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INTRODUCTION

The triterpenes are a class of widely distributed, non-nitrogenous
natural compounds, the skeletal structure of which consists of thirty
carbon atoms and is constituted of six isoprene residues. The

triterpenes occur mainly in plants and certain members are found

also in animal oganisms. In these sources they are present either

in the free form or in the form of an ester or as a glycoside. The

constitution of most of the members of this class of natural

compounds has been clarified today.

For the elucidation of the structure of triterpenes, several new

working techniques have been adopted; the most important of which

are the following: Dehydrogenation with selenium or palladium,

systematic oxidative degradation, thermal splitting of suitable

degradation-products and the interconversion reactions. Besides

these, the consistent application of the isoprene rule played an

important role. With the help of transformation reactions, it was

possible to convert the different triterpenes into one another and

thus the members of this class of compounds could be interrelated,

and classified into a small number of groups. The compounds in

each of these groups possess the same carbon skeleton and differ

only in the nature, number and position of the functional groups.

CLASSIFICATION OF THE TRITERPENES

(A) Aliphatic triterpenes

Squalene1'

(B) Tricyclic triterpenes
Ambrein21

(1) Karrer and Helfenstein, Helv. 14, 78 (1931)
(2) Jeger, Durst and Ruzicka, Helv. 39, 1859 (1947)
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(C) Tetracyclic triterpenes:

Lanosterin group1', Elemic acid2', Euphorbium alcohols3',

Onocerin4', Polyporenic acids5', Basseol6', Butyrospermol6',

Soyasapogenol—D".

(D) Pentacyclic triterpenes:

(a) /3-Amyrin-Oleanolic acid group8'

/3-Amyrin, Oleanolic acid, Hederagenin, Gypsogenin,

Erythrodiol, Glycyrrhetic acid, a-Boswellic acid,

Siaresinolic acid, Sumaresinolic acid, Echinocystic acid,

Genin-A, Maniladiol, Quillaic acid9', Soyasapogenol-A
and C10), Soyasapogenol-B11', Germanicol12', Morolic

acid13'.

(b)a-Amyrin-Ursolic acid group:

a-Amyrin14', Ursolic acid15', /3-Boswellic acid16', Brein17',

Uvaol18'.

(1) Voser, Mijovic, Jeger and Ruzicka, Helv. 34, 1585 (1951)

(2) Arnold, Koller and Jeger, Helv. 34, 555 (1951)

(3) Christen, Jeger and Ruzicka, Helv. 34, 1675 (1951)

(4) Zimmerman, Helv. 21, 853 (1938)
(5) Cross, Eliot, Heilbron and Jones, Sic. 1940, 632

(6) Seitz and Jeger, Helv. 32, 1626 (1949)

(7) Meyer, Jeger and Ruzicka, Helv. 33, 1835 (1950)

(8) Bischof, Jeger and Ruzicka, Helv. 32, 1911 (1949)

(9) Ruzicka, Bischof, Taylor, Meyer and Jeger, Coll. trav. Teh. 15, 893 (1950)

(10) Meyer, Jeger and Ruzicka, Helv. 33, 672 (1950)

(11) Meyer, Jeger and Ruzicka, Helv. 33, 687 (1950)

(12) David and Bull, Soc. chim. 43, 155 (1949)

(13) Barton and Brooks, Soc. 1951, 257

(14) Meisels, Jeger and Ruzicka, Helv. 33, 700 (1950)

(15) Dreiding, Jeger and Ruzicka, Helv. 33, 1325 (1950)

(16) Ruzicka, Jeger and Ingold, Helv. 27, 1859 (1944)

(17) Biichi, Jeger and Ruzicka, Helv. 29, 442 (1946)

(18) Orr, Parkes, Dunker and Uhl, J. Am. Pharm. Assoc. 34, 39 (1945)
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(c) Lupeol-Heterobetulin group11 2> 3).

Lupeol, Betulin, Betulinic acid, Heterobetulin,

Taraxasterol, Arnidiol, Faradiol.

(d) Not classified under any group:

Friedelin4', Cerin5', Quinovaic acid6', Ascigenin7'.

TABLE I

Representatives of the /?-Amyrini-OIeanoIic acid group.

Ni. Compound Double-Bond Oxy- Oxo- <4ttd-gro:
l

2

3

/3-Amyrin
Erythrodiol
Maniladiol

12-13

12-13

12-13

2

2,28

2, 16 (epi)
4 Genin-A 12-13 2, 16, 28

5 a-Boswellic acid 12-13 2 (epi) 24
6 Sumaresinolic acid 12-13 2,7 28

7
8

Echinocystic acid

Oleanolic acid
12-13

12-13

2, 16

2

28

28

9 Siaresinolic acid 12-13 2, 19 28

10 Hederagenin 12-13 2,23 28

n

12

Gypsogenin
Quillaic acid

12-13

12-13

2

2, 16
23

23

28

28

13

14

Glycyrrhetic acid

Soyasapogenol-A
12-13

12-13

2

2, 24; 15, 1

or 21, 22

11

6
29 or 3c

i5
16

Soyasapogenol-B
Soyasapogenol-C

12-13

12-13; 15-16
or 21-22

2, 24, X

2, 24

i7 Germanicol 18-19 2

18 Morolic acid 18-19 2 28

The carbon skeleton of /3-amyrin-oleanolic acid group (1)8' and

that of the a-amyrin-ursolic acid group (II)9' are fully clarified. In

(1) Lardelli, Diss. ETH. Zurich 1949

(2) Koller, Hiestand, Dietrich and Jeger, Helv. 33, 1050 (1950)

(3) Barton and Holness, Soc. 1952, 78

(4) Perold, Meyerhans, Jeger and Ruzicka, Helv. 32, 1246 (1949)

(5) Ruzicka, Jeger and Ringnes, Helv. 27, 972 (1944)

(6) Brossi, Bischof, Jeger and Ruzicka, Helv. 34, 244 (1951)

(7) Ruzicka, Baumgartner and Prelog, Helv. 32, 2069 (1949)

(8) Bischof, Jeger and Ruzicka, Helv. 32, 1911 (1949)

(9) Meisels, Jeger, and Ruzicka, Helv. 32, 1075 (1949)
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formula (I) the methyl group at C(5) has been taken as /3. On the
basis of the work of Vogel1', it may possibly be considered that
C(23) is oriented trans- and C(24> cis- relative to the methyl group
at C(5). The steric relationships at the remaining points of ring-
juncture have not been depicted in the formulae.

r
M »

1

II

THE LUPEOL AND HETEROBETULIN SUB-GROUPS

OF TRITERPENES

The lupeol group could be related to the heterobetulin group
by experimental means. On the basis of reactions made use of for
this correlation it could be concluded that these two sub-classes
of triterpenes differ only in the structure of the terminal ring.

Till now, three members of the lupeol group have been known

e.g., lupeol, betulin and betulinic acid. These compounds contain

a reactive double bond which is located in an iso-propenyl group,
and a secondary hydroxyl group in ring A. The following five

triterpene compounds belong to the heterobetulin group; the

monohydric alcohols ^-taraxasterol and taraxasterol and the

dihydric alcohols arnidiol, faradiol and heterobetulin. The first

four members occur in nature and heterobetulin was obtained by
isomerisation of betulin. In all the representatives of the hetero¬

betulin group, besides the hydroxyl group in ring A, an easily
hydrogenated double bond is present. In case of ^-taraxasterol,
heterobetulin and faradiol this double bond is placed in a ring,
while in taraxasterol and arnidiol it is situated semi- or extra-

cyclic and is linked with a terminal methylen group.

The rational nomenclature of the compounds of lupeol group
is framed after the saturated hydrocarbon lupane and in case of

representatives of the heterobetulin group, after the corresponding
hydrocarbon heterolupane.

OCCURANCE AND ISOLATION

Lupeol occurs in the seed coat of lupinus lutius and also in

numerous other plants, where it is present partially in the free

form and in part as cinnamic or acetic ester. Betulin is the white

(1) Vogel, Diss. ETH, Zurich (1952)
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pigment of the outer layer of birch-bark (Betula alba L), where it

occurs in the free state. It has also been identified in several other

barks possessing a white colour. For preparative purposes the

bark of the birch tree is particularly suitable. Betulinic acid was

isolated from the bark of Cornus florida L where it is present in the

free form. ^-taraxasterol is obtained from the unsaponifiable
fraction of dandalion roots.

Taraxasterol also known as a-Lactucerol occur in different

composites. For isolation dandalion roots as also blossoms of

roman camomile are used. Arnidiol and faradiol occur together
in blossoms of arnica (Arnica Montana L), also in blossoms of

coltfoot (Tussilago farfara L).

INTERCONVERSION REACTIONS

In table II, a systematic representation of the most important
interconversions, which led to the tracing of the correlations

between members of the lupeol and heterobetulin groups, has

been given.

TABLE II.

SOME INTERRELATIONS BETWEEN LUPEOL

AND HETEROBETULIN GROUPS

Betulin (C3(1H50O2) -> Allobetulin (C30H50O2) -> Heterobetulin (CJHnjOi)

Lupeol (C30H,,0O) Heterolupen (C30H50) <- ip- Taraxasterol (QoHsqO)

y

Faradiol (C30H50O„) -> Heterolupan (C30H52) <- Taraxasten (C^H^,)
t t

-> Betulinic acid (C30H48O3) Arnidiol (C30H50O2) Taraxasterol (C^H^O)

By the conversion of the oxy-methyl group of the diol betulin

C30H50O2, irito a methyl group Ruzicka and Brenner11 obtained the

secondary triterpene alcohol lupeol (C30H50O). Oxidation of the

oxy-methyl group in betulin to a carboxyl gave betulinic acid

C30H18O32). Long before any natural compound belonging to the

heterobetulin group was discovered, heterobetulin itself was

prepared from betulin. Schulze and Pieroh3' established that by the

action of formic acid the primary hydroxl group interacts with the

double bond with the formation of a cyclic oxide. The oxide ring

(1) Ruzicka and Brenner, Helv. 22, 1523 (1939)

(2) Ruzicka, Lamberton and Christie, Helv. 21, 1706 (1938)

(3) -Schulze and Pieroh, Ber. deutsch.chem.Ges. 55, 233 (1922)
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of this compound, allobetulin, which is isomeric with betulin can

again be reopened by the action of benzoyl chloride but the resulting
dibenzoate is different from betulin dibenzoate1' and is called

heterobetulin dibenzoate. By a method analgous to the transforma¬

tion of betulin into lupeol, Lardelli, Kriisi, Jeger and Ruzicka21

have prepared a secondary triterpene alcohol (C30H50O) which is

identical with \jj - taraxasterol according to its physical constants31.

On catalytic hydrogenation i/< - taraxasterol and Taraxasterol

yield the same dihydroderivative, heterolupanol C30H52O, conse¬

quently these two compounds differ only in the position of the

double bond4'' 5). According to Zimmerman 6) the isomeric diols

faradiol and arnidiol C30H60O2 likewise differ in the position of

the double bond and in the configuration of one or both of the

carbon atoms carrying the secondary hydroxyl groups. By the

Wolff-Kishner reduction of the saturated diketone CjoH^Oa which

was obtained by Zimmerman from both of these diols, Jeger and

Lardelli7' obtained heterolupan C30H52. Lupeol. Heilbron, Kennedy
and Spring8' observed the formation of formaldehyde on ozoniza-

tion of lupeol-acetate (III) and therefrom concluded that the double

bond ends in a methylene group. The position of the double bond

was ascertained in the following way. a-lupen (V) which can be

obtained by the Wolff-Kishner reduction of the ketone lupenon -

2

(IV) contains the double bond in the same position as does lupeol.

According to Ruzicka and Rosenkranz91 it yields a a, /?- unsaturated

aldehyde lupenal (VI) on oxidation with selenium dioxide. This

compound must have the same carbon skeleton as the starting
material, since on Wolff-Kishner reduction it is transformed back

into a-lupen. Lupenal is converted into bisnorlupanic acid

(VIII) through the intermediate step of the a-ketoaldehyde,

norlupanalon (VII).

(1) Dischendorfer and Grillmayer, Mh.Chem 47, 419 (1936)

(2) Lardelli, Kriisi, Jeger and Ruzicka, Helv. 31, 1815 (1948)

(3) Lardelli, Diss. ETH, Zurich (1949)

(4) Lardelli and Jeger, Helv- 31, 813 (1948)
(5) Lardelli, Kriisi, Jeger and Ruzicka, Helv. 31, 1815 (1948)

(6) Zimmermann, Helv. 26, 642 (1943)
(7) Jeger and Lardelli, Helv. 30, 1020 (1947)

(8) Heilbron, Kennedy and Spring, J.Chem.Soc. (London) 1938, 329

(9) Ruzicka and Rosenkranz, Helv. 23, 1311 (1940)

14



IV Lupeiion X = 0

V .—Lupen X = H.

