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Base-catalysed Reaction of Citronella1 with Phenols 

William S. Murphy," Anne Culhane, Brian Duffy and Sudersan Man Tuladhar 
Department of Chemistry, University College, Cork, Ireland 

Heating phenols with citronellal in organic bases such as quinoline, leads directly to the formation 
of the corresponding hexa hydrocannabinoid. 

We recently reported a one-pot synthesis of hexahydro- 
cannabinoids which involves a two step annulation of 
citronellal (3,7-dimethyloct-6-enal) to phenols in acetic acid, in 
the presence of phenylboric acid. The methodology is limited 
however, both by the requirement that the phenol be activated 
and that the trans-fused product normally contains approxi- 
mately 5% of the less stable axial epimer. In an effort to 
surmount these limitations, we undertook an investigation 
employing a basic medium instead. Our confidence in a 
successful outcome rested both on the knowledge that base- 
catalysed condensation of aldehydes with phenols is well 
established 2-4 and that the initially formed o-hydroxybenzyl 
alcohols could be induced to undergo thermal dehydration in 
situ to the corresponding q~inonemethide,~.~ in which case 
intramolecular cycloaddition with formation of the hexahydro- 
cannabinoid would be anticipated ' (Scheme 1). 
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Scheme 1 Reagent: i, quinoline, heat 

We initiated the study by investigating the reaction of 
citronellal with resacetophenone (2',4'-dihydroxyacetophen- 
one). When heated in pyridine at reflux,' cannabinoid was 
indeed formed, albeit in poor yield. This reaction was optimised 
by varying the molar ratio, duration of reaction, and use of a 
sealed tube.' 2,4,6-Collidine and quinoline were also investi- 
gated as alternatives. The most effective was quinoline. The 
range of phenols which reacted are summarised in Table 1. 
Particularly low yields were observed in the case of phenol, 4 
and p-methoxyphenol, 8. 

The stereochemistry of all products was unambiguously 
determined by NMR spectroscopy, as previously described.' 
Products were invariably trans-fused, the predominating epimer 
being that with the methyl group equatorial. Epimeric ratios 
are summarised in Table 1. The detailed structures of the 
hexahydrocannabinoids 13-18, and 20 have been assigned by 
us previously.' The stereochemistry and epimeric ratios of the 
new products 12 and 21 were similarly determined. The 
hexahydrocannabinoid 22 has been prepared by  other^.^ 

The orientation of 12 was unambiguously determined by 'H 
NMR spectroscopy where ortho coupled protons were observed 
at 6, 6.3 and 7.46 (J 8.98 Hz). This orientation was that 

expected on the basis of investigations by Crombie and co- 
workers2 Chelation of the free hydroxy group was confirmed 
by the IR spectrum, wherein a characteristic OH absorption 
stretching frequency was absent and a low carbonyl stretching 
frequency was observed at 1620 cm-'. In the NMR spectrum, 
this proton was observed at a characteristically low field 
position, 8, 13.51. 

The orientation of the substituents on the aryl ring of 
cannabinoid 22 was determined by the chemical shift of 2-Ha, 
which was observed at 6, 3.07. The low field position is caused 
by the in-plane deshielding of the neighbouring hydroxy group. 
In the absence of any such anisotropic effect, it is normally 
observed at ca. 6, 1.80. ' O P 1  ' 

Surprisingly, when resorcinol 5 was treated with two 
equivalents of citronellal bis-condensation was not observed. 
The cannabinoid 16 only was isolated in contrast with the 
corresponding phenylboric acid-catalysed reaction. This result 
is anomolous since, in general, less reactive phenols such as 
phenol 4 and p-methoxyphenol, 8, undergo reaction under these 
basic conditions. Further study will be required to resolve this 
point. 

It was observed that in all reactions in pyridine, a side- 
product derived from citronellal was invariably observed. When 
heated alone in pyridine at 140 "C, citronellal reacted slowly to 
give a complex mixture of products. After nine days, there was 
still some citronellal present from which isopulegol [( 1 R,3R,4S)- 
(-)-p-menth-8-en-3-01], 24, was isolated in 38% yield. The 
cyclisation is probably a thermal Prins reaction,12 involving a 
chair-chair transition state, 23. The structure of isopulegol was 

23 24 

determined by 'H NMR spectroscopy. The doublet of triplets 
assigned to 1-H, with J 10.8, 10.8 and 4.2 Hz, is consistant only 
with trans-diaxial coupling between 1-H and 2-H. The dis- 
position of the methyl group was determined as equatorial on 
the basis of the 13C NMR chemical shift observed at dC 22.29.13 

This experimental procedure has the benefit that unactivated 
phenols undergo annulation. Thus, catechol, p-methoxyphenol, 
phenol, phloroglucinol and resacetophenone all undergo 
annulation with citronellal, in contrast with phenylboric acid- 
catalysed reactions.' The critical difference between the 
mechanisms of the acid- and the base-catalysed annulations is 
that phenoxide-the reactive specie in base-is a much stronger 
nucleophile than the un-ionised phenoL4 On the other hand, the 
citronellal is no longer activated by acid and vigorous 
conditions remain a prerequisite in base. 

