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Os neoflavonóides 7-hidroxi-5-metil-4-(4’-metoxifenil)-3,4-diidrocumarina (1),
5-hidroxi-7-metil-4-(4’-metoxifenil)-3,4-diidrocumarina (2), 5-metil-7-O-cumaroil-4-
(4’-metoxifenil)-3,4-diidrocumarina (3), 5-hidroxi-4-(4’-metoxifenil)-α-pirano
-(6”,5”:7,8)-3,4- diidrocumarina (7) e 7-pentadecil-4-(4’-metoxifenil)-3,4-diidrocumarina (8)
foram sintetizados por  condensação, catalisada pelo tricloreto de alumínio, en tre o cloreto do
ácido 4-metoxicinâmico com orcinol, 5,7-dihidroxicumarina e cardanol hidrogenado. Os
produtos das reações foram caracterizados com base nos da dos espectrais de RMN 1H e 13C,
usando-se principalmente a técnica de espectroscopia nOe diferencial.

The neoflavonoids 7-hydroxy-5-methyl-4-(4’-methoxyphenyl)-3,4-dihydrocumarin (1),
5-hydroxy-7-methyl-4-(4’-methoxyphenyl)-3,4-dihydrocoumarin (2), 5-methyl-7-O
-coumaroyl-4-(4’-methoxyphenyl)-3,4-dihydrocoumarin (3) ,  5-hydroxy-4-
(4’-methoxyphenyl)-α-pirano-(6”,5”:7,8)-3,4-dihydrocoumarin (7),  and 7-
pentadecyl-4-(4’-methoxyphenyl)-3,4- dihydrocoumarin (8) were syn the sized via the
AlCl3-cat a lyzed con den sa tion of 4-methoxycinnamic acid chlo ride with orcinol,
5,7-dihydroxycoumarin and hy dro ge nated cardanol. The com pounds were char ac ter ized on
the ba sis of their 1H- and 13C-NMR spec tro scopic prop er ties, in clud ing nOe dif fer ence spec -
tros copy.
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In tro duc tion

Neoflavonoids1  in clude the im por tant de riv a tives
3,4-dihydro-4-aryl-coumarins. Some of these dis play phar -
ma co log i cal prop er ties, such as those of bactericide2,
molluscicide3, and in sec ti cide4. The 4-aryl-3,4-dihydro
coumarins have mainly been pre pared by two meth ods:
Pechmann con den sa tion of an acetophenone and
benzoylacetic acid (ArCOCH2COOH)3,5, and β-ad di tion
of a phe no lic com pound to a cinnamic acid6.

The con den sa tion of cinnamic ac ids with phe nols to
yield 4-phenyl- and 4-aryl-dihydrocoumarins is well
known, and has been re ported by Simpson and Ste phen6,
who pointed out that good yields are gen er ally ob tained
when the re ac tion be tween cinnamic acid and phe nols is
car ried out by boil ing with con cen trated hy dro chlo ric acid.  
Krajnak et al.7 found that 72% vv sul fu ric acid at 160 °C
was very ef fec tive for con dens ing cinnamic acid with
p-cresol and p-methoxy-phenol. The con den sa tion of phe -
nols with cinnamic acid in the pres ence of polyphosphoric
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acid led to the for ma tion of chalcones and flavanones, and
with 4-methoxycinnamic acid the prod ucts were
4-(4-methoxyphenyl)-3,4-dihydrocoumarins and
7-methoxycoumarin which was formed through an
intramolecular con ver sion of 4-methoxycinnamic acid8.

This pa per  re  ports  the syn the sis  of  new
4-(4-methoxyphenyl)-3,4-dihydro-coumarins via the con -
den sa tion of 4-methoxycinnamic acid with nat u ral and
syn thetic phe nols in the pres ence of alu minium trichloride.

Re sults and Dis cus sion

Some 4-(4-methoxyphenyl)-3,4-dihydrocoumarins
were syn the sized by β-ad di tion of dif fer ent phe nols with
4-methoxycinnamic acid un der milder con di tions than
those ear lier re ported. Alu minium trichloride was added to
the phe nol dis solved in car bon disulfide, fol lowed by the
ad di tion of 4-methoxycinnamic acid chlo ride at room tem -
per a ture. 4-methoxycinnamic acid was pre pared by the re -
ac tion of anysaldehyde and malonic acid in the pres ence of
pyridine9. The cor re spond ing 4-methoxycinnamic acid
chlo ride was ob tained us ing oxalyl chlo ride dis solved in to -

lu ene10. The fol low ing phe nols were used: orcinol (4),
5,7-dihydroxycoumarin (5), and hy dro ge nated cardanol (6, 
3-pentadecylphenol).

