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ABSTRACT - In polypha9phoric acid (PPA), 2- and 4-methoxycinnamic acids react 

with various dimethylphenols t o  give 4-phenyl-3,4-dihydrocaumarins by direct 

cycloadditian, whereas 3-methoxycinnamic acid, in the same condieians, also 

gives a flavanone formed by Fries rearrangement from a hydronychalcane. These 

results are discussed in terms of electronic effects due to the methany substi. 

tuents on the cinnamic acids. 

Numerous 4-phenyl-3,4-diIiydrocoumariii (*I have been synthesized by the reaction of phenols wirh 

cinnamic acids, cinnamares or corresponding nitriles with condensing reagents such as A1C13, ZnC12, 

SKI3, BF3. H2S04. HC1 or palyphosphoric acid (FPA)'-~. In all these reports, reactions are 

performed between substituted phenols and cinnamic acids or derivatives without substituents on 

the phenol group. In this case,  the couise of the reaction is only affected by the substiruenrs 

on the phenol moiety. It therefore seemed worthwhile t o  study the influence of a substifuenf on 

the phenyl moiety of cinnamic acids on the mechanism of the reaction. In order to rest this we 

have condensed 2-, 3- and 4-methoxycinnamic acids on 3,4-, 3.5- and 2.4-d~methylphenols by means 

of palyphospharic acid (a reagent often used in cyclodehydrations), at a temperature close to 50•‹C. 

The results show the importance of position of the merhoxy group on the course of the reaction. 

2-Methoxycinnamic acid condensed wirh the above dimethylphenols gives only dimethylared 4-(2'-mefho- 

xypheny1)-3,4-dihydrocoumarins. In the same conditions, 3-methoxyc~nnamic acid leads to a mixture 

of 3,4-dihydrocoumarin~, phenylcinnamate, hydronychalcone and, occasionally, flavanone while 

4-methoxycinnamic acid gives m l y  3,4-dihydrocoumarins at low temperature and, by increas~ng the 

temperature, coumarins by loss af the anisyl group. 



PPA is well know ro  catalyee cyclodehydration It has been used in the syn- 

thesis of same 4 - p h e n y l - 3 , 4 - d i h y d r ~ ~ ~ ~ ~ r i i ~  from phenols and einnamic acid by Hasebe 5'6 and by 

Reichel and Proksch9 in the condensation of 0-coumaric acid with anisole. These avthors don't 

propose an accurate mechanism to explain the inflvence of substituents. 

our results are summarized in Table I. The first step of che mechanism is the formation of a 

phenyl einnamate by dehydration, as suggested by the formation of 6A by the reaction of Z,4-dime- 

thylpheml with 3-merhoxycinnamic acid. 

12 
If we refer to the mechanisms reported by Conia and co-workerslO'll, Allen and covorkers , 

in relation to the ~ y ~ l i s a t i ~ ~  of o-alkenyl esters or alkenyl aryl ketones, solubiliration of the 

ester seems to occur by the formation of a coordination complex between PPA and the more nucleo- 

philic oxygen atom of the ester group. 

Depending on the psition of merhoxy group an cinnamic xid, the second step of the mechanism 

could proceed via two schemes: in the case of 2-merhoxy- and 4merhoxycinnamie acid, the +M (elec- 

tron donating) effect of the methony groups could favor the formation of a coordination complex of 
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PPA wirh the carbonyl oxygen atom of the ester function ; the reaction would then continue by a 

Friedel-Crafts cyclisation and the hydrolysis would give a 4-methaayphenyl-3,4-dihydrocoumarii 

(scheme I). Reactions 1 ,  2, 3, 7, 8 and 9 ,  sumarized in Table I, agree with this assumption. 

In che case of 3-merhonycinnamic acid, the -I(electron withdrawing) effect is weighty (this is 

16 
Supported by the acidic strength of 3-merhoxycinnami~ acid ). The coordination complex would be 

formed with PPA on the more nucleophili~ phenoxy oxygen atom (scheme 2 ) .  

