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SYNTHESIS OF RESORCINOLIC LIPIDS BEARING STRUCTURAL SIMILARITIES TO CYTOSPORONE A. Inspired by the
structure and biological activities of resorcinolic lipids and, particularly cytosporone A- a potent inhibitor of plantule germination
and growth, we have performed the synthesis of the analogs 3-heptyl-3-hydroxy-5,7-dimethoxy-2-benzofuran-1(3H)-one (1) and

3-heptyl-3-hydroxy-4,6-dimethoxy-2-benzofuran-1(3H)-one (2). The intermediates and products were submitted to allelopathic test

using Lactuca sativa L. seeds. Target compound 1 showed an inhibitory effect on germination and growth of hypocotyl and radicle

in milimolar range.
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INTRODUCTION

Resorcinolic lipids belong to one of the most investigated class
of phenolic lipids owing to the great abundance in nature and their
biological activities.! These compounds present antibiotic,? anti-
fungal,® molluscicidal,* antitumor,*¢ anthelmintic,” antiffedant® and,
antioxidant® activities. Figure 1 shows the structure of cytosporone
A, a potent inhibitor of factors affecting the process germination
and growth of plants at very low concentration. The compound is an
octaketide isolated from endophytic and phytopathogenic fungi and
itis found in two tautomeric forms 3,5-dihydroxy-2-octanoylphenyl
acetic acid (I) and the cyclic ester 1-heptyl-1,6,8-trihydroxy-1,4-
dihydro-3H-isochromen-3-one (II).!°
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Figure 1. Tautomeric forms for cytosporone A

As part of a program on the chemistry of naturally occurring
phenolic lipids and their synthetic derivatives, our research group has
been submitting some of these compounds to biological assay. In this
work we have focused our attention on the possibility of preparing
new environmentally friend herbicides with comparable activities to
those commercially available and, eventually use them as prototypes
for development of new products. Therefore we have devised the
synthesis of the compound 3-heptyl-3-hydroxy-5,7-dimethoxy-2-
benzofuran-1(3H)-one (1) together with its isomer 3-heptyl-3-hy-
droxy-4,6-dimethoxy-2-benzofuran-1(3H)-one (2) bearing structural
similarities to cytosporone A (Figure 2). Additionally, as allelopathic
activity suggests herbicide potential, we also submitted the intermedi-

*e-mail: dlima@nin.ufms.br

ates and final products to this test. The choice for these targets was
based on the possibility of obtaining structural analogs possessing
similar or superior biological activity to that of cytosporone A and
also carrying out studies on their molecular-structural aspects.
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Figure 2. Structure of target molecules (1)

RESULTS AND DISCUSSION
Syntheses

As shown in Scheme 1, commercial starting material 3 was
submitted to acid catalyzed esterification in order to produce 4. By
employing Vilsmeier-Haack procedure compound 5 was obtained,
reduced by NaBH, and, treated with acid solution to promote the
formation of lactone 6. Compounds 4-6 have been prepared according
to general procedure described in literature.!"3 After oxidation of 6
in alkaline medium and acidification, the diacid 7 was achieved and
submitted to treatment with acetic anhydride to give the dimetho-
xyphthalic anhydride 8. Grignard reaction of 8 with 1-bromoheptane-
Mg gave a mixture of the isomeric products 1 (20%) and 2 (17%).
This regioselectivity, although low, is likely to be originated from
the steric hindrance encountered by the nucleophile attack to the
anhydride carbonyl adjacent to the methoxyl group. The structures of
all intermediates and final products were elucidated by spectroscopic
methods or otherwise by comparison with data in literature.

Spectroscopic results
NMR and/or IR data for compounds 4-7 were compared to litera-

ture.”*! FT-IR spectrum of compound 8 showed two C-O stretching
bands at 1766 cm™ and 1839 cm! while *C NMR spectrum showed
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Scheme 1. Synthetic route for the preparation of 1 and 2

signals at 168.3 ppm (C=0-1) and 163.1 ppm (C=0-2) assigned to
anhydride moiety of molecule.

