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A new isomeric dihydroalantolactone having a double bond in its C4-lo-position has been obtained. This was converted 
into a dienone which gave desmotropodihpdroalantolactone by mild acid treatment. From the observed tendency of the 
desmotropo compound to  be converted to a stable CI1-isorner, the stereochemical arrangement of C11-methyl group in the 
original dihydroalantolactone was deduced. 

The former structure of tetrahydroalantolactone 
given by Ruzicka2 has been revised on the ba_sis of 
recent reinvestigations by Tsuda, et ~ l . , ~  Sorm, 
et Tanabe6s7 and Cocker, et a1.* to (I). 

In a previous paper of this seriesg the author re- 
ported on the purification of both dihydroalanto- 
lactone (11) and dihydroisoalantolactone (111), 
which were isolated in pure state and in good yield. 
Using these materials, a further research on the 
conformation of the CI1-methyl of tetrahydroalanto- 
lactone which remained unsettled was undertaken 
and the results are now reported. 

Hydrogen bromide was allowed to react with 
cooling on an alcoholic solution of dihydroalanto- 
lactone (11) to give 4-bromotetrahydroalanto- 
lactone ( Iv) ,  m.p. 120-121° dec., [ a]13D +7.2'. 

Compound IV  was also obtainable from dihydro- 
isoalantolactone (111) by similar treatment. Thus 
the position of bromine substituted is a t  Cq. Con- 
trary to the above, when hydrobromination was per- 
formed a t  room temperature both dihydroalanto- 
lactone (11) and dihydroisoalantolactone (111) gave 
an isomeric bromide V, m.p. 189-191' dec., [cY]'~D 
- 67.8'. As V is more stable than IV, the bromine 
a t  the C4-position of these two isomers appears to be 
equatorial (CY) and axial ( p ) ,  respectively. How- 
ever, by catalytic hydrogenation with palladized 
calcium carbonate, IV was converted into a tetra- 
hydroalantolactone which is known to have the 
C4-methyl group in the &orientation. And by 
similar treatment, V gave an isomeric tetrahydro- 
alantolactone (VII), m.p. 12O-12lo, [ a]% - 
22.8', having the C4-methyl group in the a-orienta- 
tion, which was already reported by Iwailo and 
Tanabe7 and named P-tetrahydroalantolactone. 

When the bromide IV was boiled with y-collidine, 
three dehydrobrominated products, dihydroalanto- 
lactone (11) , dihydroisoalantolactone (111) and a 
new isomeric dihydroalantolactone IX, were ob- 
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tained and separated from each other with yields 
of ca. 20, 30 and 20y0, respectively. The new iso- 
meric dihydroalantolactone (IX) was oxidized with 
selenium dioxide to give a monoenonic compound 
(X), m.p. 99-101O, [ff]17D + 99.8', XE2H 246 mp 
(log E 4.17), and by further heating with the 
same oxidation agent in glacial acetic acid X was 
converted into a dienonic compound (XI), m.p. 

This product XI showed specific absorptions for 
both dienone structure and y-lactone [XE;= 242 
mp (log E 3.98), v:ZC1a 1660 (>=O), 1760 cm.-' 
(cis-lactonic carbonyl) 11,12] comparable with those 
for I-a-santonin, which has A:::" 241 mp (log E 

4.12), and v:::'a 1670 (T>=o), - 1785cm.-' (trans- 
lactonic carbonyl). However XI showed no 
coloration with sodium methoxide as in the case of 
santonin. 

The optical rotatory dispersion curves for both X 
and XI were measured by the courtesy of Dr. 
Carl Djerassi and the curves were typical of those 
of A4-3-ketosteroids and Ala4-3-ketosteroids, re- 
spectively. Further, from the analogy of a similar 
curve for a-cyperone, the side chains a t  the C6- 
positions of X and XI are in the p-~rientationl~ 
(Fig. 1). 

