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Abstract- The stereoselective synthesis of E- and 2-4-(a,Y-dialkyl-0-4- 

methoxyphenylallyl)resorc:.~ns was accomplished by reaction of 2-alkyl-7- 

hydroxy-4'-rnethoxyigpflav~~nes with organoaluminum and organomagnesium 

reagents. Thls way leads >to better ylelds than the reduction of 2,4-di- 

alky1-7-hydroxy-4'-meth~xy1-flavenes. The influence of substituents at 

different positions on the reduct~on was studied on model 2H-1-benzo- 

pyrans. 

We have recently reported that 2H-l-benaopyrans react with organometall~c compounds 

leading to 0-allylphenols; the reactions are stereoselective, and the resulting 

double bonds have E- or 2-configuration depending on the experimental conditions?-3 

The reduction is a competitive process leading to different amounts of reduced pro- 

ducts, depending upon the organomerall~c used. Theee reductions are similar to pre- 

v~ously described wlth aluminum hydride11-6 and metal-acid systems!-lo 

Wlth this information in mind, we envisaged a synthesis of 4-(a,y-dialkyl-p-4- 

methoxyphenylallyl)resorcin derivaeives (G) from izQflavenes In t w o  ways: I )  Re- 

ductlon of 2,4-dialkyl&flavenes I&) and 11) Alkylatlon at C-4 of 2-alkyl&fla- 

venes (g)(Scheme I). 

Scheme I 

Initially we studied the feasibility of the reduction, and the ~nfluence of alkyl 

substituents at C-2 and C-4, aryl at C-3, and oxygenated substituents at C-7 on 

model compounds (w). The results are summarized on table 1. 



Table 1. Reduction o f  2H-1-Benzopyrans (2) to 0-allylphenols (1). 

Run Comp. R1 R2 R3 R4 R~ Reaction Conditions 0-allylphenol (%)  

IVa 

IVb 

IVC 

IVd 

IVe 

IVf 

1V.s 

IVh 

IV i 

Me Me H H 011 

Et Et H Me OH 

Et Et H H OTMS 

Et Et H Me OTMS 

Et Et H Me OTMS 

LAN ether, 5 h. 

DIBAH toluene, 12 h. 

LAH ether, 6 h.a 

DIEAH pentane, 2.5 h.a 

L A  ether 12 h. 

DIBAH toluene 12 h. 

LAH ether 5 . 5  h.a 
DIBAH pentane 2 h.a 

LAH ether 3.5  h.a 
DIBAH pentane 6 h.a 
LAH ether 10 h. 

DIBAH toluene 12 h. 

LAH ether 4 h.a 
DIBAH pentane 2 h.a 

LAH ether 10 h.a 

DIEAH pentane 6 h.a 

LAH ether 5 h.a 

DIBAH pentvne 6 h.a 
LAH ether 8 h.a 
LAH ether 4 h.a 
DIBAH pentane 6 h.a 
LAN ether 4 h.a 

DIBAH pentane 4 h.a 

a Reactions under irradiation 

The starting benzopyran was practically recovered unchanged by reaction with li- 

th~urn aluminwn hydrlde (LAH) under thermal conditions (runs 1, 5 and ll), and di- 

~s~b~t~laluminum hydride (DIBAH), under refluxlng toluene, leads to complex mix- - 
tures o f  dienic phenols; the yields of 0-allylphenols were intolerably lows again 

(runs 2, 6 and 12). 
As previously reported1, the reaction wlth LAH or OIBAH was improved by irradiation, 

leading to o-allylphenols in excellent yields ( runs 4,7,8, 13, 14 and 16- 23). 
Only the 2,4-dialkyl-3-aryl trisubetltuted beneopyren shows a low conversion 
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into the corresponding allylphenole~ ( runs 9 and 10). 
The presence of a hydroxyl group at C-7 has not influence on the final yield, but 

~t i~ necessary to add a twofold e x c e s s  of hydride and, in some cases, to increase 

the reaction tune, probably as a cclnsequence of the formation of the less reactive 

conjugated base1'. The protection of the hydroxyl group as trimethylsilyl ether 

waa effective only in part because the S1-0 bond was broken by DIBAH before the 

total transformation of the benzopyran into 0-allylphenoxide (Scheme 11). 