'HNMR and "*C NMR chemical shifts of compounds 1 and 2 were
unequivocally attributed by assistance of bidimensional experiments
gHSQC and gHMBC (Figure 3 and Table 1). It was observed in the
spectrum of compound 1 correlations between H-1" to C-3a and C-3
and, especially between H-4 to C-3a confirming the insertion of the alkyl
chain at C-3. Regarding methoxyl signals, it was identified interactions
of methyl hydrogens to C-7 and C-5, respectively. In the spectrum of
compound 2 is important to note the correlations of H-1 to C-3a and to
C-3 and H-7 to C-3a. Aromatic hydrogens have larger values than those in
compound 1, caused by electronic effects of the carbonyl attached to C-1.
Methoxyls’ chemical shifts were assigned by observing the correlations
of their methyl groups to C-4 and C-6, respectively.

Allelopathic activity

With exception of starting material 3 all compounds were
evaluated. Only compound 1 showed an important effect on Lac-
tuca sativa L. seed germination test at concentration of 3.2 mM.
Test of inhibition of the hypocotyl and radicle growth showed that
compounds 1 and 4 were the most active at concentrations of 3.2
mM and 9.5 mM respectively. It is also worth to mention that all
plantules treated with intermediates 4 and 5 suffered tissue necrosis
at all tested concentrations.

Nelson and Getsinger tested many herbicides against the invasive
species wild taro (Colocasia esculenta L. Schott)'®and, supported by

Surveying the data presented one can conclude that compound
1 seems to be a possible prototype for future studies addressed to
the synthesis of new weed agents based on its structural framework.
Remarkably, compound 2 after being tested at the same concentrations
as 1 showed no substantial growth inhibition rate meaning that this
activity is not entirely predictable. Therefore it is also worthwhile
to investigate the mechanism of action of these compounds and to
look for more potent derivatives by setting up a complete structure-
activity relationship. The synthesis suffers from the disadvantage of
a moderate overall yield, originating mainly from the variable yields
of the Vilsmeier-Haack reaction. However, the procedure is being
investigated by using different reaction conditions.

EXPERIMENTAL
General methods

Silica gel (Merck 230-400 mesh) was used for chromatography
column. NMR spectra were recorded in CDCI, or CD,OD solutions
on a Bruker DPX-300 instrument. All chemical shifts are referenced
to TMS. IR spectra (KBr pellets) were recorded on a FTIR MB100
Boomed spectrophotometer. Melting points were determined on a
Uniscience melting point apparatus.

Ethyl 3,5-dimethoxybenzoate (4)"

The product was colorless oil at room temperature. Yield = 97%.
- IR (KBr, cm™): ;max = 3028, 2906-2979, 2839, 1716. — '"H NMR
(CDCL,): 8 = 1.36 (t, J= 7.0 Hz, 3H, CH,), 3.80 (s, 6H, 3,5-OCH),
4.34(q,J=7.0Hz,2H,CH,), 6.62 (d, 1H, J/=2.3 Hz,4-H),7.17 (d, J=
2.3Hz,2H, 2,6-H). - "*CNMR (75 MHz, CDCl,): 6= 14.2 (CH,), 55.5



1858 dos Santos et al. Quim. Nova
Table 1. NMR Data® and proton-carbon connectivity network found in the gHSQC e gHMBC spectrum of compounds 1 and 2
Compound 1 Compound 2