The dienonic compound XI was converted into 
a desmotropo compound (XII), m.p. 217-218', 
[ f f ] I7D + 28.0°, by dienone-phenol rearrangement 
with .%yo sulfuric acid. By further heating of the 
desmotropo compound XI1 with potassium carbo- 
nate in xylene, another isomeric desmotropo 
compound (XIII), m.p. 193-195', [ f f ] leD + 145.9', 
was obtained. These dienonic and two desmotropo 
compounds, XI, XI1 and XIII, were different 
from the corresponding derivatives of santonin and 
by reductive treatment with zinc dust-acetic acid 
of the former compounds no cleavage of lactonic 
linkage was observed as  in the case of similar deriva- 
tives having cis fused lactonic structures in the 
santonin series. 

In  studies of the structure of desmotropo- 
$-santonin, Dauben14 has pointed out that this 
type of reductive cleavage of lactonic linkage with 
zinc dust-acetic acid is observable only for com- 
pounds having a benzylic hydroxyl structure as in 
the case of desmotroposantonin. 
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Thus the failure of this reaction for both XI 
and XI1 again gives evidence that the hydroxyl 
group involved in lactonic linkage in alantolactone 
must not be a t  the Cs-position as  represented by 
Tsuda, et aL3 
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Fig. 1. 

Both infrared absorption spectra and optical 
rotatory dispersion curves show that the clieiionic 
XI and the desmotropo compounds (XII), have 
cis fused lactone rings, and because all the steps 
in the course of reactions from the original alanto- 
lactone to XI and XI1 involve no reaction resulting 
in any conformational change a t  c6, Cr, CI1: the 
dihydroalantolactone (11) and dihydroisoalanto- 
lactone (111) must also contain a cis fused lactone 
ring. 

As XI11 was obtained by a treatment of XI1 with 
potasssiuni carbonate in boiling xylene, conditions 
which are usually used for isomerization of the Cll- 
niethyl in the desmotroposantoriin series, l6,l6 in 
desrnotropodihydroalantolactone (XIII) the methyl 
group must be in a more stable arrangement than 
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that in the desmotropo compound XII,  which 
retains the original configuration of the methyl 
group in the dihydroalantolactones I1 and 111. 

Woodward and Yates," Coreyl* and Cocker1g 
have suggested the @-orientation for the CI1- 
methyl in the santonin series. But from the result 
of recent work on the conformation of the CI1- 
methyl in the santonin series, applying Prelog's 
methodz0 for 1 1-noreusantonan-1 1-01, contrary 
to the above workers, Abe and hlikizl have con- 
cluded that the Cll-methyl has the 0-orientation 
and the methyl group is more stable in the trans 
fused lactone when the methyl and Ce-H are in the 
cis configuration; in the cis fused lactone the methyl 
is more stable when it is in trans configuration with 
Cs-H. Further results were confirmed by another 
series of reactions by Yanagita, et aLZ2 

According to the latter authors, because desmo- 
tropodihydroalantolactone (XIII) is more stable 
than XI1 and these have cis fused lactones, the 
Cll-methyl in XI1 should be situated in the cis 
configuration to C6-H. Thus the total conforma- 
tional structure for tetrahydroalantolactone is to 
be represented by VI. 

Experimentalz3 
Hydrobromination of Dihydroalantolactone (11) to 48- 

Bromotetrahydroalantolactone (IV) and 4~~Bromotetrahy-  
droalantolactone (V).-(a) A suspension of 1 g. of dihydro- 
alantolactone (11) in 10 ml. of absolute ethanol was saturated 
with hydrogen bromide with ice cooling, and the solvent wai 
evaporated under reduced pressure to  give 1.35 g. of colored 
oily product. On standing, after the addition of a small 
quantity of ether and petroleum ether, crystals separated 
and were collected and washed with a small quantity of the  
same solvent. Recrystalli7ation from petroleum ether gave 
colorless silky needles of IT, m.p. 120-121' dec., [CY]% 
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+7.2' ( c  2.5, ethanol). A n d .  Calcd. for C16H2Y02Br: C, 
57.14; H,  7.30. Found: C, 57.32; H,  7.31. 

