinoid (in the case of the example 
A-tetrahydrocannabinol), the amine and CO. The amine (in 
the case of the example dicyclohexylamine) is separated by 
the chromatography system as a separate peak and does not 
affect the quantification of the cannabinoid. 
I0087. In a medicinal inhaler, the decomposition of can 
nabinoid carboxylic acid salts as Substance or solution with 
pharmaceutically active amines Such as analgesics or local 
anesthetics can be used for a combination therapy, or to mask 
the irritation cough effect of cannabinoids such as dronabinol. 
The thermal decomposition of a salt of cannabinoid carboxy 
lic acids with vaporizable pharmacologically active amines 
has the effect that both the neutral cannabinoid and also the 
amine component are nebulized and are available in the form 
of an aerosol for inhalation. The finely divided nature of the 
aerosol droplets and the parenteral administration result in 
significantly increased bioavailability compared to oral dos 
age forms. 
I0088. In preparative chemistry, the separation of basic 
Substances such as amines from neutral cannabinoids is no 
problem (see under 3.1), so that the salts of cannabinoid 
carboxylic acids with primary, secondary and tertiary amines 
are also outstandingly suitable for use for the preparation of 
pure cannabinoids. 

3.2.2 Catalytically Assisted Decomposition of Cannabinoid 
Carboxylic Acid Salts 
I0089. In the decarboxylative decomposition of cannab 
inoid carboxylic acid salts, the same Substances named in 
3.1.2 also act catalytically as with the free cannabinoid car 
boxylic acids. For more rapid conversion to cannabinoids, the 
salt is moistened with a dilute (e.g. 0.1%) solution of a tran 
sition metal such as for example iron-III) chloride or silver 
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nitrate. The salt is then dried. Alternatively, the salt is thor 
oughly contacted with a small quantity of transition metals 
such as for example 0.1 wt.% steel powder or steel wire or 
0.01% silver powder. Now the salt is heated either dry or 
together with an inertheat transfer agent, such as for example 
a high-boiling hydrocarbon. After the salt has been decar 
boxylated, e.g. by heating under inert gas for 30 mins at 180° 
C., the procedure described in 3.1 is followed in order to 
separate the cannabinoid from the amine. 
0090. It is clear to those skilled in the art that the processes 
described in this application are applicable not only for the 
compounds explicitly mentioned, but for all homologs, Ste 
reoisomers thereof and for mixtures thereof (e.g. racemates). 

1. A compound chosen from formulae (1)–(4) 

OH 

COX'. 

R1 
HO 

OH 

COX". 

O R1 

OH 

O RI. 

COX" 

N OH 

COX". 

HO R1 

and stereoisomers thereof, 
wherein R' is a straight-chain, branched, or cyclic hydro 

carbon residue comprising up to 12C atoms, and 
X" is selected from the group consisting of H, NH, 

mono-, di- or trivalent metal ions, primary, secondary, 
tertiary, or quaternary organic ammonium ions compris 
ing up to 48 C atoms, hydrazinium ion (NHS) or 
organic derivatives thereof, hydroxylammonium ion 
(NH-OH) or organic derivatives thereof, guanidinium 
ion (CNH) or organic derivatives thereof, N,N-dicy 

(1) 

(2) 

(3) 

(4) 
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clohexylamine-H, N,N-dicyclohexyl-N-ethylamine 
H", and an hydrogenium cation of a pharmaceutical 
active Substance comprising at least one basic nitrogen 
atOm. 

2. The compound as claimed in claim 1, wherein the com 
pound and/or the stereoisomers thereof are in crystalline 
form, in amorphous form, or are in solution. 

3. A process for the production of the compound and/or the 
Stereoisomers thereofas claimed in claim 2, comprising 

a) isolating cannabinoid carboxylic acid by a method 
Selected from the group consisting of producing Syn 
thetic cannabinoid carboxylic acids in a chemical reac 
tion, and extracting natural cannabinoid carboxylic 
acids from plant material or cell cultures of Cannabis 
Sativa, and 

b) treating the synthetic cannabinoid carboxylic acids, or 
the extracts of the natural cannabinoid carboxylic acids 
with a Suitable inorganic base, a suitable organic base, a 
Suitable inorganic and/or a suitable organic salt, in a 
suitable solvent, thereby precipitating out poorly soluble 
salts of the cannabinoid carboxylic acids. 

4. The process as claimed in claim3, wherein the chemical 
reaction is a carboxylation of natural or synthetic neutral 
cannabinoids. 

