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(-)-β-Santonin (I), together with (-)-α-

santonin (II), was isolated by Clemo from

samples of Artemisia obtained from the North-

West Frontier of India1) and was shown to be

the C11 epimer of (-)-α-santonin by various

chemical correlations.2) Recently, Cocker and

McMurry3) converted (-)-β-santonin into (-)-

α-santonin by boiling it with potassium car-

bonate in a xylene solution, but the reverse

transformation has not yet been accomplished.

Since we happened to need a quantity of

(-)-β-santonin for a stereochemical study of

eudesmane-type sesquiterpene, we have tried

to convert (-)-α-santonin into difficult-to-ob-

tain (-)-β-santonin. In this communication

we will report a successful attempt to effect

this transformation.

Thermodynamical stability of the C11 methyl

group is affected very subtly by the modes of

the lactone-ring junctures of the santonin

series of compounds. When both the C10 an-

gular methyl group and the C7 side chain have

β-configurations,4,5) the a-configuration is the

choice for the stable configuration of the C11

methyl group in the traps-lactone, as can be

seen from the above-mentioned work of Cocker

and McMurry.6) However, in the cis-lactone

the situation is completely reversed; β-configu-

ration is now favored by the C11 methyl group.

These stereochemical relations were dramatic-

ally demonstrated by the stereospecific decarbo-

xylations7,8) of the epimeric pair of the lactone-

acids, VIa and VIb, with trans-lactone junctures 

and the epimeric pair of the cis-lactone acids, 

VIIa and VIIb, with cis-lactone junctures; the 

former gave racemic ƒ¿-santonin (II) exclusively,

and the latter yielded racemic 6-epi-β-santonin

(IV). Barton and his co-workers9) made use

of these experimental facts when they treated

(-)-6-epi-α-santonin (III) derived from (-)-

α-santonin following Ishikawa's procedure,10)

with potassium t-butaxide to obtain (-)-6-epi-

β-santonin (IV), which is eventually our start-

ing material.

The reductive cleavage of the cis-lactone
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ring of IV with zinc powder afforded (-)-3-

oxo-11-epi-eusantona-1, 4-dienic acid (V),11,12)

b.p. 160～180℃/10-3mmHg, [α]D-107°.

The last of the -synthetic sequence was 
achieved by selenium dioxide oxidation,13) 
which has been shown to provide trans-lactone 
stereospecifically and which was successfully 
applied to the elegant total synthesis of (-)-
α-santonin by the Takeda group.14) This last

operation afforded a 10% yield of (-)-β-san-

tonin (I), m.p. 211～212℃, [α]D-133° (in

chloroform), the identity of which was estab-

1ished by mixed melting point determination

and by a comparison of the infrared spectrum

with an authentic sample of natural (-)-β-

santonin,15) as well as by the conversion into

(-)-β-desmotroposantonin.

Experimental

(-)-6-Epi-α-santonin (III). -(-)-α-Santonin (II)

was epimerized at C6 according to the procedure

of Ishikawa,10) affording (-)-6-epi-α-santonin, m.p.

102～1050℃, [α]bo-311° (c 1.5, ethanol); yield, 60%。

(-)-6-Epi-β-santonin (IV). -The epimerization

of (-)-6-epi-α-santonin (III) at C11 was achieved

following Barton's procedure.9) Since the purifica-

tion of III was accompanied by a considerable loss,

the intermediate III was not purified but was

directly converted into IV, m.p. 185～186℃, [α]10D

-309° (c 0 .56, ethanol), yield, 42% from (-)-α-

santonin.

The Isomerization to (-)-β-Desmotroposantonin.-

Asolution of 0.1g. of (-)-6-epi-β-santonin (IV)

in 10cc. of 55% sulfuric acid was kept at 55℃ for

15hr. Dilution with water precipitated crystals

which were recrystallized from methanol to give

needles, m.p. 250～252℃, [α]18D-115° (c 0.42,

ethanol). A mixture of an equal amount of this

(-)-β-desmotroposantonin with (+)-β-desmotropo-

santonin2) was recrystallized from ethanol to yield

racemic β-desmotroposantonin, m.p. 225～231℃.2)

(-)-3-Oxo-11-epi-eusantona-1, 4-dienic Acid (V).
-To a solution of 3 .6g. of (-)-6-epi-β-santonin

(IV) in 80cc. of methanol, 8g. of zinc powder was 
added. After 4cc. of acetic acid had then been 

added, the reaction mixture was refluxed on a 
water bath for 8min., cooled, and filtered. The 
solution was concentrated in vacuo to half volume 

and extracted with ether. After being washed with 
water, the ether solution was extracted with 10% 
aqueous sodium carbonate. The aqueous layer was 
made acidic with 2N hydrochloric acid and ex-
tracted with benzene. The benzene extracts were 

combined, washed with water and a saturated 
sodium chlorine solution, and then dried over an-
hydrous magnesium sulfate. When the solvent was

removed in vacuo, the residue ([α]13D-102° (c 3.0,

ethanol)) was obtained; this was purified by chro-

matography on 80g. of silica gel to yield 3.0g. of

aviscous oil. Distillation afforded a pale yellow

liquid, b.p. 160～180℃ (bath temperature)/10-3

mmHg, [α]24D-107° (c 3.8, ethanol). An ultra-

violet spectrum in ethanol indicated a peak at 240

mμ (logε 4.03).

Found: C, 71.25; H, 8.30. Calcd. for C15H20O3:

C, 72.55; H, 8.12%.

Cyclohexylamine Salt. -The salt was recrystallized

from ethyl acetate to yield needles, m.p. 173～174℃,

[α]24D-54.7° (c 0.7, ethanol).

Found: C, 72.30; H, 9.44; N, 4.01. Calcd.

for C21H33O3N: C, 72.58; H, 9.57; N, 4.03%.

2, 4-Dinitrophenylhydrazone. -The 2, 4-dinitrophenyl-

hydrazone was prepared by the usual procedure

and recrystallized from ethanol to give red needles,

m.p. 216～218℃.

Found: N, 13.26. Calcd. for C21H24O6N4: N,

13.08%.

(-)-β-Santonin (I). -A mixture of 1.1g. of the

acid V, 1.1g. of selenium dioxide, 22cc. of acetic

acid and 0.4cc. of water was refluxed for 6hr.

The solution, freed from the selenium which pre-

cipitated, was then concentrated in vacuo, and the

residue was extracted with benzene. The benzene

extract was washed with water, 5% aqueous sodium

carbonate, and water successively, and dried over

anhydrous sodium sulfate. When the solution was

concentrated, a crystalline solid separated. The

product was filtered and recrystallized from methanol

to give 0.1g. of crystals, m.p. 211～212℃, [α]24D

-133° (c 0.46, chloroform). A mixed melting point

determination with an authentic (-)-β-santonin

gave no depression. The identity was further con-

firmed by the infrared spectra of the synthetic and

natural product, which were indistinguishable.

Found: C, 73.04; H, 7.44. Calcd. for C15H18O3:

C, 73.14; H, 7.37%.

The Isomerization to (-)-β-Desmotroposantonin.-

Asolution of 50mg. of the synthetic (-)-β-santo-

nin (I) in 2cc. of 55%, sulfuric acid was kept at

55℃ for 15hr. The crystals, which were deposited

upon the addition of water were recrystallized from

methanol to give needles, m.p. 251～253℃. The

mixed melting point with (-)-β-desmotroposantonin

obtained from (-)-6-epi-β-santonin (vide supra)

was 250～252℃.

Found: C, 72.66; H, 7.52. Calcd, for C15H18O3:

C, 73.14; H, 7.37%.
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