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An efficient synthesis of dimethoxyphthalides
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This communication describes a convenient route for the synthesis of naturally occurring dimethoxyphthalides
using a Vilsmeier-Haack formylation.

The phthalide nucleus is present in a large number of natural
products. A few dihydroxyphthalides and their derivatives
have also been reported from natural sources. 5,7-
Dimethoxyphthalide 1a, for example, has been isolated from
Helichrysum italicum,1 while its demethoxy analogues 1c and
1d occur in an Indian species,Anaphalis contorta2 and 5,7-
dihydroxy-4-methylphthalide 1f has been isolated from
Aspergillus flavus.3 Another dimethoxyphthalide 2 has been
reported from Albizzia jubrissin.4 These phthalides are valu-
able as they possess significant biological properties5,6 and
also are widely accepted synthons for the construction of var-
ious types of polycyclic systems7 including isocoumarins,8

anthraquinones,9 anthracycline antibiotics,10 lignans,11 etc.
The phthalides 1b and 1e, for example, are potential precur-
sors of mycophenolic acid (MPA) 3, an important antipara-
sitic,12 antineoplastic13 and antiviral14 agent, in a synthesis
involving a stereospecific orthoester Claisen rearrangement.15

Although a variety of approaches for the synthesis of
phthalides 1a,16 1b17 and 216h have been reported involving
mostly use of organometallics,16d,h considerable attention to
new approaches for building these systems is still being paid
because of their impressive biological properties and versatil-
ity as synthetic intermediates. As a part of our ongoing pro-
gram directed towards the synthesis of naturally occurring and
biologically active phthalides followed by their transformation
to highly active anthraquinones and other polycyclic systems,
our first goal was to develop an efficient, high yielding and
simple route to these phthalides. The present approach devel-
oped for the synthesis of 5,7-dimethoxyphthalide,1a and its
demethoxy analogues 1c and 1d is depicted in Scheme 1. The
ester, ethyl 3,5-dimethoxy benzoate 4a was reduced to the
alcohol 6a using lithium aluminium hydride. The alcohol 6a
which was obtained, was masked using acetic anhydride-
pyridine and the resultant acetate 7a was then formylated
using DMF and POCl3 to afford the aldehyde 8a, which was
subsequently oxidized using potassium permanganate to the
phthalide 1a in 65% yield. Furthermore,1a was found to
undergo partial as well as complete demethylation to afford 1c

and 1d respectively in presence of anhydrous aluminium chlo-
ride and dichloromethane as the solvent. Maintaining the basic
theme the approach which was developed for the synthesis of
1b is also depicted in Scheme 1. The introduction of a methyl
group was effected via the reduction of the corresponding
formyl group. Ethyl 3,5-dimethoxybenzoate 4a was subjected
to a Vilsmeier–Haack formylation using DMF-POCl3 to give
ethyl 3,5-dimethoxy-2-formylbenzoate 5 in 80% yield. The
formyl ester 5 on Clemmenson reduction using Zn–Hg/HCl in
presence of toluene, provided ethyl 3,5-dimethoxy-2-methyl-
benzoate 4b, which was reduced to the corresponding alcohol
6b. The hydroxyl group was protected using acetic anhydride-
pyridine to afford the acetate 7b. Formylation of this using
DMF-POCl3 provided the required aldehyde 8b, which was
oxidized using potassium permanganate to the desired 5,7-
dimethoxy-4-methylphthalide 1b. The synthesis of 4,6-
dimethoxyphthalide 2 has also been achieved as shown in
Scheme 1. Ethyl 3,5-dimethoxy-2-formylbenzoate 5 was
reduced using sodium borohydride in methanol. Hydrolysis of
the resultant reduced product provided the phthalide 2 in 90%
yield

In conclusion the present paper describes a convenient
method and involving a use of Vilsmeier-Haack formylation
offering several distinct advantages for the synthesis of 5,7-
dimethoxyphthalide 1a, its demethoxy analogues 1c and 1d,
5,7-dimethoxy-4-methylphthalide 1b, which is a useful inter-
mediate for mycophenolic acid and 4,6-dimethoxyphthalide 2.