With regard to stereoselectivity, disappointingly,annulation 
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Table 1 Synthesis of hexahydrocannabinoids from citronella1 and phenols in boiling quinoline 

Phenol 
Products Epimeric ratio Reaction 
[yield (733 equatorial: axial time (h) 

12 (73) 
13 (86) 
14 (88) 
15 (19) 
16 (47) 
17 (33) 
18 (69) 
19 (19) 
20 (60) 
21 (41) 
22 (59) 

91 :9 
1oo:o 
95:5 

95:5 
94:6 
81:19 
90: 10 

- 

1oo:o 
a 

8 5 :  15 

24 
21 

54 
32 
6 
7 

91 
37 
10 
24 

1.5 

a Not observable due to signal overlap. 

under these basic conditions suffers the same limitation as 
the acid-catalysed reactions. Epimeric ratios are even less 
favourable when basic conditions are employed. The transition 
state in which the methyl group adopts an axial conform- 
ation involves additional strain due to gauche interactions. l4  

However, the energy differential between this and the more 
favourable equatorial-trans transition state is more readily 
surmounted at the higher reaction temperatures employed 
under the basic conditions. The result is a higher percentage of 
the axial epimer and lower stereoselectivity. 

We sought to extend this methodology to the synthesis of A'- 
and A6-tetrahydrocannabinoids. Our intention was to annulate 
citral epoxide with appropriate phenols, remove the epoxide 
functionality ' ' to unmask the protected double bond l6 and 
release the requisite A1-3,4-rrans-tetrahydrocannabinol, the 
most physiologically active constituent of cannabis resin. l 7  As 
a model, citral epoxide was heated with resacetophenone in 
pyridine. The only isolable product, obtained in 20% yield was 
the 2-substituted benzofuran 25. There was no evidence for the 
normal annulation pathway. This unexpected product was 
probably formed by the mechanism outlined in Scheme 2. 

I U  

25 

Scheme 2 

Evidence was also found for the corresponding benzofuran 
when olivetol (5-pentylresorcinol) was employed. Unfor- 
tunately, insufficient pure product was isolable from the 
complex reaction mixture to allow for an unambiguous 
structural assignment. No product was isolable from the 
reaction with phloroglucinol. 

A related approach involved employment of 3-hydroxy- 
citronellal (3-hydroxy-3,7-dimethyloct-6-enal), as an alternative 
to citral epoxide. 3-Hydroxycitronellal was synthesised by 
reducing citral epoxide with excess lithium aluminium hydride 
in ether, to the corresponding diol(3,7-dimethyl-3-hydroxyoct- 
6-en- 1-01) followed by pyridinium fluorochromate' oxidation 
in the presence of sodium acetate buffer." Citral, formed as a 
side product, was removed most easily as a water soluble 
bisulfite adduct.20 3-Hydroxycitronellal slowly converts into 
citral on standing and more rapidly on heating. In part for this 
reason, all attempts at protecting the hydroxy group failed. 
Attempted annulation of 3-hydroxycitronellal in pyridine at 
reflux with resacetophenone, olivetol, or phloroglucinol was 
unsuccessful. The phenols were recovered quantitatively. There 
was no trace of 3-hydroxycitronellal detected in the product 
mixture, probably due to retro-aldol condensation under the 
conditions. The problem was tackled another way. Linalool 
(3,7-dimethylocta-l,6-dien-3-01) was quantitatively converted 
into its THP (tetrahydropyranyl) derivative by treatment with 
dihyropyran in methylene chloride at ambient temperature with 
pyridinium toluene-p-sulfonate (0.1 equivalent), 14 h. Hydro- 
boration followed by oxidation with pyridinium fluorochromate 
resulted in a complex product mixture. This project was not 
pursued further. 

Finally, the base-catalysed reaction of pulegone [(R)-( + )-p- 
menth-4(8)-en-3-one] 28 with phenols was investigated. It was 
anticipated that if reaction did occur, then the unusual A3*4- 
tetrahydrocannabinoid 26 would be expected by analogy with 
the reactions of citronellal described above. The acid-catalysed 
reaction with olivetol has been studied and shown2' to result in 
a mixture of the analogues of both cannabinoid 26 and of the 
xanthane 27. The three phenols resacetophenone 1, phloro- 
glucinol 10, and olivetol 11 were each heated with pulegone in 
pyridine at 140 "C for prolonged periods. A reaction product 
with phloroglucinol only was detected. It was isolated in 35% 
yield after 46 h. The product was assigned the structure 27 on 
the basis of the 'H and I3C NMR spectra. The most probable 
mechanism for the course of this reaction is outlined in Scheme 3. 
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Scheme 3 Reagent: i, pyridine, heat 

Experimental 
General.-For general experimental details see ref. 1. 