Heteralytic cleavage of the ester would then give an acylium ion which, by Fries rearrangement, 

would form a hydroxychalcane. The chalcone 4C obtained by reaction of 37nethoxycinnamic acid with 

3,4-dimethylphenol supports this mechanism. 

The coordination complex would give a Elavanane by the ~ ~ ~ l i s a t i o n  of the hydroxychalcone during 

hydrolysis. Thus, reacrion of 3-merhoxycinnamic acid wirh 3,5-dimethylphenol gives flavanone 5D. 

Scheme 2  is also supported by formation, in large proportion, a • ’  the cinnamafe 6A. In this example 

hydroxychalcone characterised by TLC is only present as traces. This can be explained by the steric 

hindrance of the methyl group in the B ~osition near the phenoxy oxygen atom which prevents the 

formation of the coordination complex. cinnamare b.4 heated in PPA at a temperature above 5 0 " ~  only 

gives 4-(3'-methoxyphenyl)-3,4-dihyd~ococmcrii. 



0 

OCH, - 
- - 

We can compare this result with those a•’ srarkov13 who, by reaction of 3,5-dimethylphenol with 

cinnamic acid, obtained a mixture of 3.4-dihydrocoumarin and 5.7-dimerhylflavanone. In the case 

of the reaction of formation of 4-(4'7nethoxyphenyl)-3,4-dihydroc00m~rii, we obtain a coumarin 

through an increase in temperafure,by loss af the anisyl group. ~animaranl~"~ observes the same 

phenomenon by heating 4-phenyl-3,4-dihydr~cc~m~rii at 120'C in the presence of A1C13. In our case, 

the formation of a coordination ~omplex between PPA and the oxygen atom of anisyl group favors 

the mobility of the anisyl group, thvs leading to products 7E and 8E. 

Thus our results show that the position of methoxy groups in merhoxycinnamic acids affects 

the course of the reaction leading to 4-methoxyphenyl-3,4-dihyd~ocoumariis in polyphosphoric 

acid according to the proposed mechanisms. 



HETEROCYCLES, Vol 20, No 3, 1983 

Table I 

Reactions of dimethylphenols with methaxycinnamic acids 

in PPA during 24 h at 50-C 

3,4-dimethyl- 

phenol 

Phenols 

3,s-dimethyl- 

phenol 

2-rnethoxycinnam~c acid 

yield (%)* 

2,4-dimethyl- 

phenol 

37nethanycinnamic acid 4arethoqcinnamic aci 

yield (I)* yield (I)* 

- 
7E, traces 

* .  
ylelds after twice reerisrallisarions 

EXPERIMENTAL 

- 
5B, 25 i 

- 
50, 17 1 
- 

6A, 24 % 

6B, 17 I 

6C, traces 
- 
- 

Satisfacrary elemental analyses were obtained. Structures of all new compounds described were 

confirmed by lli nmr and infrared spectra. Infrared spectra were recorded on a Perkin-Elmer 297 

. 

8B, 24 % 

. 

- 
8E, traces 

. 

98, 57 I 
- 
- 

- 

spectrometer. 'H nmr spectra were obtained on a R-24B Hitachi Perkin-Elmer spectrometer. Chemical 

shifts are reported in parts per million (6)downfield from cerramechylsilane used as internal 

standard in carbon tetrachloride or deuteriochlorofom solucian. All melting points are uncorrected. 

All methoxycinnamic acids and dimethylphenols were  purchased from Aldrieh. 

GENERAL PROCEDURE 

To a mixture of 80 g of P2O5 and 96 ml of concentrated H PO (85 %, d - 1.695) stirred at 
3 4 

50'C were added 4.03 g (0.033 moll of dimethylphenol and 5.88 g (0.033 mo1) of methorjcinnamic acid. 

