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Synopsis. (#)-Tetrahydroanhydroaucubigenone was
synthesized by partial reduction, followed by acid hydrolysis,
of  (4aRS,7RS,7aSR) -7 - (methoxycarbonyl) octahydrocyclo-
penta[c]pyran-1,5-dione ethylene acetal, which was pre-
pared from 2,3,4-tris(ethoxycarbonyl)cyclopentanone through
7 steps.

Tetrahydroanhydroaucubigenone (1),) a unique tri-
cyclic acetal ketone, has been known to be one of
the key compounds for the determination of aucubin.?
Recently, we have succeeded in the synthesis of the
racemate of 1 by photo-irradiation of 6-[2-(nitrosooxy)-
ethyl]-3-oxabicyclo[3.3.0]octan-7-one.® In this paper,
we wish to describe an alternative synthetic route to
(%£)-1, as shown in the following scheme.

2-(2-Acetoxyethyl) -2,3,4 - tris (ethoxycarbonyl) cyclo-
pentanone (2) was obtained with a small amount of
an O-alkylated compound by the alkylation of the
sodio derivative of 2,3,4-tris(ethoxycarbonyl)cyclopen-
tanone®) with 2-iodoethyl acetate in 369, yield. Hy-
drolysis and decarboxylation of 2 by heating with 479,
hydrobromic acid gave ¢-3-(2-bromoethyl)-4-oxo-r-1, #-
2-cyclopentanedicarboxylic acid (3), which was further
esterified with diazomethane to give dimethyl ester 4.
Bromination of 4 with copper(II) bromide in tetra-
hydrofuran gave dibromide 5, which was immediately
heated with calcium carbonate in N,N-dimethylfor-
mamide to afford unsaturated lactone 6 in 269, yield.

Hydrogenation of 6 with hydrogen and 59, pal-
ladium charcoal in ethanol gave (4aRS,7RS, 7aSR)-
7 - (methoxycarbonyl) octahydrocyclopenta [¢] pyran-1,5-

dione (7), mp 125—126 °C, as colorless needles.
(4aRS,7RS,7aSR)- 7 - (Methoxycarbonyl)octahydrocyclo-
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penta[¢]pyran-l-one (8), mp 72—73 °C, was also
obtained with 7 in this reaction in 369, yield.

The ethylene acetal (9) of 7 was partially reduced
with lithium aluminum hydride in tetrahydrofuran at
0—5 °C and the resulting reduction product was warm-
ed with 209, sulfuric acid to give (z)-tetrahydro-
anhydroaucubigenone, mp 56—57 °C, in 159%, yield.
This compound was identical in all respects with (*)-
1, which was previously synthesized by photo-irradia-
tion of 6-[2-(nitrosooxy)ethyl]-3-oxabicyclo[3.3.0]octan-
7-one.®

Experimental

All the boiling and melting points are uncorrected.

2-(2-Acetoxyethyl)-2,3 ,4-tris(ethoxycarbonyl ) cyclopentanone  (2).
To a suspension of metallic sodium (2.3 g) in 150 ml of dry
toluene was added dropwise 2,3,4-tris(ethoxycarbonyl)cyclo-
pentanone? (30 g) with efficient stirring. The stirred mix-
ture was heated on a water bath until all the sodium was
consumed. Then 2-iodoethyl acetate (32 g) was added un-
der cooling with ice water, and the mixture was left over-
night at room temperature and then refluxed for 18 h. After
cooling, the mixture was poured into 109% aqueous acetic
acid (50 ml) and the toluene layer was separated, washed
with aqueous NaHCO; solution and water, dried over
Na,S0,, and freed from toluene to give a viscous liquid.
Distillation of the residue under reduced pressure afforded
2 (14g, 36%) containing a small amount of an O-alkyl-
ated by-product. Bp 153—155 °C/0.3 mmHg (I mmHg=
133.322 Pa), MS m/e 386 (M*); IR (neat) 1730 cm—! (br.
C=0). Additional absorption bands at 1635 and 1685 cm-1
can be attributed to the O-alkylated by-product. Found:
C, 55.86; H, 6.929,. Calcd for C;H;;Oy: C, 55.95; H,
6.78%.

Dimethyl c-3-( 2-Bromoethyl )-4-oxo-r-~1,t-2-cyclopentanedicarboxyl-
ate (4). A mixture of 2 (5.0 g) and 479, hydrobromic
acid (100 ml) was gently refluxed for 2 h. The reaction
mixture was evaporated in vacuo and the resulting crude
bromo keto acid (2.7g, 75%) was methylated with diazo-
methane in the usual manner. The resulting crude di-
methyl ester was chromatographed on a column of silica
gel using benzene-ethyl acetate (4:1) as an eluent to give
4 as a colorless oil (46%). MS m/e 306, 308 (M*). Found:
C, 43.37; H, 4.75%,. Calcd for C;;H;;0,Br: C, 43.02; H,
4.92%.  ¢-3-(2-Bromoethyl)-4-oxo-r-1,t-2-cyclopentanedicar-
boxylic acid (3), mp 164—165 °C (from acetic acid), was
obtained pure from the above crude bromo keto acid by
silica gel column chromatography using toluene—ethyl ace-
tate—acetic acid (25:25:4) as an eluent. Found: C, 38.79;
H, 4.04%. Caled for C,H,;O;Br: C, 38.73; H, 3.97%.

