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Abstract

Mitsunobu reactions of cannabidiol (CBD) as the acid component and primary alcohols, for example benzyl,
allyl, propargyl and methyl glycolate as the alcohol component gave the corresponding bis-alkylated CBD
derivatives which were also obtained by alkylating CBD with the corresponding alkyl bromides. Alkylation of
CBD with methyl bromoacetate followed by saponification of the two ester moieties and neutralization of the

di-carboxylic acid afforded a water-soluble CBD bis-acetate bis-potassium salt.

R-CH,-OH

Mitsunobu
Reaction

R=Ph, CH=CH, C==CH, COOK
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Introduction

Cannabidiol (CBD) is a phenolic monoterpene which is, beside the psychotropic tetrahydrocannabinol (THC),
one of the major constituents among the more than 113 cannabinoids found in the resin from hemp (cannabis
sativa).! Although not psychoactive itself, CBD reduces the effect of THC on the nervous system by binding
agonistically to the cannabinoid receptors CB1 and CB2 and inhibiting them in an allosteric fashion.?® Pure
CBD isolate is also used for the treatment of seizures associated with Lennox-Gastaut syndrome or Dravet
syndrome in patients two years of age and older.* Through CBD’s binding affinity for other G protein-coupled
receptors, such as GPR18, 55, 119, 5HT1A, and TRPV2, it may be of pharmaceutical importance for the
treatment of numerous medical conditions, like for instance, arthritis, cancer and diabetes.>® Unfortunately, a
significant hurdle for the medical application of CBD and other cannabinoids is the high lipophilicity of these
compounds and thus, their poor water solubility. In an effort to overcome the poor water solubility of CBD and
other cannabinoids, suspensions of CBD nanoparticles’ or micellar systems® were developed. Other groups
have described various procedures to solubilize CBD in water by, for example, deprotonating the phenolic
alcohol groups in the resorcinol moiety of CBD. However, only CBD concentrations up to 78 mg/I| could be
achieved this way and the deprotonated CBD species were extremely sensitive toward oxidation, resulting in
dark tar-like material.® In this paper we describe the chemical synthesis of a CBD derivative which is highly
water soluble. Furthermore, a hitherto not described Mitsunobu protocol for modification of CBD is presented
as well.0

CBD was first isolated in 1940 from cannabis sativa by Adams, Hunt and Clark!! and from cannabis indica
by Jacob and Todd.!? Its structure was proven and its stereochemistry unambiguously assighed by Mechoulam
and Shvo in 1963.13 The configuration of naturally occurring CBD and CBD-analogues has since been confirmed
multiple times by several enantioselective total syntheses.!* Due to the broad spectrum of possible medical
applications of CBD a large number of naturally occurring and synthetic CBD derivatives are described in the
scientific literature and in numerous patents.'>*° In general, two major types of chemical modifications of CBD
had been described so far: modifications of the monoterpene ring or of the resorcinol moiety. For the latter
modification, mainly the hydroxyl groups were either alkylated or acylated by various reagents and we are
pursuing this modification avenue as well.

Results and Discussion

For the preparation of O-alkylated CBD derivatives (alkyl-CBD-ethers) we compared the classical alkylation of
phenolic hydroxyls with alkyl bromides with a Mitsunobu protocol with the corresponding alcohols in which
the phenolic hydroxyl groups of CBD act as the acid component. Mitsunobu reactions between alcohols and
phenols are well documented in the literature.?®2* However, to the best of our knowledge, no Mitsunobu
reaction of cannabinoids has been described so far. Thus, we reacted CBD (1) with bromides 2 and K,COs in
DMF, and with primary alcohols 3 using a Mitsunobu protocol to give alkylated CBD derivatives 4 (Scheme 1).
Table 1 shows the results.

In general, alkylations of CBD with alkyl bromides 2 proceeded smoothly affording the corresponding
alkylated derivatives 4 in 63-99% vyield (table 1). In case of propargyl bromide (2c) the medium yield was likely
due to the instability of propargyl bromide. With the exception of methyl glycolate (3d) (table 1, entry 4), all
primary alcohols 3 gave comparable yields of alkylated CBD derivatives 4 under Mitsunobu conditions. For the
failure of the Mitsunobu reaction of 3d we do not have any reasonable explanation.
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Attempts to react A°-tetrahydrocannabinol (A°-THC) with benzyl alcohol (3a) under Mitsunobu conditions
(PhsP, DIAD, THF, 20°C) failed. No alkylated THC could be detected. In contrast, smooth alkylation of CBD
occurred when it was reacted with 3a. Most likely, the failure of the Mitsunobu reaction of THC is due to the
different acidities of THC and CBD. The pKa of CBD is approximately 8.0-8.3° while the pKa of THC is 10.6.%
Therefore, THC is not acidic enough for acting as the acid component in a Mitsunobu condensation. Whether
more basic phosphane reagents or other azodicarboxylates enable THC to participate in a Mitsunobu reaction
needs to be tested in the future.