Position

3. d,,, mult, J (Hz) gHMBC® 3, d,,. mult, J (Hz) gHMBC®
1 166.2 - - 168.3 - -
2 - - - - - -
3 105.5 - - 107.4 1.74, bs (OH) -
3a 153.9 - - 128.7 - -
4 98.1 6.53,d,1.73 3a,5,6,7a 155.5 - -
4-OCH, - - - 559 3.88,s 4
5 167.1 - - 105.2 6.67,d, 1.7 3a,4,6,7
5-OCH? 56.0 3.89, s 4,5 - - -
6 99.2 6.42,d,1.73 4,5,7,7a 163.4 - -
6-OCH, - - - 56.0 3.85,s 6
7 159.0 - - 98.8 6.87,d, 1.7 1,3a,5,6
Ta 107.0 - - 129.7 - -
7-OCH, 56.0 3.90, s 6,7 - - -
r 38.8 1.96-2.13, m 2°,3,3a,3,4 37.3 - 2’,3,3a
2 232 1.09-1.36, m - 234 1.08, m -
3 29.3 1.19, m - 30.0 1.23, m -
4 29.0 1.19, m - 29.2 1.23, m -
5 31.6 1.17, m - 31.6 1.22, m -
6’ 22.6 1.20, m T 22.6 1.24, m 4
T 14.0 0.83,t,6.65 5,7 14.0 0.84,1,6.6 5,6

*300/75 MHz 'H/"*C and 8 ('H, "*C) in ppm relative to TMS. " §,, to §..

(3,5-OCH,), 61.1 (CH,), 105.5 (C-4), 107.1 (C-2,6), 132.3 (C-1), 160.6
(C-3,5), 166.3 (C=0). The NMR data were compared to literature.'*

Ethyl 2-formyl-3,5-dimethoxybenzoate (5)"

M. p.=136°C (lit., 132 °C);"* yield=20%. — IR (KBr, cm™): ;max =
3024, 2948-2985, 2848-2900, 1728, 1662. - ' HNMR (CDC13): 6=135
(t, J=7.0 Hz, 3H, CH,), 3.86 (s, 3H, 5-OCH.), 3.89 (s, 3H, 3-OCH),
4.38 (q, 2H, J="7.0 Hz, CH,), 6.50 (d, 1H, J= 2.0 Hz, 4-H), 6.56 (d,
1H, J= 2.0 Hz, 6-H), 10.29 (s, 1H, CHO). - "C NMR (CDCL,): 6 =
13.9 (CH,), 55.8 (5-OCH,), 56.0 (3-OCH,), 61.9 (CH,), 99.5 (C-4),
105.2 (C-6), 116.7 (C-2), 137.0 (C-1), 163.2 (C-3), 165.0 (C-5), 169.0
(C=0); 187.6 (CH=0). The NMR data were compared to literature.'®

3,5-dimethoxyphthalide (6)"

M.p. =165 °C (lit., 167 °C);" yield= 94%. — IR (KBr, cm™): Vmax
=3006-3087, 2842-2950, 1751. - 'HNMR (CDCl,): 6 = 3.84 (s, 3H,
5-OCH,), 3.85 (s, 3H, 3-OCH,), 5.18 (s, 2H, CH,), 6.66 (d, 1H, J=
1.6 Hz, 4-H), 6.91 (d, 1H, J= 1.6 Hz, 5-H). - *C NMR (CDCL,): 6 =
55.6 (3-OCH,), 55.9 (5-OCH,), 68.0 (CH,), 98.6 (C-6), 104.8 (C-4),
127.9(C-1), 128.2 (C-2), 154.9 (C-3), 162.5 (C-5), 171.3 (C=0). The
NMR data were compared to literature.'

3,5-dimethoxyphthalic acid (7)"”

To an aqueous solution of NaOH 2 N (1 mL) was added com-
pound 6 (0.26 mmol) and the mixture was heated in a water bath for
10 min. Following the reaction was cooled to 0 °C and an aqueous
solution of KMnO, 6% (1 mL) was added and the mixture was

