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ABSTRACT 

Attempts were made to synthesize a side-chain analog and several 

simplified analogs of cannabidiol. The proposed synthesis of the side-chain 

analog, 5'-(l"-cyclopentylhexyl)cannabidiol, was based on the synthesis of 5-

(l'-cyclopentylhexyl) resorcinol from 2,6-dimethoxyphenol and 1-hexylcyclo-

pentanol. Dehydroxylation of the phenolic hydroxyl group by a Birch-type 

reduction of the corresponding aryl diethyl phosphate ester using lithium in 

liquid ammonia failed. The failure of this method indicates the need to find an 

alternative to dissolving metal reductions. 

The proposed syntheses of the simplified analogs involve the conjugate 

addition of the metalated dimethyl ether of olivetol to 2-cyclohexen-l-one 

yielding 2-(cyclohexan-3'-onyI)-l,3-dimethoxy-5-pentylbenzene. The reduction 

of 2-(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene was effected with 

sodium borohydride and aluminum isopropoxide to yield both isomers of 2-(3'-

hydroxycyclohexyl)-l,3-dimethoxy-5-pentylbenzene. Demethylation of 2-

(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene and the probable trans 

isomer of 2-(3'-hydroxycyclohexyl)-l,3-dimethoxy-5-pentylbenzene using 

iodotrimethylsilane was then attempted with little success. These results 

indicate that other demethylation reagents should be tested for their 

suitability in these demethylation reactions. 

vi 



INTRODUCTION 

For centuries Cannabis sativa has been cultivated for the hemp in its 

stem, the oil in its seed, and the biologically active substance in its flowering 

tops.* Its hemp is used for rope, clothing and writing materials while its oil is 

used in the production of paint and varnish. In addition, various preparations 

of cannabis have been used for their psychotomimetic and supposed medicinal 

effects. With the advent of newer and better medicinal agents, however, the 

use of crude drugs from cannabis has gradually diminished in clinics throughout 

the world.2 Although these crude preparations are presently illegal, they are 

the world's most common and widely used illicit drugs.^ Reflecting their 

widespread use, illicit cannabis preparations are referred to by a myriad of 

names including bhang, charos, dagga, ganja, hashish, kif, maconha and 

marihuana. Despite this widespread use, it has not been until the last twenty 

years, when its social abuse has grown, that scientific investigation of 

cannabis has begun. With the study of this plant and its constituents, 

researchers hope to concomitantly dispel the myths surrounding marihuana 

and, possibly, discover compounds beneficial to man. 

Cannabis sativa is a rapidly growing annual herb (Fig. 1). It is a 

dioecious plant which is thought to have developed in the plains of Central 

Asia. At present it is considered to be a single, nonstabilized species with as 

many as 100 varieties.^ This species contains many classes of chemical 

constituents of which the cannabinoids are the best known. Cannabinoids are 

1 
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O MM. 

Cannabis sativa: Female plant, primary specimen—Mary E Spencer. No. 887—fruit 
from Virgin Is. H. Chase No. 13005 in British Museum of Natural History, London. F: Female 
inflorescence with flower not projecting beyond the leaves. Q: Female flower. H, J: Bract 
or catyx which enwraps the ovary. \: Pollen-catching stigmas. K, L: Fruit (achene). 
M, N: Embryo with cotyledons. 

ILLUSTRATION REPRODUCED FROM "MARIHUANA IN SCIENCE AND 
MEDICINE", G.G. Nahas, Raven Press, NY, 1984, P7 

Figure 1. Cannabis sativa (female plant). 
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the chemical compounds which are responsible for the peculiar characteristics 

of cannabis.^ They have been defined as the group of C21 compounds typical 

of and present in Cannabis sativa, their carboxylic acids, analogs, and trans

formation products.^ Presently, 61 cannabinoids have been isolated and 

identified. The principal cannabinoids present in cannabis are A^-tetrahydro-

cannabinol (THC), A^-tetrahydrocannabinol and cannabidiol (CBD) (Fig. 2). Of 

these, A^-THC is the major psychoactive constituent. Contrary to earlier 

reports the same concentration of these natural cannabinoids is found in male 

and female flowers/ Although there are 100 varieties of cannabis, they all 

fall into two basic genotypes: the drug type, and the fiber type.^ The drug 

genotype, which is cultivated for its euphoriant effects, contains a low 

concentration of CBD and a high concentration of THC. On the other hand, 

the fiber genotype contains a high concentration of CBD and a low concentra

tion of THC and is grown for its hemp. In all varieties, THC is most 

concentrated in the upper small leaves, bracts and flowering tops of the 

plant.9 The concentration of THC in the fiber plant is less than 0.2596 while 

that in the drug plant usually ranges from 0.5% -6%.^ However, the 

concentrated plant resin, known as hashish may contain up to 12% THC.U 

Nomenclature of Cannabinoids 

Various numbering systems have been developed for the cannabinoids at 

different times and to accommodate different needs. Five numbering systems 

have been used for the cannabinoids. 12 Presently, however, only two systems 

are in use. They are the dibenzopyran (formal) numbering system and the 

monoterpenoid numbering system (Fig. 3). The dibenzopyran system utilizes the 

formal chemical rules for the numbering of pyran-type compounds, while the 



Cannabinol 

OH 

HO HO' HO~^ "C5HU 

Cannabidiol 

HO' 
Cannabinodiol 

sc5H„ *0'^ ̂ CjH,, 

Cannabitriol 

Cannabichromene Cannabigeriol 

Cannabicitran Cannabielison Cannabicyclol 

Figure 2. Cannabinoids. 
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Figure 3. Principal numbering systems of cannabinoids. 
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monoterpenoid system regards the cannabinoids as substituted monoterpenes. 

