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Summary

(—)-a-Santonin has been correlated stereochemically with (+)11-carboxy-3-
oxoeusanton—4-enic acid (X) and by the investigation of molecular rotation of the
latter the absolute configuration of the former has been deduced. It has been shown
that (—)-a-santonin belongs to the same stereochemical type as steroids. (—)rB-
Santonin proved to be the Cj;—epimer of (—) -a-santonin.
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Eight racemic stereoisomers of santonin are assumed to arise from the four
asymmetric carbons contained in its structure, but two of them must be eliminated!»»
since a 6-5 ring fusion cannot exist in a diaxial configuration with chair-formed
cyclohexanes. All the other six racemates were synthesized by Abe, ef al."»®*® and
three of them were also obtained as their optically active isomers, two of which,
(—)»a- and (—)-S-santonins, were found to be identical with the two naturally occurr-
ing santonins. The absolute configuration of both was discussed in the preceding
paper®, and it was shown that (—)-a-santonin should be represented by (1), and (—)-
[3— santonin by (II). This paper deals with other stereoisomers.

Synthesis of New Optically Active Stereoisomers of Santonin***

(—)11-Carboxy-3-oxoeusanton—-4-enic acid (Il) can be derived from (—)-1l-car-
boxy-6a-hydroxy-3-oxo-11-epi—eusanton-4-enic acid lactone.” It was also obtained
by the resolution of (*)-11-carboxy-3-oxoeusanton-4—enic acid® through its brucine
salt. The acid (1) was brominated with two moles of bromine to (4 )-2-bromo-11-
carboxy-68-hydroxy-3-oxo-1l-epi-eusanton—4-enic acid lactone (IV), which, on gentle
heating with pyridine, was stereospecifically decarboxylated® to give (+)-2-bromo-
68-hydroxy-3-oxo-1l-¢pi-eusanton—-4—enic acid lactone (V). When heated with pico-
line, (+)-bromolactone (V) led to (+)-68-hydroxy-3-oxo-1l-epi~eusantona-1,4-dienic
acid lactone (VI, (+)-santonin D), [a)§: +265.0°, and the latter underwent the dien-
one-phenol rearrangement under the mild conditions (at 50° in 55%; sulfuric acid)
to afford (+)-B-desmotroposantonin (VI). On the other hand, treatment of (+)-2-
bromo-68-hydroxy-3-oxo-11-¢pi—eusanton—4—enic acid(V)with zinc-acetic acid-methan-

* This constitutes a part of a series entitled ‘ Studies on Anthelmintics’” by Yasuo Abe. Part
XXXII: This Bulletin, 4, 158(1956).
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0l® resulted in the removal of the bromine atom as well as the reductive fission of
the lactone to form (—)-3-oxo-11-epi-eusanton—4-enic acid (VIl), CaJp : —97.5°(Mp—244°).

(:£)-3-Oxoeusanton—-4—enic acid” derived from (z+)-1,2-dihydro-a-santonin was
resolved with quinine to furnish the levorotatory isomer (IX; CaJf: —111°; M,
—277.5%) and the dextrorotatory isomer in a less pure state (CaJ§: +102.7°). The
levo~isomer was brominated and derived to (+)-2-bromo-68-hydroxy-3-oxoeusanton-
4-enic acid lactone (X), which was further converted into (+)-668-hydroxy-3-oxoeu-
santona-1,4-dienic acid lactone (XI; (+)-santonin C; [aJp : +302°) by dehydrobromina-
tion. This was changed to (4 )a~desmotroposantonin (XI) by the dienone-phenol rear-
rangement. In a similar way (—)-68-hydroxy-3-oxoeusantona-1,4-dienic acid lac-
tone (XI'; [a)%:—306.4°) was obtained from (4 )-3-oxoeusanton-4-enic acid.
The Absolute Configuration of Synthetic Stereoisomers of Santonin

As was described above, (+)-68-hydroxy-3-oxo-11-epi-eusantona-1,4~dienic acid
lactone was derived from (—)-11-carboxy-3-oxoeusanton—-4-enic acid (Il). Since the
latter belongs to the same stereochemical type as the antipodes of (—)-a— and (—)-
[B-santonins,’® (4 )-68-hydroxy-3-oxo-11l-¢pi—eusantona-1,4-dienic acid lactone is

