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The Behaviour of 2H-I - Benzopyrans Towards Trialkylaluminium Reagents 
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2H-I -Benzopyrans react with trialkylaluminium compounds by alkyl- and hydrogen-transfer to C-2 and 
C-4 to give the o-allylphenols (2), (3), and the (€)-o-propenylphenols (4) and (5). The site of attack 
and the ratio of alkyl- to hydrogen-transfer depend on the alkylaluminium used and on the size of the 
substituent at C-2 of the pyran. A mechanism involving reaction of the alkylaluminium with the quinone 
methanide (6), which is in equilibrium with the pyran ( l ) ,  is in accord with all experimental results. 

It has been reported that 2,2-diethyl-2H-l-benzopyran (le) 
reacts with triethylaluminium leading to 2-(1,3-diethylpent-2- 
eny1)phenol (2e) in high yield. As the reaction, which is 
analogous to reductions of (1) with lithium aluminium 
hydride or magnesium: may be of synthetic interest, we 
have studied the behaviour of 2H-1-benzopyran towards 
trialkylaluminium compounds, and we have determined the 
influence of the alkyl substituent at  C-2. 

Results and Discussion 
The reactions of 2H-1 -benzopyrans (1) with trialkylaluminium 
compounds [molar ratio (1) : AIR3 = 1 : 3, in benzene at 
20 "C] take place as shown in Scheme 1. The formation of 
phenols (2) and (3) must occur by opening of the heterocyclic 
system and 1,4-addition of a hydride or alkyl group, followed 
by double-bond rearrangement. In contrast, phenols (4) and 
(5) are obtained in a reaction which formally involves opening 
of the hetero-ring, 1,2-addition, and 2-E isomerization of the 
olefinic bond. The results obtained are summarized in the 
Table. 

The reactivity of 2H-1-benzopyrans towards organo- 
aluminium compounds, and the relative molar ratios of o- 
allylphenols (2), (3), and o-propenylphenols (4), (5) obtained, 
depend on the nature of the alkyl group bonded to the 
aluminium, and on the size of the substituent at C-2 in the 
substrate. The reaction of compound (1) with triethylaluminium 
is complete in 24 h at 20 "C, whereas tri-isobutylalurninium 
gives only 75-80% conversion under the same conditions 
(after 1 additional hour at 80 "C, the reaction is complete). 
On the other hand, (la) reacts with trialkylaluminium com- 
pounds leading to comparable amounts of o-allyl- (2), (3), and 
o-propenyl-phenols (4a), @a), whereas 2-substituted 2H-1- 
benzopyrans yield preferentially compounds of type (2) and 
(3): in general terms, the proportion of (4) and (5) related to 
(2) and (3) diminishes when the steric demands of the groups 
at C-2 increase. 

I t  must be emphasized that the reactions of 2H-1-benzo- 
pyrans with trialkylaluminium compounds are highly stereo- 
selective: the asymmetrically substituted double bonds of all 
the compounds obtained possess E configuration and it has 
not been possible to detect the 2 isomers. 

We have also studied the reactions of compound (la) with 
triethylaluminium under U.V. irradiation (Figure la) and in 
darkness (Figure lb). The results obtained show that irradi- 
ation increases the rate of formation of (2a) and (5a) as well 
as the molar ratio (2a) : (5a). On the other hand, irradiation 
of the systems (2a) + (5a) and (2a) + (5a) + triethyl- 
aluminium, in benzene solution, shows that the decrease in 
yield of o-prop-1-enylphenols in the final mixture is due to 
their polymerization (g.1.c. and 'H n.m.r.). 

Although we have not attempted to determine the mech- 
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Scheme 1. 

Table. Reactions of 2H-1-benzopyrans with trialkylaluminium 
compounds [AI(R),] 
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Figure. Reaction of the 2H-1-benzopyran (la) with triethylaluminium (a) under U.V. irradiation and (b) in darkness 
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Scheme 2. 

anism of the stereoselective formation of o-allylphenois, a 
possible route which is consistent with the observations 4*5 is 
shown in Scheme 2. 