Experimental

All melting points are uncorrected. IR spectra were recorded on
Perkin Elmer and 1H-NMR spectra on a Jeol FX 90Q instrument.
Chemical shifts are expressed in PPM downfield from TMS as an
internal standard and coupling constants in Hertz. Elemental analysis
was obtained on a HOSLI semi-automatic C, H analyzer.

General procedure for reduction: A solution of the ester 4a or 4b
(47.62 mmol) in anhydrous ether (50 ml) was added dropwise to a
slurry of lithium aluminium hydride (2.42 g, 63.80 mmol) and anhy-
drous ether (100 ml) under efficient stirring and nitrogen atmosphere.
The reaction mixture was refluxed for 3 h. It was decomposed
sequentially with moist ether (50 ml), water (50 ml) and saturated
ammonium chloride solution (aq. 100 ml). The ether layer was sepa-
rated, washed with water, dried over anhydrous Na2SO4 and concen-
trated in vacuoto give benzyalcohol 6a as colourless needles and 6b
as colourless oil. M.P.:6a (45 °C, lit18. m.p. 45 °C),6b (oil, lit 19. oil).
Yield: 6a (84%),6b (90%). IR cm–1 (nujol): 6a (3452),6b (3455) 1H-
NMR d (CDCI3): 6a [3.87, s, 6H; 4.22, bs, 1H (D2O exchangeable);
4.75, s, 2H; 6.50, t(J=2Hz), 1H; 6.62, d(J=2Hz), 2H]. 6b [2.14, s, 3H;
3.83, s, 6H; 4.04, bs, 1H (D2O exchangeable); 4.69, s, 2H; 6.44,
d(J=2Hz), 1H; 6.61, d (J=2Hz), 1H]. Anal. calcd. for C9H12O3 : 6a
(C, 64.26; H, 7.19). Found:6a (C, 64.28; H, 7.22). Anal. calcd. for
C10H14O3 : 6b (C, 65.91; H, 7.74). Found:6b (C, 65.94; H, 7.76).

General procedure for acetylation: Dimethoxybenzyl alcohol 6a
or 6b (29.76 mmol) was added to a solution of dry pyridine (25 ml)
and acetic anhydride (25 ml). The reaction mixture was kept at room
temperature with occasional shaking for 3 hours. It was then decom-
posed over crushed ice with stirring and then extracted with chloro-
form. The organic layer was successively washed with water, dilute
HCl, saturated sodium carbonate, and again water. It was dried over * To receive any correspondence.



anhydrous Na2SO4, filtered, concentrated and purified by column
chromatography on silica gel using hexane as the eluent to provide
the resultant acetates 7a as pale yellow oil and 7b as white crystals.
M.P. : 7a (oil), 7b (71 °C): Yield: 7a (86%), 7b (88%): IR cm–1

(nujol: 7a (1740),7b (1744). 1H-NMR δ (CDCl3): 7a[2.00, s, 3H;
3.84, s, 6H; 5.14, s, 2H; 6.48, t (J=2Hz), 1H; 6.57, d, (J=2Hz), 2H]/
7b [2.07, s, 6H; 3.71, s, 6H; 5.03, s, 2H; 6.4, bs, 2H]. Anal. calcd. for
C11H14O4 : 7a (C, 62.85; H, 6.71). Found:7a (C, 62.68; H, 6.75).
Anal. calcd. for C12H16O4 : 7b (C, 64.27; H, 7.19). Found:7b (C,
64.28; H, 7.22).