Ill R = CH,CO

Mil R= H

IX R = CH,

- ^- ^
VII nor—Lvipunolon

VI Lupenol

XI x = o

XII X= H,
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XV R =CH,CO

XVI R-C.H.CO

BOCK „c^ Sco

XXIV

X

'% XXI r= h

XXII R =CHCO

XXII] R-CH.CO

A.
XXV R = CHjOH

XXVI R =COOH

^^

. OH

xvm .

i
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The corresponding methylester (IX) was further degraded by
Ruzicka, Huber and Jeger1' according to the method of Barbier-

Wieland, whereupon trisnorlupanon C27HaO (X) the carbonyl
group of which is strongly hindered, is formed. From these experi¬
ments it could be concluded that lupeol contains an isopropenyl
group which is bound to a tertiary ring carbon atom.

On the basis of degradation reactions in the region of the

double bond, of the transformations of the secondary hydroxyl
group as also in view of the results of dehydrogenation it could be

suspected that in the rings A, B, C and D lupeol should possess the
same arrangement of the carbon atoms and an identical configura¬
tion at the points of junction of the rings as in the numerous

representatives of the /3-amyrin-oleanolic acid group. Ames and

Jones2' have actually succeeded in arriving at an elegant and

unambiguous verification of this hypothesis. By the action of

sulfuric acid in glacial acetic acid-benzene solution on lupenon
(IV) these authors have obtained an isomeric ketone (XI) which

on Wolff-Kishner reduction was converted into an unsaturated

hydrocarbon C30H50 (XII). This proved to be identical with the

hydrocarbon /3- amyrin-III described by Winterstein and Stein3',
which was obtained on reducing A12' 13-2-oxo-oleanen (XIII)
according to the method of Clemmensen.

Since, on dehydrogenation of lupeol with selenium, i, 5, 6-

trimethyl-2-oxy-naphthalene and 1, 2, 5, 6-tetramethyl-naphthalene
is obtained, the position of the secondary hydroxyl has been

located at C\2; in ring-A. The position of this hydroxyl group
could be proved further, through a series of degradation reactions

to which lupanol (XIV), the dihydno-derivative of lupeol was

subjected. Lupanol on treatment with phosphorus pentachloride
undergoes retro-pinacoline rearrangement and consequent contrac¬

tion of the ring to yield a hydrocarbon C30H50 (XVII) 4)- 5) which

was named y-lupen. This compound yielded the CV27/>-ketone
(XIX) and acetone on oxidation with osmium tetroxide and sub-

(1) Ruzicka, Huber and Jeger, Helv. 28, 195 (1945)
(2) Ames and Jones, Nature (London), 164, 1090 (1949)
(3) Winterstein and Stein, Liebigs Ann. Chem. 502, 223 (1933)
(4) Heilbron, Kennedy and Spring, J.Chem.Soc. (London) 1938, 329

(5) Ruzicka, Jeger and Huber, Helv. 28, 942 (1945)
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sequent disruption of the diol (XVIII) formed, with lead tetra¬

acetate. On energetic oxidation of y-lupen with chromic acid,

finally a tricyclic tricarboxylic acid-anhydride C26H10O5 (XX) which

still contains the rings C, D and E of the lupeol skeleton is

obtained1'. The identity of the configuration of the secondary
hydroxyl in lupeol and in the two amyrins could be established

by a comparison of the velocities of saponification of lupanol-2-
acetate (XV) and of epi-lupanol-2-acetate (XXII) with those of the

acetates of the pair of epimers of a- and /3-amyrin. The acetate of

epi-lupanol was considerably more difficultly saponifiable than

lupanol acetate. This is in good accord with the values obtained

in the investigation with amyrin ester2'- 3).

Finally, the dehydration of the epimeric lupanolen-2 should

also be mentioned. Nowak, Jeger and Ruzicka4' established that

for the splitting of water with phosphorus pentachloride, the steric

position of the hyroxyl group is the determining factor, while in

case of the transformation of lupanol-2 (XIV) retro-pinacoline

rearrangement with contraction of the ring takes place (XVII), the

action of phosphorus pentachloride on epi-lupanol-2 (XXI) leads

to the formation of A2- 3-lupen (XXIV). This last unsaturated

hydrocarbon originates further by the thermal splitting of the

epimeric benzoates (XVI) and (XXIII).

BETULIN AND BETULINIC ACID

It has already been related that by the action of formic acid

on betulin a cyclic oxide, allobetulin is formed. Since in this

reaction the double bond and the primary hydroxyl group of

betulin react with each other it can be assumed that they are

situated near one another in space. Some further evidence also

support this assumption. For example, betulinic acid in which the

oxy-methyl group in betulin is replaced by a carboxyl group, is

easily lactonized with hydrobromic acid in glacial acetic acid5'.

Again, bisnor-2-acetoxy-lupan-dicarboxylic acid, a degradation

(1) Ruzicka, Jeger and Huber, Helv. 28, 942 (1945)

(2) Nowak, Jeger and Ruzicka, Helv. 32, 323 (1949)

(3) Ruzicka and Gubser, Helv. 28, 1054 (1945)

(4) Nowak, Jeger and Ruzicka, Helv. 32, 323 (1949)

(5) Robertson, Soliman and Owen, J.Chem.Soc. (London) 1939, 1267
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product of betulin is converted into a heat-stable anhydride with

extraordinary easiness15.

The following investigation furnishes an evidence about the

position of the primary hydroxyl group and the carboxyl group
of betulin and betulinic acid respectively. The ester of betulinic
acid is similarly difficultly saponifiable as the esters of oleanolic
acid or ursolic acid. It can therefore be accepted that the carboxyl
groups in these compounds are situated at the same or at a

comparable position of ring juncture in all these three compounds,
consequently the structural formula (XXV) and (XXVI) are to

be ascribed to betulin and betulinic acid respectively.

HETEROBETULIN

About the carbon skeleton of the compounds of heterobetulin

group, not enough is known yet. Since, in course of the transforma¬
tion of betulin into heterobetulin, the secondary hydroxyl group
does not take any part, it can be accepted that the two isomers

differ only in the structure of ring-E. For heterobetulin the

formulae (XXVII) and (XXVIII) may be provisionally placed for

consideration.

Own Work

The elucidation of the structure of the ring-E of heterobetulin

in relation to the position of the double bond and of the two

methyl groups attached to this ring is of key importance for the

final clarification of the structure of each of the other four naturally
occuring members of the heterobetulin group of triterpenes. These

four members, namely, Faradiol, ii-Taraxasterol, Taraxasterol and

Arnidiol have been co-related to each other and to heterobetulin

by a series of interconversion reactions which are described below.

These interconversions not only furnish evidence regarding the

relative differences between the structures of the individual

members but also provide a clue to the structure of heterobetulin

itself by eliminating some of the alternative possibilities.

The isomeric dihydric alcohols, arnidiol and faradiol

(C30H50O2) are converted by hydrogenation of the double bond to

the same dihydroderivative CMH5202 which on oxidation of the

secondary hydroxyl group formed the same dihydro-diketone
C30H18O2. This diketone on reduction according to the method of

Wolff-Rishner gives heterolupan which is derivable from hetero.

(1) Ruzicka and Rev, Helv. 26, 2143 (19M)
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betulin. This shows that arnidiol and faradiol possess the same

carbon skeleton as does heterobetulin and differ from one another

only in the position of the double bond.

The monohydric alcohol ^-taraxasterol is obtained by the
conversion of the primary alcohol group of heterobetulin to a

methyl group. Consequently ^-taraxasterol must be possessing a

carbon skeleton identical to that of heterobetulin and also the
double bond in ^-taraxasterol must occupy the same position as in

heterobetulin.

Taraxasterol C30H50O is a monohydric alcohol possessing an

easily hydrogenated double bond. On oxidation the hydroxyl group
is converted to a keto group. On reduction of taraxastenone

according to the method of Wolff-Kishner a hydrocarbon C30H60,
which is different from a-lupen or heterolupen is obtained. But

dihydro-taraxasterol on heating with copper is changed into

dihydro-taraxastenone which on reduction according ,to Wolff-

Kishner method produces heterolupan which has the same carbon

skeleton as heterobetulin. From this it is concluded that taraxasten

has the same carbon skeleton as heterolupen and differs from one

another only in the position of the double bond. That taraxasterol

also differs from heterolupeol only in the position of the double

bond in an otherwise identical carbon skeleton is proved by the

fact that heterolupeol (or its acetate) on catalytic hydrogenation
yields a dihydroderivative which is identical to taraxasterol (or its

acetate). The proof that faradiol and heterolupeol contain the

double bond in the same position and likewise do arnidiol and

taraxasterol is provided by the following transformations.

By careful oxidation with chromic acid faradiol is converted

into the diketone faradione which on reduction according to the

Wolff-Kishner procedure yields heterolupen. From this it can be

concluded that in heterolupeol and faradiol the double bond is

situated between the same two carbon atoms.

Faradiol Cr°3 Faradione Wolff-Kishner reduction
Heterolupen

C3oH5002 C30H46O2 C30H50

Similarly, on oxidation of arnidiol with chromic acid arnidione

is obtained which on reduction according to the method of Wolff-

Kishner, produces taraxasten. Thereby the position of the double

bond in these two compounds are proved to be identical.

Arnidiol CrQ3 Arnidione Wolff-Kishner reduction TaraxasLen

C3oH5o02 C30H16O2 CsuHa)

20



The mutual transformation between the faradiol-heterolupeol
group and the arnidiol-taraxasterol group by means of isomerization
reaction demonstrates the easy transition of the double bond from

one to the other position which accounts for the difference between
the two groups. Thus on boiling taraxasterol with 10% alcoholic
sulfuric acid heterolupeol is obtained and in an analogous way
faradione is transformed into arnidione.

The conversion of heterolupen into taraxasten was carried out

through an intermediate which could be arrived at from either of
these compounds. On oxidation of taraxasten and heterolupen
with selenium dioxide in dioxane-acetic acid solution the same

oxidation product C30H48O is obtained which shows in the

UV.-spectrum the typical absorption for a, /3-unsaturated carbonyl
compounds (max. at 235 m[j,, log^ = 4'2). The production of an

acid C30H48O2 from the above product C30H48O over the intermediate
aldoxime and nitrile proves that the compound C30H48O is an

aldehyde. Its reduction according to the method of Wolff-Kishner

yields taraxasten. This indicates the semicyclic nature of the
double bond in taraxasten. This conclusion is confirmed by the
fact that taraxastandiol, which is obtained by the oxidation of

heterolupen with osium tetroxide, yields formaldehyde on further
oxidation with lead tetraacetate. Hence it is established that in

heterolupen and faradiol and consequently in heterobetulin the

double bond is situated in a ring while in taraxasterol and arnidiol
it is situated in a side chain as a methylene group.

With the object of coming to a decision between the alter¬

native formulations for heterobetulin which differ from one

another in respect of the position of the double bond and of the

two methyl groups in ring-E it was contemplated to carry out a

systematic oxidative degradation in the ring-E on a suitable

compound in the heterobetulin series. The experiences accumu¬

lated in course of the investigations on the constitution of different

higher terpene compounds repeatedly demonstrated the interfering
influence of such functional groups in the molecule which are not

concerned in the degradation reactions which are proposed to be

undertaken. Hence, considering that the hydroxyl group in ring-A
might be a source of disturbance in the tranformation and oxid¬

ation reactions which are to be directed to the ring-E of the

heterobetulin molecule, we proposed to start with a derivative in

which the undesired alcoholic group in ring-A is already removed.

Jeger, Kriisi and Ruzicka1' prepared 2-desoxy-heterobetulin
benzoate (XXXIV) by the action of benzoyl chloride on 2-desoxy-
allobetulin at 152-154°. On attempting to make use of this,

reaction in order to prepare a large quantity of the benzoate,

(1) Jeger, Kriisi and Ruzicka, Helv. 30, 1048 (1947)
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inconsistent results were obtained on carrying out the reaction with

different samples of benzoyl chloride. Consequently, suspecting
the presence of a contamination in some of the samples which might
have catalyzed the reaction, benzoyl peroxide was tried as a

catalyst, but without success. Finally it was proposed to prepare
the acetate (XXXV) by the action of acetic anhydride on 2-desoxy-
allobetulin at room temperature in presence of boron trifluoride-

ether complex acting as a catalyst. The reaction proceeded
satisfactorily with a yield of 85%.

2-desoxy-heterobetulin acetate reacted easily with perbenzoic
acid or phthalic monoperacid, yielding an epoxide (XXXVI).
The same epoxide was also obtained in good yield on attempting
to oxidize 2-desoxy-heterobetulin acetate with ozone at ordinary
temperature. In fact, the epoxide was exclusively the single
product of ozonization, no other products either acidic or neutral

being formed. In the IR.-spectrum the epoxide shows absorptions
atiy27 and 1250 cm-1 corresponding to an acetoxy group, and at

1270 cm"1 corresponding to an epoxide group (fig. A curve 2).

The formation of an epoxide on ozonization indicates that the

double bond in heterobetulin must be very inert towards oxidative

rupture. The epoxide (XXXVI) itself was very stable in so far as

attempts to split off the elements of water from the epoxide in

order to create one or two double bonds in the molecule proved
unsuccessful. For instance, on refluxing the epoxide (XXXVI)
with a 5% solution of sulfuric acid in glacial acetic acid or with

5% alcoholic caustic potash (followed by reacetylation) the starting
material was received back.