After 24 hours, the mixture was poured on 500 g of crushed ice. The aqueous phase was extracted 

several times with chloroform and the combined organic phases were washed (NaHC03 5 I, Na2C03 5 %, 

NaOH 5 % and water), dried (MgSO ) and evaporated under reduced pressure. When the residue was 
4 

solid, it was collected and twice recrysrallised from ethanol. When the residue was an oily liquid, 

it was colum-chromatographled (silica, toluene). 



o f  3.4-dimethylphenol with 2-methoxycinnamic acid 

product - IB : 6,7-dimethyt-4-(Z'-methozyphenyZ~-3.4-dihydrocomarin. mp 167-168•‹~. nmr(CDC13) : 2.15 

(3H, 5, CH~), 2.25 (3H, 5, CH3), 2.98 (ZH, <, J = 6 Hz, CH2), 3.82 (3H, 5, 0CH3), 4.62 (IH, g, 

J = 6 Hz, CH), 6.78-7.4 (6H, g, ArH). ir (KBr) : 1758 cm-I, C=O. 

~ ~ ~ ~ r i ~ ~  of  3,4-dimethylphenol with 3-methoxycinnamic acid 

Product - 4C : 2'-hydrozy-4',5'-dimethyZ-3methoqch(1Zcone. mp 101-102'C. nmr (CC14) : 2.25 (6H, 5, 

2cz3), 3.83 (3H, 5, OCH ) ,  6.7-7.8 (8H, m, 2H + ArH). ir (KBr) : 1638 &I, C=O. 3 

Product 9 : 6,7-dimethyt-4-13'-metho~henyZ)-3,4-dihydrocoianarin. mp 109'C. nmr(CDC13) : 2.13 

(3H, s, CH3), 2.22 (3H, 5, CH3), 2.96 (2H, 6, J = 6 Hz, CH2), 3.75 (3H, 5, 0CH3), 4.22 (IH, g, 

J = 6 Xz, CH), 6.65-7.4 (6H, m, ArH). ir (KBr) : 1746 m-', C=O. 

Product 681 : 5,6-dimethyZ-4-(3'methozyphenyZl-3,4-dihydrocomarin. nmr(CDC13) : 2.06 (3H, 5, 

CH3), 2.22 (3H, 5, CH3), 2.98 (2H, 6, J = 6 Hz, CH2), 3.7 (3H, 5, 0CH3), 4.42 (IH, g, J = 6 Hz, 

CH), 6.55-7.45 (6H, m, ArH). ir (KBr) : 1746 cm-I, C=O. 

Reaction of 3,4-dimethylphenol with 4-methorjcinnamic acid 

Product g : 6,7-dimethyZ-4-14'metho~phmyZJ-3,4-dihydroc0mmin. mp 126-127•‹C. nmr (CDC13) : 

2.1 (3H, 5, CH3), 2.2 (3H, 5, CH3), 2.8 (2H, d, J = 6 Hz, CH2), 3.72 (3H, 5, 0CH3), 4.15 (IH, G, 

J = 6 He, CH), 6.55-7.20 (6H, 2, ArH). ir (KBr) : 1755 cm-I, C=O. 

Praduct : 6,7-dimethytcomarin, mp 149-151'~. nmr(CDC13) : 2.28 (3H, 5, CH3), 2.33 (3H, 5, CH3), 

6.9 (IH, - d, J = 10 HZ, HC=),7.0(1H, 6, J = 10 Hz, HC=), 7.08 (IH, 5, ArH), 7.18 (IH, 5, ArH). 

ir (KBr) : 1700 cm-I, C-0. 

Reaction of 3,5-dimethylphenol with 2-methorjcinnamic acid 

Product% : 5,7-dimethyZ-4-iZ'methoqphenyZ)-3,4-dihydrocoumarin. mp 164'C. nmr(CC1 ) . 2 1 
4 "  

(3H, 5, CH3), 2.38 (3H, 5, CH3), 3.0 (2H, m, CH2), 3.9 (3H, 5, 0CH3), 4.8 (IH, g, J = 6 Hz, CHI, 

6.7-7.5 (6H, g, ArH). ir (KBr) : 1760 GI, C=O. 