However, a similar transformation, which involves 1,2- 
addition and the subsequent Z-E isomerization of the double 
bond, would not explain the formation of (a-o-propenyl- 
phen01s.l.~ 

The formation of (2), (3) and the E-isomers of (4) and (9, 
could easily be interpreted as being due to the action of tri- 
alkylaluminium compounds on the quinone methanide (6) 
which is in photochemically induced equilibrium with 
compound (1) (Scheme 3). This equilibrium could also explain 
the reactions of 2H-1 -benzopyrans with various reducing 
agents ' s 8  and Grignard ~ o m p o u n d s . ~ * ~ ~  

Experimental 
All m.p.s are uncorrected. 1.r. spectra were recorded with a 
Pye-Unicam SP-1100 instrument, and 'H n.m.r. were obtained 

on either a Perkin-Elmer R-24 or a Varian T-60A spectro- 
meter at 60 MHz, using %Me4 as internal reference. G.1.c. 
was carried out on a Hewlett-Packard 5710-A chromato- 
graph using nitrogen as the carrier gas and a column packed 
with DEGS (20%) on chromosorb W-HMDS 80/lOO. Mass 
spectra were performed on a Hewlett-Packard 5930-A spectro- 
meter. 

Synthesis of 2H-l-Benzopyrans.-The following 2H-1- 
benzopyrans were prepared by literature procedures : 2H- 1- 
benzopyran (la) (24%), b.p. 49-50 "C at 1 Torr; 2-methyl- 
2H-1-benzopyran (lb) l2 (31%), b.p. 45-46 "C at 0.5 Torr; 
2,2-dimethyl-2H-l-benzopyran (Id) l2 (4573, b.p. 84-85 "C 
at 1.5 Torr; and 2,2-diethyl-2H-l-benzopyran (le) l3 (64%), 
b.p. 99-100 "C at 2.8 Torr. 

2-lsobutyl-2H-1 -benzopyran (1 c).-(Z)-2-(3-Hydroxy-5- 
methylhex-1-eny1)phenol was distilled at 160 "C/3 Torr with 
nitrogen flushing. The distillate (5 g) was purified in a chrom- 
atographic column using Merck silica gel (70-230 mesh) and 
dry n-hexane as solvent, to give crude (lc) (3 8); this yielded 
on distillation pure compound (2.5 g, 3073, colourless oil, b.p. 
84-86 "C at 1.2 Torr (Found: C, 83.2; H, 8.15. C13H15O 
requires C, 83.40; H, 8.02%); 6 (CG14) 0.9 (6 H, d), 1.1-2.1 
(3 H, m), 4.85 (1 H, m), 5.35 (1 H, c), 6.1 ( I  H, d), and 6.5- 
7.1 ( 5  H, m). 

The (2)-2-(3-hydroxy-5-methylhex-l-enyl)phenol was pre- 
pared in the following way: t o  a solution of tri-isobutyl- 
aluminium (17.3 g, 0.68 rnol) in anhydrous benzene (150 ml) 
was added, under nitrogen at 0 "C, coumarin (25 g, 0.17 mol) 
in the same solvent (100 ml). The mixture was stirred for 24 h 
at room temperature, and poured into ice-water. The result- 
ing solution was acidified by addition of hydrochloric acid 
until aluminium hydroxide just dissolved, and then extracted 
with diethyl ether. The extracts were washed with water and 
dried (MgS0.J. The solvents were evaporated off, and the 
residue fractionated by column chromatography (silica gel 
and methylene dichloride); the products, in order of elution, 
were 1-(o-hydroxyphenyl)-5-methylhexan-3-one (ca. 30%) and 
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chroman, indan, and dihydrofuran derivatives by transposition 
at the para-position, etc.). 

The irradiated reactions were carried out in a quartz 
flask 25 cm from the light source (quartz lamp, 125 W), and 
monitored by g.1.c. and 'H n.m.r. spectroscopy. The following 
compounds were obtained in this way : 2-( 1 -ethylprop-2-enyl)- 
phenol (2a), cc!ourless liquid, b.p. 68-70 "C at 0.3 Torr; 6 

(2 H, m), 6.0 (1 H, m), and 6.8-7.2 (4 H, m). Phenylurethane. 

H 

R' 
(CDCl3) 0.85 (3 H, t), 1.75 (2 H, q), 3.45 (1 H, c), 4.70-5.25 

T 
Jt 
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Scheme 3. 