For example, the principal psychoactive substance in marihuana is referred to as 

A^-THC in the pyran system and A*-THC in the monoterpenoid system.13 The 

monoterpenoid system is based on p-cymene and accommodates cannabinoids 

which do not possess a pyran ring.^ Cannabidiol is an example of such a 

compound. 

Cannabis and Medicine 
s 

Since the Chinese emperor, Shen Nung, first described the use of Cannabis 

sativa for medicinal purposes in 2737 B.C., the plant has been used to treat a 

multitude of medical problems. In the mid-nineteenth century William 

O'Shaughnessy, an Irish physician, found the drug to be most effective in 

treatment for the relief of pain, muscle spasms, and convulsions occurring in 

tetanus, rabies, rheumatism and epilepsy.^ However, many physicians were 

discouraged from using the drug due to the extreme variability in potency of 

different lots and the difficulty of obtaining replicable effects.^ Consequently, 

with the advent of newer, more specific drugs of known potency, cannabis 

preparations fell into disrepute and were dropped from the United States 

Pharmacopeia in 1942.1? 

With the reawakening of interest in cannabis in the last twenty years, 

researchers have begun to investigate many of the therapeutic applications 

documented over the preceding centuries. As A^-THC is considered to be 

responsible for many if not most of the pharmacological effects of marihuana, it 

and its congeners have been the focus of many research projects. Researchers 

have tested the activity of A^-THC in the treatment of a variety of medical 

problems including pain, emesis, seizures, asthma, and glaucoma. However, the 
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potential therapeutic usefulness of A^-THC is greatly limited by its well-known 

psychoactive, cardiotonic and other adverse effects. In addition, for each of the 

potential therapeutic uses, there are other modern drugs with greater 

bioavailability, specificity, and effectiveness.^ 

Rationale 

Although THC has limited potential as a therapeutic agent, another 

cannabinoid, cannabidiol (CBD) has shown considerable promise in the 

management of epileptic seizures.^ Unlike THC, cannabidiol does not produce 

central nervous system (CNS) excitatory effects, or convulsions in seizure 

susceptible animals and has minimal neurotoxicity relative to its anticonvulsant 

activity.20 Since its anticonvulsant activity was first documented in 1973, 

numerous reports have confirmed its ability to prevent seizures in laboratory 

animals.21 When given acutely, cannabidiol reliably prevents many kinds of 

convulsions.22 its anticonvulsant profile is very similar to those of the 

antiepileptic drugs phenytoin, phenobarbital, and carbamazepine.23 The one 

clinical trial of CBD carried out in epileptic patients had encouraging results.^ 

Thus, cannabidiol and its analogs may present several advantages in the 

treatment of epilepsies: effective control of seizures associated with several 

major types of epilepsy, fewer unwanted side effects and related risks to health 

at effective dosage levels, less potential for causing seizures in some individuals, 

and less likelihood of gradually losing anticonvulsant effectiveness over time.25 

The realization of the potential of CBD as an antiepileptic drug is 

dependent upon studies which define the relationship between structure and anti

epileptic efficacy. In order to organize these studies, the CBD molecule has 
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been divided into 3 parts: the terpene ring, the aromatic ring and the alkyl side 

chain. Each of these units has then been systematically modified using classical 

structure-activity relationship (SAR) techniques and previous SAR research 

studies with A^-THC and its congeners. These techniques include isosteric 

replacement of atoms and functional groups; homologation of rings and side 

chains; synthesis of potential prodrug derivatives; blockade of known sites of 

biotransformation; modification of stereochemistry at asymmetric centers; and 

construction of conformationally restricted analogs.26 

The syntheses of a side-chain analog and several simplified analogs of 

cannabidiol have been attempted in order to try to more completely define the 

relationship between structure and antiepileptic activity (Fig. 4). Experiments 

have shown that the l',l'-dimethylheptyl and l'-ethyl-l'-methylheptyl derivatives 

of cannabidiol have greater anticonvulsant activity than cannabidiol itself.27 For 

this reason, the side-chain analog, 5'-(l"-cyclopentylhexyl)cannabidiol (6), is of 

synthetic and pharmacological interest. 