General procedure for Vilsmeier Haack formylation: Ethyl 3,5-
dimethoxybenzoate (4a) or dimethoxybenzyl acetate (7a or 7b)
(23.81 mmol) were added dropwise to a complex prepared from DMF
(1.74 g, 1.85 ml, 23.81 mmol) and POCl3 (3.65g, 2.3 ml, 23.81 mmol)
at 5 °C. The reaction mixture was allowed to attain room temperature
and then it was heated at 80 °C for 3 hours. The resulting dark red
mixture was cooled and decomposed with saturated solution of
sodium acetate with stirring The aldehydes 5, 8aand 8b separated out
as pale yellow solids which were filtered, washed with water, dried
and then crystallized from hexane-ethyl acetate. M.P.:5 (132 °C),8a
(110–112 °C),8b (175 °C). Yield:5 (80%),8a (78%),8b (85%). IR
cm–1 (nujol): 5 (1725, 1708),8a (1740, 1715),8b (1744, 1712). 1H-
NMR δ (CDCl3): 5 [1.39, t (J=8Hz), 3H; 3.91, s, 3H; 3.97, s, 3H;
4.46, q (J-8Hz), 2H; 6.63, bs, 1H; 6.70 bs, 1H; 10.50, s, 1H]. 8a [2.02,
s, 3H; 3.91, bs, 6H; 5.69, s, 2H; 6.66, bs, 1H; 6.89, bs, 1H; 10.44, s,
1H]. 8b [2.17, s, 6H; 3.86, s, 6H; 5.11, s, 2H; 6.36, s, 1H; 10.50, s,
1H]. Anal. calcd. for C12H14O5 : 5 (C, 60.49; H, 5.92). Found:5 (C,
60.18; H, 5.96). Anal. calcd. for C12H14O5 : 8a (C, 60.49; H, 5.92).
Found:8a (C, 60.02; H, 5.98). Anal. calcd. for C13H16O5 : 8b (C,
61.89; H, 6.39). Found:8b (C, 61.89; H, 6.41).

General procedure for oxidation using KMnO4: Formyl benzyl
acetate 8a or 8b (21.0 mmol) was added portionwise to a mixture 
of water (50 ml) and 1,4-dioxane (20 ml) and heated at 80 °C. A 

solution of KMnO4 (3.32 g, 21.0 mmol) was added to this mixture
within 10 minutes under mechanical stirring. After completion of the
addition, stirring was continued at 80 °C for 45 minutes. The reaction
mixture was then basified with NaOH (5%) and immediately filtered
hot. The filtrate was acidified with conc. H2SO4 when a pink solid
precipitated out. The contents were further heated on water bath for
30 minutes and then cooled to room temperature. The pink solid was
filtered, washed with water and dried. When crystallized from ace-
tone-ether the phthalides 1a and 1b were obtained as off white crys-
tals. M.p.:1a (149 °C, lit2. m.p. 149–150 °C),1b (200–202 °C, lit17a.
m.p. 202 °C). Yield:1a (68%); 1b (70%). IR cm–1 (nujol): 1a (1760);
1b (1765). 1H-NMR δ (CDCl3): 1a [3.91, s, 3H; 4.00, s, 3H; 5.23, s,
2H; 6.50, bs, 1H; 6.57, bs, 1H]. 1b [2.01, s, 3H; 3.88, s, 3H; 3.94, s,
3H; 5.06, s, 2H; 6.36, s, 1H]. Anal. calcd. for C10H10O4 : 1a (C, 61.85;
H, 5.19). Found:1a (C, 62.15; H, 5.01). Anal. calcd. for C11H12O4 :
1b (C, 63.45; H, 5.81). Found:1b (C, 63.46; H, 5.84).

3,5-Dimethoxy-2-methyl-ethyl benzoate (4b): To an amalgam of
zinc prepared from activated zinc powder (25 g), mercuric  chloride
(0.75 g) and HCl (50 ml, 5%) was added a solution of ethyl 3,5-
dimethoxy-2-formyl benzoate,5 (23.81 mmol) in toluene (50 ml) and
conc. HCl (100 ml). After the initial vigorous reaction had subsided,
the reaction mixture was refluxed for 1 hour and then allowed to cool
to room temperature. The organic layer was separated and the aque-
ous layer was extracted with ether (3 2 50 ml). The combined
organic extracts were washed with cold water, dried over anhydrous
sodium sulphate and evaporated in vacuoto yield the desired reduced
ester as pale yellow oil. Column chromatography over silica gel using
hexane as eluent afforded 4b as colourless viscous oil. M.p.: oil.
Yield: 85%. IR cm–1 (nujol): 1726. 1H-NMR δ (CDCl3): 1.37, t
(J=6.5Hz), 3H; 2.29, s, 3H; 3.76, s, 6H; 4.33 q (J=6.5Hz), 2H; 6.49,
d (J=2Hz), 1H; 6.81, d (J=2Hz), 1H. Anal. calcd. for C12H16O4 : C,
64.27; H, 7.19. Found: C, 64.32; H, 7.22.