DIBAH 
- - 

DIBAH (DIBAH 

0- Al i 61-12 

\ DIBAH 

All these facts were confirmed on the reactions of 2-methyl-4-ethyl-4'-methoxy-7- 

t r i m e t h y l s i l y l o x y ~ f l a v e n e  (G) and its isomer (E) with both LAH and DIBAH (ta- 

ble 2). The E-o-allylphenols (z) and (E) were formed in low yield when the 

reactxons were carried under irradiation. 

Table 2. Reduction of 2,4-d~alkyl-4'-methoxy-7-tr~methyl~~1Y1oxY~flavenes (m i) 

-- - 

Run Isoflavene R2 R~ R7 Reaction condltlons 0-Allylphenol (%) 

OTMS L,AH ether 

L.AH ether 

CmIBAH benzene 

O'IBAH benzene 

OTMS L,AH ether 

L H  ether 

C'IBAH benzene 

C'IBAH benzene 

a~eactions under irradiation. 



The alternative eynthesls of o-allylphenols by alkylation (% ii) was studied on 

lsoflavenes (-)(Table 3). It is interesting to note that, under thermal condi- - 
tions, was obtained as a single isomer by alkylation of in low yleld, but 

better than by reduction of ( compare runs 6 and 7 in table 3 versue 9 and 10 

~n table 1); on the other hand, it is posszble to obtaln both isomers of a, ~n 

high yield by alkylation of 2 wlth ethylmagneslum bromide under irradiation, and 
by heating with triethylaluminum ( runs 1 and 21, and as a pure isomer 

from by reactlon wlth tr~ethylalum~num (run 4). 

~ s b l e  3. Reactions of 2-alkylisoflavenes with organometall~ca (E ii) 

Run Compound R2 R3 R7 Reaction conditions o-allylphenol (%)  

1 IIa 

2 

3 IIb 

4 

5 IIC 

6 

7 
8 

Me p-MeOC6H4 OTMS EtMgBr ether 

Et A1 benzene 
3 

Et p-MeOC6H4 OTMS MeMgI ether 

Me A1 benzene 
3 

Et C6H5 H EtMgBr ether 

EtMgBr toluene 

Et A1 benzene 
3 

Et A1 toluene 
3 

a React~oni under irradiation. 

EXPERIMENTAL 

Mp's were taken on an oppen capillary tube and are uncorrected. Nmr spectra were 

taken on a Var~an T60 A or a Bruker WP-200 SY spectrometers, and chemical shifts 

are reported in ppm downfield from TMS used as lnternel standard. Ir were obta~ned 

on a Pye-Unicam SP-1100 spectrometer. The geometry E- or 2-lsomsrs was assigned 

based upon their spectroscopic charactr~stics as previously rep~rted"~. 

The benzopyran (IVa)3 was obta~ned by reduction and dehydration of ZH-1-benzopyran- 

2-spiro~yclopentane'~, while compounds (B) were synthesized by dehydration of 

the corresponding 2-(3-hydroxyprop-1-eny1)phenols obtained from benzopyranones by 

reaction with organ~metallics~~'~~. 

Compounds (e), (-) and (a) were obtained from the corresponding 7-hy- 

d r o x y d e r ~ v a t l v e ~ ~ - ~ ~  by silylation with hexamethyldisilazane as previously descri- 

bed. 

2 ,2-Diethyl -4 -methyl -7-methoxy-2H-1-benzyrn  (IY i). On a cooled (ice-water) so-  

lution of 0.3 moles of ethylmagnesium bromlde in 200 ml of anhydrous ether under 

nitrogen was slowly dropped 19 g (0.1 moles) of 4-methyl-7-methoxycoumarin in 

100 ml of ether. The reaction mzxture was stirred for 24 h at room temperature, 

and sddltional 2 h at reflux. The mixture was cooled, added over ice, acidified 

just until the magnesium oxides were dissolved and extracted with ether. 