Next, one of the methyl groups which was exerting a hindrance

against an approach to the double bond was attempted to be got
rid of. On oxidation of 2-desoxy-heterobetulin acetate (XXXV)
with selenium dioxide, one of the methyl groups was converted

into a aldehyde aroup. 2-desoxy-heterobetulin-aldehyde-acetate,
C32H50O3 (XXXVIlj showed a maximum in the UV.- at 233 mp.,

loge = 4'o6. Its IR.-spectrum shows absorptions at 1736 and

1250 cm-1 corresponding to >C = CH-; and at 1650 cm-1 corres¬

ponding to a >C = C—CO grouping (fig. B curve 1).

The aldehyde (XXXVII) was oxidised by shaking with silver

oxide and alkali', from the reacetylated and reesterified acidic fraction

a compound C33H6204 was isolated, but the IR.-spectrum of this

compound does not show the chacteristic absorption for an

0, /^-unsaturated ester, but it shows absorptions at 1748 and

1256 cm1 corresponding to an acetoxy group; at 1724 and

1748 cm1 corresponding to two keto groups; and at 1748 cm1

corresponding to a five-ring ketone or a six-ring lactone (fig. A

curve x). From these results no structure could be assigned to the

compound C33H5204.
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The aldehyde (XXXVII) was subjected to reduction according
to the method of Wolff-Kishner with the hope of receiving a semi-

cyclic methylene group which would split off producing a nor-keto

compound on oxidation with ozone. In that case the newly
created keto group would furnish a point of attack for oxidative

degradation of ring-E. But instead of the expected product a

compound C30H50O (XXXVIII) resulting from an interaction of

the primary alcohol group which is set free by saponification of the

original acetoxy group with the exocyclic double bond is actually
obtained as the end product. The IR.-spectrum of this com¬

pound (fig. A, curve 3) shows no absorption characteristic of a

>C=CH2 grouping or of a hydroxyl group.

The saturated internal ether (XXXVIII) yields the expected
lactone C^H^C^ (XXXIX) on oxidation with ozone. The

IR.-spectrum of the lactone (fig. B, curve 2) shows absorptions at

The lactone C30H48O2 in its turn is resistant to hydrolysis by
boiling with alcoholic caustic potash and it can also not be reduced

by lithium aluminium hydride.
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Fig. A.

Curve i : Product of oxidation of 2-desoxy-heterobetulin aldehyde-
acetate with silver oxide.

Curve z: Epoxide (XXXVI)

Curve 3: Aldehyde (XXXVII)

All the curves were taken in Njol paste.
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Fig. B.

Curve i : Internal ether (XXXVIII) in Nujol paste.

TABLE III. (a)D

2-desoxy-allobetulin (XXXIII) + 540

2-desoxy-heterobetulin benzoate (XXXIV) - - - +50

2-desoxy-heterobetulin acetate (XXXV) - - - - +160

2-desoxy-heterobetulin epoxide acetate (XXXVI) - - - 35'7°

2-desoxy-heterobetulin-aldehyde acetate (XXXVII) - + 410

Product of oxidation of the aldehyde (XXXVII) with

silver oxide + 24'7°

Product of reduction of the aldehyde (XXXVII)

acording to the method of Wolff-Kishner - - -59°

Product of oxidation of the compound (XXXVIII) with

ozone (XXXIX) +450

26



STEREOCHEMISTRY OF THE LUPEOL GROUP OF

TRITERPENES

After our investigations had been finished the relation

between betulin and oleanolic acid has recently been established by

Jones, Davy and Halsaal1' on the basis of following evidence:

Methyl-betulonate (XLI) is converted into a saturated keto-lactone

(XLII) by isomerisation with acidic reagents. Reduction of this

keto-lactone with lithium aluminium hydride gives a triol (XLIII)

acetylation of which is accompanied by dehydration giving the

diacetate of moradiol (XLIV). Relation of this diol to oleanolic

acid had been formerly elucidated by Barton and Brooks21 in that it

belongs to the germanicol group and is obtained by lithium

aluminium hydride reduction of morolic acid which was demon¬

strated to have structure (XLV) by conversion into dihydro-
oleanolic acid (XLVI). It is thus confirmed that /3-amyrin, germani¬
col and lupeol are identical in ring A, B and C, and except for the

presence of a double bond in ring-C in /3-amyrin, and that the

primary alcohol group of betulin and the carboxyl group of

oleanolic acid occupy the same position relative to the pentacyclic

ring system. The identity of C ^13; in lupeol and germanicol and

hence of the dihydro-/3-amyrin group is also proved.

Also the properties of the triol (XLIII) provide extensive

evidence regarding the steric relationships of the groups attached to

the ring-E of the betulin group. Under mild conditions of acety¬

lation, e.g., with acetic anhydride and pyridine at room temperature
it is converted into the triol-diacetate (XLIII a) which undergoes

dehydration even with the mild dehydrating agent phosphorus-

oxychloride in pyridine at ioo° into moradiol-diacetate. Such a

readily eliminated hydroxy group which is not easily acetylated
should be either tertiary or secondary but sterically hindered. The

possibility of its being tertiary is ruled out by the fact (a) that the

triol-diacetate can be oxidized to a keto-diacetate (XLIX) which is

again reduced back to the triol by lithium aluminium hydride; (b)

(1) Jones, Davy and Halsaal, Soc. 1951, 2696

\2) Barton and Brooks, Soc. 1951, 257
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the are mild conditions under which the dehydration takes place
also indicates no likelihood of a rearrangement taking place during
the process. Hence since the ring-E of moradiol-acetate is six.

membered, the ring-E in the triol must also be six membered, and

the hydroxyl group in question, secondary, occupying position ig.

The ease of dehydration, the resistance to acetylation and the

relative ease of oxidation of the hydroxyl group at C\19; indicate

that it is polar 1); further the ease and method of dehydration
indicate that the hydroxyl group at C^; and the hydrogen atom

at CVI8; eliminated with at are trans to one another. The form¬

ation of the triol by lithium aluminium hydride scission of the

lactone ring of (XLII) leads to the conclusion that in the triol the

primary alcohol group at C\17; must be cis- to the hydroxyl group

at Cw, i.e., also polar. Hence the primary alcohol group is trans-

to the hydrogen atom at CU8;, i.e., ring D and E in the triol (XLIII)

and hence in the lactone XLII) are trans fused. Therefore pro¬

vided that the formation of keto-lactone (XLII) from betulinic acid

does not involve D-E ring fusion, it may be concluded that in this

acid and hence in the lupeol group of triterpenes, ring D-E are

trans fused with the substituent at C^7; polar in contrast to the

cis- linking of rings D and E in the /3-amyrin series.

In moradiol, the primary alcohol group at Cny is cis- relative

to the hydrogen atom at CVl3y. A similar relation must hold in

the triol (XLIII) and consequently in the lupeol group of triter¬

penes, the substituent at CU7; is cis- to the hydrogen atom at C^13;.
The stereo-chemistry of rings D and E of the lupeol group can

therefore be represented provisionally by (XLVII) that of rings A

and B being already known2', the configuration of the isopropenyl

group is not yet definitely established, although the formation of

the anhydride from bisnor-2-acetoxy-lupan-dicarboxylic acid might
be taken to indicate that the isopropenyl group of the lupeol series

(1) Barton, Experientia, 1950, 6, 316

(2) Gutman, Jeger and Ruzicka, Helv. 34, 1154 (1951)
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must be cis- relative to the polar substituent at C w. Since there

exists the possibility of isomerization at C^19; either during

degradation or anhydride formation. In fact evidence has recently
been obtained that this possibility may represent the truth and

that the isopropenyl group is probably trans- to the C^ sub¬

stituent.

Still further confirmation of the structure (XLVII) for the

triol is obtained since its diacetate and its 19-keto-diacetate (XLIX)
is produced from methyl-dihydro-acetyl-siaresinolate (XLVIII).

HETEROBETULIN

The structure of ring-E and the position of the internal ether-

bridge in allobetulin (L) has been clarified by the oxidation of

allobetulin-acetate with nitric acid1' or chromic acid2) to the so-

called oxy-allobetulin-acetate (LI), the corresponding 2-keto-

derivative of which is identical with the keto-lactone (XLII).

Although by analogy to the formation of moradiol-acetate by
the action of acetic anhydride in presence of boron-trifluride on

the lithium aluminium hydride reduction product from the keto-

lactone (XLV) it might be considered possible that heterobetulin,

the product of ether-bridge fission from allobetulin should possess

a similar carbon skeleton as moradiol. But this possibility is ruled

out by the, fact of the conversion of heterobetulin into ^-taraxasterol
which has been correlated with heterobetulin in which the methyl

groups —29 and —30 are not both attached to C^.

Our results, namely the formation of an unsaturated aldehyde
on oxidation of 2-desoxy-heterobetulin-acetate by means of seleniam

dioxide, also confirms the forumlations (XXVII or XXVIII).

(1) Dischendorfer and Polak, Monatsh., 1929, 51, 43

(2) Schulze and Pieroh, Ber., 1922, 55, 2332
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EXPERIMENTAL PART

ALLOBETULIN FORMATE (XXX)

50 g. of betulin (m.p. 251°) was heated under reflux for one

hour with 400 cc. of 100% formic acid. Betulin went slowly into

solution which gradually turned red, and finally allobetulin formate

began to separate. The solution was then cooled, the product
filtered off and redissolved in 700 cc. of ethyl-alcohol heated to

boiling and cooled. The crystallized product (m.p. 295-3000) was

further recrystallized from benzene. 25 g. of allobetulin formate

(m.p. 312-3140) crystallised in the form of needles was obtained.

For analysis the product was recrystallised four times from methy-
lene-chloride, but the melting point remained constant at 312-3140.
The preparation was dried in high vacuum at 1200 for 72 hours.

3'658 mg. of substance gave io'567 mg. C02 and 3^53 m.g. FLO

C31H50O3 requires C 79'oa.; H io'7i%
found C 78'83 ; H io's6%

(«)D=+5i°(c=i'i3)

SAPONIFICATION OF ALLOBETULIN FORMATE

40 g. of allobetulin formate (m.p. 312-3140) was boiled under

reflux for one hour with a mixture of 250 cc. of ethyl-alcohol, 14 g.
of caustic potash and 250 cc. of benzene. Finally 150 cc. of the

solvent was distilled off. On cooling allobetulin crytallized out in

leaflets. 23^ g. of the pure product (m.p. 268-2700) was obtained.

For analysis the product was further recrystallized four times from

methylene-chloride, but the melting point remained constant at

268-2700. The preparation was dried in high vacuum at 1200 for

48 hours.

3^73 mg. of substance gave io'g65 mg. C02 and 3'70i mg. H20

C30H50O2 requires C 8i'39 ; H n'39%
found C8i'47; Hn'28%

(oc)D= +480 (c=i'io)

The melting points are corrected. They were determined in

a capillary evacuated in high vacuum. The rotations were

measured in chloroform solution in a 10 cm. long tube.

3*



REACTION OF BENZOYL CHLORIDE ON

2 DESOXY ALLOBETULIN (XXXIII)

4 gs of 2-desoxy-allobetulin was heated with 8 cc. of benzoyl
chloride at 152-154° (temperature inside the flask) for 50 mins. and

finally refiuxed with 100 cc. of ethyl alcohol for one hour. On

cooling 2 gs of fine needles separated out of the solution, which

was readily recrystallized from chloroform-methanol till the con¬

stant melting point of 185-1870 was attained. The compound gave
a yellow coloration with tetranitromethane. For analysis the pre¬
paration was dried in high vacuum at ioo° for 48 hours.

3^27 mg. substance gave n'432 mg. C02 and §'430 mg. H20

C37HM02 requires C 83*72 H io'25%

found C83'7i H 10*29%

(»)D=+5°(c=1'2i)

The compound was 2-desoxy-heterobetulin-benzoate (XXXIV).

2 DESOXY-HETEROBETULIN-ACETATE (XXXV)

300 mgs. of 2-desoxy-allobetulin (XXXIII) suspended in acetic

anhydride with 10 drops of an ethereal solution of fresh borontri-

fluoride added as a catalyst, was shaken vigorously in a glass-
stoppered bottle. The mixture cleared up in about an hour; the

shaking was continued overnight at ordinary temperature and the

acetic anhydride was decomposed by warming with water. The

product separated from the aqueous acetic acid solution was taken

up in ether and worked up in the usual way. The residue (280 mg.)
was dissolved in petroleum ether-benzene (9: 1) and chromato-

graphed over a column of 9 gs. of aluminium oxyde (activity 1/11).

Fraction Solvent Quantity of subs, eluded

1-4 150 cc. petr. ether-benzene 250 mg. cryst.m.p. 179-180°
(9=0

5-8 150 cc. petr. ether-benzene traces

(3:1)

The fractions 1-4 after 10 recrystallizations from methylene
chloride-methanol yielded crystals m. 185-186°.

3'740 mg. substance gave n_'i86 mg. C02 and 3*579 mg. H20

C32H5202 requires C8i'g9 Hn'18%
found C8i'62 H io'7i%

(a)D=+l6° (C=l'02)
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OXIDATION OF 2-DESOXY-HEREROBETULIN-ACETATE

WITH PHTHALIC MONOPERACID (XXXV)

300 mg. of the substance (XXXV) and a o'5 molal solution of

phthalic monoperacid in ether, in 50% excess of the theoretically
necessary amount was together made up to 25 cc. with ether and

left for two weeks at -10°. The mixture was then titrated with

standard thio-siulfalte solution. Comparison with a blank run

under identical conditions showed the oxygen consumption to be

95% of the theoretical. The product was taken up in ether and

worked up in the usual way. The residue from the ether extract

(310 mg.) was dissolved in petroleum ether and chromatographed
over a column of 9 g. of aluminium oxide (activity II).