7) M. Sumi: This Bulletin, 4, 168(1956).
8) W. Klyne: J. Chem. Soc., 1952, 2916; 1953, 3072.
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also of the type opposite to both natural santonins and should be represented by (VI).
This was further verified by the observation that (+)»68-hydroxy-3-oxo-11-¢pi—
eusantona-1,4-dienic acid lactone was transformed into (+)~-B-desmotroposatonin (VI)
by the dienone-phenol rearrangement under the mild conditions, while (—)-B-santo-
nin (II') was rearranged to (—)»B-desmotroposantonin (VII'). If (+)»-68-hydroxy-3-oxo-
11-epi~eusantona-1,4-dienic acid lactone were to be represented by (VI’), the antipode
of (VI), it would afford (—)-B-desmotroposantonin® like (—)-B-santonin (II), for (VI’)
is the Cg-epimer of (II).  Accordingly (VI') should be forwarded for (—)-68-hydroxy-
3-oxo-11-e¢pi~eusantona-1,4-dienic acid lactone.

Ishikawa'® has recently found that (—)-a-santonin (I)is converted into (—)-653-
hydroxy-3-oxoeusantona-1,4-dienic acid lactone by a novel rearrangement which
involves the inversion only at C;. Moreover, both substances undergo the dienone-
phenol rearrangement under the mild conditions to give (—)-a-desmotroposantonin.
It is thus evident that they both belong to the same stereochemical type and (—)-
68-hydroxy-3-oxoeusantona-1,4-dienic acid lactone must be represented by (XI'), and
its antipode by (XI).

(—=)»3-Oxo-11-epi-eusanton—4—enic acid was derived from (—)1l-carboxy-3-oxo-
eusanton—4-enic acid (1) and, on the other hand, (—)-3-oxoeusanton—4-enic acid is of
the same type as (+4)-658-hydroxy-3-oxoeusantona-1,4-dienic acid (xI). Therefore,
they all belong to the type opposite to that of the natural santonins. This indicates
that (—)-3-oxo-11-¢pi-eusanton—-4-enic acid should be given the formula (V) and (—)-
3-oxoeusanton-4-enic acid the formula (IX). The molecular rotations of (1), (VI),
and (IX) (—312°, —244°, and —277",respectively) are opposite in sign to those of 4+-3-
oxosteroids, but their magnitudes are roughly the same, showing that Klyne’s prin-
ciples®® are also applicable in this case. Since (V) and (IX) bear one more asym-
metric carbon than (1), and (Vi) and (IX) are epimeric at C,;, it was also proved that
the molecular rotational contribution of the asymmetry at C,; is not too large.

In all the santonin isomers discussed so far, the propionic acid side chain at C;
adopts the equatorial position,” but (—)-6a-hydroxy-3-oxo-11-epi-isoeusantona-1, 4—
dienic acid lactone ((—) -santonin A), which was synthesized by Abe, et al., possess-
es the axial side chain and it is to be represented by either (XV) or its mirror image
(XV"). (—=)-6a-Hydroxy-3-oxo-1l-e¢pi-isoeusantona-1,4-dienic acid lactone was deriv-
ed from (+)-3-oxo-1l-epi-isoeusanton-4-enic acid (A-acid?; Mp: +227.5°). The
molecular rotation of the latter is of the sign opposite to those of (II), (Vll), and (IX),
but their magnitudes are of the same order. Furthermore, it has already been
shown that the rotational contribution of the asymmetry at C;; as well as at C;» is
not too large. (4)-3-Oxo-11-epi-isoeusanton—4-enic acid should, therefore, be assign-
ed the structure(XIII) of the same type as the natural santonins, and (—)-6a~hydroxy-
3-oxo-11-epi-isoeusantona-1,4-dienic acid lactone must have the formula(XV). It is
consistent with the observation that (XV) was converted to (4)~a-desmotroposantonin
(XVI=XII) by the dienone-phenol rearrangement under mild conditions.