method A
R-Br (2), K,CO4
DMF, 20°C, 16h

method B

R-OH (3), PhsP
DIAD, THF, 20°C i
5h-2d R

Scheme 1. Reaction of CBD with alkyl bromides (method A) and with primary alcohol under Mitsunobu
conditions (method B).

Table 1
Entry R-Br2 R-OH 3 yield 4 Yield 4
Meth. A® Meth. B®
1 Br-CH»-Ph (2a) HO-CH»-Ph (3a) 93% 94%
2 Br-CH2-CH=CH; (2b) HO-CH,-CH=CH> (3b) 84% 37%
3 Br-CH,-C=CH (2c) HO-CH»-C=CH (3c) 63% 65%
4 Br-CH,-COOCH:; (2d) HO-CH>-COOCH;3 (3d) 99%°¢ b

aMethod A: 1, 2, K2COs in DMF; Method B: 1, 3, PhsP, DIAD in THF. PTlc indicated an intricate
mixture of products. “No chromatography was necessary.

For the synthesis of water-soluble CBD-derivatives we planned to attach a carboxylic acid to CBD which
allows to form an anionic species and thus, increase the water solubility. For that purpose, we chose bis-
acetate derivative 4d. Since for mainly practical reasons, like for instance reaction conditions and purification
procedures, classical alkylations of CBD with alkylbromides were regarded as being superior to a Mitsunobu
protocol we reacted 41 g of CBD (1) with methyl bromoacetate (2d) under the conditions of method A in
scheme 1 to obtain CBD derivative 4d in virtually quantitative yield (scheme 2). A similar mono ethyl acetate of
CBD had been described in a patent but no experimental details were given.” Next, CBD di-ester 4d was
saponified with ethanolic KOH to give the free di-acid 5 (99%). Quantitative deprotonation of the latter with
an equimolar amount of KOH finally gave the di-potassium salt 6 which is highly soluble in water up to 60% by
weight.
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Br._COOCH;

2d KOH

K,CO3, DMF
4 h, 20°C

\ \

COOCH; COOR
4d (99%) 5 R=H (99%)

KOH <‘ 6 R=K (quant.)

Scheme 2

Conclusions

We could show that cannabidiol (CBD) functions in Mitsunobu reactions as the acid component affording upon
reaction with primary alcohols the corresponding bis-alkylated cannabidiols. The same products can be
obtained by O-alkylation of CBD with alkyl bromides. The bis-hydroxycarbonylmethylated CBD derivative
forms highly water-soluble potassium salts. No Mitsunobu reaction takes place with A%tetrahydrocannabinol.

Experimental Section

General. All reactions were performed under an atmosphere of nitrogen using solvents dried by standard
procedures. Reaction progress was monitored by TLC on Polygram SIL G/UV2s4 silica gel plates from Macherey
& Nagel. Detection of spots was effected by charring with sulfuric acid (5% in ethanol), staining by spraying the
plates with an alkaline aqueous solution of potassium permanganate, staining plates in a iodine chamber or by
inspection of the TLC plates under UV light (254 nm). Preparative chromatography was performed on silica gel
(0.032—-0.063 mm) from Macherey & Nagel. NMR spectra were recorded with the following spectrometers:
Bruker Avance Il HD 400 (*H: 400.2 MHz; *3C: 100.6 MHz), Bruker Avance Il HDX 600 (*H: 600.2 MHz; 3C:
150.9 MHz) and Bruker Avance Ill HDX 700 (*H: 700.3 MHz; 13C: 176.1 MHz); and calibrated for the solvent
signal (*H: CDClz: & =7.26 ppm; acetone-ds: & =2.05 ppm; dichlormethane-d>: & =5.32 ppm; DMSO-ds:
& =2.50 ppm; 13C: CDCl3: 6 =77.16 ppm; acetone-ds: 8 = 29.92 ppm; dichlormethane-d,: 5 = 54.0 ppm; DMSO-
ds: 0 =39.51 ppm). CBD derivatives are formally numbered according to scheme 5 and ref. 26. ESI-TOF-HRM
spectrometry was performed on a Bruker MAXIS 4G spectrometer. Elemental analyses were obtained from a
HEKAtech Euro EA 3000 apparatus. Optical rotations were determined with a Perkin-Elmer Polarimeter 341 in
a 10 cm cuvette at 20 °C with a wavelength of 589 nm (Na-lamp). Melting points were measured with a Biichi
Melting Point M-560 apparatus.
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Scheme 5. Numbering of CBD (1).