(b) A similar reaction was performed a t  room temperature 
to yield 1.35 g. of crystalline product. Recrystallization 
from petroleum ether gave colorless needles of V, m.p. 189- 
191' dec., [ a ] I S ~  - 67.6" (c 0.5, ethanol). Anal. Calcd. 
for C16HZa02Br: C, 57.14; H ,  7.30. Found: C, 57.39; 
H, 7.07. 

Hydrobromination of Dihydroisoalantolactone (111) to 4P- 
Bromotetrahydroalantolactone (IV) and 4~Bromotetrahy- 
droalantolactone (V).-Compounds IV and V were obtained 
also from I11 by a similar reaction. 

Catalytic Hydrogenation of 48-Bromotetrahydroalanto- 
lactone (IV) and 4a-Bromotetrahydroalantolactone (V)  to 
Tetrahydroalantolactone (VI )  and 6-Tetrahydroalantolac- 
tone (VII), Respectively.-(a) A solution of 0.32 g. of 46- 
bromotetrahydroalantolactone (IV) in 30 ml. of ethanol was 
poured into a suspension of palladized calcium carbonate 
catalyst prepared from 0.14 g. of 6% palladized calcium car- 
bonate in 15 ml. of ethanol. The mixture was shaken in a 
hydrogen atmosphere, 24 ml. of hydrogen was consumed 
during 10 hours a t  15" (761 mm.) (calcd. for one mole, 
24.6 ml.). After treatment of the mixture in the usual man- 
ner 0.24 g. of crude product was obtained. Recrystalliza- 
tion from ethanol gave colorless needles, m.p. 142-144'. 
This product was identified with tetrahydroalantolactone 

(b) A solution of 0.32 g. of 4a-bromotetrahydroalanto- 
lactone (V) in 30 ml. of ethanol was catalytically hydro- 
genated with palladized calcium carbonate as above; 26.0 
ml. of hydrogen was consumed during 5 hours at 24.5' 
(753.5 mm.) (calcd. for one mole, 25.8 ml.). From the re- 
action mixture 0.24 g. of crude product was obtained. Re- 
crystallization from petroleum ether gave colorless needles 
of VII, n1.p. 120-121', [ a ] l r ~  -22.8" (c 1.0, ethanol). 
Anel. Calcd. for C16HZaO2: C, 75.27; H ,  10.17. Found: 
C, 76.27; H, 10.27. 

This product was identified with p-tetrahydroalantolact- 
one (VII).  

Reduction of @-Tetrahydroahtolactone (VII) with Lith- 
ium Aluminum Hydride to the Glycol VII1.-A solution of 
0.2 g. of 8-tetrahydioalantolactone (VII) was added drop- 
wise to  a solution of 0.08 g. of lithium aluminum hydride in 
20 ml. of ether a t  room temperature with stirring. After 
additional stirring for 2 hours, the mixture was treated in the 
usual manner to  yield 0.2 g. of crude crystalline product. 
Recrystallization from petroletum ether gave colorless 
needles of VIII, m.p. 121-122", [ a ] 1 7 ~  -31.9' (c 1.0, etha- 
nol). Anal. Calcd. for CI6Hz8O2: C, 75.00; H,  11.66. 
Found: C, 75.09; H ,  11.83. 

Dehydrobromination of 4@-Bromotetrahydroalantolactone 
(IV) to Dihydroalantolactone (111, Dihydroisoalantolactone 
(111) and New Isomeric Dihydroalantolactone (IX).-A 
solution of 1 .lo g. of 4@-bromotetrahydroalantolactone (IV) 
in 20 ml. of y-collidine was refluxed for 30 minutes, and the 
mixture was poured into 100 ml. of ice-water and the mix- 
ture was treated by the usual manner to obtain 0.87 g.  of 
crude product. This product was recrystallized several 
times from ethanol to  remove 111, which has the least solu- 
bility in this solvent. 