The con den sa t ion of  orcinol  (4)  with
4-methoxycinnamic acid pro duced a mix ture of two con sti -
tu tional iso meric neoflavonoids: 7-hydroxy-5-methyl
-4-(4-methoxyphenyl)-3,4-dihydrocoumarin (1) and
5-hydroxy-7-methyl-4-(4-methoxyphenyl)-3,4-dihydroco
umarin (2), which were chromatographically sep a rated. A
third com pound was iden ti fied as 7-O- (4’-methoxy-
cinnamoyl)-5-methyl-4-(4-methoxyphenyl)-3,4-dihydroc
oumarin (3). Ta ble 1 sum ma rizes 1H and 13C-NMR spec -
tral data of the three com pounds (1-3). The dif fer ence in the 
chem i cal shifts of the car bon at oms of the methyl group at
C-5 of (1) (δc 18.75) and at C-7 of 2 (δc 21.27) re vealed the
up field shift pro duced by the γ-ef fect (∆δc = 18.75 (1) -
21.27 (2) = -2.52 ppm) of car bon C-4 in (1). An anal o gous
γ-ef fect (∆δc = 18.86 (3)-21.27 (2) = -2.41 ppm) was ob -
served in the methyl car bon at C-5 of (3) (Ta ble 1). The mi -
nor chem i cal shift of the car bon C-4 (δc 34.21) in (2), when
com pared to the cor re spond ing val ues of 1 (δc 36.64) and
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(3) (δc 37.12), was used to con firm this de duc tion, since
these re sults are in ac cor dance with the ma jor γ-ef fect of a
hydroxy func tion in com par i son with a methyl group11 (Ta -
ble 1). Ad di tional con fir ma tion was ob tained by
homonuclear nOe dif fer ence spec tra (1H1H}-nOe)11,12,
since only the ir ra di a tion of the H-4 sig nal caused an en -
hance ment ef fect (nOe = 8%) in the methyl group sig nal
(δH 2.07,s, Me-5) for com pound (1).

5,7-Dihydroxycoumarin (5) was pre pared by the re ac -
t ion of  phloroglucinol  and ethyl  propiolate
(HC⇐CCOOCH2CH3) in the pres ence of zinc chlo ride13.

Ethyl propiolate was syn the sized us ing propiolic acid and
dry eth a nol in the pres ence of sul fu ric acid14. The re ac tion
of the coumarin 5 with 4-methoxycinnamic acid chlo ride
led to the for ma tion of com pound 7. The com par i son of the
NMR spec tral anal y sis of 7 with the cor re spond ing spec -
tro scopic data of its meth yl ated (7a) and acetilated (7b) de -
riv a tives (Ta ble 2) al lowed the def i ni tion of its chem i cal
struc ture as 5-hydroxy-4-(4’-methoxyphenyl)-α-pirano-
(6”,5”:7,8)-3,4-dihydrocoumarin. The pres ence of the
hydroxyl group at C-5 of 7 was de duced by downfield
shifts ob served for the sig nals of H-6 [∆δH = 6.97 (7b) -
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Ta ble 1. 1H (200 MHz) and 13C (50 MHz) NMR spec tral data for  com pounds 1, 2 and 3 [CDCl3 as sol vent, TMS as in ter nal stan dard, chem i cal
shifts in δ (ppm), and cou pling con stants (J) in Hertz]*.

1 2 3

 δc δH δc δH

2 168.91 - 167.82  - 166.98  

3 38.01 3.02
(dd, J = 15.1;5.4)

37.23  2.97 (d, J=4.6) 37.64  3.1-2.9 (m)

2.99 (dd, J = 15.1;2.8)

4 36.64 4.27 (dd, J = 5.4;2.8) 34.21  4.49 (t, J=4.6) 37.12  4.33
(dd, J = 2.2 and 6.3)

5 137.98 152.72  - 137.91  -

6 113.94 6.52 (d, J = 2.2) 110.17  6.40 (br s) 119.62  6.43 (s)

7 155.93 - 139.67  - 150.35  -

8 102.04 6.59 (d, J = 2.2) 112.40  6.55 (br s) 108.75  6.51 (s)

9 152.41 - 152.55  - 152.33  -

10 115.08 - 109.60  - 120.94  -

1’ 132.40 - 132.78  - 131.68  -

2’, 6’ 127.85 6.93 (d, J = 8.7) 127.88  7.04 (d, J = 8.7) 127.95  6.96 (d, J = 8.3)