Fraction Solvent Quantity of substance eluted

1-3 100 cc. petr. ether traces

4-8 150 cc. petr. ether-benzene 260 mg. crvst. m.p. 223-2260
(9:1)

9-12 120 cc. petr. ether-benzene 20 mg.

(3:0

The fractions 4-8 were amalgamated and recrystallized five

times from methylene-chloride-methanol till a constant melting
point (m.p. 227-2280) was reached.

3'7oo mg. of substance gave io'746 mg. C02 and 3'6oi mg. H20

C32H5203 requires C 7g'28; H io'8i%

found C 79'2(3; H 10^7%

(«)D=+35'3°(c=i'i)

The compound was 2-desoxy-heterobetulin-epoxide-acetate
(XXXVI).

OZONIZATION OF 2-DESOXY HETEROBETULIN-ACETATE (XXXV)

300 mg. of 2-desoxy-heterobetulin-acetate was dissolved in a

mixture of 20 cc. carbon-tetrachloride and 50 cc. of glacial acetic

acid. Through the solution a slow stream of ozone was continued

till a droplet of the solution taken out gave no futrher yellow color¬

ation with tetranitromethane. Thereupon 400 mg. of zinc dust

was added in portions under constant stirring, the operation lasted

for three hours. On working up the material in the usual way,

300 mg. of neutral crude ozonization product was obtained. This

was dissolved in petroleum ether and chromatographed over a

column of aluminium oxide (activity II).
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Fraction Solvent Quantity of substance eluted

1-3 120 cc. petr. ether 30 mg. cryst. mp. 184-186°

4-8 160 cc. petr. ether-benzene 210 mg. cryst. mp. 220-223°

9-12 150 cc. petr. ether-benzene traces

The fractions 4-8 were amalgamated and recrystalisled six times

from methylene-chloride-methanol till a constant melting point
(m.p. 222-223°) was reached. For analysis the preparation was

dried in high vacuum at 120° for 72 hours.

3'7i'7 mg. of substance gave io'768 mg. C02 and 3*682 mg. H20

C32H5203 requires C 79/28; H io'8i%

found C79'o6; H 11 '08%

(a)D=-35'7° (c=i'is)

The compound was 2-desoxy-heterobetulin-acetate-epoxide
(XXXVI).

ATTEMPTS AT DISRUPTION OF THE EPOXIDE-RING IN

2-DES0XY-HETER0BETULIN ACETATE-EPOXIDE (XXXVI)

(a) With Sulfuric Acid

300 mg. of 2-desoxy-heterobetulin-acetate-epoxide was boiled

under reflux with a 5% solution of sulfuric acid in glacial acetic

acid for three hours. The product was taken in ether and worked

up in the usual way. The residue from the ether extract after

four recrystallizations from methlene-chloride-methanol gave

crystals (m.p. 226-227°) which showed no melting point depression
when mixed with a sample of the pure starting material.

3'698 mg. of substance gave io'736 mg. C02 and 3*579 mg. H20

C32H5203 requires 079*28; H io'8i%

found C 79'23; H io'83%

(a)D=-35'5 (C=1'02)

(b) With Alkali

300 mg. of 2-desoxy-heterobetulin-aceiate-epoxide was boiled

under reflux with a 5% solution of caustic potash in methanol for

three hours. The product was extracted with ether and worked up
in the usual way. The residue from the ether extract was mixed

with 5 cc. of pyridine and 5 cc. of acetic anhydride and left over¬

night at room temperature, and the product worked up in the

usual way. The acetate was obtained in pure form after five re¬

crystallizations from methylene-chloride-methanol. It melted at

225-226" and gave no mixed melting point depression with pure

2-aesoxy-heterobetulin-acetate-epoxide.
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OXIDATION OF 2-DESOXY=HETEROBETULIN-ACETATE (XXXV)

WITH SELENIUM DIOXIDE

300 mg. of 2-desoxy-heterobetulin-acetate was dissolved in a

mixture of 30 cc. of glacial acetic acid and 30 cc. of dioxane and

30 mg. of finely pulverized selenium was added to it. After boiling
tor two hours under reflux the mixture was filtered clear of the

separated selenium and the reaction product taken in ether was

thoroughly washed with dilute soda under ice-cooling and finally
with water. The orange-coloured crude product (290 mg.) was

dissolved in petroleum ether-benzene (9:1) and chromatographed
over a column of 10 g. of aluminium oxide (activity II).

Fraction Solvent Quantity of substance eluted

1-5 150 cc. petr. ether-benzene 60 mg. cryst. m.p. 184-1850
(9:1) (starting materal)

6-10 150 cc. petr. ether-benzene traces

(4-i)

u-15 200 cc. petr. ether-benzene 110 mg. cryst. mp. 175-1770

16-20 200 cc. petr. ether-benzene 90 mg. cryst. m.p. 176-1770
(1:1)

The fractions 11-20 were combined and recrystallized five times

till the crystals gave a constant melting point (m.p. 178-1800). For

analysis the preparation was dried in high vacuum at no0 for 72
hours.

3'650 mg. of substance gave io'637 mg. C02 and 3^24 mg. H20

C32H50O3 requires C79'6i; H 10^4%
found C 7g'54; H io'50%

(a)D=+4i° (c=i'i)
The compound was 2-desoxy-heterobetulin-aldehyde-acetate

(XXXVII).

OXIDATION OF 2-DESOXY HETEROBETULIN-ALDEHYDE

WITH SILVER OXIDE

1 g. of 2-desoxy-heterobetulin-aldehyde (XXXVII), freshly
prepared silver oxide (prepared from 2 g. of silver nitrate), and
caustic soda solution (prepared by dissolving 8 g. of caustic soda
in 40 cc. of methyl-alcohol and 10 cc. of water) and made up to

100 cc. with dioxane were shaken together at ordinary temperature
in a glass stoppered bottle. After shaking overnight a silver mirror
was deposited on the side of the bottle, the shaking was continued
for a total period of 48 hours and the reaction completed by
warming the mixture at 500 for one hour. The reaction mixture
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was acidified taken up in ether and washed. The residue was

absorbed in a column of 25 g. of aluminium oxide (activity II).
The non-acidic reaction products washed down thoroughly with

ether and the column extracted with 1% acetic acid in methanol.

The residue from the eluate was reacetylated with acetic anhydride
and pyridine and then esterified with diazomethane. The resulting
ester (o'6 g.) was chromatographed over a column of 20 g. of

aluminium oxide (activity III).

Fraction Solvent Quantity of substance eluted

1-4 200 cc. petr. ether-benzene traces

(1:1)

5-10 350 cc. benzene 60 mg. cryst. m.p. 258-261°

11-13 15° cc- benzene-ether (9:1) 70 mg. cryst. m.p. 250-260°

14-17 250 cc. benzene-ether (4: 1) 120 mg. cryst. m.p. 259-262°
81-21 250 cc. benzene-ether (3:1) 30 m.g. cryst. m.p. 258-261°

22-25 25° cc- benzene-ether (1:1) traces

The fraction 5-21 were amalgamated and recrystallized six

times from methylene-chloride-methanol till the constant melting
point (m.p. 263-264°) was reached. For analysis the preparation
was dried in vacuum at 120° for 72 hours.

3'682 mg. of substance gave io'3a8 mg. C02 and 3^77 mg. H20

C33H5204 requires C 77'29; H io'22%

found C 76^5; H io'i %

(a)D=+24'7° (C = l'«)

ALLOBETULONE (XXXII)

3 g. of allobetulin (XXXI) was dissolved in 100 cc. of glacial
acetic acid and to the solution cooled to 60°, 1 g. of chromic acid

was added. The reaction took place immediately and the solution

warmed up and turned green. After standing the reaction mixture

for one hour, the product was precipitated out by diluting with

wate. It was further recrystallized twice from boiling alcohol

yielding 2 g. of needles (m.p. 230-231°). For analysis it was further

recrystallized five times from methylene-chloride till the melting
point rose to the constant value of 238-239°. The preparation was

dried in high vacuum at 120° for 48 hours.

3'68o mg. of substance gave n'061 mg. C02 and 3^76 mg. H20

330H18O2 requires C 8i'76; H io'g8%
found C82'03; H io'87%

(a)O=+84'40 (C = l'02)
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2-DESOXY.ALLOBETULIN (XXXIII)

10 g. of allobetulin (XXXII) was heated overnight in an

autoclave at 210° with sodium-ethylate (prepared from 10 g. of

sodium and 100 cc. of ethyl-alcohol) and 30 cc. of hydrazine
hydrate. The reaction mixture was poured in water, neutralized

with dilute sulfuric acid till the reaction was slightly acidic and

extracted with ether-chloroform. After thorough washing with

water the solvent was evaporated off and the residue g'3 g. was

recrystallized five times from methylene-chloride till shiny leaflets

melting at the constant temperature 232-2330 were obtained. For

analysis the preparation was dried in high vacuum at 2100 for 70
hours.

^'032 mg. of substance gave i2'473 mg. C02 and 4/231 mg. H20

C3[lH50O requires C 84'44; H n'81%

found C84'42; H 11 '74%

(«)D=+54°(c=i'ii)

REDUCTION OF 2-DESOXY-HETEROBETULIN-ALDEHYDE (XXXVII)

ACCORDING TO THE METHOD OF WOLFE=KISHNER

300 mg. of the aldehyde was boiled under reflux with 10 cc.

of absolute alcohol and 5 cc. of hydrazine hydrate. Thereafter

the reaction mixture was added to sodium ethylate prepared from

2 g. of sodium and 20 cc. of absolute alcohol in a tube; the tube

was sealed and heated in an autoclave at 2100 for 15 hours. On

working up in the usual way 1290 mg. of crude product was

obtained. It was dissolved in petroleum ether-benzene (9: 1) and

chromatographed through 10 g. of aluminium oxide (activity II).

Fraction Solvent Quantity of substance eluted

1-5 150 cc. petr. ether-benzene 240 mg. cryst. m.p. 213-2150
(9:0

6-7 60 cc. petr. ether-benzene traces

(3:i)
Fractions 1-5 were combined and recrystallized five times from

chloroform-methanol till a constant melting point (m.p. 216-2170)
was obtained. For analysis the preparation was dried in high
vacuum at 1300 for 48 hours.

3'538 mg. of substance gave 10^30 mg. COa and 3^13 mg. H20

a30H50O required C'84'44; H n'81%

found C84'3i; H 11 '74%

(a)D=-59° (C=1'12)
The compound is (XXXVIII).
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ATTEMPT AT ACETYLATION OF THE WOLFF-KISHNER

REDUCTION PRODUCT (XXXVIII)

100 mg. of the the substance was allowed to stay overnight
with 3 cc. of actic anhydride and 3 cc. of pyridine. On working
up in the usual way the reaction product was dissolved in

petroleum ether and filtered through a column of 4 g. of

aluminium oxide (activity II). 30 cc. of petroleum ether-benzene

{9:1) eluted 80 mg. of the product, which after five crystallizations
from methylene-chloride-methanol melted at 212-214°. The

product showed no melting point depression with the starting
material. For analysis the preparation was dried in high vacuum

at 120° for 72 hours.

3'7i8 mg. of substance gave 11'511 mg. CO, and 3*918 mg. H20

C30H'MO requires C 84'44; H 11'81%
found G84'5o; Hn'79%

(«)D = 57° (c=i'o5)

OZONIZATION OF THE WOLFF-KISHNER REDUCTION PRODUCT

(XXXVIII) FROM Z-DESOXY-HETEROBETULIN-ALDEHYDE-ACETATE

200 mg. of the substance was dissolved in 80 cc of acetic ester

and through the solution a slow stream of ozone was passed till

a test-droplet did inot any more show yellow coloration with

tetranitro-methane. Thereafter 20 cc. of acetic acid was added

to the reaction mixture and 400 mg. of zinc dust was introduced

in small portions in course of three hours accompanied with

thorough stirring. On working up in the usual way 200 mg.
of the neutral ozonization product was got, which dissolved in

petroleum ether and chromatographed through a column of 7 g.
of aluminium oxide (activity III). 100 cc. of petroleum ether-

benzene (9:1) extracted 170 mg. of the product yielding crystals
melting at 250-252°. After five recrystallizations from methylene-
chloride-methanol crysals melting constantly at 253-254° were

obtained. For analysis the preparation was dried in high vacuum

at 120° for 72 hours.

3^04 mg. of substance gave io'47i mg. C02 and 3^40 mg. H20

CsoHjfA requires C 8i'76; H io'g8%
found C8i'55; H io'99%

(a)D=+45°(c=i'i3)
The compound is (XXXIX).
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ATTEMPTS AT BREAKAGE OF THE LACTONE RING OF

2.DESOXY-HETEROBETULIN LACTONE (XXXIX)

(a) With Sulfuric Acid

100 mg. of 2-desoxy-heterobetulin-lactone was refluxed for

three hours with 3% solution of sulfuric acid in methar.al. The

product was taken up in ether and worked up as usual. After

three recrystallizations from methylene-chloride-methanol crystals
were obtained which showed the same melting point as the starting
material and gave no melting point depression with it.