7 - ( Methoxycarbonyl) - 1,3,4,5,6-hexahydrocyclopenta[c] pyran-1,5-
dione (6). To a solution of 4 (4.0 g) in tetrahydrofuran
(50 ml) was added copper(II) bromide (6.5g), and the
mixture was refluxed with vigorous stirring for 4 h. Then
the reaction mixture was filtered and the filtrate was evapo-
rated in vacuo to give crude dibromo keto ester (5) as an
oil, which was immediately used in the next reaction with-
out purification. To a mixture of the above dibromo keto
ester in N,N-dimethylformamide (4 ml) was added calcium
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carbonate (1.43 g), and the mixture was heated at 90—100
°C with stirring for 4 h. The reaction mixture was then
poured into ice water and the aqueous mixture was extract-
ed several times with ethyl acetate. The ethyl acetate was
removed from the extracts in vacuo to give a brown oil (3.5
g). 'The column chromatography on silica gel using ben-
zene-cthyl acetate (5:1) as an eluent gave 2-(2-bromoethyl)-
3,4-bis(methoxycarbonyl)-2-cyclopentenone (0.55 g, 14%) as
the first eluate. MS m/e 304, 306 (M*), IR (neat) 1725
(br. C=0) and 1640 cm-! (C=C). Found: C, 43.60; H,
4.609%,. Calcd for C,;H,;0;Br: C, 43.30; H, 4.29%,. From
the second eluate, the target unsaturated lactone 6 (0.72
g, 26%) was obtained. MS m/e 210 (M*), IR (neat) 1740,
1720 (C=0), 1655 cm~* (C=C). Found: C, 56.56; H, 4.85%,.
Calced for Gy H,(O;: C, 57.14; H, 4.809%.

(4aRS,7RS,7aSR ) -7- ( Methoxycarbonyl) octakydrocyclopenta[c]-
pyran-1,5-dione (7). The unsaturated lactone 6 (0.7 g)
was hydrogenated in ethanol (20 ml) using hydrogen and
5% palladium charcoal (0.5 g) as a catalyst at room tem-
perature and atmospheric pressure. After filtration of the
reaction mixture, the filtrate was evaporated in vacuo and
the residue was chromatographed on silica gel using ben-
zene—ethyl acetate (5:2) as an eluent. From the first eluate,
(4aRS,7RS,7aSR) - 7 - (methoxycarbonyl) octahydrocyclopenta-
[c]pyran-1-one (8) (240 mg, 369 ) was obtained. Mp 72—
73 °C, MS m/e 198 (M*), IR (KBr) 1720 and 1730 cm—!
(br. C=0). The physical and spectral data were identical
with those of an authentic sample.) From the second
eluate, 7 (100 mg, 169%,) was obtained as colorless needles.
Mp 125—126 °C (from benzene), MS mfe 212 (M*), IR
(KBr) 1740 and 1723 cm~! (C=0). Found: C, 56.69; H,
5.819,. CQCalcd for C,,H;,0,: C, 56.60; H, 5.709%,.

( = )- Tetrahydroanhydroaucubigenone (( +)-1). A mixture
of 7 (80 mg), ethylene glycol (37 mg), and p-toluenesulfonic
acid (10 mg) in dry toluene (5 ml) was refluxed for 5h,
during which time most of water was removed by azeotropic
distillation at atmospheric pressure. After removal of the
solvent in vacuo, the residue was worked up in the usual man-

ner to give ethylene acetal 9 (989%,), MS m/e 256 (M).
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To a solution of 9 (50 mg) in dry tetrahydrofuran (5 ml)
was added lithium aluminum hydride in small portions at
0—>5 °C until disappearance of a spot of 9 has been con-
firmed on TLC. Into a reaction mixture was then added
209, sulfuric acid under cooling with ice water until the
solution become slightly acidic. The tetrahydrofuran layer
was separated by decantation and heated at 50 °C for 20
min. The tetrahydrofuran was removed in vacuo and the
residue was dissolved in ethyl acetate, and the ethyl acetate
solution was washed with aqueous NaHCO; solution and
water, dried over Na,SO,, and freed from ethyl acetate
to give a viscous oil. The resulting oil was chromatographed
on silica gel using benzene-cthyl acetate (5:1) as an eluent
to give crude (+)-1. Recrystallization from benzene—petro-
leum ether afforded colorless needles (10 mg, 309%). mp
56-—57 °C. The IR and MS spectra of this compound was
completely identical with those of an authentic sample of
(£)-1.»
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