3’, 5’ 114.37 6.77 (d, J = 8.7) 114.43  6.78 (d, J = 8.7) 114.39  6.79 (d, J = 8.3)

4’ 158.60 - 158.80  - 158.81  -

Me-5 18.75 2.07(s) - - 18.86  2.17 (s)

Me-7 - - 21.27  2.28 (s) - -

MeO-4’ 55.18 3.71(s) 55.25  3.73 (s) 55.17  3.73 (s)

HO-7 - 6.87(s) - - - -

HO-5 - - - 5.16(s) - -

1” - - - - 126.65  -

2”, 6” - - - - 130.07  7.52 (d, J = 8.6)

3”, 5” - - - - 114.39  6.92 (d, J = 8.6)

4” - - - - 161.78  -

7” - - - - 146.73  7.81 (d, =15.9)

8” - - - - 114.04  6.47 (d, =15.9)

9” - - - - 165.45  -

MeO-4” - - - - 55.35  3.83 (s)

*Mul ti plic ity of the car bon-13 sig nals was de duced by com par i son with the PND- and DEPT - 13C-NMR spec tra.



6.62 (7a) = 0.35 ppm], C-6 [∆δC = 106.47 (7b) - 95.25 (7a)
= 11.22 ppm], C-10 [∆δC = 113.11 (7b) -110.28 (7a) = 2.83
ppm] and C-8 [∆δC = 106.14 (7b) - 102.95 (17a) = 3.19
ppm] in the com par a tive anal y sis of the 1H and 13C NMR of 
the de riv a tives 7a and 7b in com bi na tion with the
homonuclear 1H{1H}- nOe dif fer ence spec tra per formed
with spe cific res o nance of the methoxyl group at C-5 (δH

3.85) of 7a, which in duced a sig nal en hance ment of H-6
(δH 6.62, nOe = 11%).

Cardanol is a mix ture of 3-pentadecylphenols, dif fer ing 
in num ber and po si tion of dou ble bonds in the side chain15.
This mix ture is ob tained from the ca shew nut shell liq uid
(CNSL) of Anacardium occidentale. CNSL is a by-product 
of the ca shew nut pro cess ing in dus tries. A sim i lar con den -
sa t ion of  hy dro ge nated cardanol  (6)  with
4-methoxycinnamic acid chlo r ide af  forded
7-pentadecyl-4-(4-methoxyphenyl)-3,4-dihydrocoumarin
(8), which was char ac ter ized by the 1H and 13C NMR spec -
tra de scr ibed in  Ta ble 3.  The com pound
7-hydroxy-5-methyl-4-(4-methoxyphenyl)-3,4-dihydroco
umarin (1) dis played in vi tro ac tiv ity against Tripanosoma

cruzi, and the cor re spond ing cinnamic es ter (3) did not
show any ac tiv ity against this mi cro or gan ism16.

Ex per i men tal

Gen eral ex per i men tal pro ce dures - Melting points were 
mea sured on a Kofler Hotstage and are un cor rected. 1H-
and 13C-NMR spec tra were re corded on a Brucker
WH-200 Mhz.

Syn the sis of neoflavonoids 7-hydroxy-5-methyl-
4-(4’-methoxyphenyl)-3,4-dihydrocoumarin (1) and
5-Hydroxy-7-methyl-4-(4’-methoxyphenyl)-3,4-dihydroc
oumarin (2)

A mix ture of orcinol (533 mg, 4.3 mmol), alu minium
trichloride (667 mg, 5.0 mmol) and 4-methoxycinnamic
acid chlo ride (786 mg, 4.0 mmol) in car bon disulfide
(15 mL) was stirred for three days at room tem per a ture.
The prod uct was pu ri fied by sil ica gel col umn chro ma tog -
ra phy. The frac tion eluted with hex ane:chlo ro form (20:80)
af forded an amor phous solid (2, 15 mg, 0.67 %. m.p.:
148.8-149.7 °C; for NMR spec tral data see Ta ble 1). The
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Ta ble 2.  13C (50 MHz) NMR spec tral data for com pounds 7 and de riv a tives 7a and 7b [DMSO* and CDCl3 as sol vent, TMS as in ter nal stan dard,
chem i cal shifts in δ (ppm), and cou pling con stants (J) in Hertz]*.