The filtrates obtained after removal of 111 were combined 
and the solvent was evaporated to dryness. The residue was 
recrystallized with dilute methanol to  give crude I1 which 
was purified by further recrystallization from methanol. 

From the filtrate of the latter recrystallization, the solvent 
was removed and the dry residue was again recrystallized 
from petroleum ether to give the crude IX which was puri- 
fied by further recrystallization from the same solvent to 
constant melting point of 63-65', [a]26~ +16.2' (c 0.8, etha- 
nol). Anal. Calcd. for C16Hzz02: C, 76.88; H, 9.46. 
Found: C, 77.12; H,  9.54. 

The three olefins 111, I1 and I X  thus obtained showed 
constant melting points and specific rotations on further re- 
crystallization and their yields were 0.25, 0.18 and 0.17 g., 
respectively, 

Dehydrobromination of 4a-Bromotetrahydroalantolactone 
(V) to Dihydroalantolactone (11) and Dihydroisoalantolac- 
tone (".-A solution of 1 .O g. of 4a-bromotetrahydroalan- 
tolactone (V) in 20 ml. of y-collidine was treated by the 
same manner as described above to  give 0.24 g. of 111, and 
0.15 g. of 11. 

Oxidation of the New Isomeric Dihydroalantolactone IX 
with Selenium Dioxide to the Monoenonic Compound X.- 

(VI).  

To a gently refluxing solution of 0.47 g. of I X  in 20 ml. of 
ethanol was added dropwise a solution of 0.22 g. of selenium 
dioxide in 10 ml. of the same solvent with stirring. After 
stirring for 5 hours, the selenium which had separated was 
removed by filtration, the solvent was evaporated under re- 
duced pressure, and the residue was diluted with ethyl ace- 
tate. The ethyl acetate solution was washed with 5% SO- 
dium carbonate solution and U ater and dried over anhydrous 
sodium sulfate. The residue obtained after evaporation of 
the solvent was treated with Girard P reagent to isolate 
0.32 g. of oily ketonic product, which crystallized on stand- 
ing. Recrystallization from ethyl acetate-petroleum ether 
gave colorless plates of X, m.p. 99-101", [CZ]'~D +99.S0 ( C  
1.0, ethanol), A%:" 246 mp (log E 4.17). Anel. Calcd. 
foi CloHzoOl: C, 72.58; H, 8.06. Found: C, 72.22; H, 
8.28. 

Dehydrogenation of the Monoenonic Compound X by Se- 
lenium Dioxide to the Dienonic Compound XI.-To a solu- 
tion of 0.49 g. of the monoenonic compound X in 5 ml. of 
glacial acetic acid was added 0.25 g. of selenium dioxide in 1 
ml. of water. The mixture was refluxed gently for 45 min- 
utes. After removal of selenium by filtration, the solvent 
was evaporated under reduced pressure, and the residue was 
diluted with benzene. The benzene solution was washed 
with 5% sodium carbonate solution and water, dried over 
anhydrous sodium sulfate and evaporated. On distillation 
of the residual oil, 0.2 g. of crystalline distillate contaminated 
with a small quantity of selenium was obtained. This was 
redissolved in benzene and well washed with 5% sodium 
hydroxide solution, the benzene layer dried and evapo- 
rated. Distillation of the residue gave 0.13 g. of crystalline 
product, which was decolorized by charcoal in ethyl acetate. 
Recrystallization from ethyl acetate-petroleum ether gave 
colorless prisms of XI,  m.p. 176-178', [ a ] I 7 D  - 122 8' 
(c 1.0, ethanol), A::" 242 m p  (log c 3.98); Y :::la 1660 
(>), 1760 cm.-l (cis lactonic carbonyl). Anel. 
Calcd. for C15H180z: C, 73.17; H ,  7.32. Found: C, 72.77; 
H ,  7.14. 