7-Hydroxy-5-methoxy phthalide(1c): 5,7-Dimethoxyphthalide 1a
(0.5 g, 2.58 mmol) was dissolved in dry CH2Cl2 (10 ml) and the solu-
tion was added dropwise to a well-stirred complex prepared from
anhydrous A1Cl3 (1.02 g, 7.73 mmol) and dry CH2Cl2- (20 ml) under
stirring. The reaction mixture was stirred at room temperature for 30
minutes. The solvent was removed under reduced pressure and the
dry residue was decomposed by 1:1 HCl (100 ml). The solid obtained
was filtered out, dried and triturated with dry ether, which provided
the phthalide 1c as a yellow solid. It was crystallized from hexane-
chloroform. M.p.: 180 °C (lit2. m.p. 180 °C). Yield: 0.350 g (76%);
IR cm–1 (nujol): 3280, 1720. 1H-NMR δ (CDCl3): 3.89, s, 3H; 5.29,
s, 2H; 6.54, bs, 2H; 11.50, s, 1H. Anal. calcd. for C9H8O4 : C, 60.00;
H, 4.48. Found: C, 59.91; H, 4.45.

5-7-Dihydroxy phthalide(1d): 5,7-Dimethoxyphthalide 1a (1.0 g,
5.15 mmol) was subjected to demethylation by using anhydrous
A1Cl3 (3.45 g, 2.58 mmol) and dry dichloromethane (50 ml) as per
the above procedure. The reaction was complete after 6 hours. Similar
work up followed by trituration with ethanol provided the phthalide
1d as a white solid.

M.p.: 239–240 °C (lit2. m.p. 240 °C). Yield: 0.640 g (75%). IR
cm–1 (nujol): 3340, 3285, 1715. 1H-NMR δ (DMSO-d6): 5.16, s, 2H;
6.42, bs, 2H; 9.1, bs, 1H; 10.2, s, 1H. Anal. calcd. for C8H6O4 : C,
57.84; H, 3.64. Found : C, 57.88; H, 3.62.

4,6-Dimethoxy phthalide(2): Ethyl 3,5-dimethoxy-2-formyl ben-
zoate 5 (1.0 g, 4.2 mmol) was dissolved in distilled methanol (75 ml)
under stirring. To this solution was added sodium borohydride (1.0 g,
26.32 mmol) in portions, under stirring. The mixture was stirred fur-
ther for 30 minutes. After completion of the reaction, excess methanol
was evaporated in vacuoand the residue was acidified using 1: HCl
(25 ml). The resultant solid obtained was filtered, washed with water,
dried and crystallized from hexane-ethylacetate to furnish the
phthalide 2 as colourless crystals. M.P.: 167 °C (lit16h. m.p. 169 °C).
Yield: 0.74 g (90%). IR cm–1 (nujol): 1760. 1H-NMR δ (CDCl3):
3.80, s, 6H; 5.11, s, 2H; 6.60, d (J=2.6Hz), 1H; 6.83, d (J=2.6Hz),
1H. Anal. calcd. for C10H10O4 : C, 61.85; H, 5.19. Found: C, 61.88;
H, 5.13.
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Reagents and conditions
(i) DMF-POCl3, 80 °C, 4h; (ii) NaBH4-CH3OH, stir, room temp. 1h;
(iii) H3O

+, 80 °C, 30 min; (iv) Zn–Hg, HCl, toluene, reflux, 1h; (v)
LiAlH4, dry Et2O, stir, R.T., 3h; (vi) Ac2O-pyridine, stir R.T., 3h;
(vii) KMnO4-dioxane, stir, 80 °C 1h; (viii) 3 eq. AlCl3-CH2Cl2, stir,
R.T., 30 mins, (ix) 5 eq. AlCl3-CH2Cl2, stir, R.T., 6h.

Scheme 1
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