7* 7a 7b

C δC δH δC δH δC δH

2 166.96 - 165.97  - 166.84  -

3 36.96 3.31 (m) 36.76  3.02 (m) 35.68  3.06 (d, J = 5.0)

2.90 (br dd, J = 14.3)

4 32.82 4.66 (br dd, J = 5.4) 33.95  4.90 (m) 34.32  4.41 (t, J = 5.0)

5 155.13 - 155.55  - 153.03  -

6 98.85 6.56 (s) 95.25  6.62 (s) 106.47  6.97 (s)

7 151.95 - 148.08  - 147.30  -

8 104.08 - 102.95  - 106.14  -

9 154.58 - 158.90  - 158.15  -

10 105.60 - 110.28  - 113.11  -

1’ 132.92 - 132.19  - 130.25  -

2’, 6’ 127.90 7.00 (d, J = 8.6) 127.66  6.98 (d, J = 8.8) 126.53  6.93 (d, J = 8.8)

3’, 5’ 114.45 6.85 (d, J = 8.6) 114.40  6.79 (d, J = 8.8) 113.64  6.44 (d, J = 9.8)

4’ 158.45 - 159.34  - 158.68  -

2’’ 159.95 - 160.57  - 164.04  -

3’’ 112.02 6.25 (d, J = 9.7) 113.08  6.29 (d, J = 9.7) 115.12  6.44 (d, J = =9.8)

4’’ 139.44 8.08 (d, J = 9.7) 137.45  8.04 (d, J = 9.7) 135.72  8.09 (d, J = =9.8)

MeO-4’ 55.18 3.68 (s) 55.23  3.75 (s) 54.24  3.74 (s)

MeO-5 - - 56.42  3.85 (s) - -

MeCO - - - - 19.66  2.17 (s)



frac tion eluted with chlo ro form:ethyl ac e tate 90:10 fur -
nished a col or less solid (1, 416 mg, 18.17 %, m.p.:
135.4-136.4 °C; for NMR spec tral data see Ta ble 1).

5-Methyl-7-O-coumaroyl-4-(4’-methoxyphenyl)-3,4-dihy
drocoumarin (3)

A so lu tion of orcinol (711 mg, 5.73 mmol), alu minium
trichloride (667 mg, 5.0 mmol), and 4-methoxycinnamic
acid chlo ride (786 mg, 4.0 mmol) in car bon disulfide
(15 mL) was stirred for one hour at room tem per a ture. Ice
was added to the re ac tion mix ture, and the pre cip i tate
formed was fil tered and pu ri fied by sil ica gel col umn chro -
ma tog ra phy. A col or less solid was ob tained. (3, 73 mg,
2.87 %, m.p.: 121.1-126.4 °C: for NMR spec tral data see
Ta ble 1)

Syn the sis of 5-hydroxy-4-(4’-methoxyphenyl)-α-pirano-
(6”,5”:7,8)-3,4-dihydrocoumarin (7).

A mix ture of 5,7-dihydroxycoumarin (5, 400 mg,
5.0 mmol) and alu minium trichloride (1823 mg, 13.7
mmol) was added to freshly pre pared 4-methoxycinnamic

acid chlo ride dis solved in nitrobenzene (30 mL). The re ac -
tion was stirred for three days at room tem per a ture, then the 
re ac tion ves sel was placed in an ice bath for one day. Ice
was added to the re ac tion mix ture, and a pre cip i tate formed
that was pu ri fied by sil ica gel col umn chro ma tog ra phy.
The frac tion eluted with chlo ro form:ethyl ac e tate (90:10)
yielded a light yel low pow der 7 (33 mg, 1.93 %, m.p.:
244.8-248.5 °C; for spec tral data see Ta ble 2).

Methylation of 7

A so lu tion of CH2N2 in di ethyl ether was added to a so -
lu tion of 7 (4.9 mg, 0.014 mmol) in di ethyl ether, and the
mix ture was kept over night. The res i due ob tained was
chromatographed on sil ica gel. Upon con cen tra tion, the
frac tion eluted with chlo ro form-ethyl ac e tate (95:05), gave 
a col or less solid (7a, 4.9 mg, 95.8 %, m.p.: 228.4-229.6
°C).

Acetylation of 7

The com pound 7 (18 mg, 0.053 mmol) was ac ety lat ed
(Ac2O-py 4:1) at room tem per a ture. The mix ture was pu ri -

Vol. 8, No. 3, 1997 Syn the sis of Neoflavonoids 233

Ta ble 3.  1H (200 MHz) and 13C (50 MHz) NMR spec tral data of cardanol (6) and the acetyl de riv a tive (8) [CDCl3 as sol vent, TMS as in ter nal stan -
dard, chem i cal shifts in δ (ppm), and cou pling con stants (J) in Hertz]*.