According to Barton,? the configurations at C;, C;, and C,; in (—)-a—~desmotropo-
santonin are tentatively represented by (X), (Y), and (Z), respectively, and that of Cy,
in (—)-a-santonin by (W). Then the configuration of santonin isomers except opti-
cally active 6a~hydroxy-3-oxoisoeusantona-1,4-dienic acid lactone are as shown in
Table I which summarizes the results in the present and the preceding papers.

Cocker, et al.,'V predicted that in desmotroposantnins the alicyclic cyclohexene

9) D.H.R. Barton: J. Org. Chem., 15, 467(1950).
10) H. Ishikawa : J. Pharm. Soc. Japan, 76, 504(1956).
11) N. M. Chopra, W. Cocker, J. T. Edward : Chemistry & Industry, 1955, 41.
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TaBLe I. Absolute Configuration of Stereoisomers of Santonin

C5 C7 C11 CIO
(—)-a-Santonin (1) X’ Y Z w
(—)-B-Santonin (II) X/ Y z w
(—)-68-Hydroxy-3-oxoeusantona-1,4-dienic Acid
Lactone (X1) X Y z w
(—)-68-Hydroxy-3-oxo-11-¢pi-eusantona-1,4-dienic ’
Acid Lactone (VI') X Y Z w
(—)-6a-Hydroxy-3-oxo-11l-gpi-isoeusantona-1,4-dienic , ,
Acid Lactone (XV) X! Y Z w

ring is in a half-chair form and the propionic acid side chain at C; takes the equa-
torial position. It has been shown,»® that the isomers with an equatorial side
chain and those with an axial one equally undergo rearrangement to desmotropo-
santonins with an equatorial side chain. This would be explicable by the following
considerations. As was suggested by Barton,? (+)-a-santonin (I') and (4 )-68-hydr-
oxy-3-oxoeusantona-1,4-dienic acid lactone (XI) are considered to change to (+)-a-
desmotroposantonin (XII=XVI) via (XVII) by the dienone-phenol rearrangement under
mild conditions. In the case of (—)6a-hydroxy-3-oxo-11-epi-isoeusantona—-1,4-dienic
acid lactone (XV) it would also undergo rearrangement to (+)-a~desmotroposantonin
via (XVIII). Since in those intermediate states (XVII, XVIII) the inversion of their
alicyclic ring is no longer prevented by the fusion of the lactone, it can take the more
stable conformation.” Further, (XVII) and (XVIII) have a carbonium cation at G,
so that C;, G, C;, Cy, and C;y atoms in them come to lie in a plane, which would make
the inversion extremely easy. Accordingly, the configuration of the side chain in
(XVII), which is produced from (I') and (XI) (side chain : equatorial), remains intact,
while in (XVIII)derived from (XV) (side chain : axial) the inversion of the cyclohexene
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ring occurs to place the side chain in the more stable equatorial position. Subse-
quent lactonization gives rise to (+)-a-desmotroposantonin. By such considerations,
it is well explained that the same desmotroposantonin (e.g. XII=XVI)is produced
from santonin isomers of the opposite stereochemical type (in this case, (I') and (XV)
or (XI) and (XV)).

As for 6a-hydroxy-3-oxoisoeusantona-1,4-dienic acid lactone (santonin B), its
optically active isomers have not been prepared as yet. However, the results so

12) D.H.R. Barton, R.C. Cookson. W Klyne, C. W. Shoppee : Ibid. 1954, 21.
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far obtained with other stereoisomers predict that the levorotatory isomer would
probably belong to the same type as the natural santonins.

The absolute configuration of not only the natural santonins but also their syn-
thetic stereoisomers except one have thus been made clear as discussed in the two
papers. It may be said that the stereochemistry of santonins have been establish-

ed almost completely.

The author wishes to acknowledge the continued advice and encouragement of Prof. Y. Asahina,
Dr. S. Kuwada, and Dr. T. Matsukawa. He is also indebted to Mr. M. Kan and his associates for
performing microanalyses, to Mr. T. Ito and Mr. Nakamachi for determination of rotations, and
to Mr. T. Shima for measurement of ultraviolet absorption spectra.