(b) With Alkali

150 mg. of g-desoxy-heterobetulin-lactone was refluxed for

two hours with a 5% solution of caustic potash in ethyl alcohol.

The product was extracted with ether. The extracted alkaline

aquous solution on acidfication and extraction with ether yielded
no acidic product. The neutral fraction after three crystallizations
yielded the unchanged material.

(c) With Lithium Aluminium Hydride

To a suspension of 200 mg. of lithium aluminium hydride
in 300 cc. of dry ether a solution of 300 mg. of 2-desoxy-
heterobetulin-lactone in 20 cc. of dry ether was slowly dropped.
The addition of the substance was not accompanied with evolution

of hydrogen. The mixture was, however, boiled for three hours

under reflux. Before working up the lithium aluminium hydride
was destroyed by carefully adding a few drops of water. The

alkaline solution was extracted with ether as usual. No substance

was recovered in the alkaline fraction. The neutral fraction on

crystallization from methylene-chloride-methanol gave crystals
melting at 257-2580, which showed no depression of melting point
on mixing with a sample of the pure starting material.
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Summary

The ether ring of 2-desoxy-allobetulin (XXXIII) in which

the ring-E is five-membered, is disrupted by acetic anhydride in

presence of boron-trifluoride-ether complex accompanied by
simultaneous rearrangement of the five-membered ring into a six-

membered ring producing 2-desoxy-heterobetulin acetate (XXXV).

The double bond in ring-E of 2-desoxy-heterobetulin acetate

can not be opened by ozone, an epoxide (XXXVI) being formed

instead. This epoxide is resistant to hydrolytic fission.

An ^-unsaturated aldehyde (XXXVII) is formed by the

oxidation of one of the methyl groups adjacent to the double

bond in 2-desoxy-heterobetulin acetate.

Reduction of the a,/3-unsaturated aldehyde (XXXVII)

according to the method of Wolff-Kishner produces a saturated

internal oxide (XXXVIII) which on oxidation with ozone forms

the corresponding lactone (XXXIX). The lactone is resistant to

saponification and reduction with lithium aluminium hydride.
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ECHINOCYSTIC ACID

Through the investigation of Noller and co-workers1'-2'

echinocystic acid (CjoH^Oj) was correlated with oleanolic acid and

recognised as 16 or 22-oxy-oleanolic acid (I). The experimental
co-ordination was achieved through the conversion of the easily
available 2-acetyl-echinocystic acid methylester (II) into the

mesylester (III) which yielded the doubly unsaturated A12'13;15>16-2-

acetoxy-oleadien-28-carboxyl-meth\lester (IV). On catalytic hydro-
genation the last compound was transformed into acetyl-oleanolic
acid methylester (VII).

The position of the second hydroxyl group of echinocystic acid

was ascertained through the oxidation of 2-acetyl-echinocystic
methylester (II) with chromic acid to A12'13-2-acetoxy-i6-oxo-
oleanen-28-carboxy-methylester (V) and its saponification to a /?-keto
acid which was not isolated and which went over to the C\29,-oxy-
ketone (VI) by loss of carbon dioxide. According to this finding
the hydroxyl group of echinoqstic acid under consideration is

bound to the carbon atom-16 01 22. Bischof, Jeger and Ruzicka3'

later showed that this hydroxyl group must be situated at C\16;.

For investigations in the ring D and E of echinocystic acid it

was necessary to eliminate the disturbing effect of the other hydroxyl
group in ring A which was not intended to take part in course

of the conversion reactions. The degradation was therefore carried

out with 2-desoxy-echinocystic acid A12'13-i6-oxy-oleanen-28-acid
(XI) which was obtained by Jeger, Bischof and Ruzicka4' in the

following way: Diacetyl-echinocystic acid methylester (VIII) was

partially saponified to 2-oxy-i6-acetyl-echinocystic acid methylester
(IX) and then the unprotected hydroxyl was oxidized carefully to

a carbonyl group. A1213-i6-acetyl-echinocystic methylester (IX)
and then the unprotected hydroxyl was oxidized carefully to a

carbonyl group. A12'13-i6-acetoxy-2-oxo-oleanen-28-acid methylester
(X) was converted into the required oxy-acid (XI) by Wolff-Kishner

reduction. The corresponding acetate (XII) could be finally sub¬

jected to degradation to the tetracyclic ketodicarboxylic acid

dimethylesterlactone (XVIII) over the intermediate steps (XIII-
XVII).

On pyrolysis of (XVIII) a phenol-carboxylic acid ester C^H^O,,
arises from rings D and E, this still contains all the three methyl
groups and its constitution was proved by means of an unequivocal
sythesis to the 5-oxy 2,2,7-trimethyl-i,2,3,4-tetra-hydronapthalene-8-
carboxylic acid methylester (XIX). /3-methyl-glutaconic-dimethy-

<1) Noller and Frazier, J.Am.Chem.Soc. 66, 1267 (1944)
(2) White and Nollar, J.Am.Chem.Soc. 61, 983 (1939)
(3) Bischof, Jeger and Ruzicka, Helv. 32, 1911 (1949)
(4) Jeger, Bischof and Ruzicka, Helv. 31, 1319 (1948)
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lester (XX) was condensed with 1,1-dimethyl-cyclohexanone (XXI)
according to the method of Stobbe to yield the compound (XXII)
which cyclized with zinc-chloride and the phenol-acetate (XXIII)
obtained thereby was finally saponified to (XIX). Through the

identification of the acid C^H^C^ (XXIV) obtained by degradation
of rings A and B of oleanolic acid, and synthesis of the phenol
carboxylic ester (XIX), C\29; and C\30; of the pentacyclic oleanan

skeleton were definitely located. Till now the position of the

thirteenth carbon atom could only be indirectly established. It

is present in oleanolic acid as a carboxyl group and corresponds to

the methyl group-28 of /?-amyrin. Through this work the carbon

skeleton of oleanolic acid was established with certainty as

possessing the structure (XXV). Further the position of the

second hydroxyl group of echinocystic acid (I) and hence also of

the triterpenes, quillaic acid (XXVI), genin-A (XXVII) and

maniladiol (XXVIII), which have been experimentally correlated

with echinocystic acid is also hereby definitely located in ring-D
at CVl6,. In (I), (XXVI) and (XXVII), this hydroxyl group is

linked in the same way and on the other hand in (XXVIII) it is

oriented in the epimeric position.
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VIII R-CH.CO

1\ R-H

XIV R, = R,«H, R,= CH,CO

XV R, = R, =CH„ R, = CH,CO

XVI R, = H, R, = CH„ R, = H

XVII R.sR.^CH,,I.. R. = H I

M R.H

\II R = CH,CO

^ec
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H,COOC^CH»

V

Olcanolic acid

XXV R1 = RI=H

H,cv^sv01*

XXVI R,CHO. R.-COOH

XXVII R, =CH„ R, = CH.OH
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Own Work

On the basis of extensive analytical evidence, the chief repre¬
sentatives of the three groups of triterpenes, namely /3-amyrin,
a-amyrin and lupeol, have been represented by the following
structures.

What applies to the case of the constitution of any other

compound which has been derived by analytical means but has not

been verified by an unequivocal synthesis in this case also the

question could be raised whether the different chemical and physical
methods employed for the elucidation of structure really point to

a conclusion which is indisputable in every detail.

The carbon skeleton of pentacyclic triterpenes had originally
been derived mainly on the basis of the results of dehydrogenation
with the application of the isoprene rule. But since dehydro¬
genation is to be carried out at about 350°, a treatment in course

of which a rearrangement of the carbon skeleton is not a priori
excluded. The results obtained by dehydrogenation have to be

checked by other means. The other working method which played
a great role in the structural elucidation of triterpenes was the

thermal splitting of suitable degradation products at about 3000.
In this case also it is to be made sure whether during the pyrolysis
no rearrangement of the carbon skeleton had occured.

We shall discuss the reliability of the two thermal degradation
results which were specially important in indicating the structure

of triterpenes.
In the first of these two series of reactions (series A) which was

carried out at first in the /3-amyrin series (with oleanolic acid1' and

and echinocystic acid2)) and later in the a-amyrin series (with
a-amyrin itself), the ring-C was opened by oxidation between the

carbon atoms 11 and 12. The thermal splitting of the ester of

the dicarboxylic acid resulting therefrom leads to two pairs of

(1) Gutman, Jeger and Ruzicka, Helv. 33, 937 (1950)
(2) Bischof, Jeger and Ruzicka, Helv. 32, 1911 (1949)

split products as shown below.
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Oleanolic acid XXIX

•^k '^"
COOCH, COOCH,

XXXI XXXII
XXXIV

A critical analysis of the above series of reactions will show

that from this no absolute conclution about the linking between

the two bicyclic halves as indicated by structure (XXX) can be

reached. The methyl groups assumed to be attached to Cysj and

C\uj might really originate during pyrolysis from a chain of 1 to s

carbon atoms present between the two bicyclic halves of structure

(XXX). Such possibilities are represented by the pertial formu¬

lations (XXXV a-c).

V Y T
) »N CH,

The second series of reactions (series B) excludes the possi¬
bilities represented in (XXXV a) and (XXXV b). This series of

reactions (first carried out with a-amyrin1' as illustrated below and

later with /3-amyrin2)) can be explained on the assumption of the

occurrence of a retro-pinacolin rearrangement in course of which a

methyl group had migrated to C\i3; where it could not be originally
present since a double bond was situated there. Hence the migrated
methyl group may only have come from C\14;.

(1) Riiegg, Dre'iding, Jeger and Ruzicka. Helv. 33, 889 (1950)
<2) Meyer, Jeger, Prelog and Ruzicka, Helv. 34, 746 (1951)
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The double bond introduced into ring-D by retro-pinacolin
rearrangement made oxidative splitting of that ring possible. The

tetracyclic degradation product (XXXVIII) thus obtained was split
thermally whereby two products—one tricyclic (XXXIX) and the

other monocyclic (XLII) were formed.

Hence, the partial formula (XXXV c) remains still to be

discussed. It remains to be decided whether Cy26} is present as a

methyl group attached to C\9j or as a member of ring-C. In the

latter case, ring-C would be seven-membered and during dehydro-
genation it should have been transformed into a six-membered ring.
Such a contraction of the ring size is already long known in case

of seven-membered alicyclic compounds. In fact cycloheptane
itself gives toluene on dehydrogenation. Hence it were imaginable
that during preparation of the tricyclic acetoxy-diketone (XXXIX)
by pyrolysis at 2900, a compound with a six-membered ring had

been formed from a compound with a seven-membered ring.
The results of energetc oxidation with selenium dioxide in the

a-amyrin series seems to give an indication against the seven-

membered ring alternative. Thereby compounds with diene-dione

grouping of the general formula (XLIII), which are extraordinarily
inert towards further oxidation by selenium dioxide are formed.

Such a behaviour has been accounted for as being due to a

XLIII
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bordering off of the above mentioned unsaturated system by
quaternary carbon atoms. Such a bordering would be expected
from the structure (A) for /3-amyrin, but not so if C^e; were a

member of ring-C. This fact provides only a negative evidence

but not a rigid proof.
Aromatization of a six-membered alicyclic ring with one or

two double bonds by means of palladium-charcoal is a reaction

considerably milder than the aromatization of alicyclic rings by the

drastic treatment with selenium. Consequently in the former

method the possibility of a rearrangement of the carbon skeleton

is much less. 2-acetyl-norechinocystadienol (XLIV) which contains

a double bond in ring-D is a suitable compound, the successful

aromatization of which by means of palladium-charcoal would have

indicated the absence of a methyl group at Cw, since aromatization

of a structure with such a methyl group would necessitate migration
of the methyl group to some other position before aromatization

could take place.

2-acetyl-norechinocystadienol C3iH4802 (XLIV) was prepared
by the pyrolysis of 2-acetyl-echinocystic acid C32H50O2 at 2800 at

10 mm. followed by distillation of the product at 3100. The com¬

pound C31H4802 (XLIV) was heated with 10% palladium-charcoal
at 1800 for 20 minutes, and the reaction product was obtained as

an oily distillate which could not be crystallized. The oily product

gave no colouration characteristic of an aromatic ring with tetra-

nitromethene. The IR.-spectrum (fig. A, curve 1) did not also

show any absorption at 810 cm-1 corresponding to a 1,2,3,4-
substituted aromatic ring. In this connection we also prepared
2-acetyl-anhydro-echinocystic acid methyl ester CsuH^Oj starting
with 2-monoacetyl-echinocystic acid methyl ester C33H5205 (II) over

the intermediate mesyl compound (III) by heating the latter with

freshly fused sodium iodide in acetone at 1000. The compound
CsjHsoOi (XLV) showed the following absorptions in the IR.-

spectrum (fig. A, curve 2) at 1725 cm-1 corresponding to a

-COOCH3 or an acetyl group; at 1665 cm-1 corresponding to

>C = C- grouping; at 1250 cm-1 corresponding to an acetvl group;
at 1230 cm-1 corresponding to a — COOCH3; at 987 cm-1 corres¬

ponding to a — CH= C< grouping. Further work with this

substance was interrupted following the publication of the work of

Meyer et al1' which conclusively established that the ring-C of

triterpenes is actually six-membered as hitherto assumed, two

methyl groups being attached to C^ and Cw respectively.