Recent work done by Melvin, et al. on the analgesic activity of 

cannabinoids has shown that simplified analogs of certain cannabinoids have 

similar analgesic profiles with that of morphine.28 Similar work has shown that 

the 4-isopropenyl group of cannabidiol is not necessary for anticonvulsant 

activity.29 These studies make the simplified analogs, 2-(cyclohexan-3'-onyl)-

1,3-dihydroxy-5-pentylbenzene (12) and 2-(3'-hydroxycyclohexyl)-l,3-dihydroxy-

5-pentylbenzene QO and 11), of particular interest to the SAR studies of 

cannabidiol. Thus, the syntheses of the side-chain analog and simplified analogs 

were chosen due to the potential of structural analogs of this type indicated by 

previous research. 



Figure k. Target compounds. 
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CHEMISTRY 

Side Chain Analog of CBD 

Through the years many different methods have been developed to 

synthesize tetrahydrocannabinol, cannabidiol, and their analogs.^O Most of 

these methods involve the use of 5-(alkyl) resorcinols as one of their starting 

materials. Consequently, syntheses of side-chain analogs of cannabidiol begin 

with the preparation of appropriate 5-(alkyl substituted) resorcinols. In this 

case, it involves the synthesis of a 5-(tert-alkyl) resorcinol. 

Previously, 5-(tert-alkyl) resorcinols such as 5-(l',ll-dimethylheptyl) 

resorcinol have been synthesized from compounds like 3,5-dimethoxybenzyl-

cyanide and 3,5-dimethoxybenzonitrile.31>32 However, these syntheses were 

rather lengthy and required relatively expensive starting materials. In 1977, 

Dominianni, et al. developed a relatively short and efficient method for the 

preparation of 5-(tert-alkyl) resorcinols. This synthesis is based upon the 

finding that alkylation of 2,6-dimethoxyphenol with tertiary carbonium ion 

precursors occurs predominantly, if not exclusively, para to the hydroxyl 

group.^ 

Due to earlier success with this synthesis in our laboratory,35 it was 

thought that the method proposed for the synthesis of the cannabidiol side-

chain analog, 5'-(l"-cyclopentylhexyl) cannabidiol (6), would also be successful 

(Fig. 5). Following standard methods,36 1-hexylcyclopentanol 0) was prepared 

from cyclopentanone and hexylmagnesium bromide. The purified tertiary 
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Figure 5. Proposed synthesis of 5'-(l"-cyclopentylhexyl) cannabidiol. 
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carbinol was then reacted with 2,6-dimethoxyphenol and methanesulfonic acid 

to produce Ml'-cyclopentylhexyl)-2,6-dimethoxyphenol (2). Much like earlier 

work, the predominant product of the reaction was a result of electrophilic 

substitution at the para position. This is understandable in light of the fact 

that the hydroxy group is an activating, ortho-para director. 

In order to remove the aryl hydroxyl group, it was first necessary to 

prepare the crystalline phosphate ester of 4-(l'-cyclopentylhexyl)-2,6-

dimethoxyphenol. This was accomplished with diethyl phosphite, carbon 

tetrachloride, and triethylamine in good yield. Next, a modified Birch 

reduction using lithium and ammonia was attempted. Contrary to the previous 

reports of success with similar systems,39,40,41 -the attempts to remove the 

aryl hydroxy group in this manner were unsuccessful. An endeavor was then 

made to carry out this reduction with Raney nickel and ethanol in a Parr 

hydrogenation apparatus. This, too, was unsuccessful. Spectral data indicate 

that the product of the two reactions was 4-(l'-cyclopentylhexyl)-2,6-

dimethoxyphenol (2). 

These results indicated that the necessary complex of lithium, 

ammonia, and phosphate was not forming and that the phosphate group was 

being hydrolyzed when the reaction was quenched. Upon examination of the 

compound in question, it appears that the cyclopentyl group in the side-chain 

is responsible for preventing the formation of the reaction complex. This is 

reinforced by the previous synthesis of the 5-(l',r-dimethylheptyl) resorcinol 

in our laboratory using this method.*^,43 Thus, it seems the rigidity and 

bulkiness of the cyclopentyl group in some way causes the molecule to adopt a 

conformation which sterically hinders formation of the transition complex. 
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Presently, there are two basic methods for the deoxygenation of 

phenols: catalytic hydrogenation and dissolving metal reduction.^'' The 

failure to reduce the aryl diethyl phosphate indicates that the dissolving metal 

reduction technique is probably not a suitable method for the removal of the 

phenolic hydroxyl of 4-(l'-cyclopentylhexyl)-2,6-dimethoxyphenol. However, 

one of the catalytic hydrogenation methods might be effective in this situation 

even though hydrogenation of the phosphate ester over Raney nickel was 

unsuccessful. This is due to the fact that Raney nickel has been shown to be 

ineffective in the reduction of aryl diethyl phosphates.*^ Kenner and Murray 

have shown that aryl esters of p-toluenesulfonic acid will yield the 

corresponding aromatic hydrocarbon on hydrogenation over Raney nickel. 