Experimental*

(—)-11-Carboxy-3-oxoeusanton-4-enic Acid (III)~To a warm solution of 12g. of (+)-11-carb-
oxy-3-oxoeusanton-4-enic acid® in 60 cc. of MeOH was added 15g. of brucine. After cooling,
the crystalline solid was filtered and recrystallized from MeOH as colorless prisms (7.6g.), m.p.
160°(decomp.), (a)%: —42.5°(c=0.40 in CHCl;). This was treated with 595 NaOH and resultant
acid was recrystallized from hydr. MeOH to give colorless prisms, m.p. 203°(decomp.), («])f: —104.5°
(c=0.40). Yield; 2.6g.

(+)-2-Bromo-11-carboxy-6s8-hydroxy-3-oxo-11-¢pi-eusanton-4-enic Acid Lactone(IV)—To a boil-
ing solution of 2g. of the (—)-acid (IM) in 490 cc. of ether was added 2.2g. of Brp; in 20cc. of
AcOH and 20 cc. of ether. The solution was decolorized in 20 mins. This was cooled, extracted
with Na,CO; solution, and the extract was acidified, giving 0.8 g. of a crystalline material. Recry-
stallization from 509 MeOH afforded colorless prisms, m.p. 183°(decomp.), [@)¥: +44.0°(c = 0.40).
Anal. Caled. for C,H;40:Br: C, 51.76; H, 5.16. Found: C, 51.85; H, 5.42.

(+)-2-Bromo-68-hydroxy-3-oxo-11-¢pi-eusanton-4-enic Acid Lactone (V)—A mixture of 0.45g.
of (Iv) and 5cc. of pyridine was refluxed gently for 30 mins., poured into cold 109 H,SO,, and
shaken with ether. The ether layer was washed with Na,CO; solution and water, dried, and
evaporated. The crystalline solid (0.25g.) was recrystallized from MeOH to colorless prisms,
m.p. 188, [a]¥: +80.0°(c=0.50). Anal. Caled. for Cy;H;gO3Br: C, 55.05; H, 5.86. Found: C,
55.21; H, 5.91.

(+)-68-Hydroxy-3-oxo0-11-¢pi-eusantona-1,4-dienic Acid Lactone (VI)—To 0.45g of the (+)-
bromolactone (V) was added 10 cc. of picoline and the mixture was refluxed for 1.5hrs., poured
into cold 1094 H,SO,, and extracted with ether. The extract was washed with Nay,CO; solution
and water, dried, and evaporated to give 0.17 g. of a crystalline product. This on recrystallization
from 509 EtOH afforded colorless needles, m.p. 182°, [a]}j: +265.0°(c=0.40), )\13;23 245 mp.
(log ¢ 4.15). Anal. Calcd. for CisHigOs @ C, 73.14; H, 7.37. Found: C, 73.27; H, 7.55.

The Dienone-Phenol Rearrangement of (4 )-68-Hydroxy-3-oxo-11-¢pi-eusatona-1,4-dienic Acid
Lactone (VI)—Fifty milligrams of (VI) in 2cc. of 5595 H;SO, was stirred at 50° for 15 hrs. and
diluted with water. The separated solid was dissolved in 1095 NaOH and the alkaline solution
was acidified with HCl. The resultant crystalline material was recrystallized from EtOH as
colorless needles, m.p. 260°, («)%: +103°(c=0.40). This showed no melting point depression on
admixture with an authentic sample of (+)-g-desmotroposantonin.

(—)-3-0x0-11-¢pi-eusanton-4-enic Acid (VIII)—A mixture of 0.4g. of the (+)-bromo-lactone
(V), 20 cc. of MeOH, 0.4g. of Zn dust, and 2cc. of AcOH was refluxd for 30 mins. Zn was filtered
off and the filtrate was concentrated under reduced pressure. The residue dissolved in ether was
washed with water and extracted with NaHCO; solution. Acidification of the extract afforded
0.2 g. of a crystalline solid, which was recrystallized from aq. MeOH to colorless plates, m.p. 122°,
(@) : —97.5°(c=0.40). Anal. Caled. for CisHy205: C, 71.97; H, 8.86. Found: C, 71.85; H, 8.62.