The extract was washed with a solution of sodium bicarbonate, water, and dried 

over anhydrous magnesium sulfate; the solvent was ditilled, and the olly residue 

crystallined from hexene/benzene glving 22 g (88%) of 2-(3-ethyl-1-methyl-3- 
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hydroxypent-1-eny1)-5-methoxyphenol. Mp. 72-73%. Nmr (CDC1 ) 0.9 (t, 6H); 1.6 (m, 
3 ' 

4H); 2.0 ( d ,  3H); 3.7 (s, 3H); 5.6 (broad s ,  1H); 6.9-7.2 (m, 3H). C H 0 requl- 
15 22 3 

res C, 71.97; H, 8.86. Found C, 71.80; H, 8.79. 
A mixture of 8 g of the above compound, 24 g of sillca gel (Merck 60) and 150 mi 
of ~ ~ l e ~ e  was refluxed for 2 h on .n Dean-Stark trap. The hot mixture was f~ltered 

and the silica gel washed with hot xylene (2x 100ml). The xylene was removed under 

vacuum and the residue was chromatm3graphed on sillca gel and hexane as eluent 

yielding 5.8 g (78%) of (a) as a colourless oil, bp 110-13QC/O.j mm. ~ m r  (CDC~ ) 
3 : 

0.9 (t, 6H); 1.6 (m, 4H); 2.0 (d, '3H); 3.7 ( 5 ,  3H)i 5.2 (9. 1H); 6.4-7.2 (m, 3~). 

2,2-Diethyl-7-hydroxy-4-methyl-2H-l-benzyrn (IVf). By the same method, from 20g 

of 4-methyl-7-trimethylsilyloxycoumarm and 0.24 moles of ethylmagnesium bromide 

it can be isolated 18 g of a yellow oil, that was rafluxed with silica gel in 

xylene and chromatographed on silica gel (CH2Cl2 as solvent) to gzve 11.8 g 

(67.5 %) of(=) as a yellow~sh oil; bp. 118-20QC/0.4 m. Nmr (CDC1 ) .  0.9 (t, 3H); 
3 ' 

1.6 (m, 4H); 2.0 (d, 3H); 5.2 (4, IH); 6.2-7.0 (m, 3H). 

2,2-D1methyl-7-hydroxy-2H-l-benzo~).rran (IVe). Thls oompound was obtained after 

flash chromatography from the reaction mlxture of 7-trimethyls~ly10xy~0umarin and 

trlmethylaluminum in benzene (58 %:I or methylmagnesium bromide in dlsthyl ether 

(49 % I .  yellow oil, hp 94-96~/0.5 mm (l.it.16 oil). 

2-Ethylisoflavene (IIc). Thls compound was obtalned as minor product in the synthe- 

sis of 2,2-diethyleflavene (s) from 3-phenylcoumarln and triethylalum~num'~. 

The flash chromatography (silica gel/Hexane) allowed to isolate (=)(46 %) follo- 

wed by 2-ethyl~flavene (=)(I2 9 6 ) .  Colourless 011, bp 130-35QC/0.2 mm. Nmr 

(CDCl ) .  1.0 (t, 3H); 1.7 (m, 2H); 5.2 (d d, J1=8, J2=4, H at C-2); 6.6 ( 8 ,  H at 
3 ' 

C-4); 6.7-7.4 (m, 9H). 
React~on of 2H-1-Benzopyrans with C1rp;anometallics and Metal Hydride Complexes. 

General Method. A mixture of ZH-1-henzopyran (15 moles) and 30 moles of organo- 

metallic or metal hydride complex, in 50 ml of the corresponding solvent was re- 

fluxed under nitrogen for the time indicated in tables. When the reactlon was 

finished, the solution was cooled, added on crushed i c e  and acidified ~ u e t  until 

hydroxides dissolve. The organzc layer was washed with a saturated solution of 

80dlum bicarbonate, water and brine, and drled over anhydrous magnesium sulfate. 

The solvent was dlstllled, and the residue chromatographed on silica gel and hexa- 

ne/beneene: 5/2 for 0-allylphenols (e and s) or methylene chloride/diethyl 
ether: 20/1 for compounds (-), (m). The reactions under irradiation were 

3 carr~ed out on a pyrex flask uslng a quertz-lamp of 125 W . 
2-(3.3-(1.4-Butanediy1)-2-propeny1)phenol (Val. Yellowish 011, bp 110-12QC/0.4 mm. 