5. The process as claimed in claim3, wherein the chemical 
reaction is an acid-catalyzed terpenylation of unprotected or 
protected alkylresorcylic ester of formula (5) 

(5) 
OH 

COR 

HO RI 

and Subsequent Saponification, wherein R' is a straight 
chain, branched, or cyclic hydrocarbon residue compris 
ing up to 12C atoms, and R is H or a straight-chain or 
branched alkyl comprising up to 16 C atoms, optionally 
Substituted with phenyl, hydroxy, methoxy, ethoxy, 
halogen, or nitrile. 

6. The process as claimed in claim3, wherein the extraction 
of the natural cannabinoid carboxylic acid comprises drying 
the plant materials and contacting the plant materials or cell 
culture of Cannabis sativa with a suitable solvent selected 
from the group consisting of hydro-carbons comprising up to 
30 C atoms; petroleum distillates chosen from petroleum 
ether, ligroin, kerosene, naphtha, and halogenated hydrocar 
bons comprising up to 12 C atoms, carbon disulfide, esters 
and ethers with up to 16 C atoms, alcohols, ketones and 
nitriles comprising at least 4 and up to 12 C atoms; water 
comprising basic additives; water comprising detergents; 
lower alcohols comprising up to 4 C atoms; acetonitrile; 
propionitrile; acetone; carbon dioxide; liquefied Sulfur diox 
ide; and any combination(s) thereof; thereby obtaining an 
extract of cannabinoid carboxylic acid stored on the outside 
of cells; concentrating the extract of cannabinoid carboxylic 
acid in a countercurrent process; and evaporating the extract 
attemperatures below 60° C. 

7. The process as claimed in claim 6, wherein cannabinoid 
carboxylic acid salts are produced with a solvent selected 
from the group consisting of water, alcohols, esters, ethers, 



US 2015/0038567 A1 

ketones, hydrocarbons, halogenated hydrocarbons, and 
nitriles comprising up to 20 C atoms. 

8. The process as claimed in claim3, wherein the inorganic 
or organic bases are selected from the group consisting of 
primary, secondary and tertiary organic amines comprising 
up to 48 C atoms. 

9. The process as claimed in claim 8, wherein the inorganic 
base is complexed in order to increase the solubility. 

10. The process as claimed in claim3, wherein the organic 
salt is selected from the group consisting of primary, second 
ary, tertiary or quaternary organic ammonium salts. 

11. The process as claimed in claim 10, wherein the salts 
obtained are recrystallized from a lower alcohol, ketone, 
nitrile, ester or ether with up to 8 carbon atoms. 

12. A process for the production of pure cannabinoid acids 
from the compound and/or the stereoisomers thereof as 
claimed in claim 2 by addition of suitable water-soluble acids 
in a suitable solvent with a pK, below 7 and carbonic acid. 

13. A process for the production of pure cannabinoids from 
the compound and/or the stereoisomers thereofas claimed in 
claim 2, wherein the compound and/or the stereoisomers 
thereof are thermally decomposed. 

14. The process as claimed in claim 13, wherein the can 
nabinoid carboxylic acids or the salts thereof are contacted 
with catalytic Substances to accelerate the decarboxylation. 

15-20. (canceled) 
21. A composition comprising a mixture of compounds of 

formulae (1)–(4) or Stereoisomers of compounds of formulae 
(1)–(4). 
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22. The compound of claim 1 or the stereoisomers thereof, 
wherein X-- is an hydrogenium cation of a pharmaceutical 
active Substance with at least one basic nitrogen atom. 

23. The compound or the stereoisomers thereof of claim 
22, wherein pharmaceutical active Substance is morphine, 
hydromorphone, methadone, or an isomer of methadone. 

24. The process as claimed in claim 8, wherein the primary, 
secondary or the tertiary amine have one or more functional 
groups chosen from dicyclohexylamine, ammonia, hydra 
Zine, hydroxylamine, guanidine, organic derivatives of 
hydrazine, organic derivatives of hydroxylamine, and organic 
derivatives of guanidine. 

25. The process of claim 24, wherein the organic deriva 
tives of hydrazine, the organic derivatives of hydroxylamine, 
and/or the organic derivatives of guanidine oxides have one or 
more functional groups chosen from alkoxides, hydroxides, 
carbonates, hydrogen carbonates, carboxylates, tin, lead, bis 
muth, silver, ammonia, and any combination(s) thereof. 

26. The process as claimed in claim 10, wherein the organic 
ammonium salts comprises 48 C atoms. 

27. The process as claimed in claim 26, wherein the ammo 
nium salts further comprise functional groups chosen from 
organic derivatives of hydrazinium salts, hydroxylammo 
nium salts and guanidinium salts. 

28. The process as claimed in claim 14, wherein the cata 
lytic Substance is a Surface-active transition metals or solu 
tions of transition metals. 

29. The process as claimed in claim 28, wherein the cata 
lytic substance is iron-III chloride or silver nitrate. 

k k k k k 


