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Abstract -The palladium-catalyzed coupling reaction of iodophenols (1) with 2- 
methyl-3-hutyn-2-01 gave alkynylphenols (2). Catalytic hydrogenation of 2 over 

Raney nickel and the subsequent dehydration of the resultant alkylphenols (3) gave 

regioselectively the desired prenylphenols (4). Dehydration of alkylphenols (3f-h) 

gave chromans (7). 

Prenylphenols are potentially valuable intermediates in the synthesis of chromenes, chromans, and natural 

products1 and distributed widely in nature.2 These compounds are also useful model compounds for 

biogenetic studled and have antifungal activity.4 Although these compounds have been synthesized from 

suitable phenols by direct acid- or based-catalyzed alkylation, or by Clmen rearrangement,5 the majority of such 

reactions has resulted in relatively far from satisfactory yields. The Friedel-Crafts reactions of phenols bearing 

strongly electron-withdrawing suhstituents with ally1 chlonde have not entirely reacted.6 

The reaction of aryl halides with terminal alkynes in the presence of Pd(0) is very useful for the formation of 

carbon-carbon bonds.7 We report here the first regioselective synthesis of prenylphenols by using the 
palladium-catalyzed coupling reaction of iodophenols with 2-methyl-3-butyn-2-01 and synthesis of chromans. 

lodophenols were synthesized from the corresponding phenols with iodine in the presence of silver 
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trifluoroacetate in CHC13 at room temperature. 4'-Hydroxy-3'-iodoacetophenone was synthesized by Nal- 

NaClO method.8 The coupling reaction of the phenols (1) (I mmol) with 2-methyl-3-butyn-2-01 (3 mmol) in 
the presence of PdC12 (0.03 mmol). Cul (0.03mmol). and PPh3 (0.06 mmol) in Et3N-DMF under N2 under 

suitable conditions afforded the desired alkynylphenols (2) in high yields (Schemes 1 and 2, Table I). 

However, the coupling reaction of lc  gave alkynylphenol (2c) in a lower yleld than those of other compounds 

because of the steric hindrance and the electron-releasing groups, whereas the couplmg reaction of acetophenones 

(1d.e.g.h) gave the alkynylphenols (2d,e,g,h) in high yields because of the strongly electron-withdrawing 

group. After catalytic hydrogenation (Raney Ni) of alkynylphenols (2). the obtained alkylphenols (3a-e, 3'f- 

h)  were dehydrated with TsOH.H20 under reflux in toluene 0.5-1.5 h to give a mixture of the desired 

prenylphenols (4) and a small amount of the isomers (3-methyl-3-butenylphenols) ( 5 )  in high yields. It is 

difficult to separate 4 from,the mixtures by column chromatography or distillation. The mixtures were treated 

with aq. H g ( N 0 3 ) ~  (1.3 equiv, based on the isomers) in tetrahydrofuran at room temperature for 0.5 h to give 

the terminal alkylmercurinium ions (5') by equation 1,9 and then the desired prenylphenols (4) were easily 
separated and purified from the mixtures by silica gel column chromatography (CHC13 as solvent) (Table I ) .  In 

the reaction of the alkene mixtures with Hg(N03)z. the internal alkylmercurinium ions were not obtained. This 

separation procedure is the first attempt to separate the desired prenylphenols from the mixtures of the internal and 
termmal alkenes The reaction of H g ( N 0 3 ) ~  to only terminal alkenes may be used as a convenient test for 

terminal alkenes, as well as a method for separation of a mixture of internal and terminal alkenes. 

Benzoyloxypreny$henols (4f-h) were also purified by the same method. Hydroxyalkylphenols (3f-h) were 
convened into chromanslo (7f-h) with TsOH.H20 in hlgh yields. Benzoyloxyprenylphenols (4f-h) were 

hydrolyzed to hydroxyprenylphenols10 (6f-h), and then were subsequently convened into chromenes (Sf-h) 

with DDQ in benzene The coupling reaction of 2-tosyloxybromobenzene (li) having the electron-withdrawing- 
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Table I .  Synthesis o f  Alkynylphenols and ~renylphenols") 

Alkynylphenol Alkene ~ r e n ~ l ~ h e n o f )  

Phenol React. cond. m~xture(Yield %) 
(Yield %) ( ~ 6 ) ~ '  (Yield %) 

aoMe 50%. 0.5 h 2a 97 93 (87113) 4a 80 

I Paste 011 

l a  

MeOaOMe 50°C, 0.5 h 2b 90 95 (9119) 4b 85 

I Paste Oil 

I b  

80°C. 21 h k 67 90 (85115) 4e 75 

I MeO'TOMe OMe 011 Oil 

I c  

no"' 25"C, 5 h 2d 87 
94 (90110) 4d 83 

Ac I mp 97-98°C 
Oil 

I d  

85°C. 1 h Zg 84 85 (88112) 4g 73 

AC mp 105-107°C 
Oil 

70"C, 2 h 2h 95 96 (87113) 4h 82 

AC rnp 122-124°C Oil 

a"" 80°C. 8 h 2i 70 88 (87113) 
41 75 

Br ' .  Oil Oil 

li 

a) Ytelds mlated by column chromatography are pven ldentificatmn of all the products was 

achreved by 'H-nmr evidence and elernenlal analysis 

b) Mixture o f  two tsomerr A=prenylphenol (4) and B=3-methyl-3-bulenylphenol ( 5 ) :  
A/B=proporlion of isomers was determined by 'H-nmr. 

c)  Isolated ydds based on the correspond~ng alkylphenols (3a-e and 3'f-h). 
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group also gave easily alkynylphenol (Zi), and then converted into prenylphenols (4i and 6i10), chroman10 

(7i) and chromene (8i). In conclusion, the palladium-catalyzed coupling reaction of iodophenols wlth 2-methyl- 

3-hutyn-2-01 has shown to be a useful method for regioselective syntheses of prenylphenols bearing strongly 
electron-withdrawing substituents and chromans. The excellent chemoselectivlty of H g ( N 0 3 ) ~  to internal and 

terminal alkenes has been shown to be useful for the recognition and separation of term~nal alkenes. 
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