General Procedure for the Reaction and Work-up of 
Annulations of Citronella1 with Phenols in Base.-To the 
appropriate base (3 mmol) was added the phenol (3 mmol) and 
citronellal (3,7-dimethyloct-6-enal) (3 mmol). The solution was 
heated to reflux for the specified period and monitored regularly 
by TLC. When completed, the flask was cooled to ambient 
temperature and the contents diluted with ether. The ether 
solution was washed successively with hydrochloric acid 
(3 x 30 cm3, 10%) and saturated brine solution (3 x 30 cm3). 
The solution was dried (MgSO,) and evaporated. Purification 
was achieved using chromatographic means, as described 
previously. 

Reaction with resacetophenone (2',4'-dihydroxyacetophenone) 
1. A colourless viscous oil 12 (73%) (Found: C, 75.4; H, 8.3. 
C18H2403 requires C, 75.0; H, 8.4%); v,,,/cm-' 2970, 2940, 
2920, 2860, 1620 and 1485; 6 ,  0.65 (1 H, 9, J2a,2e = J2,,', = 
J2,,3, = 12.45, 2-He),0.93 (3 H, d, J6.60,1-Me), 1.06 (3 H, s, 8- 
Me"), 1.38 (3 H, s, %Mee), 1.06-1.81 (6 H, m), 2.50 (1 H, br dt, 3- 
H), 2.51 (3 H, s, COMe), 3.20 (1 H, br d, J 13.00, 2-Ha), 6.30 (1 H, 
d, J 8.98, ArH) and 7.46 (1 H, d, J8.98, ArH); 6, 19.23 (q), 22.55 
(q), 26.05 (t), 27.48 (q), 27.97 (q), 32.75 (t), 35.15 (d), 35.48 (d), 
38.20 (t), 48.79 (d), 78.75 (s), 104.61 (d), 112.99 (s), 129.95 (d), 
149.63 (s), 161.14 (s), 164.25 and 202.65 (s). 

Reaction with p-methoxyphenol6. A colourless oil 17 (19%) 
(Found: C, 78.6; H, 9.6. C,,H,,O, requires C, 78.4; H, 9.3%); 
v,,,/cm-' 3030,2960,2920,2860,1725,1610,1580 and 1490; 6, 
0.96 (1 H, 9, J2e,2a = JZa,3a = J2,,', = 12.1, 2He), 1.05 (3 H, d, J 
6.6,1-Me), 1.16 (3, s, 8-Me"), 1.43 (3 H, s, %Mee), 0.94-1.67 (6 H, 
m), 2.45 (1 H, dt, 3-H), 1.88 (1 H, br d, J 12.1, 2-Ha), 3.80 (3 H, s, 
0-Me) and 6.74-6.84 (3 H, m, 2'-, 4'- and 5'-H); 6, 19.95 (q), 
22.61 (d), 27.60 (q), 28.00 (q), 32.55 (d), 34.83 (t), 36.00 (t), 39.63 
(t), 46.91 (q), 55.68 (d), 76.80 (s), 111.30 (d), 111.92 (d), 117.97 
(d), 126.1 1 (s), 146.29 (d) and 153.01 (s). 

Reaction with phloroglucinol 10. A colourless crystalline solid 
21 (41%); m.p. 79-81 "C (ethanol); (Found: C, 73.0; H, 8.4%; M', 
262. C16H2203 requires C, 73.3; H, 8.5%; M, 262); v,,,/cm-' 
2960,1620 and 1590; 6,0.63 (1 H, m, 2-HB), 0.91 (3 H, d, J6.6,l- 
Me), 1.03 (3 H, s, 8-Me"), 1.33 (3 H, s, %Mee), 1.07-1.74 (6 H, m), 
2.4(1 H,m,3-H),2.97(1H,brd,J12.0,2-Ha),5.89(1H,d,J1.8, 
5'-H) and 5.98 (1 H, d J 1.8, 3'-H); 6, 18.97, 22.55, 27.61, 27.94, 
32.68, 35.15, 35.48, 39.05, 49.18, 77.71, 96.16, 96.87, 106.17, 
154.70, 155.55 and 156.13. 

