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1565

Masashige Yamauchi,* Sadamu Katayama, Toshiharu Todoroki, and Toshio Watanabe
Faculty of Pharmaceutical Sciences, Josai University, Keyakidai, Sekado, Saitama 350-02, Japan

Synthesis of fulvic acid (1a) was accomplished by a route involving selective ozonization of
9-propenylpyranobenzopyran (1c), obtained by a regioselective cyclization of the 2-methylsulphinylmethyl

1,3-dione (3c).

In earlier preliminary studies! aiming at the syntheses of
fungal metabolites such as fulvic acid (1a)? and citromycetin
(2a),3 we have shown that both the basic skeletons in (1a) and
(2a), 4,10-dihydro-3-hydroxy-3-methyl-1H ,3H-pyrano{4,3-b]-
[1]benzopyran-10-one (1b) and 2-methyl-4H,5H-pyrano-
[3,2-c][1]benzopyran-4-one (2b), were derived from a com-
mon intermediate (3b) corresponding to the biogenetic
intermediate (3a) for (2a).4 We describe here the first total
synthesis of (1a) via the sulphinylmethyl dione (3¢), which
may be regarded as an equivalent of (3b), by use of the
synthetic strategy for (1b).

The acetophenone (4), chosen as a starting material, was
prepared from vanillin via 9 steps (32% total yield) by a
modification of Dean’s method.5 The hydroxyketone (6),
obtained by aldol condensation of (4) and the aldehyde (5),°
was converted into the diketone (8) by treatment with
N-chlorosuccinimide and dimethyl sulphide followed by
reduction with zinc dust and acetic acid in 83% yield from
(4).t Alkylation of (8) using methylthiomethylpiperidine
hydrochloride? in dioxane afforded the thiomethyl dione (9) in
87% vyield, which was converted into the sulphinylmethyl
dione (3¢) by treatment with sodium metaperiodate. Acid
treatment [5% H,;SO,~AcOH-tetrahydrofuran (THF)
(1:1:4), reflux, 3 h]lc of (3¢) caused regioselective cyclization
to give the dihydropyrone (10) as an unstable oily product
(positive FeClj; test). Application of Fujita’s debenzylation
method?® to the BF,-complex (11) of the dihydropyrone (10)
gave the phenol (12). Acid catalysed cyclization [conc.
HCI-AcOH (1:6), room temp., 24 h] of (12) afforded the
pyrano(4,3-b][1]benzopyran (13) in 22% total yield from (9).
Ozonization of (13) gave unidentified complex products owing
to the presence of the various double bonds. However prior

1 The structure of the intermediate diacyl-S-ylide (7) was confirmed
byi.r.,, '"H n.m.r., and '*C n.m.r. spectral data.

hydration [5% HCl-acetone (1:2), room temp., 4 days]° of
the pyrone (13) to give the alcohol (1¢) and ozonization of (1c)
in the presence of a dye (Oil Violet) as an internal indicator!?
followed by reduction with dimethyl sulphide yielded the
aldehyde (1d) (m.p. 172—174 °C) in 64% yield from (13).
Oxidation of (1d) with sulphamic acid and sodium chlorite!!
afforded the unstable O, O-dimethylfulvic acid (1e), which was
converted into the anhydro compound (14) on chromato-

(1) (2)

a;R' = COH, R?=R3=0H
b;R'= RZ=R3zH

R! = CO,H, R?= R3=0H
Rl=R?=R3=H

R' = CH=CHMe, RZ= R3= OMe
; R'=CHO, R =R3 = OMe

R' = CO;H, RZ=R3= OMe

® Q06 T o

R[‘o Me
(3)
a; R =CO.H, RZ=R%= R“=0H, X=0, Y = CH,
b; R'=R?=R¥=H, Rz OCH,Ph, X = 0CH,CH,0, Y =CH,
c; R'=CH=CHMe, RZ=R3=0Me, R“=OCH,Ph,
X -= OCH,CH,0, Y = H, CH,S(OMe
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o\'<Me
I 0 CH,CHO
(5)
Me

o
MeO COMe
MeO OCH2Ph Me

OCH,Ph
(%) (6) X=H,OH, Y=H,H

(7)X:O, Y:SMez
(8)X=0, Y=H,H
(9) X=0, Y =H, CH,SMe

(13) R' =CH=CHMe R%ZR¥%:Me
(14) R' =COzH, RZ=R3 = Me
(15) R' =CO,H, RL,R*H,Me
(16) R'=CO,H, R?=R3= H

(10) R =CH,Ph, Z=H
(11) R =CH,Ph, Z =BF,
(12) R=H, Z =BF,

graphy on silica or recrystallization. On treatment with conc.
H,S0 ~acetone (1:250) the alcohol (1e) was converted into
anhydro-0, O-dimethylfulvic acid (14) [74% yield from (1d)].
Demethylation of (14) with BBr; gave anhydro-O-
monomethylfulvic acid (15) in low yield, whereas treatment
with AICl; (10 equiv.) and dimethyl sulphide in anhydrous
CH,Cl, at —10 °C furnished anhydrofulvic acid (16) (m.p.
236—239 °C) in 52% yield. Finally conversion of (16) into
tulvic acid (1a)t was achieved by treatment with acid [5%
HCl~acetone (1:2), 55°C, 24 h] (68% vield). The physical
and spectral data for (1a) [m.p. 242—244 °C; m/z 308.0543

1 The interconversion of (16) and (1a) is known (see ref. 2¢), but our
attempts to use this method led to unsatisfactory results.
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(C14H20g requires 308.0531); vyax, 3430, 1635, 1552, 1480,
1450, and 1175 cm~1; Ay, (log &) (EtOH) 224 (4.50), 317
(4.07), and 343 nm (4.06); 'H n.m.r., [(CD;),80], 6 1.45 (s,
CH3), 2.72 (AB q, J 17.6 Hz, 4-H), 4.43 (s, 1-H), 6.22 (s,
3-OH), 6.89 (s, 6-H), 9.74 and 11.22 (br. s, 7,8-OH), and
13.27 (br. s, 9-CO,H)] were identical with that of natural
fulvic acid.
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