General Procedure Method A

A suspension of CBD (1) (1 mol equivalent), alkyl bromide (2) (3 mol equivalents) and K>COs (3 mol
equivalents) in DMF was vigorously stirred under an atmosphere of nitrogen at room temperature for 16 h.
The mixture was filtered through a glass filter and the filtrate was concentrated in vacuo. The residue was
dissolved in ethyl acetate and the resulting solution was washed 3 times with saturated aqueous NaHCOs
solution, dried over Na,SQ,, filtered and concentrated in vacuo. If necessary, the product 4 was purified by
chromatography with mixtures of petrol ether and ethyl acetate on silica gel.

General Procedure Method B

A solution of CBD (1) (1 mol equivalent), alcohol 3 (2 mol equivalents) and PhsP (2 mol equivalents) in THF was
stirred under nitrogen at 0°C for 0.5 h. Diisopropyl azodicarboxylate (2 mol equivalents) was added and stirring
was continued at room temperature until TLC (petrol ether/ethyl acetate 3/1) revealed complete consumption
of the starting material. The solution was concentrated in vacuo, the residue re-dissolved in dichloromethane,
washed with saturated aqueous NaHCOj3 solution, dried over Na,SO,, filtered and concentrated again. The
residue was chromatographed with mixtures of petrol ether and ethyl acetate to afford 4.
2-[(1R,6R)-3-methyl-6-prop-1-en-2-yl-1-cyclohex-2-enyl]-1,3-dibenzyloxy-5-pentylbenzene (4a). According to
the General Procedure Method A, CBD (1) (200 mg, 0.63 mmol), benzyl bromide (2a) (257 mg, 178 pul, 1.5
mmol) and K2COs3 (207 mg, 1.5 mmol) in DMF (2 ml) and chromatography with petrol ether/ethyl acetate 3/1
afforded 4a (290 mg, 93%). [«]2° = -125.2 (C=1, CHCl3). 'H NMR (CDCl3) 8=0.91 (t, J 6.9 Hz, H-5“, 3H), 1.23-1.40
(m, H-3“,4, 4H), 1.50-2.00 (m, H-4,5,2",7,10, 12H), 2.55 (t, J 7.7 Hz, H-6, 1H), 2.96 (td, J 10.4, 4.8 Hz, H-1“,
2H), 4.07-4.18 (m, H-1, 1H), 4.39-4.50 (m, H-9, 2H), 5.01 (s, CH20, 4H), 5.33 (br s, H-2, 1H), 6.45 (s, H3’,5°, 2H),
7.28-7.51 (m, H-Ph, 10H). 13C NMR (CDCl3) & 14.1 (C-5”), 19.5 (C-10), 22.6 (C-4”), 23.4 (C-7), 29.5, 30.6, 31.0,
31.6, 36.4 (C-1”,2""3”,4,5), 36.6 (C-6), 44.6 (C-1), 77.2 (CH20, 2C), 105.8 (C-3’'5’, 2C), 109.9 (C-9), 119.3 (C-1'),
119.3 (C-4’), 126.5, 127.3, 128.3 (C-Ph), 131.4, 137.9, 142.1 (C-1’,4’, Ph), 149.7 (C-8). HRMS: m/z calcd. for
[M+Na]*517.3077; found 517.3077.

According to the General Procedure Method B, CBD (1) (200 mg, 0.63 mmol), benzyl alcohol (3a) (140 mg,
1347ul, 1.3 mmol), PPhs (230 mg, 1.3 mmol) and DIAD (260 mg, 152 pl, 1.3 mmol) in THF (2 ml) and
chromatography with petrol ether/ethyl acetate 3/1 afforded 4a (292 mg, 94%).