(Z)-2-(3-hydroxy-5-methylhex-I -enyl)phenol (9 g) (m.p. 56 "C 
from benzene-n-hexane, lit'.,' 56 "C). 

General Procedure.-To a solution of the organoaluminium 
compound (0.09 mol) in dry benzene (50 ml), under nitrogen, 
was added 2H-1-benzopyran (0.03 mol) in benzene (50 ml). 
The mixture was stirred during 24 h at room temperature, and 
heated for an additional hour at 80 "C. The solution was 
cooled, poured into ice-water, and acidified until aluminium 
hydroxide just dissolved. The organic layer was washed with 
water and dried (MgS04). The products were obtained by 
elution of the reaction mixtures (after removal of solvent) 
through a silica-gel column, using benzene-n-hexane (3 : 1) as 
eluant, and purified by distillation ; only spectroscopic evidence 
for the presence of the minor products could be obtained. 
When the reaction of compound (1) with organoaluminium 
compounds was carried out at higher temperatures (in 
benzene under reflux, 6 h) by-products formed by transform- 
ation of the allylic groups were obtained (e.g. formation of 

m.p. 84-85 "C (Found: C, 76.7; H; 6.75; N, 4.8. C18H19NO2 
requires C, 76.87; H, 6.76; N, 4.98%)). 

(E)-2-( 1 -Ethylbut-2-enyZ)phenol (2b), colourless liquid, b.p. 
105-106 "C at 2.5 Torr; 6 (CDC13) 0.85 (3 H, t), 1.65 (5 H, 
m), 5.5 (2 H, m), and 6.4-7.2 (4 H, m). Aryloxyacetic acid, 
m.p. 90-91 "C (Found: C, 71.75; H, 7.7. C14H18O3 requires 
C, 71.79; H, 7.69%). 

(E)-2-( 1 -Eth~l-5-methylhex-2-enyl)phenol (2c), colourless 
liquid, b.p. 96-98 "C at 1 Torr; 6 (CDCG) 0.9 (6 H, d), 1.0 
(3 H, t), 1.7 (1 H, m), 1.8 (2 H, m), 2.0 (2 H, m), 3.4 (1 H, m), 
5.7 (2 H, m), and 6.4-7.3 (4 H, m). Phenylurethane, m.p. 
89-90 "C (Found: C, 78.6; H, 7.9; N, 4.35. C22Hz7NOz 
requires C, 78.34; H, 8.01; N, 4.15%). 

2-(1,3- Diethylpent-2-enyZ)phenol (2e), colourless liquid, b.p. 
106-110 "C at 3 Torr; 6 (CDC13) 0.9 (6 H, t), 1.0 (3 H, t), 1.7 
(2 H, m), 2.05 (2 H, c), 2,15 (2 H, c), 3.75 (1 H, c), 5.3 (1 H, d), 
and 6.5-7.3 (4 H, m). Phenylurethane, m.p. 128-129 "C 
(Found: C, 78.2; H, 7.9; N, 4.15. C22H27N02 requires C, 
78.34; H, 8.01; N, 4.15%). 
2-(l-Zsobutylprop-2-enyZ)phenul (2f), colourless liquid, b.p. 

87-88 "C at 0.8 Torr; 6 (C13CD) 0.9 (6 H, d), 1.3-1.8 (3 H, 
m), 3.7 (1 H, c), 4.7-5.25 (2 H, m), 6.0 (1 H, oct.), and 6.7- 
7.2 (4 H, m). Phenylurethane, m.p. 113-114 "C (Found: C, 
77.65; H, 7.45; N, 4.4. CzoH23N0z requires C, 77.67; H, 
7.44; N, 4.53%). 

(E)-2-( 1 -Isobutylbut-2-enyl)phenol (2g), colourless liquid, 
b.p. 118-119 "C at 3 Torr; 6 (CDC13) 0.85 (6 H, m), 1.2- 
1.9 (3 H, m), 1.6 (3 H, m), 3.5 (1 H, m), 5.45 (2 H, m), and 
6.4-7.1 (4 H, m) [Found: 204 (M+') .  CI~HZCO requires M, 
2041. 