Nmr (CDC13): 1.6 (m, 4 ~ ) ;  2.2 (m. 4H); 3.3 (d, J= 7, 2H at a ) ;  5.4 (m, H at p ) ;  
6.4-7.2 (m, 4H). Phenylurethane, white solid, mp 113-115QCc from hexene/benzene). 

C 2 0 ~ 2 1 ~ ~ 2  requzres C, 78.15; H, 6.89; N, 4.56. Found, C, 78.26; H, 6,80; N, 4.67. 
2-(3-Ethyl-1-methyl-2-penteny1)phenol (Vb). Yellow oil, bp 91-93QC/O.l mm. Nmr 

(CDC1 ) .  0.9 (t, 6H); 1.3 (d, 5.7, CH at a); 2.0 (q, 4H1; 3.9 (m, H a t  a ) ;  5.2 
3 ' 3 

(d, 5.9, H atp ) ;  6.5-7.2 (m, 4H). Phenylurethane, white solid,mp 106-107%. 

C H No requues: C, 77.98; H, 7.79; N, 4.33. Found C, 78.17; H, 7.66; N, 4.21. 
21 25 2 

2-(3-Ethyl-2-phenyl-2-pentenyl)~hen(Yd). Yellowish oil, bp 126-28%/2mm. Nmr 

(CDCl ): 0.9 (t, 3H); 1.1 (t, 3H); 2.0 (q, 2H); 2.3 (q, 2H); 3.7 (s, 2H); 6.3-7.2 
3 

(m, 9H). Phenylurethane, white solid, mp 112-13%. C H NO requires: C, 81.01; 
26 27 2 



H, 7.06; N, 3.63. Found, C, 80.88; H, 7.19; N, 3.51. 

Z-2-(l-Ethyl-2-pheny1-2-pentenyl)phenol (2-Vc). Colourlese oil, decomp by heatlng. 

Nmr (COC1 1 .  0.9 (t, 3H); 1.0 (t, 3H); 1.8 (m, CH2 at a and CH2 at Y); 3.7 (t, J=7, 
3 ' 

H a t  a); 5.6 (t, 5.7, H at Y); 6.5-7.2 (m, 9H). Phenylurethane, white solxd, mp 

165-66QC. Cz6HZ7NO2 requires: C, 81.01; H, 7.06; N, 3.63. Found, C, 80.82; H, 7.19; 

N, 3.49. 

E-2-(l-Ethyl-2-phenyl-2-pentenYl)pheno~ (E-Vc). Colourless 011, bp 135-37QC/ 2 m. 

Nmr (CDC~~): 0.9 (t, 3H); 1.0 (t, 3H); 1.7 (m, CHZ at a); 2.4 (m, CH2 at 7 ) ;  4.1 
(d d, .Il= 9, J2= 6, H at a); 5.4 (t, 5.7, H at Y); 6.5-7.2 (m, 9H).Phenylurethana, 

white solid, mp 176-77%. C26H27N02 requlres: C, 81.01; H, 7.06; N, 3.63. Found, 

C, 80.80; H, 6.91; N, 3.72. 

4-(3-Methyl-2-buteny1)-1.3-benzenedl01 (Ve). Yellowish 011, bp 105-107QC/0.4 mm. 

(11t.17 126-28QC/2 mm). Nmr (C14C): 1.7 (s, 6H); 3.2 (d, 2H at a, J=7); 5.3 (t, 

517, H at 6); 6.2-7.0 (m, 3H). Diphenylurethane, white solid,mp 147-49QC. C H - 
25 24 

N 0 requzres: C, 72.10; H, 5.81; N, 6.73. Found, C, 71.87; H, 5.69; N, 6.61. 2 4 
4-(5-Ethyl-1-methyl-2-pentenyl)-1,3-benzenedl (Vf). Colourless oil, bp 145-47QC/ 

0.4 mm. Nmr (CDC1 1.  1.0 (t, 6H); 1.3 (d, Jn7, CH at a); 2.1 (q, 4H); 3.8 (m, H 
3 ' 3 

at a); 5.1 (d, 5.9, H st B ) ;  6.1-7.0 (m, 3H). Dlphenylurethane,whlte solid, mp 

174-75QC. C28H30N204 requlres: C, 73.34; 11, 6.59; N, 6.11. Found, C, 73.21; H, 6.70 

N, 6.27. 