2-[(1R,6R)-3-methyl-6-prop-1-en-2-yl-1-cyclohex-2-enyl]-1,3-diallyloxy-5-pentylbenzene (4b). According to
the General Procedure Method A, CBD (1) (200 mg, 0.63 mmol), allyl bromide (2b) (182 mg, 127 pl, 1.5 mmol)
and K;COs (207 mg, 1.5 mmol) in DMF (2 ml) and chromatography with petrol ether/ethyl acetate 3/1
afforded 4b (208 mg, 84%). [a]p = -122.9 (c=2, CHCI3). 'H NMR (CDCls) =0.89 (t, J 6.9 Hz, H-5“, 3H), 1.22-1.37
(m, H-3,4" 4H), 1.47-2.21 (m, H-4,5,2,7,10, 12H), 2.45 (t, J 7.7 Hz, H-6, 1H), 2.48-2.87 (m, H-1“, 2H), 3.39-
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4.03 (m, OCH,, 2H), 4.35-4.58 (m, H-1, 9, 3H), 5.21 (br s, H-2, =CH, 3H), 5.21 (s, =CH, 2H), 6.44 (s, H3",5‘, =CHa,
5H). 13C NMR (CDCls) §=14.2 (C-5”), 19.3 (C-10), 22.7 (C-4”), 23.7 (C-7), 29.5, 30.8, 31.0, 31.7, 36.2 (C-
1”,2"73” ,4,5), 36.3 (C-6), 44.6 (C-1), 45.6 (OCH,, 2C), 110.2 (C-3'5'9, 3C), 130.9 (C-1’), 119.3 (C-4’), 131.8 (=CH),
142.0 (C-1’,4’), 149.3 (C-8, =CH.). HRMS: m/z calcd. for [M+Na]* 417.5888 found 417.5893.

According to the General Procedure Method B, CBD (1) (100 mg, 0.315 mmol), allyl alcohol (3b) (36.6 mg, 43
pl, 0.63 mmol), PPhs (165 mg, 0.63 mmol) and DIAD (130 mg, 126 pl, 0.63 mmol) in THF (2 ml) and
chromatography with petrol ether/ethyl acetate 3/1 afforded 4b (45.5 mg, 37%).

2-[(1R,6R)-3-methyl-6-prop-1-en-2-yl-1-cyclohex-2-enyl]-1,3-propargyloxy-5-pentylbenzene (4c). According
to the General Procedure Method A, CBD (1) (200 mg, 0.63 mmol), propargyl bromide (2b) 80% in toluene
(230 pl, 1.5 mmol) and K>COs (207 mg, 1.5 mmol) in DMF (2 ml) and chromatography with petrol ether/ethyl
acetate 3/1 afforded 4c (156 mg, 63%). [a]po = -160.8 (c=1.5, CHCl3). TH NMR (CDCls) & 0.89 (t, J 6.9 Hz, H-5“,
3H), 1.17-1.44 (m, H-3“,4", 4H), 1.48-1.69 (m, H-4,5,2",7,10, 12H), 1.89-2.05 (m, H-6, 1H), 2.40-2.58 (m, CH,
2H), 2.93 (dd, J 15.5. 10.2 Hz, H-1", 2H), 3.96-4.13 (m, H-1, 9, 3H), 5.33-4.54 (m, H-2, OCH;, 5H), 5.10-5.39 (m,
H3‘,5°, 4H). 13C NMR (CDCls) 8=14.2 (C-5"), 19.4 (C-10), 22.1 (C-4"), 23.6 (C-7), 29.7, 30.9, 31.1, 31.8, 36.5 (C-
1”,2""3”,4,5), 36.4 (C-6), 45.2 (C-1), 69.5 (OCH,, 2C), 110.0 (C-3’5’9, 3C), 126.5 (HC=), 131.2 (C=), 131.5 (C-1’),
119.6 (C-4’), 141.8 (C-1’,4’), 149.9 (C-8, =CH.). HRMS: m/z calcd. for [M+Nal* 413.2457 found 413.2452.

According to the General Procedure Method B, CBD (1) (100 mg, 0.315 mmol), propargyl alcohol (3c) (35.3 mg,
37 wl, 0.63 mmol), PPhs (165 mg, 0.63 mmol) and DIAD (130 mg, 126 ul, 0.63 mmol) in THF (2 ml) and
chromatography with petrol ether/ethyl acetate 3/1 afforded 4b (80.2 mg, 65%).

