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Rubilactone (1), dihydromollugin (2), and mollugin (3) arenat urally oc cur ring prod uctsfoundinRubia
cordifolia, whichisafamous Chi neseherb with antitumor, vi ral in hi bi tion and other activ i ties. Synthetic
stud ieswere car ried out in these naphthoic acid esters start ing from 1,4-dihydroxy-2-naphthoic acid. In this
study, wefin ished the syn the sis of rubilactone which has not been re ported be fore and also sy nthesized
dihydromollugin and molluginwith better yieldswith dif fer ent ap proachescom pared to those previ ously re

portedintheliterature.

INTRODUCTION

Rubilactone (1), dihydromollugin (2), and mollugin (3)
arethree naphthoic acid esterscom po nentsiso lated fromthe
roots of Rubia cordifolia L. (Rubiaceag),** aChi nese herbal
medi cinewithantitumor, anti vi ral andother activities.® In
our previ ousstudies, both 2 and 3 showed strong and 1
showedweak sup pressiveactivity onHBsAgsecretioninhu-
man hepatoma Hep3B cells.® Com pound 3 also pos sessed
stronginhi bi tionof arachidonicacid(AA)-inducedandcol la
gen-inducedplateletaggregation. Inanear lier at tempt3 was
syn the sized from 1,4-dihydroxy-2-naphthoic acid and 3-
chloro-3-methyl-1-butynein 23% over all yield.” Com pound
2wasobtained by cat alytichy drogenationof 3 over Pd/C® or
synthesized frommethyl 1,4-dihydroxy-2- naphthoatebut no
yield given.? Synthesisof 1 has not been re ported yet so far.
Hereinwewouldliketoreport aconvenient synthetic method
to preparecom pounds 1, 2, and 3 from 1,4-dihydroxy-2-
naphthoicacid.

RESULTSANDDISCUSSI ON

Compounds 1, 2, and 3 were prepared as shown in
Schemel. Upon treat ment of methy! 1,4-dihydroxy-2- naph-
thoate, which was pre pared from 1,4-dihydroxy-2-naphthoic
acid and CHzN: first, with ethyl propiolate and zinc chlo ride
under reflux, rubilactone(1) wasob tained in 38% yield asa
yel lowsolid.

1,4-Dihydroxy-2-naphthoic acid was con densed with
2-methyl-3-buten-2-ol in BF;-etherate to yield the isopen-
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(i) CH;N,, ether; (ii) ethyl propiolate, ZnCl,, reflux; (iii)
2-methyl-3-buten-2-ol, BF;-etherate, dioxane, reflux; (iv) DDQ,
dioxane, reflux.

tenylinter medi ate, whileat el evatedtem per atureit gavethe
intramolecularly cyclized prod uct 4. Without fur ther puri fi-
cation, esterification of crude prod uct 4 with ex cess CH2N»
produceddihydromollugin(2) asayel low solid in 40% over-
all yield (based on 1,4-dihydroxy-2-naphthoic acid). Al ter na
tively, a mixture of methyl 1,4-dihydroxy-2-naphthoate,

2-methyl-3-buten-2-ol, and BFs-etherate in dioxane was
refluxed for 4 hto give 2in 54%yield.° Mollugin (3) was then
easily obtainedfrom2in 72% yield by heat ing with DDQin

dioxane. Methodsde scribed hereto pre paremollugin (3) are
more con ve nient and give better yield than onesin previ ous
reports.
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Inconclusionwere ported herethefirst synthesisof
rubilactone (1) in only two steps starting from 1,4-di hy-
droxy- 2-naphthoic acid with ethyl propiolatein mod er ate
yieldand provided acon ve nient synthetic methodfor prepa-
ration of dihydromollugin (2) and mollugin (3).

EXPERIMENTALSECTION

Melting points were de ter mined with a'Y anaco micro-
melting point ap paratusandareuncor rected. Infraredspectra
wereobtained onaNicolet Av atar 320 FTIR spectrophotom-
eter. Nuclear mag neticresonancespectrawererecordedona
Varian Gemini-200spectrometer. Chemi cal shiftsarere-
ported in parts per mil lion (3 unitsrel ativetointer nal tetra-
methylsilane. The mass spectra were measured from a
Finnigan GCQ GC/M S spectrom eter at 30 eV. Dioxanewas
distilled from Na/ben zo phe noneand all other sol ventswere
usedwithoutfurther puri fi cation. Col umnchromatography
wasper formed with E. Merck 230-400 mesh sil icagel.

Methyl 1,4-dihydroxy-2-naphthoate

Toasolutionof 1,4-dihydroxy-2-naphthoicacid(3.0g,
14.7 mmol) in ether (40 mL) wasadded ex cessCH:N- a 0 °C
for 30 min. Sol vent was re moved from arotavapor, and the
resi due was chromatographed on sil icagel eluting with hex-
ane/ethyl acetate (3:1) to yield methyl 1,4-dihydroxy-2-
naphthoate (2.7 g, 84%) asayel low solid: mp 198-199<C
(1it.X° 172-173=C); IR (KBr) 1649 cm™; *H NMR (CDCl5) &
3.96 (s, 3H), 7.08 (s, 1H), 7.51-7.68 (m, 2H), 8.09-8.13 (m,
1H), 8.36-8.41 (m, 1H), 11.5(s, 1H); EIMSnvVz(rel. int.) 218
(M*, 97), 204 (85), 186 (100), 158 (21), 130 (32), 102 (71).