Likewise, palladium on charcoal has been shown to be effective in the 

hydrogenolysis of various phenolic ethers and aryl sulfonates.^,33,49 In 

addition, palladium on charcoal has recently been shown to effect reductive 

cleavage of phenolic hydroxyl groups by catalytic transfer methods.^" This 

method involves the synthesis of a phenolic ether by reaction of the phenolate 

anion with a chloro-substituted, electron-withdrawing group such as 5-

methyltetrazolyl, 5-phenyltetrazolyl, 4-phenyl-l,2,<f-triazolyl, and 5,6-

diphenyl-l,2,4-triazinyl. These reactions are effected rapidly under mild 

conditions. Reductive cleavage is then achieved quickly at low temperatures 

using palladium on charcoal in formic acid, phosphinates, or hydrazine hydrate. 

This is a modification of previous methods requiring more severe conditions. 

It is difficult to determine which, if any, of these methods of 

dehydroxylation might be effective in this situation. However, one of the 

methods involving aryl p-sulfonates or the method using catalytic transfer 
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reductive cleavage are probably the most likely to be effective. This is due to 

the fact that the methods involving aryl p-sulfonates are well documented in a 

variety of systems and that the catalytic transfer method is effected very 

quickly under mild conditions. Should these methods prove ineffective, it is 

unlikely that any of the other methods available would be effective. 

Had the dehydroxylation been successful, the product, 5-(l'-cyclo-

pentylhexyl)-l,3-dimethoxybenzene (4), would have then been demethylated 

using iodotrimethylsilane (TMSI). This reaction was chosen due to the fact 

that researchers in our laboratory obtained excellent results with this reagent 

while obtaining poor results with other demethylation reagents such as methyl 

Grignard, pyridinium hydrochloride, and boron tribromide in dichloro-

methane.^l>^2 However, it is interesting to note that Dominianni, et al. 

obtained excellent results using boron tribromide in dichloromethane to 

demethylate similar 5-(tert-alkyl) resorcinol dimethyl ethers.^^ Following the 

synthesis of this resorcinol it would have been condensed with p-metha-2,8-

dien-l-ol using N,N-dimethylformamide dineopentyl acetal to produce the 5'-

(1 "-cyclopentylhexyl) cannabidiol (6).-*^ 

Simplified Analogs of CBD 

The syntheses of the simplified analogs of cannabidiol are much like that 

of cannabidiol itself (Fig. 6).^ They begin with the preparation of the dimethyl 

ether of olivetol from olivetol and dimethyl sulfate. This is a simple reaction 

which proceeds in high yield. The next reaction, the preparation of 2-

(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene (7), involves the conjugate 

addition of the dimethyl ether of olivetol to cyclohexenone. The first step of 

this reaction is the lithiation of olivetol dimethyl ether using n-butyllithium. 
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Figure 6. Proposed syntheses of the simplified analogs of cannabidiol. 
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This intermediate is then used to form a mixed organocuprate with cuprous 

iodide and tri(n-butyl)phosphine. Following its formation, the organocuprate is 

reacted with cyclohexenone to give 2-(cycIohexan~3'-onyl)-l,3-dimethoxy-5-

pentylbenzene (7). 

Initially, we encountered great difficulty in our attempts to synthesize 

2-(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene (7). Several different 

methods were attempted with little success. Included in these attempts were 

a variation of the method developed by Mechoulam, et al. to synthesize 

cannabidiol dimethyl ether from citral and lithium olivetol dimethyl ether,56 

and a conjugate addition described by Lipshutz et al. using cuprous cyanide, 

methyllithium, n-butyllithium, and an organic compound to produce a mixed 

organocuprate.^? The results of these reactions indicated the need for an 

investigation into the lithiation of olivetol dimethyl ether. Hence, acetyl 

chloride was reacted with a probable lithium olivetol dimethyl ether formed by 

the reaction of olivetol dimethyl ether and n-butyllithium at 25°C for several 

hours. The failure of this reaction indicated that the lithium olivetol dimethyl 

ether had not formed and prompted a re-examination of the method used for 

its preparation. In 19(f3, Adams and Carlin reported that the formation of 

lithium olivetol dimethyl ether was slow and required nearly 2k hours for 

completion.^ Thus, the lack of success in the earlier experiments could be 

attributed to the very short reaction times, approximately two to four hours, 

allowed for the lithiation of olivetol dimethyl ether. 

In light of these observations, the reaction procedure was corrected to 

yield 2-(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene (7). The method 
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developed by Suzuki et al. involving the formation of a mixed organocuprate 

from cuprous iodide, tri(n-butyl)phosphine and an organolithium compound was 

finally chosen over the other methods previously attempted, because of the 

high yields reported with its use.59 jn our laboratory, however, only 14% yield 

was obtained using this method. In addition to the desired product, an equal 

amount of another compound was obtained. This compound has an Rf value 

slightly higher than that of the product, and an infrared spectrum which is 

very similar to that of the product. The 'H-NMR spectrum is the same as that 

of the product except for the fact that the peak for the methoxy protons is 

split. This indicates nonequivalence of the methoxy protons and, thus, that the 

compound is a regioisomer of the product. It is interesting to note that 

researchers in our laboratory have obtained similar results in reactions of 

lithium olivetol dimethyl ether with other electrophiles.^O The formation of 

the regioisomer shows that lithiation of olivetol is favored, but not specific for 

the 2-position on the aromatic ring. 