Methyl 2-[(1R,6R)-3-methyl-6-prop-1-en-2-yl-1-cyclohex-2-enyl]-5-pentylbenzo-1,3-dioxy-diacetate (4d).
According to the General Procedure Method A, CBD (1) (41 g, 0.13 mol), methyl bromoacetate (2d) (59.7 g,
0.39 mol) and K,COs3 (53.9 g, 0.39 mol) in DMF (500 ml) and workup without chromatography afforded 4e
(59.2 g, 99%). [a]o = -112.6 (c=0.6, CHCl3). *H NMR (CDCls) & 0.88 (t, J 7 Hz, H-5, 3H), 1.25-1.32 (m, H-3", 2H),
1.32-1.31 (m, H-4, 2H), 1.50-1.71 (m, H-4,5,2*,7,10, 12H), 2.20-2.26 (m, H-6, 1H), 2.46 (td, J 10, 4.9 Hz, H-1*,
2H), 3.78 (s, OCHs, 6H), 4.06-4.09 (m, H-1, 1H), 4.45-4.52 (m, H-9, 2H), 5.21 (s, CH.0, 4H), 5.33 (br s, H-2, 1H),
6.25 (s, H3‘,5°, 2H). 3C NMR (CDCls) & 14.0 (C-5"), 18.9 (C-10), 22.4 (C-4”), 23.4 (C-7), 29.3, 30.5, 30.8, 31.4,
36.0 (C-1”,2"73"”,4,5), 36.2 (C-6), 45.0 (C-1), 52.0 (OCHs, 2C), 66.4 (CH,0, 2C), 109.9 (C-3’'5’, 2C), 120.6 (C-9),
125.1 (C-4’), 141.7 (C-4’), 131.4, 137.9, 142.1 (C-1’), 149.1 (C-8). HRMS: m/z calcd. for [M+H]* 431.2434; found
431.2443.

According to the General Procedure Method B, CBD (1) (100 mg, 0.315 mmol), methyl glycolate (3d) (302.8
mg, 0.63 mmol), PPhz (165 mg, 0.63 mmol) and DIAD (130 mg, 126 ul, 0.63 mmol) in THF (2 ml) gave an
inseperable mixture of products.

2-[(1R,6R)-3-Methyl-6-prop-1-en-2-yl-1-cyclohex-2-enyl]-5-pentylbenzo-1,3-dioxy-diacetic acid (5). CBD
derivative 4d (59 g, 0,128 mol) was dissolved in ethanol (200 ml) and a solution of KOH (16.8 g, 0.3 mol) in
ethanol (50 ml) was added with stirring at room temperature under an atmosphere of nitrogen and stirring
was continued for 16 h. The resulting solution was concentrated in vacuo to about 100 ml and mixed with
water (500 ml). The aqueous solution was acidified by addition of 37% aqueous HCl solution (33 ml) and
extracted with ethyl acetate (2 x 100 ml). The combined organic extracts were washed with saturated aqueous
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NaCl solution, dried over Na;SO4 and filtered. Concentration of the filtrate afforded 5 (54.8 g, 99%). [a]p = -
95.6 (c=0.8, CHCl3). *H-NMR (CDCls) 8 0.90 (t, J 7.0 Hz, H-5“, 3H); 1.21-1.39 (m, H-3“, 3H), 1.49-1.62 (m, H-4",
2H), 1.66, 1.67 (2 s, H-7,10, 6H), 1.79 (dd, J=9.7, 4.2 Hz, H-2*/, 2H), 2.00 (br s, H-5, 1H), 2.37-2.55 (m, H-1", 2H),
3.02 (dd, J 4.7 Hz, H-1, 1H), 3.80 (s, OCHs, 6H), 4.47 (s, H-9, 2H), 4.55 (s, OCH3, 4H), 5.24 (br s, H-2, 1H), 6.27 (br
s, H-3,5°, 2H). 13C-NMR (CDCls) & 14.0 (C-5‘), 18.9 (C-10), 22.4 (C-4“), 23.4 (C-7), 29.3, 30,5, 30,8, 31.4 (C-
1“,2",35), 36.0 (C-4), 36.2 (C-1), 52.0 (OCH3s), 66.4 (OCHy), 109.9 (C-9), 120.6 (C-3), 125.1 (C-2,3/,5%), 131.7 (C-
4‘), 142.0 (C-1°), 149.2 (C-8), 169.4 (C1‘2/,6). Elemental Analysis calcd. for Cy5H3406: C 70.24; H 8.16; found C
69.11; H 8.14.

Di-potassium 2-[(1R,6R)-3-Methyl-6-prop-1-en-2-yl-1-cyclohex-2-enyl]-5-pentylbenzo-1,3-dioxydiacetate (6).
A solution of compound 5 (1 g, 2.3 mmol) in ethanol (10 ml) was neutralized with a 1 N solution of KOH in
ethanol (2.3 ml). Concentration of the solution afforded 6 (1.08 g, gant.). [a]p = -80.2 (c=1, H20). HRMS: m/z
calcd. for [M+H] 429.2283 found 429.2287 (dev. 1.17 ppm).
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