8 Hy dro ge nated cardanol 6

C δc δH, J(Hz) C  δc δH, J(Hz)

2 167.99 1 155.19  -

3 37.32 - 2 115.39  6.70 (s)

4 39.60 3 144.41  -

5 127.89 4.24 (dd, J = 3.5,5.3) 4 121.03  6.78 (d, J = 7.5) 

6 124.64 6.92-6.81 (m) 5 129.37  7.19 (t, J = 7.5)

7 144.10 - 6 112.56  6.48 (d, J = 7.5)

8 116.71 6.92-6.81 (m) - - -

9 151.49 - - - -

10 123.20 - - -

1’ 132.47 - - - -

2’, 6’ 128.56 7.06 (d, J = 8.6) - - -

3’, 5’ 114.37 6.94 (d, J = 8.6 ) - - -

4’ 158.87 - - -

OMe 55.22 3.78 (s) - - -

1" 35.43 2.58 (t, J = 8.0) 1 35.83  2.57 (t, J = 8.0)

2" 31.88 1.58 (m) 2 31.30  1.58 (m)

3"-12" 29.33-29.64 1.24 (br s) 3- 12 29.54  1.24 (br s)

13" 31.88 1.24 (br s) 13 31.94  1.24 (br s)

14" 22.65 1.24 (br s) 14 22.70  1.24 (br s)

15 14.09 0.86 (t, J = 6.4) 15 14.11  0.93(t, J=6.7)

*Type of car bon at oms de duced by com par i son with PND and DEPT-13C-NMR. Homonuclear 1Hx1H-COSY 2D NMR. Chem i cal shifts and cou -
pling con stants (J) of the hy dro gen at oms were ob tained from the 1H-NMR spec trum.



fied by sil ica gel col umn chro ma tog ra phy. The frac tion
eluted with chlo ro form fur nished 7b (8.5 mg, 42.50 %,
m.p.: 180.1-181.5 °C).

Iso la tion of Ca shew nut shell liq uid (CNSL) com po -
nents

Tech ni cal CNSL was fur nished by Companhia In dus -
trial Óleos Nordeste (CIONE) sit u ated in Fortaleza-Ceará,
Brazil. 

Ca shew nut shell liq uid was dis tilled un der vacmum af -
ter heat ing for 2 h at 130-200 °C (to com plete
decarboxilation and de hy dra tion17), giv ing a pale yel low
oil that dark ens af ter a few days. This oil was sub mit ted to
col umn chro ma tog ra phy. Cardanol was ob tained when the
eluent was pure hex ane and cardol. 

3-Pentadecylphenol (6)

Cardanol (4 g) was dis solved in 10 mL of ab so lute eth a -
nol, and 10% pal la dium on car bon (0.4 g) was added. The
mix ture was hy dro ge nated un der pres sure for three days
and a solid ma te rial was ob tained (4 g, 98 %, m.p.: 50-53
°C; for NMR spec tral data see Ta ble 3.)

7-Pentadecyl-4-(4’-methoxyphenyl)-3,4-dihydrocoumari
n (8)

3-Pentadecylphenol (860 mg, 2.82 mmol)  and alu minium
trichloride (667 mg, 4.35 mmol) were added to freshly pre -
pared 4-methoxycinnamic acid chlo r ide
[4-methoxycinnamic acid (726 mg, 4.07 mmol) and oxalyl
chlo ride (2.23 g, 1.5 mL, 17.56 mmol) in car bon disulfide
(10 mL)] and dis solved in nitrobenzene (15 mL). The re ac -
tion mix ture was stirred for three days in an ice bath. Af ter
the usual work-up, a solid ma te rial was ob tained and pu ri -
fied by sil ica gel col umn chro ma tog ra phy. The frac tion
eluted with hex ane:chlo ro form 60:40 fur nished a col or less
solid 8 (111 mg, 8.47 % yield, m.p.: 86.7-87.1 °C; for spec -
tral data see Ta ble 3). 

The com pound 7-hydroxy-5-methyl-4-(4-methoxy-
phenyl)-3,4-dihydrocoumarin (1) and the cor re spond ing
cinnamic es ter (3) were tested against Tripanosoma cruzi at 
the Instituto de Ciências Biológicas de Minas Gerais,
Brazil.
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