Reaction of citral epoxide with resacetophenone 1. The 
solution was heated at reflux for 44 h; the product was a 
colourless viscous oil 24 (20.1%) (Found: C, 71.9; H, 7.4%; M+, 
302. C,,H,,O, requires C, 71.5; H, 7.3%; M, 302); v,,,/cm-' 
3450, 2980, 2915 and 1625; 6 ,  1.54 (3 H, s), 1.63 (6 H, br s, 

CH=CMe,), 1.97-2.01 (4 H, m, 2 x CH,), 2.58 (3 H, s, COMe), 
3.08 (1 H, br s, tertiary OH), 5.03 (1 H, br t, CH=CMe2), 6.80 (1 
H, s, 3-H), 6.91 (H, d, J9,7-H), 7.51 (1 H, d, J9,6-H) and 13.12 
(1 H, s, chelated OH); 6,17.67 (q), 22.66 (q), 26.77 (q), 41.26 (t), 
71.86 (s), 99.80 (d), 103.57 (d), 114.29 (s), 118.18 (s), 123.71 (d), 
126.76 (d), 132.22 (s), 158.41 (s), 159.91 (s), 162.37 (s) and 
204.21 (s). 

Reaction of pulegone [(R)-( + )-p-menth-4(8)-en-3-one] 10. 
The solution was heated at reflux for 46 h; the product was a 
crystalline solid 27 (35%); m.p. 80-82 "C (hydrate, from aq. 
acetone) (dehydro- m.p. 150-151 "C) (Found: C, 69.2; H, 8.3. 
C,6H,oO3H,O requires C, 69.0; H, 8.0%); v,,,/cm-' 3360, 
2870,1630 and 1595; 6, (CD3COCD3) 1.01 (3 H, d, J6 ,  CHMe), 
1.47 and 1.50 (3 H each, s, CMe,), 1.63-2.18 (7 H, m), 3.46 (2 H, 
br s, H,O), 5.91 (1 H, d, J2.4,2- or 4-H), 6.15 (1 H, d, J2.4,4- or 
2-H) and 8.41 (2 H, br s, OH); 6, 21.70, 22.22, 26.57, 26.90, 
29.60, 32.10, 33.46, 35.61, 94.99, 99.15, 108.25, 112.86, 140.21, 
152.36, 156.78 and 157.56. When heated in vacuo 5 h, 27 melted 
at 15&151 "C (Found: M+, 260. C16H,003 requires M, 260). 

Methylation of 27 (0.15 g, 0.58 mmol) was effected with 
methyl iodide (1.37 g, 9.63 mmol) in the presence of anhydrous 
potassium carbonate (2.25 g, 16.28 mmol) in acetone under 
reflux to yield the white crystalline dimethyl derivative (78%); 
m.p. 106-108 "C (Found: C, 74.5; H, 8.1. CI8H,,O, requires C, 
75.0; H, 8.4%); v,,,/cm-' 2960, 2920, 2850, 1625 and 1585; 6, 
1.05 (3 H, d, J 6.0, CHMe), 1.42 and 1.44 (3 H each, s, CMe,), 
1.28-231 (7 H, m), 3.69 and 3.74 (3 H each, s, 2 x OMe), 6.07 
(1 H,d,J2.4,2-or4-H)and6.21 (1 H,d,J2.4,4-or2-H). 

Reaction of citronellal with pyridine. A solution of citronellal 
(0.55 cm3, 3 mmol) in pyridine (0.25 cm3, 3 mmol) under 
nitrogen, was heated to 140°C with constant stirring. The 
reaction was monitored by TLC (chloroform) and after nine 
days citronellal was still present together with a large number of 
minor products. The mixture was cooled, diluted with ether (50 
cm3) and the ethereal solution washed with 10% HCl (3 x 20 
cm3), water, and brine, dried (MgSO,), filtered and evaporated 
under reduced pressure to give a dark brown oil. The major 
product (0.18 g, 1.1 mmol, 38%) was isolated by flash 
chromatography (CH,Cl,). It proved to be isopulegol 
[( 1 R,3 R,4S)-( -)-p-menth-8-en-3-01], a colourless liquid 
(Found: C, 77.6; H, 11.9. Calc. for CI0Hl8O: C, 77.9; H, 11.8%) 
vmax/cm-' 3400, 2920, 2860 and 1640; 6, 0.95 (3 H, d, J 4.8, 
5-Me), 1.73 (3 H, s, CH,SH3), 1.15-2.25 (8 H, m), 3.45 (1 H, dt, 
J 10.8 and 4.2, CHOH) and 4.90 (2 H, br s, CH,=C); 6,19.23 (q), 
22.29 (q), 29.76 (t), 31.51 (d), 34.37 (t), 42.82 (t), 54.12 (d), 
70.45 (d), 112.73 (t) and 146.71 (s). 
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