stirred for 13 h at temperature around O °C, allowed to warm to
room temperature and stirred for additional 75 h. Ethanol (1 mL)
was poured to the mixture to consume the remaining KMnO, and
then evaporated at reduced pressure. Aqueous solution of HCl1 1 M
was added until pH = 1. The reaction mixture was transferred to a
dropping funnel and extracted with ethyl acetate (2 x 15 mL). The
organic layer was washed with water (3 x 15 mL), brine (3 x 15
mL), dried over MgSO, and the solvent was evaporated at reduced
pressure to afford compound 7 as white solid. M.p. = 157 °C (lit.,
159 °C);"¥ yield = 55%. — IR (KBr, cm™): v =2400-3400, 3456,
3481, 3008-3076, 2850-2956, 1718, 1691. - 'H NMR (CD,0D): §
=3.73 (s, 3H, 5-OCH,), 3.74 (s, 3H, 3-OCH,), 6.70 (d, 1H, J=2.2
Hz, 4-H), 6.96 (d, 1H, J= 2.2 Hz, 6-H). - *C NMR (CD,OD):
=56.2 (5-OCH,), 56.7 (3-OCH,), 103.4 (C-4), 107.1 (C-6), 120.2
(C-2), 131.8 (C-1), 159.0 (C-5), 162.6 (C-3), 168.5 (C=0-2), 171.8
(C=0-1). The IR data were compared to literature.'

3,5-dimethoxyphthalic anhydride (8)

To compound 7 (0.5 mmol) was added acetic anhydride (2 mL).
The reaction was kept under reflux and stirring for 1 h. Acetic anhy-
dride was then distilled at reduced pressure to give compound 8 as
yellowish solid. M.p.= 148 °C (lit. 149-150 °C);" yield = 95%. — IR
(KBr, cm™): v =2400-3400, 3087, 2848-2997, 1839, 1766. - 'H
NMR (CDCl,): =3.95 (s, 3H, 5-OCH,), 4.00 (s, 3H, 3-OCH ), 6.73
(d, 1H, J= 1.2 Hz, 4-H), 7.01 (d, 1H, J= 1.2 Hz-6-H). - *C NMR
(CDCl,): =56.5 (OCH,-3.5), 101.5 (C-4); 105.5 (C-6), 110.1 (C-2),
135.5(C-1), 159.4 (C-5), 160.3 (C-3), 168.3 (C=0-1), 163.1 (C=0-2).
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3-heptyl-3-hydroxy-5,7-dimethoxy-2-benzofuran-1(3H)-one (1) and
3-heptyl-3-hydroxy-4,6-dimethoxy-2-benzofuran-1(3H)-one (2)
Grignard reagent was prepared by adding magnesium turnings
(1.4 mmol) to anhydrous THF (1 mL) and dropwise addition of
I-bromoheptane (3.4 mmol) followed by stirring under nitrogen
atmosphere for 1 h. Compound 8 (0.44 mmol) was dissolved in THF
(1 mL), cooled to 0 °C and added to initial mixture. The reaction
mixture was kept under stirring for 30 min at O °C. Then an aqueous
solution of HCI 1 M was poured to the reaction flask until pH = 3.
The mixture was transferred to a dropping funnel and extracted with
ethyl acetate (3 x 20 mL). The organic layer was washed with H,O
(2 x 10 mL), brine (2 x 10 mL) and dried over MgSO,. The solvent
was evaporated at reduced pressure and the resulting material was
submitted to flash chromatography using ethyl acetate : n-hexane (1:1)
as eluent. It was obtained two isomeric compounds. 1 (yield = 20%)
and 2 (yield = 17%). 'H and *C NMR data are related in Table 1.

Allelopathic activity

In sterilized Petri dishes were poured on 2 mL of a solution
(ethanol or hexane) of each pure compound to be tested at different
concentrations ranging from 1.6 to 10.3 mM. The dishes were placed
into an incubator at 48 °C until complete evaporation of the solvent.
Then, 25 seeds of L. sativa L. were placed on dishes and humidified
with phosphate buffer pH = 6 (4 mL). Seeds of type Gran Rapids were
employed, with 99% of germination and 99.7% of purity. Solutions
of caffeine were used at concentrations of 61.8 and 123.6 mM as
positive control. Negative controls were solvents and assay buffer.
All tests were performed in triplicate. It was registered the number
of germinated seeds from the first to the third day. Measuring (in
mm) of the radicle and hypocotyl length was done on the fifth day.
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