The synthesis of 2-(3'-hydroxycyclohexyl)-l,3-dimethoxy-5-pentyI-

benzene (8) from 2-(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene (7) 

was accomplished using sodium borohydride in ethanol to carry out the 

reduction.^* This reaction proceeded in high yield and is assumed to have 

afforded predominantly, if not exclusively, the trans isomer. This is under

standable as the trans isomer with both substituents of the cyclohexane ring in 

the equatorial position is more stable. In order to obtain the less stable cis 

isomer, the hindered hydride aluminum isopropoxide was used. This is assumed 

to have produced a predominance of the cis isomer as the hydride will 

approach from the less hindered equatorial side and afford the axial 
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alcohol (9). However, at the present time the stereochemistry of these 

reaction products has not been determined. 

The final step in all of the syntheses of the simplified analogs is the 

cleavage of the methyl groups of the aromatic ethers. As researchers in our 

laboratory had had success using iodotrimethylsilane to cleave the methyl 

ethers of resorcinols, this method of cleavage was chosen.^^>63 Both 2-

(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene (7) and 2-(3'-hydroxy-

cyclohexyl)-l,3-dimethoxy-5-pentylbenzene (8) were reacted with iodotri

methylsilane in dry chloroform and dry pyridine with little success. In 

addition, 2-(3'-hydroxycyclohexyl)-l,3-dimethoxy-5-pentylbenzene (8) was 

reacted with iodotrimethylsilane in dry chloroform without pyridine. This, 

too, was unsuccessful. At the present time none of the target compounds, 2-

(cyclohexan-3'-onyl)-l,3-dihydroxy-5-pentylbenzene (12) and 2-(3'-hydroxy-

cyclohexyl)-l,3-dihydroxy-5-pentylbenzene (1() and _H) has been isolated. 

However, after examining these results, it is apparent that iodotrimethylsilane 

is not a suitable reagent for the removal of methyl ethers in these compounds. 

It is therefore recommended that other demethylation reagents be investigat

ed for their suitability in these demethylation reactions. 

At present there are many different reagents which will effect the 

cleavage of aryl alkyl ethers.*^ Unfortunately, many of these are unsuitable 

for use in the compounds that have been discussed. There are several 

reagents, however, which appear as if they would be effective in this situation. 

Aluminum bromide and chloride have been shown to cleave aryl methyl ethers 

in high yield without affecting other functional groups.65,66 Likewise, boron 

tribromide has been used to cleave a wide variety of aryl methyl ethers 
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including the methyl ethers of resorcinols.^7,68,69 Although the yields are 

sometimes unpredictable, it is a proven reagent in a large number of different 

chemical systems.^ Variations of this reagent have led to two new reagents, 

boron tribromide dimethyl sulfide and dimethylboron bromide, which also 

might be effective in the demethylation of our compounds. They have been 

shown to work in a variety of systems with high yields.71>72 in addition, 

pyridine hydrochloride is a proven demethylation reagent which deserves 

consideration.73 However, it is important to note that the reaction conditions 

required to effect cleavage with this reagent are much more severe than those 

of the boron or aluminum halide reagents. Recently, the ability of boron 

trifluoride etherate/tetrabutylammonium iodide and aluminum 

iodide/tetrabutylammonium iodide to demethylate aryl methyl ethers has been 

shown/4,75 As both of these agents are strong Lewis acids, they, too, might 

be effective in this situation. 

Upon examination of these demethylating agents, boron tribromide 

would probably be the most suitable reagent for the demethylation reactions 

discussed. This is due to the fact that it is a strong Lewis acid relative to 

most demethylation reagents and effects cleavage under mild conditions. In 

addition, boron tribromide has been used widely without affecting a large 

number of other functional groups.76 if this reagent is unsuccessful, then one 

or more of the other reagents discussed should be tested for their 

effectiveness in this situation. 
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EXPERIMENTAL 

General 

Melting points were determined with open capillary tubes in a 

Laboratory Instruments Mel-Temp apparatus and are uncorrected. All 

^H-nmr spectra were recorded in CDCI3 on a JEOL FX 90Q or a Varian 

EM360L spectrometer using tetramethylsilane as an internal standard. Data 

are reported as ppm values with respect to TMS. The ^c_nmr spectra were 

recorded on a JEOL FX 90Q spectrometer using CDCI3 as an internal 

standard. Infrared spectra, obtained on a Beckman 1200 FTIR or a Beckman 

IR33 spectro-photometer, were recorded neat on salt plates or, in the case of 

solids, in a KBr pellet. Elemental analyses were performed by Mic Anal of 

Tucson. 