(E)-2( 1 -Zsobutyl-5-rnethyZhex-2-enyl)phenol (2h), colourless 
liquid, b.p. 103-106 "C at 1 Torr; 6 (C1,CD) 0.9 (12 H, m), 
1.95 (2 H, m), 3.6 (1 H, m), 5.6 (2 H, m), and 6.6-7.3 (4 H, 
m). Phenylurethane, m.p. 109-110 "C (Found: C, 79.1; H, 
8.35; N, 3.75. C24H31N02 requires C, 78.90; H, 8.49; N, 
3.84%). 
2-(l-Isobutyf-3-methylbut-2-enyl)phenol (2i), colourless 

liquid, b.p. 104-106 "C at 1 Torr; 6 (CC14) 0.85 (6 H, d), 
1.3-1.8 (3 H, m), 1.6 (6 H, s), 3.85 (1 H, m), 5.3 (1 H, d), and 
6.5-7.3 (4 H, m) [Found: 218 (&I+'). CI5Ht2O requires M ,  
21 81. 

2-(3-€thyl- 1 -isobutylpent-Zenyl)phenof (Zj), colourless liquid, 
b.p. 115-117 "Cat 3 Torr; 6 (CDC13) 1.0 (12 H, m), 1.3-1.7 
(3 H, m), 2.05 (2 H, c), 2.15 (2 H, c), 3.75 (1 H, c), 5.3 (1 H, d), 
and 6.5-7.3 (4 H, m). Phenylurethane, m.p. 131-132 "C 
(Found: C, 78.8; H, 8.55; N, 3.9. Ct4NJ1N02 requires C, 
78.90; H, 8.49; N, 3.84%). 

2-Prop-2-enylphenol (3a), colourless liquid, b.p. 78-80 "C 
at 3.5 Torr; 6 (CDC13) 3.3 (2 H, d), 4.8-5.3 (2 H, m), 5.6- 
6.3 (1 H, m), and 6.5-7.2 (4 H, m). Phenylurethane, m.p. 
106 "C (lit.,14 106 "C). 

(E)-2-But-2-enylphenoI (3b), colourless liquid, b.p. 74-76 
"C at 1 Torr; 6 (CDC13) 1.65 (3 H, m), 3.25 (2 H, m), and 
6.5-7.2 (4 H, m). Aryloxyacetic acid, m.p. 135-136 "C (from 
water (lit.,15 135-136 "C). 
(E)-2-(5-Methylhex-2-enyl)phenol (3c), colourless liquid, 

b.p. 93-95 "C at 0.8 Torr (1it.,l6 100 "C at 1 Torr). Phenyl- 
urethane, m.p. 91-92 "C (Found: C, 77.1; H, 6.95; N, 
5.0. Calc. for CleHl9NO2: C, 76.87; H, 6.76; N, 4.98%). 
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2-(3-Ethylpenf-2-enyl)phenyl (3e), colourless liquid, b.p. 
97-100 "C at 3 Torr; 6 (CDC13) 1.0 (6 H, t), 2.05 (2 H, c), 
2.15 (3 H, c), 3.35 (2 H, d), 5.25 (1 H, t), and 6.7-7.2 (4 H, m) 
[Found: 190 ( M + ' ) ;  C13HlaO requires M, 1901. 

(E)-2-Prop-l-enylphenol (5a), m.p. 37-38 "C (lit.," 37- 
38 "C); 6 (CDCl3) 1.85 (3 H, d), 6.15 (1 H, oct.), 6.60 (1 H, d), 
and 6.6-7.3 (4 H, m). 
(E)-2-But-lenylpheno1(5b), m.p. 0 " C ;  6(CDC13) 1.05 (3 H, 

t), 2.15 (2 H, m), 5.95 (1 H, s), 6.50 (1 H, d), and 6.3-7.2 
(4 H, m). Aryloxyacetic acid, m.p. 101-102 "C (lit.," 102 "C). 

For the following two compounds we have spectroscopic 
evidence only : (E)-2-pent-l-enylphenol (4a), 6 (CDC13) 0.9 
(3H,t),1.2-1.8(4H,m),2.15(2H,c),6.1(1H,s),6.6(1H, 
d), and 6.6-7.4 (4 H, m). 
(E)-2-(3-Methylpent-l-enyl)pheno1(4b), 6 (CDC13) 1 .O (6 H, 

m), 1.25 (2 H, m), 2.1 (1 H, m), 5.85 (1 H, c), 6.4 (1 H, d), 
and 6.6-7.4 (4 H, m). 
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