(1) Meyer, Jeger, Prelog and Ruzicka, Helv. 34, 747 (1951)
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In case of cyclic ketones the exact position of the IR.-absorption
band for the carbonyl group in the neighbourhood of 6 is dependent
on the size of the ring. In this respect the five-membered ring
ketones differ specially from the six and higher membered ring
ketone. This difference, which was at first observed in case of

monocyclic compounds and in recent times particularly in case of

steroids, was shown by Meyer et al (loccit) to consist also in the

triterpene series. Using some triterpene ketones of known con-

stitutin whcih contain the carbonyl group in the rings A, B, D and

E. In this case also it was demonstrated in conformity with the

numerous observations in the steroids that the compounds with

the carbonyl group in a five-membered ring shows an absorption
band at a region somewhat above 1730 cm-1, while for six-membered

ring ketones it is situated at about 1705 (h—)io cm-1.

Meyer et al1' prepared the dicarboxylic acid (XLVII and L)
from the compounds (XLVI) (/3-amyrin series) and (XLIX) (a-amyrin
series). The anhydrides of these acids were converted to the

corresponding C-norktones (XLVIII) and (LI). While the

absorption band for the compounds (XLVI) and (XLIX) lie at

1700 and 1694 cm-1 respectively, both the C-norketones showed an

absorption at 1735 cm-1. From this it was concluded that the

ring-C in the C-norketones is five-membered. Since no rearrange¬
ments are to be expected in the reactions made use of in the prepar¬
ation of the C-norketones, the ring-C in the pentacyclic triterpenes
as always accepted before, must be six-membered.

XLVI XLIX

I (CO)=ijoo cm-' I (CO)=l694 cm-'

L LI
XLVII XLVIII

5'



Di acetyl QuiIIjit Kid
II R = CH,CO R =H, R,.CH,

III R CH.CO. R =SOCH„ R,= CH,

LII R,-R. = CH,CO Rj-CHj

XLV

R, = CH,CO. R, = CH,
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We further did the following work on echinocystic acid. The

double bond in ring-C of echinocystic acid is inert towards catalytic
hydrogenation. As such an indirect procedure has to be adopted
in order to saturate the double bond. Diacetyl-echinocystic acid

methyl ester C35H5406 (LII) on oxidation with hydrogen peroxide
in glacial acetic acid at 400 yields the compound C35H5107, which

is the expected diacetyl-12-keto-dihydro-ehcinocystic acid methyl
ester (LIII). On reduction of this compound according to the

method of Wolff-Kishner followed by esterification with diazo-

methane dihydro-echinocystic acid methyl ester'C31H5204 (LIV) was

formed.

An attempt to acetylate dihydro-echinocystic acid methyl* ester

(LIV) by means of pyridine and acetic anhydride at ordinary
temperature resulted in a mixture of diacentyl-dihydro-echinocystic
acid methyl ester C35H5606 (LVI) (in very minute yield) and a

monoacetyl-dihydro-echinocystic acid methyl ester, C33H5405, m.p.

216-2170. Since the hydroxyl group at Cyul in echinocystic acid is

sterically hindered, this scanty yield of the diacetyl-dihydro-
echinocystic acid methyl ester is according to expectation and hence

the monoacetyl compound C33H5105 m.p. 216-2170 must be 2-acetyl-
dihydro-echinocystic acid methyl ester (LV).

A more energetic means, namely refluxing the methyl ester

C31H5204 (LIV) with acetic anhydride in presence of freshly fused

sodium acetate yielded the diacetyl derivative C35H5606 (LVI) in

good yield. The diacetyl derivative C35H5606 was partially saponified
with methyl alcoholic hydrochloric acid giving a second monoacetyl
dihydro-echinocystic acid methyl ester C33H5105 m.p. 166-1670, which

must be the 16-monoacetyl derivative (LVII), since of the two acetyl
groups in the compound (LVI) the acetyl group at Cw should be

the more difficultly saponifiable one, due to steric hindrance. In

the IR.-spectrum (fig A, curve 3) it shows absorptions at 3450,

1025 cm-1 corresponding to a hydroxyl group; at 1750, 1246 cm"1

corresponding to an acetyl group; at 1725, 1230 cm-1 corresponding
to a — COOCH3 group. This compound may serve as a starting
material for further work towards the oxidative opening of ring-D.
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Fig. A.

Curve i : Pd-charcoal dehydrogenation product from 2-acetyl-nor-
echinocystadienol.

Curve 2: 2-acetyl-anhydro-echinocystic acid methyl ester.

Curve 3: 16-acetyl-dihydro-echinocystic acid methyl ester.

All the curves were taken in Nujol paste.
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Table I («)D

2-acetyI-anhydro-echinocystic acid methyl ester (XLV) - +2i'5°
2-acetyl-norechinocystadienol (XLIV) .... + 8o°

Norechinocystadienol (XLIV a) + 82°

Keu>dihydro-diacetyl-echinocystic acid methyl ester (LIII) +8'6°

2-acetyl-dihydro-echinocystic acid methyl ester (LV) - - -n'50

Diacetyl-dihydro-echinocystic acid methyl ester (LVI) - -68°

16-acetyl-dihydro-echinocystic acid methyl ester (LVII) - -63°

Experimental Part

ECHINOCYSTIC ACID (I)

10 g. of diacetyl-quillic acid methylester was heated overnight
at 2000 with sodium ethylate (prepared from 10 g. of sodium and

100 cc. of ethyl alcohol) and 30 cc. of hydrazine hydrate in an

autoclave. The reaction mixture was poured in water, neutralized

with dilute sulfuric acid till the reaction was weakly acidic and

extracted with ether-chloroform. After thorough washing with

water the solvent was evaporated and the residue (8'12 g.)
recrystallized four times from isopropyl alcohol; leaflets were

obtained (m.p. 318-321°).

ECHINOCYSTIC ACID METHYLESTER

5 g. of echinocystic acid in acetone was esterified with an

ethereal solution of diazomethene. The crude mixture was

chromatographed through a column of 125 g. of aluminium oxide

(activity HI).

Fraction Solvent Quantity of substance eluted

1 250 cc. benzene-ether (1:1); 200 mg. oil

2 500 cc. benzene-ether (1:1); 300 mg. cryst. m.p. 200-203°

3-9 1800 cc. benzene-ether (1:1); 3'7 g. crystals m.p. 212-214°

10-12 3150 cc. benzene-ether (1:2); 600 mg. oil

ACETYLATION OF ECHINOCYSTIC ACID METHYLESTER

300 mg. of the substance was dissolved in 4 cc. pyridine mixed

with 4cc. acetic anhydride and allowed to rest at room temperature
for 48 hours. The light-brown solution was thrown into water,

extracted with ether-chloroform and thoroughly washed with dilute

soda under ice-cooling and finally with dilute sulfuric acid. The
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residue obtained (330 mg.) on evaporating off the solvent was

dissolved in 7 cc. of petroleum ether-benzene (1:1) and chromato-

graphed through a column of 11 g. of aluminium oxide (activity
I-II).

Fraction Solvent Quantity of substance eluted

1-4 250 cc. petr. ether-benzene 200 mg. cryst. m.p. 200-2010

5-7 200 cc. petr. ether-benzene 10 mg. oil

(1:1)

8"9 75 cc- benzene 10 mg. oil

10-14 25° cc- benzene 110 mg. cryst. m.p. 195-198*

Fractions 1-4 were amalgamated and recrystallized three times

from chloroform-methanol yields granular crystals (m.p. 202-2030)
which showed no melting point depression with a sample of pure
diacetyl-echinocystic acid methflester (LII). Fractions 10-14 were

amagamated and recrystallized three times from chloroform-

methanol till the melting point rose to 202-2030. A mixed melting
point determination with the product from fractions 1-4, showed a

depression of 450. For analysis it was then dried in high vacuum

at 125° for 48 hours.

3'7i4 mg. of substance gave io'2io mg. C02 and 3'288 mg. H20

C33H5202 requires C 74^6; H9'gi%
found C 75'o3; H 9*90%

(a)D=+25° (c = o'954)
The product is 2-monoacetyl-echinocystic acid methylester.

MESYLATION OF 2.M0N0ACETYL-ECHIN0CYSTIC

ACID METHYLESTER (II)

300 mg. of the dry substance was dissolved in two cc. of absolute

pyridine, mixed with o'g cc. of freshly distilled methyl-sulfonyl-
chloride and let stand for 48 hours. The reaction mixture was

poured into 100 cc. of water, allowed to stay for an hour in order
to decompose the excess of chloride, taken up in ether-chloroform
and washed by shaking with dilute sulfuric acid and water. The

crude product (330 mg.) was recrystallized twice from methanol,
once from ligroin and three times from chloroform whereupon
prisms melting at 158-1590 (with decomposition) were obtained.

The compound is (III).
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REACTION UPON THE MESYLATE (III) WITH SODIUM IODIDE

300 mg. of the substance was heated overnight at 1000 in a

sealed tube with 10 cc. of dry acetone and 600 mg. of freshly fused

sodium idide. The acetone was removed from the reaction mixture

in vacuum. The residue was taken up in ether-chloroform and

thoroughly washed with sodium thiosulfate solution and finally
with water. The residue from the ether extract (250 mg.) was

dissolved in 20 cc. of petroleum ether and chromatographed
through 6 g. of aluminium oxide (activity I-II).

Fraction Solvent Quantity of substance eluted

1-2 40 cc. petr. ether traces

3-5 50 cc. petr. ether-benzene 150 mg. cnst. m.p. 177-182°
(1:1)

6 50 cc. petr. ether-benzene 10 mg. cryst. m.p. 165-172°
(1:1)

7-8 150 cc. petr. ether-benzene traces of oil

(1:1)

9-11 100 cc. benzene 60 mg. oil

The fractions 3-5, were amalgamated and recrystallized three

times from chloroform yielded fell-like crystals (m.p. 193-194°). For

analysis the preparation was dried in high vacuum at block-

temperature 170°.

3'588 mg. of substance gave lo'igg mg. CO, and 3'i74 mg. H20

Cs-ill^Oi requires C 77'6o; H 9'go%
found C77'57; Hg'87%

(«)D=+si'50(c = i'i3)
The compound is 2-acetyl-antndro-echinoc\stic acid methylester

(XLV).

MILD ACETYLATION OF ECHINCYSTIC ACID (I)

To a solution of 8 g. of echinoc)stic acid in 250 cc. of glacial
acetic acid was added with stirring a solution of 5 cc. of concentrated

sulfuric acid and 5 cc. of water. After standing for three hours

at room temperature the reaction mixture was taken up in ether

and washed thoroughly with water. The residue after evaporating
the ether extract (3'2 g.) was recrystallized twice from toluene,

yielded crystals m.p. 270-273°. (»)D=37'i (c=i'i2 in alcohol).
The compound is 2-acetyl-echinocystic acid.

DECARBOXYLATION OF 2-ACETYL-ECHINOCYSTIC-ACID

5 g. of the substance was taken in a glass tube one end of

which was sealed. The tube was heated in a heating block to

280° for two hours under a pressure of approximately 10 mm.>
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until evolution of gas was no longer rapid. The temperature was

raised to 300-320° until distillation into the cooler part of the

tube was complete in about two hours. The solidified glassy
distillate was dissolved out in ether and extracted twice with

2,N-aqueous sodium hydroxide and once with saturated salt

solution. The ether solution was filtered to remove suspended
sodium echinocystate and evaporated leaving ^'4 g- °f residue,
which was dissolved in petroleum ether-benzene (9:1) and chroma-

tographed over a column of 150 g. of aluminium oxide (activity II).

Fraction Solvent Quantity of substance eluted

1-4 2,lit. petr. ether-benzene traces

(9=0

5-8 2,lit. petr. ether-benzene traces

(3:i)

9-11 2,lit. petr. ether-benzene 200 mg. crvst. m.p. 170-175°
(1:1)

12-15 2,lit. benzene 2'g g. cryst. m.p. 175-178°

The fractions 12-15 were amalgamated and recrystallized three

times from chloroform-methanol till a constant melting point
(179-180°) was reached.

3'6oo mg. of substance gave io'822 mg. C02 and $'482 mg. HaO

C31H4802 requires C 82^4; H io'6g%

found C82'04; H io'82°/0

(a)D=+8o° (c=l'll)

The compound is 2-acetyl-norechinocyatadienol (XLIV).

SAPONIFICATION OF 2 ACETYL NORECHINOCYSTADIENOL (XLIV)

500 mg. of the substance was boiled under reflux for two hours

with 60 cc. of 5% methanolic caustic potash solution, the solution

was evaporated to dryness and taken up in ether washed with

water and the solution evaporated. After four recrystallizations of

the residue (450 mg.) from methylene-chloride methanol yielded
crystals melting at 193-194°. For analysis the preparation was dried

in high vacuum at 125° for 48 hours.

3'778 mg. of substance gave n'692 mg. C02 and 3'7go mg. H20

C2,H«0 requires C84'8i; Hn'29%
found C84'46; H n'23%

(a)D=+8o°(c = o'953)

The compound is norechinocystadienol (XLIV a).