A mixed fusion of this dienonic compound ( X I )  with I-a- 
santonin showed depression, (m.p. 129-137'). This prod- 
uct showed no color reaction with sodium methoxide, which 
colors Z-a-santonin pink. 

Reduction of the Dienonic Compound XI by Zinc Dust .--A 
solution of 60 mg. of XI in 5 ml. of methanol containing 0.1 
g. of zinc dust and 5 drops of glacial acetic acid was refluxed 
on a water-bath for 1 hour. The mixture was treated in the 
usual manner, but gave no acidic pioduct except 50 mg. of 
starting material. 

Dienone-Phenol Rearrangement of the Dienonic Com- 
pound X I  to Desmotropodihydroalantolactone XI1.-To 80 
mg. of X I  was added 2 ml. of 55% sulfuric acid and the mix- 
ture was kept a t  50" for 20 hours. The mixture then was 
diluted with 20 ml. of ice-water, and extracted with ethyl 
acetate. The ethyl acetate solution was washed with 5% 
sodium carbonate and again extracted with 5% sodium hy- 
droxide solution. The latter alkaline solution was treated 
as usual to obtain 70 mg. of phenolic crystalline compound. 
Recrystallization from ethyl acetate-petroleum ether gave 
colorlessprismsof XII,  m.p.217-218', [,]I'D +28.Oo(c0.99, 
ethanol), A s "  251 mp (log e 2.36), A::" 284 mp (log e 
3.34), v:?:'' 1760 em.-' ( c i s  lactonic carbonyl). 

Anal. Calcd. for C16HlaOc: C,73.17; H ,  7.32. Found: 
C, 73.52: H ,  7.32. 

Reduckon of the Desmotropo Compound XI1 with Zinc 
Dust.-A solution of 30 mg. of XI1 in 3 ml. of methanol wits 
refluxed with 0.1 g. of zinc dust and 3 drops of glacial acetic 
acid on a water-bath for 1 hour. The mixture, treated in t h e  
usual manner, gave no acidic product but 20 mg. of starting 
material. 

Isomerization of the Desmotropo Compound XI1 to the 
Isomeric Desmotropo Compound XII1.-Compound XI1 
(40 mg.), 5 ml. of xylene and 100 mg. of dry potassium car- 
bonate was boiled for 24 hours; 30 mg. of phenolic compound 
was isolated by the procedure of Cocker.I6 Successive re- 
crystallization from ethyl acetate-petroleum ether and 
aqueous methanol gave colorless prisms of XIII ,  m .p. 
193-195", [ C Y ] ~ ~ D  +145.9' (c 0.3, ethanol), At\:" 252 mp (log 
e 2.36), 285 mp (log E 3.22). Anal. Calcd. for 
ClbH~aOs: C, 73.17; H,  7.32. Found: C, 73.30; H,  7.46. 
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The Stereochemistry of $-Santonin' 
BY WILLIAM G. DAUBEN, WILLIAM K. HAYES, J. s. PAUL SC€IWARZ2 AND JaMEs &'. MCFARLAND 

RECEIVED SEPTEMBER 26, 1959 

Previous studies pertaining t u  the stereochemistry of $-sxntonin are discussed. In  the present work, further evidence 
for the trans relationship between the C-7 side-chain and the C-8 hydroxyl group was found by the preparation of S-epi-$- 
santonin (10) and a study of its reactions. The cis nature of the 6,12-lactone was established: (a) by evaluation of the steric 
demands of the reactions employed to resynthesize $-sintonin from 4, (b) by evaluation of the steric requirements needed 
for hydrogenolysis of an allylic lactone, and (c) by establishment of the structure of iso-$-santonin as an 11-is0 derivative 
(14). The stereochemistry of the C-11 methyl group was shown to be the same as in (-))-a-santonin by a study of the sta- 
bility of the isomeric desmotropo-#-santonins. Further, it was found that ( +)-o-isodesmotropo-$-santonin possessed 
structure 35a rather than 32 previously assigned. The stereochemistry of $-santonin is represented by  43. 