Reaction a•’ 3,5-dimethylphenol with 3-merhoxycinnamic acid 

Product 50 : 5,7-dimethyt-5'methozyfZavanone. mp 60•‹C. nmr(CDCI3) : 2.22 (3H, 5, CH3), 2.56 (3H, 

s, CH3), 2.9 (2H, g, CH2), 3.7 (3H, 5, 0CH3), 5.75 (IH, 1, J1 = 1 1  Hz, J2  = 5 Hz, CHI, 6.5-7.4 (6H, - 
-1 m, Arm). ir (KBr) : 1676 cm , C=O. - 

Product : 5,7-dimethyZ-4-(3'metho~phenyZ)-3,4-dihydmcodn. mp 129-130'C. nmr (CDC13) : 

2.1 (3H, 5, CH3), 2.3 (3H, 5, CH3), 2.85 (2H, 6, J = 4 Hz, CH2), 3.6 (3H, 5, 0CH3), 4.18 (IH, @, 

J = 4 Hz, CHI, 6.3-7.2 (6H, g, ArH). ir (KBr) : 1752 cm-I, C=O. 

Reaction of 3,s-dimethylphenol virh 4-metharjcinnamic acid 

Product 2 : 5,7-dimethyZ-4-(4'metho~phenyZI-3,4-dihydrocomarin. mp 166-168'C. nmr (CC14) : 

2.18 (3H, 5, CH3), 2.33 (3H, 5, CH3), 3.0 (2H, 6, J = 4 Hz, CH ) ,  3.77 (3H, s, OCH 1, 4.33 (la, d d s  2 - 3 

J = 4 Hz, CHI, 6.7-7.2 (6H, m, ArH). ir (KBr) : 1760 cm-I, C=O. 

Product : 5,7-dimethyloomarin. mp 133-135•‹C. nmr (CC1 ) . 2 43 (3H, 5, CH3), 2.5 (3H, 5, CH3), 
4 "  

7.15 (IH, d, J = 10 Hz, HC=), 7.33 (IH, 6, J = 10 Hz, HC=), 7.0 (2H, =, ArH).ir(KBr) :I700 cm-',~=~. 
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Reaction of 2,4-dimethylphenol with 2-meth~x~cinnamic acid 

Product : 6,8-dimethyl-4-~2'-metho~phengZl-3,4-dih~&0c0ionarin. mp 106-108DC. nmr(cC14) : 

3.2 (3H, 5, CH3), 2.33 (3H, 5, CH3), 3.0 (2H, d, J = 6 Hz, CH2), 3.84 (3H, 5, 0CH3), 4.62 (IH, 
-1 

dd, J = 6 Hz, CHI, 6.6-7.5 (6H, m, ArH). ir (KBr) : 1760 cm , C=O. - 
 ti^^ of 2,4-dimethylphenol with 3-methoxycinnamic acid 

Product : 3-(3'-methoqphenglJ-2',4'-dimethyZphenylproPe~~te. mp 77'C. nmr(CC14) : 2.14 (3H, 

s, CH3), 2.28 (3H, 5, CH3), 3.74 (3H, 5, 0CH3), 7.13 (In, d, J = 16 Hz, HC=), 7.32 (IH, 2, - 

J = 16 Hz, HC=), 6.8-7.4 (7H, 5, ArH). ir (KBr) : 1722 "m-l, C=O. 

Product g : 6,8-dimethyZ-4-13'methoqphenyZJ-3.4-dihy&ocoumarin, mp 113-114DC. nmr(CDC13) : 

2.19 (3H, 5, CH3), 2.29 (3H, 5, CH3), 2.95 (2H, $, J = 6 Hz, CHJ, 3.73 (3H, 5, GCH3), 4.20 (IH, 

dd, J = 6 Hz, CH), 6.6-7.4 (68, m, ArH). ir (KBr) : 1755 m-', C=O. - 
Reaction of 2,4-dimethylphenol with 4-metharjcinnamic acid 

Produce 2 : 6,B-dimethyk4-(4'methoqphenyZl-3.4-dihy&ocomarin. mp 79-80•‹C. nmr(CDC1 ) , 
3 '  

2.2 (3H, 5, CH3), 2.3 (3H, 5, CH3), 2.92 (2H, 6, J = 6 Hz, CH2), 3.7 (3H, 5,  0CH3), 4.15 (IH, d& 

J = 6 Hz, CH), 6.5-7.1 (6H. m, ArH). ir (KBr) : 1760 cm'l, C=O. 
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