58



DIACETYL=EHINOCYSTIC ACID METHYLESTER (LII)

10 g. of echinocystic acid methylester, 100 cc. of glacial acetic

acid, 30 cc. of acetic anhydride and o'8 g. of freshly fused sodium

acetate were refluxed together for two hours, the reaction mixture

concentrated in vacuum to about one fifth of the original volume,
then again boiled under reflux with 60 cc. of methanol in order

to decompose any inner anhydride, poured in water and worked

up in the usual way. io'8 g. of the crude product was obtained

which crystallized! out on addition bf methanol. After three

recrystallizations from methylene-chloride methanol the melting
point rose to the constant value of 202-203°. This showed no

melting point depression with a sample of pure diacetyl-
echinocystic acid methylester.

KETO DIHYDRO-DIACETYL-ECHINOCYSTIC ACID

METHYLESTER (LIII)

To a solution of i'2 g. of diacetyl-echinocystic acid methylester
in 40 cc. of glacial acetic acid, a mixture of 10 cc. of perhydrol
and 10 cc. of glacial acetic acid was gradually added in course of

one hour, the temperature being mainntained constant at 8o°.

The reaction mixture was then diluted with water and the product
worked up in the usual way. After five recrystallizations from

methylene-chloride methanol the melting point rose to the constant

value of 208-209°. For analysis the preparation was dried in high
vacuum at 120° for 72 hours.

3'620 mg. of substance gave 9'4<)o mg. C02 and 2'973 mg. HaO

C35HM07 requires C J1I64; H g'28%
found C7i'54; Hg'19%

(a)D= +8'6 (C = l'2)

REDUCTION OF KETO-DIHYDRO-DIACETYL-ECHINOCYSTIC

ACID ACCORDING TO THE METHOD OF WOLFF-KISHNER

10 g. of the substance (m.p. 190-1920) was heated with sodium

ethoxide (prepared from 10 g. of sodium and 100 cc. of ethyl
alcohol) and 30 cc. of hydrazine hydrate overnight at 300° in an

autoclave. The reaction mixture was poured in water, neutralized

with dilute sulfuric acid till the reaction was sightly acidic and

then taken up in ether-chloroform. After thorough washing with

water the solvent was evaporated and the residue (S'a g.) was

esterified with diazomethane. The crude ester was submitted to

acetylation without further purification.

2 ACETYL DIHYDRO-ECHINOCYSTIC ACID METHYLESTER (LV)

300 mg. of dihydro-echinocystic acid methylester was dissolved

in 4 cc. of pyridine, mixed with 4 cc. acetic anhydride and allowed

to stay at room temperature for 26 hours. The reaction mixture
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was poured in water taken up in ether-chlorofom and thoroughly
washed with dilute soda under ice-cooling and finally with dilute

sulfuric acid and water. The residue obtained on evaporation of

the solvent (320 mg.) was dissolved in petroleum ether-benzene

(1: 1) and chromatographed over a column of aluminium oxide

(activity I-II).

Fraction Solvent Quantity of substance eluted

1-4 200 cc. petr. ether-benzene 30 mg. cryst. m.p. 215-2200
(1:1)

5-7 200 cc. petr. ether-benzene traces

(1:1)
8-10 100 cc. benzene 210 mg. cryst. m.p. 213-2150

11-13 100 cc. benzene 20 mg. cryst. m.p. 212-2150

Fractions 1-4, were amalgamated and recrystallized from

methylene-chloride-methanol giving crystals (m.p. 220-221°) which

showed no melting point depression with diacentyl-dyhydro-
echinocystic acid methylester.

Fractions 8-13 were combined and recrystallized five times

from methylene-chloride-methanol till a constant melting point
(m.p. 216-2170) was attained. For analysis the preparation was

dried in high vacuum at 1200 for 72 hours.

3'67o mg. of substance gave 10*037 mg. C02 and 3*350 mg. HaO

C33H51Or, requires C 74'67; H 10*26%

found C 74*63; Hio'21%

(«)D=-n'5° (c=i'o3)

DIACETYL-DIHYDRO-ECHINOCYSTIC ACID METHYLESTER (LVI)

5 g. of crude dihydro-echinocystic acid methylester (LIV), 50 cc.

of glacial acetic acid, 15 cc. of acetic anhydride and o'4 g. of freshly
fused sodium acetate were refluxed together for two hours, the

reaction mixture concentrated in vacuo to about one fifth of the

original volume, then again boiled under reflux with 30 cc. of

methanol in order to decompose any inner anhydride, poured in

water and worked up in the usual way. r/4 g. of the crude product
was obtained which crystallized out on addition of methanol.

After five recrystalhzations from methylene-chloride-methanol the

melting point rose to the constant value of 220-221°. For analysis
the preparation was dried in high vacuum at 1 io° for 48 hours.

3'7io mg. of substance gave io'oi8 mg. COa and 3*201 mg. H20

C33H5606 requires 073/38; H 9*85%
found C 73'6g; H 9*65%

(a)D=---68° (C = l'2)
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16ACETYL-DIHYDR0-ECHIN0CYSTIC ACID METHYLESTER (LVH)

2 g. of diacetyl-dihydro-echinocystic acid methylester (LVI)
was dissolved in 90 cc. of warm methyl alcohol, 10 cc. of benzene

and 10 cc. of concentrated hydrochloric acid was added thereto and

the mixture was boiled under reflux for thirty minutes. The hot

solution was poured in plenty of water, taken up in ether-

chloroform and washed thoroughly with water. The residue was

dissolved in petroleum ether-benzene (1:1) and chromatographed
over a column of aluminium oxide (50 g.) (activity II).

Fraction Solvent Quantity of substance eluted

1-5 150 cc. petr. ether-benzene traces of oil

(1:1)

6-12 450 cc. petr. ether-benzene 170 mg. cr)st. m.p. 162-1650

(1:1)

13-15 200 cc. benzene 400 mg. cryst. m.p. 163-1650

16-21 400 cc. benzene-ether (1:1) 1350 mg. cryst. m.p. 163-1650

22-24 20° cc- etrier 20 mg. oil

The fractions 6-21 were combined and recrystallizd from

methylene-chloride-methanol five times till a constant melting

point (m.p. 166-1670) was reached. The preparation for analysis

was dried in high vacuum at 1200 for 72 hours.

^'704 mg. of substance gave io'i4i mg. C02 and 3'382 mg. H,0

C33HM05 requires C 74^7; H io'a6%

found C 74;72; H io'22%

(a)D=-63° (C=l'2l)
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Summary

2-acetyl-norechinocystadienol (XLIV) was shown not to yield

any compound with an aromatic ring on dehydrogenation with

palladium charcoal at 180°.

2-acetyl-anhydro-echinocystic acid methyl ester (XLV) was

prepared by the action of sodium iodide and acetone on

2-monoacetyl-i6-mesyl-echinocystic acid methyl ester.

The ring-C of echinocystic acid was saturated indirectly by
the reduction of the 12-keto-derivative (LIII) according to the

method of Wolff-Kishner.

16-acetyl-dihydro-echinocystic acid methyl ester (LVII) was

prepared by partial saponification of the diacetyl derivative (EVI).
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Constitution of ring-C of a-amyrin

INTRODUCTION

Before the constitution of ring-C of a-amyrin is discussed, the

characteristic reactions which have been tried on the double bond

should be described.

The double bond of a-amyrin is extra-ordinarily inactive. It

does not react with peracids1', can not be hydrogenated catalytically
and also adds no bromine to itself2'. On oxidation of a-amyrin-
benzoate (I c) with hydrogen peroxide or ozone a-amyrin-benzoate-
oxide C37H5403 (II c)3''4' which readily isomerizes to a-amyranonol-
benzoate (III c) with hydrochloric acid is obtained4'. The oxide

ring in the compound (II c) is also not very stable towards alkalies,
it is, however, possible to obtain a-amyrin-acetate-oxide C^H^O,
(II b) by mild alkali hydrolysis followed by acetylation4'. This

latter compound is also formed by the oxidation of a-amyrin-acetate
(I b) with ozone or hydrogen peroxide4'-5'. Analogous to the

benzoate (II c) the acetate (II b) also easily undergoes rearrange¬
ment with hydrochloric acid4''5' into a-amyranonol-acetate (III b)
the UV.-spectrum of which has a maximum at 282 m jx, loge = 2'35.
The keto group in the compound (III b) and (III c) is very inert,
it reacts neither with ketone reagents nor is reducible by the method

of Clemmensen or of Wolff-Kishner. a-amyranonol-benzoate (III c)
as well as a-amyrin-benzoate-oxide (II c) gives a-amyrandiol C30H52O2

(IV a)3''4' on reduction with sodium and amyl alcohol, which

process also simultaneously saponifies the benzoyl ester grouping.
These same two compounds on reacting upon with bromine in

acetic acid yield the bromide (V c) which is transformed into iso-

a-amyrenonol-benzoate (VI c) byy splitting off of hydrogen
bromide3''4''6'. The a,^-unsaturated keto group of the compounds

(1) Ruzicka, Silbermann and Furter, Helv. 15, 482 (1932)
(2) Vesterberg, B. 23, 3189 (1890)
(3) Seymore, Sharpies and Spring, Soc. 1939, 1075

(4) McLean, Silverstone and Spring, Soc. 1951, 935

(5) Ruzicka, Jeger, Volli and Redel, Helv. 28, 199 (1945)
(6) Seymore and Spring, Soc. 1941, 319
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(VI b) and (VI c) can not be hydrogenated by means of hydrogen
in presence of platinum, on the contrary, with sodium and amyl
alcohol this carbonyl group is reduced to a secondary hydroxyl
group; but the resulting compound immediately looses water and

is transformed into a-amyradienol CaoH^O (VII a)1' which contains

two conjugated double bonds in one ring (maximum in the UV.-

spectrum at 280 m \x, log e=^'o^). The acetate of a-amyradienol
C30H50O2 (VII b) is obtained by the partial dehydrogenation of

a-amyrin-acetate (I b) with sulfur or N-bromo-succinimid2'.

By oxidation of a-amyrin-acetate with chromic acid a keto

group is introduced in a-position to the double bond3) with the

formation of a-amyrenonol-acetate C32H50O3 (VIII b), (maximum in

UV.-spectrum at 250 m [i, log e=4'i). The carbonyl group of this

compound is again reduced back with platinum and hydrogen41.
With sodium and amyl alcohol a-amyradienol (VII a) is again
formed3'.

Oxidation of a-amyradienol-acetate (VII b) with perbenzoic
acid yields a mixture from which both the isomers a-amyrenonol-
acetate (VIII b) and iso-a-amyrenonol-acetate (VI b) could be

isolated6'. On the contrary if the acetate (VII b) is oxidized with

hydrogen peroxide or with ozone at o° a mixture is obtained

from which a-amyrenonol-acetate (VIII b) and an isomeric

a,/3-unsaturated ketone iso-a-amyrenonol-II-acetate (IX b) could be

separated61-7'. The oxidation of the benzoate (VII c) with hydrogen

peroxide gives an analogous mixture. Iso-a-amyrenonol-II-acetate

(IX b) shows in the UV.-spectrum a maximum at 250 m [*,

(1) Ewen and Spring, Soc. 1949, 1196

(2) Jacobs and Fleck, J. Biol.Chem. 88, 137 (1930)

Ruzicka, Jeger and Redel, Helv. 26, 1235 (1943)
<3) Vesterberg, B. 24, 3836 (1891)

(4) Ruzicka, Leuenberger and Schellenberg, Helv. 20, 1271 (1937)
(5) Ruzicka, Miiller and Schellenberg, Helv. 22, 758 (1939)

Ewen, Spring and Vickerstaff, Soc. 1939, 1303

Ruzicka, Volli and Jeger, Helv. 28, 1628 (1945)
(6) McLean, Ruff and Spring, Soc. I94fl, 1196

(7) Ruzicka, Jeger, Redel and Volli, Helv. 28, 199 (1945)
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Ioge=4'o4. On prolonged treatment with strong alkali it is

changed into iso-a-amyrenonol (VI a)1', and probably differs from

the latter in respect of the spatial configuration of the hydrogen
atom at C\13/. With sodium and amyl alcohol both of these

compounds are converted into a-arnyradienol (VII a)11'21. In con¬

trast to the compound (VI b) iso-a-amyrenonol-II-acetate (IX b)
can be hydrogenated with hydrogen in presence of platinum to the

saturated keton a-amyranonol-II-acetate C32H5203 (X b)1'.

On oxidation of a-amyranonol-acetate (III b) with chromic acid

in boiling acetic acid a a-diketone C32H50O4 (XI b) is obtained3';

this is also formed on ozonization of a-amyradienol-acetate (VII b)
at 22° 2».

CONSTITUTION OF RING C

On the basis of the extensive evidnce of facts formula (I a)
was derived for a-amyrin and all known reactions of a-amyrin
could be explained with it. But the constitution of a natural

compound can only then be considered as fully clarified when the

position of each individual atom has been proved. For this

purpose the synthesis of the compound or of its degradation pro¬

ducts is of decisive significance. For the preparation of easily

synthesisable compounds from triterpenes, mainly two working

methods, namely, dehydrogenation and thermal degradation of

suitably degradation products have been employed. Both these

methods necessitate the use of high temperature (about 300-3500),
a treatment in course of which the possibility of rearrangement of

the carbon skeleton is not ruled out.