Chemicals were used as supplied from commercial chemical companies. 

When necessary, solvents were purified by standard methods.?? Reactions 

were carried out under an atmosphere of dry nitrogen. All glassware and 

syringes were oven-dried at 120°C overnight prior to use. 

1-Hexylcyclopentanol (1) 

To 4.02 g (0.165 mole) of magnesium turnings in 150 ml of dry ether was 

added a solution of 27.35 g (0.165 mole) of hexyl bromide in 150 ml of dry ether. 

The mixture was heated to reflux. After the magnesium had dissolved, a solution 

of 12.62 g (0.15 mole) of cyclopentanone in 200 ml of dry ether was added 

dropwise to the mixture while maintaining it at reflux. The mixture was 

refluxed for six hours and then quenched with 10% ammonium chloride and 6M 
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hydrochloric acid. The organic phase was dried over sodium sulfate and 

evaporated off to yield 23.49 g of a yellowish oil. This oil was purified by 

column chromatography using 10% ethyl acetate in hexanes to afford 14.6 g 

(57%) of a yellowish oil. ^H-nmr: S 0.89 (3H, t, 3 = 6 Hz, CH3), 1.30 (8H, s, ring 

CH2), 1.45-1.65 (11 H, m, CH2 and OH) ppm; 1R: V 3373 (OH) cm"*. 

4-(l'-Cyclopentylhexyl)-2,6-dimethoxyphenol (2) 

A mixture of 14.6 g (0.086 mole) of l-hexylcyclopentanol (1), 13.26 g 

(0.086 mole) of 2,6-dimethoxyphenol, and 17.2 ml (0.265 mole) of 

methanesulfonic acid was stirred at approximately 50°C for three hours and then 

at room temperature overnight. After twenty-four hours the mixture was poured 

over ice and extracted two times with 75 ml of methylene chloride. The 

extracts were washed with water, saturated sodium bicarbonate, and water, and 

dried over magnesium sulfate. The methylene chloride was evaporated off to 

give 24.51 g of a yellowish oil. This oil was purified by column chromatography 

using 20% ethyl acetate in hexanes to afford 22.15 g (84%) of a yellowish oil. 

JH-nmr: 6 0.89 (3H, t, J = 6 Hz, CH3), 1.22 (8H, m, ring CH2), 1.45-1.75 (1H, m, 

CH2), 3.86 (6H, s, OCH3), 5.42 (1H, br s, OH), 6.48 (2H, s, aromatic H) ppm; 

IR: V 3550-3400 (OH), 1609, 1519 (C=C) cm~l. 

4-(l'-Cyclopentylhexyl)-2.6-dimethoxyphenol Diethylphosphate (3) 

A solution of 11.90 g (0.039 mole) of 4-(l'-cyclopentylhexyl)-2,6-

dimethoxyphenol (2) in 6.07 ml (0.063 mole) of carbon tetrachloride was cooled in 

an ice and salt bath. After the solution had cooled, 5.85 ml (0.045 mole) of 

diethyl phosphite was added to the solution, followed by dropwise addition of 

6.31 ml (0.045 mole) of triethylamine. The mixture was stirred at -5°C for one 
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hour and then at room temperature overnight. Then the mixture was diluted 

with 20 ml of methylene chloride and washed with water, 4N sodium hydroxide, 

water, 1 N hydrochloric acid, water and saturated sodium chloride. The organic 

layer was dried over magnesium sulfate and evaporated to afford 17.00 g (99%) 

of crude brown crystals. A small amount of crystals were purified for analysis, 

mp 80-81 °C; JH-nmr: S 0.87 (3H, t, J=6 Hz, CH3), 1.16 (8H, m, ring CH2), 1.39 

(6H, dt, J=8 Hz and 2 Hz, CH3), 1.59-1.82 (10H, m, CH2), 3.86 (6H, s, OCH3), 

4.25 (4H, m, OCH2), 6.48 (2H, s, aromatic H) ppm; IR: V 1600, 1520 (C=C), 1250 

(P=0), 1130, 975 (P-O-C, arom.), 1030, 935 (P-O-C, aliph) cm"'. Anal. Calcd. for 

C23H39O^P: C, 67.29; H, 9.57; 0, 15.59; P, 7.55. Found: C, ; H, . 

