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of the polyene macrolide antibiotics.>1
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Total Synthesis of Heptamethyl Lithospermate

Summary: The total synthesis of rac-heptamethyl li-
thospermate (2) is described.

Sir: Extracts of several species of the genus Lithospermum
have been shown to inactivate gonadotrophins.! They
have proven capable of blocking the action of thyrotrophin
and prolactin,? as well as LH, FSH, and TSH.? Litho-
spermic acid (1), the principal polyphenolic acid present
in the roots of Lithospermum ruderale and Lithospermum
officinale, has recently been isolated and characterized.*®
Out initial efforts toward developing a satisfactory syn-
thetic access to 1 have resulted in the synthesis of the
racemic permethylated derivative of lithospermic acid (2).
The route described here involves three stages (Scheme
I): (1) access to the 1,2,3,4 substitution pattern about the
“central” aromatic ring; (2) conversion to the desired
trans-substituted dihydrobenzofuran ring system; and (3)
addition of the aryllactate/cinnamate side chain.

Our entry into the required 1,2,3,4 substitution pattern
was found in the synthesis of the benzopyranone 9. To
this end (Scheme II), isovanillin was converted into 2-
allylisovanillin (3) via the published procedure® involving
Claisen rearrangement of O-allylisovanillin. Sodium
borohydride reduction of 3 afforded the crystalline alcohol
41in 90% yield: mp 85-86 °C; 'H NMR (CDCl,) 6 1.6 (br
s, 1 H), 3.53 (dt, J = 2 and 6 Hz, 2 H), 3.88 (s, 3 H), 4.60
(s, 2 H), 4.7-56.2 (m, 2 H), 5.77 (br s, 1 H), 5.6-6.4 (m, 1
H), 6.70 (d, J = 8 Hz, 1 H), 6.88 (d, J = 8 Hz, 1 H); MS
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m/e 194.096 (M*). The diol 4 was protected as the di-
acetate 5 (90%) by treatment with acetic anhydride and
triethylamine in refluxing THF. Ozonolysis of 5, followed
by reduction with dimethyl sulfide, afforded the aldehyde
6 in 76% yield: mp 71-73 °C; 'H NMR (CDCl;) 6 2.00 (s,
3 H), 2.30 (s, 3 H), 3.65 (d, J = 2 Hz, 2 H), 3.83 (s, 3 H),
507 (s,2H),6.93(d,J =9Hz,1H),7.30(d,J =9 Hz,
1H),9.48 (t,J = 2 Hz, 1 H); IR 1770, 1745 cm™; MS m//e
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280 (M*). Jones’ oxidation of 6 yielded the acid 7 (82%):
mp 105 °C dec; 'H NMR (CDCl,) 6 2.03 (s, 3 H), 2.32 (s,
3 H), 3.72 (s, 2 H), 3.87 (s, 3 H), 5.15 (s, 2 H), 6.93 (d, ¢/
=9 Hz,1H),732(d,J =9 Hz 1H),9.12 (brs,1 H); IR
1755, 1730, 1710 em™; MS m/e 296.093 (M*). Removal
of the acetates on 7 to obtain the diol acid 8 was ac-
complished in quantitative yield by treatment with
methanolic sodium methoxide at 0 °C. Reaction of 8 with
sodium acetate in refluxing acetic anhydride afforded a
78% yield of the desired benzopyranone 9: mp 134-136
°C; 'H NMR (CDCly) 6 2.32 (s, 3 H), 3.54 (s, 2 H), 3.79 (s,
3H),523(s,2H),6.84(d,J=9Hz,1H),7.04(d,J =
9 Hz, 1 H); IR 1745, 1735 cm™'; M3 m/e 236.069 (M*).
None of the isomeric benzofuranone, which would have
resulted from lactonization of the acid with the phenolic
oxygen, could be detected in the reaction mixture.
With a satisfactory synthesis of 9 in hand, we turned to
the elaboration of 9 into the required dihydrobenzofuran
ring system 14. Piperidinium benzoate catalyzed
condensation’ of 9 with veratral afforded the aldol product
10 as a mixture of double bond isomers. Opening of the
lactone ring in 10 was effected by heating with an excess
of methanolic sodium methoxide, yielding the alcohol ester
11 (62%) as the E isomer exclusively: 'H NMR (CDCl,)
61.99 (br s, 1 H), 3.36 (s, 3 H), 3.73 (s, 3 H), 3.76 (s, 3 H),
3.83(s,3H),4.24 (d,J =12 Hz,1 H), 4.38 (d, J = 12 Hz,
1H),5.75 (brs,1 H),6.44 (d,J = 2 Hz,1 H), 6.66 (d, J
= 8.5 Hz, 1 H), 6.79 (dd, J = 2 and 8.5 Hz, 1 H), 6.88 (d,
J =85Hz,1H),6.99 (d,J = 85 Hz, 1 H), 7.86 (s, 1 H);
IR 1703 ecm™. Oxidation of the alcohol ester 11 with PCC?
resulted in low yields of the desired E aldehyde 12;
however, oxidation using Me,SO/oxallyl chloride® afforded
a 78% yield of 12 accompanied by 14% of the methyl
thiomethyl ether (13). The structure of 12 was supported
by its 'H NMR [(CDCl,) 6 3.39 (s, 3 H), 3.70 (s, 3 H), 3.76
(s, 3H), 3.90 (s, 3 H), 595 (s, 1 H), 6.40 (d, J = 2 Hz, 1
H),6.64 (d,J =9 Hz 1H),6.74(dd, J = 2and 9 Hz, 1
H), 6.94 (d, J = 8.5 Hz, 1 H), 7.57 (d, J = 8.5 Hz, 1 H),
7.97 (s, 1 H), 9.79 (s, 1 H)], IR (1705, 1690 em™), and
MS[m/e 372.122 (M*)]. Cyclization of 12 with HBr in
benzene/chloroform afforded a 67% yield of the trans-
dihydrobenzofuran aldehyde 14: 'H NMR (CDCl;) é 3.74
(s, 3 H), 3.83 (s, 6 H), 3.94 (s, 3 H), 4.66 (d, J = 7 Hz, 1
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H), 5.81 (d,J = 7 Hz, 1 H), 6.78 (d, J = 8.5 Hz, 1 H), 6.87
(d,J =2Hz,1H),6.91(dd, J = 2 and 8 Hz, 1 H), 6.94
(d,J =8Hz,1H),7.38 (d,J = 85 Hz,1H), 9.75 (s, 1 H);
IR 1730, 1680 cm™'; MS m/e 372 (M*). The trans ster-
eochemistry was suggested by a lack of shielding of the
3-carbomethoxyl group by the 2-aryl substituent, which
would be expected for cis-14.1° Confirmation of the trans
stereochemistry rests on the conversion of 14 to 2.