#-Santonin is a sesquiterpene lactone isolated 
from Artemisia and on the basis of a seriqs of chemi- 
cal transformations was assigned the gross struc- 
ture l.3-6 By consideration of the steric demands 
of certain of the transformations, Cocker and his co- 
workers7 suggested the steric representation shown 
in l.s During the course of our continuing investi- 
gation of the chemistry of the interesting material, 

n 

1 
results have been obtained which permit an unequiv- 
ocal assignment of configuration to all of the asym- 
metric centers and necessitate a minor revision of 
formula 1. The importance of the stereochemistry 
of this material stems from the fact that it has 
served as a relay in relating the sesquiterpenic lac- 
tones (-)-asantonin and artemising to alantolac- 
tonelO$ll and c o s t 0 1 ~ ~ ~ ~ ~  which, in turn, have been 

(1) For the previous paper in this series, see THIS JOURNAL, 80, 5704 
(1958). 
(2) Du Pont Teaching Fellow, 1956-1957. 
(3) W. G. Dauben and P. D. Hance, THIS JOURNAL, 77, 60B (1955). 
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(9) M. Sumi, W. G. Dauben and W. K. Hayes, Tms JOURNAL, 80, 
5704 (1958). 
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(13) V. Benesuva, V. Sykord,  I'. I i t . r v u t  arid F, Scjruis C.ht,mis/vy 2 
I i i d u s ! r y ,  363 (1958). 

NAL, 79, 5721 (1957). 

related to /3-~elinene'~''~ whose absolute configura- 
tion is known. As a result of these transformations, 
the absolute stereochemistry of the side-chain at  
C-7 and the angular methyl group at  C-10 of #-san- 
tonin is known with certainty. 

The configuration of the C-8 hydroxyl group as 
trans to the C-7 side-chain can be assigned on the 
basis of various results. First, the dehydration of 
#-santonin is difficult, suggesting an equatorial con- 
formation and hence a trans relationship to the C-7 
side-chain which is equatorial. Also, this dehydra- 
tion does not involve the usually preferred tertiary 
hydrogen on C-7, hut a 8,9-ene (2) is formed.3 
Second, the lactone 3,  derivable from #-santonin,lo 
is identical with a tetrahydroalantolacetone isomer 
which is known to possess a trans-lactone group- 
ing.I1 Third, by application of the lactone rule of 
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KlyneI6 concerning the absolute configuration of the 
potential hydroxyl group it can be concluded17 that 
the oxygen function possesses an opposite absolute 
configuration to that of C-7 side-chain and C-10 
methyl group. Further evidence of the trans rela- 
tionship now has been obtained. It has been re- 
ported previously4 when #-santonin (1) is hydro- 
genated that hydrogenolysis of the allylic lactone 
with concomitant migration of the double bond 
occurs to yield the hydroxy acid 4. This acid shows 
no tendency to lactonize spontaneously, and to ob- 
tain the lactone 5 it must be treated with acetic an- 
hydride. When the tosylate of #-santonin (6) 
was hydrogenated under similar conditions, one 

(14) K. Tanabe, Pharm. Bull.,  Tokyo,  5,  623 (1957). 
(15) B. Riniker, J. Kalvoda, D. Arigoni, A. Furst, 0. Jeger, A. hf. 

(IO) W, Klyne. Cliemis iry  3 Ii idus i t ' y ,  1198 (1054). 
(17) N .  hl.  Chogra, W. C m k e r  m d  J. T. Edwards ,  ibid , 15.'35 

Gold and R. B. Woodward, THIS JOURNAL, 76, 313 (1954). 
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