First Attempted Synthesis of 
5-(l'-cyclopentvlhexyl)-l,3-dimethoxybenzene (4) 

A solution of 4.43 g (0.01 mole) of unpurified 4-(l'-cyclopentylhexyl)-2,6-

dimethoxyphenol Diethyl phosphate (3) in 8.33 ml. of dry ether and 1.8 ml of dry 

THF was added dropwise to 0.19 g (0.027 mole) of lithium in approximately 30 ml 

of ammonia making sure to maintain a blue color. The mixture was stirred at 

-78°C for one hour and then left overnight. The excess lithium was destroyed 

with saturated ammonium chloride and then diluted with ether. The layers were 

separated and the ether layer was washed with water, 4N sodium hydroxide, 

water, and saturated sodium chloride. The organic phase was dried over 

magnesium sulfate and evaporated off to yield 2.58 g of a yellow oil which 

turned out to be 4-(l'-cyclopentylhexyl)-2,6-dimethoxyphenol (2). ^H-nmr: 6 

0.82 (3H, t, J=6 Hz, CH3), 1.15 (8H, br s, ring CH2), 1.45-1.78 (10H, m, CH2), 

3.85 (6H, s, OCH3), 5.49 (1H, br s, OH), 6.48 (2H, s, aromatic H) ppm; IR: V 

3550-3400 (OH), 1609, 1519 (C=C) cm"1. 
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Second Attempted Synthesis of 
5-(l '-cyclopentylhexyl)-!,3-dimethoxybenzene (4) 

To a solution of 0.40 g (0.0009 mole) of unpurified 4-0'-cyclo-

pentylhexyl)-2,6-dimethoxyphenol Diethylphosphate (2) in 50 ml of technical 

grade ethanol was added a small amount of Raney nickel. This solution was 

placed in a Parr hydrogenation apparatus under 47 psi pressure and left shaking 

overnight. The reaction mixture was then poured over celite and washed with 

ethanol. The ethanol was evaporated off to yield 0.38 g of a yellowish oil 

which turned out to be 4-(l'-cyclopentylhexyl)-2,6-dimethoxy phenol (2). 

lH-nmr: 6 0.89 (3H, t, 3=6 Hz, CH3), 1.15 (8H, br s, ring CH2), 1.45 -1.78 

(10H, m, CH2), 3.85 (6H, s, OCH3), 5.49 (1H, br s, OH), 6.48 (2H, s, aromatic 

H) ppm; IR: V 3440 (OH), 1598, 1512 (C=C) cm~l. 

1,3-Dimetho xy-5-pent ylbenzene 

To a solution of 69.11 g (0.50 mole) of anhydrous potassium carbonate in 

200 ml of dry acetone was added 18.03 g (0.10 mole) of olivetol. After stirring 

for ten minutes, 24 ml (0.25 mole) of dimethyl sulfate was added dropwise to 

the mixture. The reaction was stopped after 24 hours. The potassium 

carbonate was filtered off and the acetone was evaporated off to yield a 

yellow residue. The residue was diluted with 200 ml of 5% sodium hydroxide 

and extacted three times with 100 ml of petroleum ether. The water layer 

was neutralized with hydrochloric acid then extracted again with petroleum 

ether. The extracts were combined and dried over magnesium sulfate. 

Evaporation of the organic layer afforded 18.29 g of a yellow oil which was 

purified by column chromatography. The column was eluted with a solvent 

gradient from hexane to 2% ethyl acetate in hexane to yield 17.15 g (82%) of a 
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colorless liquid. ^H-nmr: S 0.88 (3H, t, J=6Hz, CH3), 1.26-1.58 (6H, m, CH2), 

2.52 (2H, t, 3=8Hz, benzylic CH2), 3.71 (6H, s, OCH3), 6.31 (3H, br s, aromatic 

H) ppm; IR:l5 1596, 1462 (C=C) 1205, 1060 (C-O-C) cm-1. 

2-(Cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene (7) 

To a solution of 9.85 g (0.047 mole) of olivetol dimethyl ether and 100 

ml of dry ether was added 23.2 ml (0.049 mole) of n-butyllithium. The mixture 

was stirred for 24 hours and then added to a mixture of 8.99 g (0.047 mole) of 

cuprous iodide and 25.9 ml (0.104 mole) of tri(n-butyl)phosphine in 673 ml of 

ether. After 30 minutes of stirring, a solution of 4.36 ml (0.045 mole) of 

cyclohexenone in 225 ml of ether was added to the mixture. The reaction 

mixture was quenched after 27 hours with approximately 500 ml of ammonium 

chloride. The organic layer was separated and the aqueous layer was extract

ed with ether. The combined organic layers were dried over magnesium 

sulfate and evaporated off. The residual oil was distilled under low vacuum 

to remove all of the tri(n-butyl)phosphine. Following the distillation, the 

oil was dissolved in ethyl acetate and the inorganic solid was filtered off. 

The oil was purified by coumn chromatography using 5% ethyl acetate in 

hexanes to afford 1.87 g (14%) of white crystals, m.p. 61-62C; 

JH-nmr: 6 0.89 (3H, t, 3=6 Hz, CH3), 1.26-1.79 (12H, m, CH2), 2.31-2.64 (5H, 

m, CH2, CH), 3.78 (6H, s, OCH3), 6.37 (2H, s, aromatic H) ppm; ^c_nmr.(5 

212.3, 158.4, 154.6, 142.8, 115.5, 104.8, 104.7, 55.5, 45.4, 41.4, 36.5, 34.2, 

31.7, 31.0, 25.6, 22.6, 14.0 ppm; IR: T>1709 (C=0), 1610, 1580 (C=C), 1238, 

1115 (C-O-C) cm-*. Anal. Calcd. for C19H28O3: C, 74.96; H, 9.27; 0, 15.77. 