Elaboration of 14 into heptamethy! lithospermate can
be realized via two related methods (Scheme III).
Knoevenagel condensation of 14 with the malonic acid
monoester 15 (obtained in 70% yield from methyl 3,4-
dimethoxyphenyllactate (17)'! and Meldrum’s acid!?)
afforded heptamethyl lithospermate (2) in modest yield.
A more efficient procedure involves condensation of 14
with malonic acid resulting in the cinnamic acid 16 (75%).
Acid chloride formation using thionyl chloride in benzene,
followed by treatment with 17, afforded 2 and its dia-
stereomer in 50% yield: 'H NMR (CDCl;) 6 3.04-3.14 (m,
2 H), 3.69 (br s, 6 H), 3.79 (s, 3 H), 3.83 (br s, 9 H), 3.89
(s, 3H), 4.41(d,J = 5Hz,1 H), 5.25 (m, 1 H), 597 (d, J
= 5 Hz, 1 H), 6.25 (dd, diastereomers, J = 2 and 16 Hz,
1 H), 6.66-6.89 (m, 7 H), 7.15 (dd, diastereomers, JJ = 3.5
and 8.5 Hz, 1 H), 7.68 (dd, diastereomers, J = 3 and 16
Hz, 1 H); IR (CCl,) 1748, 1725, 1615, 1265, 1160, 1030, 980
em™; MS m/e 636.219 (M*, 12), 414 (43), 337 (65), 223 (23),
222 (100), 191 (17), 181 (57), 163 (13), 151 (90). The
spectral data agree with those obtained by Wagner® on
optically active heptamethyl lithospermate obtained by
methylation of extracts of Lithospermum officinale.

Thus, an efficient route to the lithospermic acid system
from readily available starting materials has been realized.
Application of this general route toward the synthesis of
lithospermic acid (1) is in progress, and will be reported
in due course.!
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Stereospecific Total Synthesis of (£)-Isocomene
(Berkheyaradulene)

Summary: The unusual triquinane sesquiterpene 2 has
been synthesized in eight steps from bicyclic enone 3
through utilization of three separate organometallic ad-
dition reactions suitably interspersed between hydrolytic
and oxidative steps.
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