Resolution of (+)-3-Oxoeusanton-4-enic Acid—A mixture of 20 g. of (+)-3-oxoeusanton-4-enic
acid in 200 cc. of EtOAc and 26g. of quinine in 400 cc. of EtOAc was warmed on a water bath
and cooled. On recrystallization of the separated solid from EtOH there was obtained 14.5g. of
a quinine salt as colorless prisms, m.p. 214°, (@)¥: —156°(c=0.66 in CHCly). The salt was treated
with 1025 NaOH and the acidic fraction was recrystallized from EtOAc to colorless prisms, m.p.
130°; yield, 4.5g. (a)3: —111.0°(c=0.66). Anal. Caled. for CyzHy205: C, 71.97; H, 8.85. Found:
C, 72.05; H, 8.97.

After removal of the less soluble salt described above, the mother liquor was concentrated
and allowed to stand. Another crystalline solid separated, which was recrystallized from hydr.
EtOH as colorless prisms, m.p. 112°. («]%: —42.7°(c=0.66 in CHCly). This was treated with 109

* TUnless otherwise noted, rotations were determined in EtOH solution.

NII-Electronic Library Service



No. 3 167

NaOH and the resultant acid was recrystallized to colorless prisms, m.p. 129°; yield, 3g. [a)}:
+102.7°(c=0.66).

(+)-2-Bromo-68-hydroxy-3-oxoeusanton-4-enic Acid Lactone (X)—To a stirred solution of 3.9 g
of the (—)-acid (IX) in 320 cc. of ether was added dropwise 5.15g. of Br; in 5cc. of AcOH at 20°.
The reaction mixture was washed with Na,CO; solution and water, dried, and concentrated to
give 1.0g. of a crystalline product. This was recrystallized from MeOH to colorless prisms, m.p.
141°(decomp.), [(a)®: +48.7°(c=0.66). Anal. Calcd. for C;sH;s03Br : C, 55.05; H, 5.86. Found : C,
54.97; H, 5.82.

(+)-68-Hydroxy-3-oxoeusantona-1,4-dienic Acid Lactone (XI)—In 7 cc. of collidine, 0.9 g. of the
bromolactone (X) was dissolved, the mixture was refluxed for 15 mins., cooled, and the product was
isolated with ether in the same way as for (VI). The crystalline material (0.2g.) thus obtained
was recrystallized from EtOAc-petr. ether to colorless needles, m.p. 106°. Aol 247 mp (log e 4.15).
() : +302°(c=0.40). Amnal. Calcd. for Ci;3H;g03 ¢ C, 73.14; H, 7.37. Found: C, 73.40; H, 7.26.

The Dienone-Phenol Rearrangement of (+)-68-Hydroxy-3-oxoeusantona-1,4-dienic Acid Lactone
(XI)—Forty milligrams of (XI) was stirred with 2cc. of 557 H,SO, at 50°. There was obtained
30 mg. of a crystalline product, m.p. 197°, (&)} : +127.5°(c=0.33). The melting point was unde-
pressed when mixed with an authentic sample of (+)-g-desmotroposantonin ((elf : +127.7°).

(—)-68-Hydroxy-3-oxoeusantona-1,4-dienic Acid Lactone (XI'—The same series of reactions
as for (XI) was carried out with 2.9 g. of (+)-3-oxoeusanton-4-enic acid ((el]f: -+102.7°) to give
0.15g. of (X1/), m.p. 106", (@)} : —306.4(c=0.40). Anal. Calcd. for C;sHigO;: C, 73.14; H, 7.37.

Found : C, 73.14; H, 7.38. No melting point depression was observed by mixing with an authent-
ic sample.1®

Summary

New optically active stereoisomers of santonin were synthesized and their ab-
solute configurations investigated. It has been shown that(—)-6a-hydroxy-3-oxo-11-
epi—isoeusatona—1,4-dienic acid lactone, (—)-68-hydroxy-3-oxoeusantona-1,4-dienic
acid lactone, and (—)-68-hydroxy-3-oxo-11-¢pi-eusantona~1,4-dienic acid lactone are
of the same stereochemical type as that of the naturally occurring santonins. An

aspect of the mechanism of the dienone-phenol rearrangement in santonin series
was also considered.

(Received January 16, 1956)
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