Found: C, 75.30; H, 9.46. 



25 

2-(3'-Hydroxycyclohexyl)-l,3-dimethoxy-5-pentylbenzene (8) 

To a stirring solution of 0.53 g (0.0017 mole) of 2-(cyclohexan-3'-onyl)-

l,3-dimethoxy-5-pentylbenzene (7) in 55 ml of anhydrous ethanol was added 

0.07 g (0.0017 mole) of sodium borohydride. The mixture was stirred for one 

hour and then quenched with a 10% acetic acid solution. The solvent was 

evaporated off and the residue was diluted with water. This solution was 

extracted with ether and the organic layer was separated. It was then dried 

over magnesium sulfate and evaporated off to yield 0.40 g (92%) of white 

crystals, m.p, *1-64°C; ^H-nmr: 6 0.88 (3H, t, J=6Hz, CH3), 1.22-1.59 (15H, 

m, CH2, OH), 2.15-2.65 (4H, m, CH2, CH), 3.73 (6H, s, OCH3), 6.35 (2H, s, 

aromatic H) ppm; IR: V 3430, 3392 (OH), 1605, 1580 (C=C), 1227, 1138 (C-O-C) 

cm"l. Anal. Calcd. for C19H30O3: C, 74.47; H, 9.87; O, 15.66. Found: C, 

73.91; H, 10.09. 

2-(3'-Hydroxycyclohexyl)-l,3-dimethoxy-5-pentylbenzene (9) 

In a 15 ml round-bottomed flask were placed 0.15 g (0.00049 mole) of 2-

(cyclohexan-3'-onyl)-l,3-dimethoxy-5-pentylbenzene (7), 0.10 g (0.00049 mole) 

of aluminum isopropoxide, and 6 ml of dry isopropyl alcohol. A micro-

distillation apparatus was attached and the mixture was heated to reflux while 

stirring. After 3 ml of isopropyl alcohol had been distilled off, 2 ml of dry 

isopropyl alcohol was added to the reaction mixture. Again 3 ml of isopropyl 

alcohol was distilled off and then the rest of the solvent was removed under 

slightly reduced pressure. The cooled residue was diluted with cold, 2N 

hydrochloric acid and this was extracted with ether. The ether extract was 

washed with water, 1% hydrochloric acid and water. It was then dried over 

magnesium sulfate and evaporated off to yield 0.1 lg (73%) of white crystals. 
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m.p. 56-59°C; "H-nmr: S 0.89 (3H, t, J=6Hz, CH3), 1.20-1.80 (15H, m, CH2, 

OH), 2.28-2.75 (4H, m, CH2, CH), 3.78 (6H, s, OCH3), 6.33 (2H, s, aromatic H) 

ppm; IR: V 3450-3300 (OH), 1607, 1581 (C=C), 1225, 1136 (C-O-C) cm-*. 

Attempted Synthesis of 
2-(cyclohexan-3'-onyl)-l,3-dihydroxy-5-pentylbenzene (12) 

To a flask containing 0.61 g (0.002 mole) of unpurified 2-(cycIohexan-3'-

onyl)-l,3-dimethoxy-5-pentylbenzene (7) was added 4 ml of dry chloroform, 0.25 

ml (0.003 mole) of dry pyridine, and 1.7 ml (0.012 mole) of iodotrimethylsilane in 

the order specified. Following this addition the mixture was refluxed with 

stirring for 64 hours. The reaction was quenched with 5 ml of dry methanol and 

the volatile components evaporated off. Anhydrous ether was then added to the 

residue and the solid was filtered off and washed with ether. The ether was then 

washed with saturated sodium bisulfite, saturated sodium bicarbonate and 

saturated sodium chloride. The organic layer was dried over magnesium sulfate 

and evaporated off to afford 0.51 g of a brown oil. The oil is, at present, 

unidentified, but shows multiple spots on TLC. 

Attempted Synthesis of 
2-(3'-hydroxycyclohexyl)-l,3-dihydroxy-5-pentylbenzene (10) 

To a flask containing 0.45 g (0.0015 mole) of unpurified 2-(3'-hydroxy-

cyclohexyl)-l,3-dimethoxy-5-pentylbenzene (8) was added 3.5 ml of dry chloroform 

and 0.63 ml (0.003 mole) of iodotrimethylsilane in the order specified. (This 

reaction was also done using dry pyridine with similar results.) The mixture was 

refluxed for 48 hours without stirring and then quenched with 2 ml of dry methanol. 

The volatile components were evaporated off and the residue was diluted with 

ether. The ether layer was extracted with saturated sodium bisulfite and a 
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20% potassium hydroxide solution. The aqueous layer was acidified with 

concentrated hydrochloric acid and extracted three times with ether. The 

combined ether layers were washed with water and saturated sodium chloride. 

The organic layer was dried over magnesium sulfate and evaporated off to 

yield 0.38 g of an unidentified brown oil. 
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