Rubilactone (1)

A mix ture of methyl 1,4-dihydroxy-2-naphthoate (0.4
g, 1.83 mmol), ethyl propiolate (4 mL), and ZnCl, (0.35 g)
wasrefluxedfor 4 h. Af ter cool ing, theprecipi tateswerecol-
lected by fil trationand recrystallized from chlo ro form/hex-
aneto yield rubilactone (190 mg, 38%) asayel low solid: mp
207-208°C (lit.* 216-218~C); IR (KBr) 1737, 1645cm™; *H
NMR (CDCl3) & 4.10 (s, 3H), 6.51 (d, J = 10.2 Hz, 1H),
7.66-7.84 (m, 2H), 8.44-8.52 (m, 2H), 8.78 (d, J = 10.2 Hz,
1H), 11.7 (s, 1H); EIMSm/z (rel. int.) 270 (M*, 45), 256 (30),
238 (100), 210 (45), 182 (25), 126 (19).

Dihydromollugin (2)

A.Toaso lution of 1,4-dihydroxy-2-naphthoic acid
(2.04 g, 10.0 mmol) in dry dioxane (20 mL) was added BF-
etherate (0.6 mL) and 2-methyl-3-buten-2-ol (1.6 mL, 15.0

Ho et a.

mmol). Thereactionmix turewasstirred at roomtemperature
for 30 min utesand then refluxed for 3 h. Af ter cool ing, Et,O
(60 mL) wasadded and the etheral solutionwaswashed with
H:0, dried over Na.SOs, and evap o rated to give crude solid
which was washed with a small amount of ethyl ac e tate to
yield crudeproduct4 (1.6 g) asayel low solid and used in the
next stepwithout fur ther puri fi cation."H NMR (CDCI5) f
1.39 (s, 6H), 1.86 (t,J=6.8 Hz, 2H), 3.18 (t, J= 6.8 Hz, 2H),
7.49-7.68 (m, 2H), 8.13-8.17 (m, 1H), 8.28-8,33 (m, 1H). To
asolutionof thecrudeprod uct4 in ether (40 mL) was added
ex cessCH2N; at 0= C for 30 min utes. Sol vent was re moved
from arotavapor, and theresi due was chromatographed on
sil icagel eluting with hex ane/ethyl ac etate (98:2) toyield
dihydromollugin (1.15 g, 40%) as ayel low solid: mp 96-97
=C; IR (KBr) 1645 cm™; *H NMR (CDCl5) @ 1.39 (s, 6H),
1.82 (t,J=6.6 Hz, 2H), 3.04 (t,J=6.6 Hz, 2H), 3.97 (s, 3H),
7.47 (t, J=7.8Hz, 1H), 7.58 (t, J= 7.8 Hz, 1H), 8.16 (d, J =
8.1Hz, 1H), 8.35(d, J=8.1 Hz, 1H), 12.1 (s, 1H); EIMSm/z
(rel.int.) 286 (M*, 66), 254 (100), 239 (20), 211 (35).

B. Toasolutionof methyl 1,4-dihydroxy-2-naphthoate
(0.5 9, 2.3 mmol) in dry dioxane (10 mL) was added BFs-
etherate (0.3 mL) and 2-methyl-3-buten-2-ol (0.36 mL, 3.4
mmol). Thereaction mix turewasrefluxedfor 4 h. Af ter cool
ing, Et>0 (50 mL) was added and the etheral so lu tion was
washedwith H ,O, dried over Na,SO,, and evap oratedtogive
acrudeyd low prod uct whichwaschromatographedonsil ica
gel eluting with hex ane/ethy| ac etate (98:2) toyield dihydro-
mollugin (356 mg, 54%) asayel low solid.

Mollugin (3)

To a solution of dihydroxymollugin (286 mg, 1.0
mmol) in dry dioxane (15 mL) was added DDQ (272 mg, 1.2
mmol), and thereac tion mix turewasrefluxed over night. Af-
ter cool ing, theprecipi tateswerefil tered off and thefil trate
wasevap orated. Theresi duewaschromatographedonsil ica
gel elutingwith hex ane/ethyl acetate(98:2) toyieldmollugin
(205 mg, 72%) as ayel low solid: mp 128-130 =C (lit." 132-
134°C); IR (KBr) 1649 cm™; *H NMR (CDCl,) & 1.47 (s,
6H), 4.00 (s, 3H), 5.65 (d, J = 10.2 Hz, 1H), 7.09 (d, J=10.2
Hz, 1H), 7.46-7.51 (m, 1H), 7.56-7.62 (m, 1H), 8.14-8.17 (m,
1H), 8.33-8.36 (m, 1H), 12.1 (s, 1H); EIMSnVz (rel. int.) 284
(M*, 45), 269 (35), 252 (33), 237 (100).
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