4-(3-Ethyl-2-pentenyl)-1,3-benaenediol (Vg). Brownish 011, decomp by heating. Nmr 

(C1 C): 1.0 (t, 6H); 2.1 (q, 411); 3.3 (d, 517, 2H at a); 5.2 (t, H at p); 6.1-7.0 4 
(m, 3H). Diphenylurethane, white solid,mp 151-53%. C H N 0 requires: C, 72.95; 27 28 2 4 
H, 6.35; N, 6.30. Found, C, 72.80, H, 6.49; N,6.20. 

2 - ( 3 - E t h y l - l - m e t h y l - 2 - p e n t e n y 1 ) - 5 - m e t h o x y h n l  (Vi). Colourleas oil, bp 115-20QC/ 

0.4 mm. Nmr (C14C): 0.9 (t, 3H); 1.0 (t,3H); 1.3 (dl J=7. CH at a); 2.0 (q, 2H); 
3 

2.1 (q, 2H); 3.7 ( 6 ,  3H); 3.8 (m, H at a ) ;  5.1 (d, J.9, H at 8 ) ;  6.0-7.0 (m, 3H). 

Phenylurethane, white solid, mp 71-72QC. CZ2Hz7NO2 requires: C, 74.76; H, 7.67; 

N, 3.96. ~ound, C, 74.89; 11, 7.56; N, 3.82. 

z-4-(1-Ethyl-2-(4-metho~~phen~l)-2-butenyl-l,3-benzenedil (2-IIIa). Yellow oil, 

decomp by heating. Nmr (methanol-d4): 0.9 (t, 3H); 1.5 (d, J=7, CH at Y ) ;  1.6 
3 

(m, CH2 at a); 3.7 ( a .  3H); 3.8 (t. 5.8, H at a); 5.5 (4, J=7, H at Y ) ;  6.0-7.0 

(m, 7N). Diphenylurethane, white solid, mp 182-83QC. C H N 0 requires: C, 73.86; 
33 32 2 5 

H, 6.01; N, 5.22. Found, C, 73.72; H. 5.89; N, 5.37. 

E-4-(I-Ethyl-2(~-methoxyphenyl)-2-butenyl-l,3-benzenedol (E-IIIa). White solid, 

mp 72-73QC. Nmr (methanol-d4): 0.9 (t, 3H); 1.6 (m, CH2 at a); 1.9 (dl J=7, 
CH3 

at Y); 3.7 ( 9 ,  3H); 4.3 (t, Jr7, H at a); 5.4 (q, H at Y); 6.0-7.0 (m, 7H). Di- 

phenylurethane, white solid, mp 168-69%. Cg3Hg2N2O5 requires: C. 73.86; H, 6.01; 

N; 5.22. ~ound, C, 73.81; H, 6.12; N, 5.10. 

Z-4-(l-~sth~l-2-(~-met.ho~~~hee~l)-2-pentenyl-l,3-bezendil (2-IIIb). Yellow oil, 

decomp on distillation. Nmr (methanol-d ) .  0.9 (t, 3H); 1.3 (d, 5.7, CH3 at a); 
4 ' 

1.9 (rn, CH2 at Y); 3.7 (3, 3 ;  4.1 (q, H at a ) ;  5.4 (t, J=7, H at Y); 6.0-7.0 ( m ,  

7H). Diphenylurethane, white solid, mp 159-60~. C33H32N205 requires: C, 73.86; 

H, 6.01; N, 5.22. Foun4, C, 73.98; H, 6.14; N, 5.11. 

E-4-(1-~ethyl-2-(4-meth0~~phen~l)-2-pentenyl-l,3-benzenedl (E-IIIb). Yellow oil, 

decomp on distillation. Nmr (methanol-d4): 1.0 (t, 3H); 1.3 (d, J=7, CH3 at a); 

2.3 (m, C H ~  at Y); 3.7 ( s ,  I 4.4 (q,  at a); 5.2 (t, J=7, H st Y ) ;  6.1-7.0 (m, 
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7H). Dlphenylure thane ,  wh i t e  s o l i d ,  mp 146-47QC. C H N 0 requires: C ,  73.86; 35 32 2 5 
H ,  6.01; N ,  5.22. Found, C .  73.70; H. 5 .86;  N ,  5-09. 
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