Now, what concerns us here about the ring-C of a-amyrin is

that from the results of dehydrogenation and other known reactions

it has been concluded that it is six-membered, and each of the

carbon atoms 9 and 14 carries one methyl group with it. But since

the dehydrogenation has to be carried out at a temperature of

(1) McLean, Ruff and Spring, Soc. 1951, 1093

(2) Ewen and Spring, Soc. 1940, 1196

(3) Ruzicka, Jeger, Redel and Volli, Helv. 28, 199 (1945)
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about 350°, the possibility of a contraction of an originally larger
ring accompanied by simultaneous formation of one or two methyl

groups must not be left out of consideration.

For the elucidation of structure of a-amyrin was of particular
importance. The pyrolysis led to the formation of two pairs of

bicyclic residues (XV, XVI; XIII, XIV). The structure of which

could not be ascertained with certainty1'. In these cases also it

could be considered as a possibility that of the two methyl groups

assumed to be attached to the carbon atoms 9 and 14 in the

compound (XII), either one or both may have been formed out of

the members of a C-ring binding the two bycyclic halves during

pyrolysis. Now a series of reactions will be described which can

only be explained on the assumption of the existence of a methyl

group at C\U) of the triterpene skeleton. On oxidation of iso-a-

amyrenonol-acetate (VI) with selenium dioxide iso-a-amyradienonol-
acetate C32H4s03 (XVII) is formed. The fact that the compound
is saturated towards tetranitromethane and its UV.-spectrum has

a maximum at 235 m [j,, loge = 4'2 excludes the possibility of the

newly created double bond having entered either in opposition to

the keto group or in conjugated position to the double bond

already present. The further degradation of (XVII) in which

the ring-D was split open proves that the additional double bond

has entered between the carbon atoms 14 and 15, in which case

the methyl group at Cw must have wandered to the position 13.

By oxidative degradation (XVII) could be converted into the

tetracyclic compound (XVIII)2) which could then be split off

by pyrolysis to yield the two residues, the tricyclic oxy-^-diketone

(XX) and the monocyclic acid (XIX). The constitution of these

(1) Meisels, Jeger and Ruzicka, Helv. 32, 1075 (1949)

(2) Ruzicka, Ruegg, Volli and Jeger, Helv. 30, 140 (1947)
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two compounds is unequivocally established11'2'. After this only
it remains undecided whether the carbon atom 26 is linked to the

carbon atom 9 as a methyl group or present as a member of the

ring-C (in that case the ring-C would have been seven-membered).
It is however not quite impossible that during the formation of

the compound (XX) at 2900 by pyrolysis, a contraction of the

ring takes place with the formation of a methyl group at the point
of juncture of the rings B/C. The results of a recent physical
investigation of the problem indicate that the ring-C is six-

membered3'. It could thereby be shown that the position of the

carbonyl band in the IR-spectrum of a-amyrenonol acetate (III b)
and of the C-norketone prepared from it corresponds to a six and a

five-membered ring respectively.

Iso-a-amyradienonol-acetate (XVII) is very easily isomerized on

treatment with hydrochloric acid in glacial acetic acid to a com¬

pound C32H4803 which no longer gives any colouration with tetra-

nitromethane and the UV.-spectrum of which is unchanged com¬

pared with (XVII)41. Formula (XXI) can possibly be ascribed to

this compound. During its formation the methyl group which was

present in (XVII) at the position 13 must have migrated back to

the position 14.

On catalytic hydrogenation of iso-a-amyradienonol-acetate
(XVII) among other products, iso-a-amyrenonol-acetate (VI) and

a-amyradienol acetate (VII b) are also formed5'. This fact was

at first considered as a proof that (XVII) still contains the unaltered

carbon skeleton of a-amyrin, but this presents a contradiction to

the degradation of (XVII) as depicted above where the ring-D
was opened.

Considering that the earlier observation of the formation of

(VI) and (VII) from (XVII) on hydrogenation might be due to a

possible contamination of impurities with the substance submitted

to hydrogenation, Vogel6' investigated iso-a-amyradienonol more

closely and repeated the hydrogenation using absolutely pure
material. On the one hand he reduced iso-a-amyradienonol-acetate
(XVII) to a saturated ketone (XXIII) which was identical with

none of the formerly known ketones of the a-amyrin series. On

the other hand the same compound was oxidized to diene-dione

(XXII). The UV.- and IR.spectrum of these three compounds do

not contradict the accepted structure (Cw as methyl group at

(1) Jeger, Riiegg and Ruzicka, Helv. 30, 1294 (1947)

(2) Riiegg, Dreiding, Jeger and Ruzicka, Helv. 33, 889 (1950)

(3) Meyer, Jeger, Prelog and Ruzicka, Helv. 34, 747 (1951)

(4) Ruzicka, Riiegg, Volli and Jeger, Helv. 30, 140 (1947)

(5) Volli, Diss. ETH. Zurich, 1948

(6) Vogel, Diss. ETH. Zurich, 1952
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Iso-a-amyradienonol-acetate (XVII) was isomerized to an

already known compound (XXI) and this was reduced to a diene

(XXIV). The absorption spectra and other properties of the com¬

pound (XXI) (XXIV) also corroborate the already accepted
structure (C\2-> as methyl group at C\U}).

Own Work

As early as the time when the double bond in a-amyrin was

supposed to be situated in ring-B of the triterpene skeleton instead

of at the position to which it has been ascribed in recent years

(as shown in I a), 2-acetoxy-ot-amyradien was submitted to oxidation

a—Amynn

(Older representation)

by chromic acid in order to gain an information regarding the

region neighbouring to the double bond in a-amyrin. By this

oxidation Beynon, Sharpies and Spring1' isolated the compound
C32H6„04, and Ruzicka, Jeger, Redel and VollP' isolated beside

this compound a second neutral oxidation product C^H^O^ For

these compounds formulae (XXVI b) and (XXVIII b or XXIX b)
respectively were ascribed according to the previous conception
of the structure of a-amyrin (i.e. with the double bond in a-amyrin
supposed to be situated between C^ and C\7; in ring-B. Neither

of these compounds gives any colour-reaction with tetranitro-

methane or ferric chloride. The compound C32H50O4 absorbs in

the UV.- at 253 m y,, loge=4'i while the compound C32H4804 shows

a maximum shifted towards a longer wave-length at 259 m \l,

loge= 4'i. As will be shown below, these compounds furnish an

insight into the structure of the ring containing the double bond

in a-amyrin and of the ring adjacent to it.

(1) Benyon, Sharpies and Spring, Soc. 1938, 1233

(2) Ruzicka, Jeger, Redel and Volli, Helv. 28, 199 (1945)
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Beynon, Sharpies and Spring had remarked that (XXXVI b)
could be placed on a parallel with A7-ergostendiol-(3,5) on (6)-
acetate-(3) (partial formula XXX). Since both these two homo-

cyclic diens which are similarly built and show identical UV.-

maxima at 253 m \x, loge —4'i in alcohol and loge=4'ig in chloro¬

form respectively. Between the formula (XXVI b) and an alterna¬

ting formulation (XXVII b) no decision could be reached at that

time.

The compound (XXVI b alternatively XXVII b) yields the

compound (XXVI a or XXVII a) on saponification with a 1%
solution of hydrochloric acid in chloroform-methanol. This could

be reacetylated to (XXVI b or XXVII b) by means of acetic

anhydride and pyridine. On usual saponification with methyl-
alcoholic caustic potash, instead of the compound (XXVI a) an

amorphous neutral product was obtained which gave back the

acetate of the starting material in moderate yield with acetic

anhydride and pyridine. Consequently the behaviour of (XXVI b)
on energetic treatment with alkali was sought to be investigated.
Heating this compound with 10% methylalcoholic caustic potash
at 200-2100 followed by acetylation with acetic anhydride resulted in

an isomer C32H50O4 melting at 190-191° and a dehydration product
C32H4803 melting at 285-286°. These two compounds are satu¬

rated towards tetranitromethane like the starting material, they
give no colour reaction with ferric chloride, but dissolves in con¬

centrated sulfuric acid with an intensely yellow colour in contrast

to (XXVI b) which gives an orange-red solution. The totally
different UV.-spectrum of the isomeric compound C32H5l)04 (maxi¬
mum at 315 m pi, log e = i'45) suggests that either the double bond

has wandered from the original opposition (as in XXVI) to a more

distant position or that the double bond may have undergone an

inner saturation (the latter more probable owing to the

negative tetranitromethane test). The compound C32H1803 shows

an UV.-absorption spectrum similar to the starting material

(XXVI b) (maximum at 248 m \x, log e = 4^5) and as such may yet
contain the unsaturated system CO-C =C or the optically equi¬
valent grouping C=C-CO-C = C. It is further to be noted that

(XXVI b) remains unchanged even on energetic treatment with

acetic anhydride.
The fact that the second neutral oxidation product C^H^Oj

(XXVIII b or XIXIX b) on heating with 2% alcoholic caustic

potash yields the saponification product C30HMO3). which produces
back the acetate C32H4804 with acetic anhydride and pyridine and

also the UV.-spectrum completely excludes the possibility of an

opening of the ring during the oxidation of a-amyradienol acetate.

The maximum in the UV.- at 259 m \h, log e = 4'io, and the negative
colour reaction with teranitromethane indicates the presence of an

unsaturated system CO —C =C —CO which was contained in both

of the earlier formulations (XXVIII and XXIX). For the
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structure (XXIX) an absorption at a lower wave length is to be

expected. In fact, the maximum observed in case of the com¬

pound C^H^Oi is in good agreement with the value obtained for

A8'14-3-acetoxy-'7,i5-dioxo-ergosten (XXXI) (maximum in the UV.-

at 262 m [x, loge = 3;7). On treatment of (XXVIII b) with hydra¬
zine hydrate in alcoholic solution no pyridazine derivative was

obtained; only on heating in a sealed tube at 2000 a nitrogen
containing compound was obtained, but the compound could not

be crystallized. In order to explain the formation of (XXVIII b)
it was assumed that under the condition of oxidation an equili¬
brium between the two dienes (XXIV and XXV) was established,
whereof the diene (XXIV) yields the acetoxy-ketone (XXVI b or

XXVII b) and on the other hand the isomer (XXV) was considered

to yield the compound (XXVIII b).
The representation according to Ruzicka, Jeger, Rede] and

Volli as follows:

•Q^j. --CpL. ~

—Amynn-acetate

•35
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XXX
„

XXXI

The evidence against placing the double bond of a-amyrin in

ring-B was brought Jby Ruzicka, Jeger and Volli1* through the

following observations. Spring and Vickerstaff21 treated a-amy¬

renonol (XXXII acording to Spring) (UV.- maximum at 250 m p.,

loge = 4'o) with phosphoruspentachloride and thereby obtained

two isomeric dehydration products, a-amyradienone-I and

a-amyradienone-II which show an absorption band at 250 m \x,

loge = 4'i. On the basis of the UV.-spectrum the presence of the

chromophore C = C-CO-C = C is indicated to be possible in the

compound a-amyradienone-I. But such a grouping were hardly
permissible on account of the strongly positive colour reaction

with tetranitromethane and on the basis of the following trans¬

formation it is altogether ruled out. a-amyradienone-I (C30Hi6O)

yields a diol C30H18O3 m.p. 225-2260 in very good yield on oxidation

with osmiumtetroxide. On further oxidation of the diol with lead

tetraacetate, beside the diketone C27H40O2, acetone is obtained

in 70% yield. Hereby the presence of an isopropylidene group in

a-amyradienone-I is proved and hence follows the conclusion that

by the reaction of phosphoruspentachloride on a-amyrenonol a

retropinacoline-rearrangement accompanied by a contraction of

the ring had taken place. But then the structure (XXXIII) which

should be expected for a-amyradienone-I according to its derivation

from a-amyrenonol (XXXII) is impossible because such a dienone

would possess a UV.-maximum at 280 m p, on the contrary, the

structure (XXXVI) derived from the formulations (XXXIV and

(1) Ruzicka,, Jeger and Volli, Helv. 28, 767 (1945)

(2) Spring and Vickerstaff, Soc. 1937, 251

73



»iVy° A

Q£^ -Qj -tSX
XXXIV

XXXVI XXXVII
V*-"^ Nf^

YVWin "
.

}

xxxvm xxxix »

74



XXXV) for a-amyrin and a-amyrenonol would fully corroborate the

above mentioned properties of a-amyradienone-I (specially the

UV.-maximum at 250 m p.). But structure (XXXVI) is still impro¬
bable since the diketone C27H10O2 gives no colour reaction with

ferric chloride. On this ground and also because of the UV.-

maximum at 252 m p., log e=4'i3 structure (XXXVII) is not to

be ascribed to the /3-diketone derived from (XXXVI). The

properties of the diketone C^H^O^ as also those of the inter¬

mediate products can on the other hand be explained on a formu¬

lation of a-amyrin which contains the double bond in ring-C,

according to this, structures (XXXVIII, XXXIX, XL and XLI)
were ascribed to a-amyrin, a-amyrenonol, a-amyradienone-I and

the diketone C27H10O2 respectively.
From these results and finally on the basis of degradation

reactions carried out after oxidative opening of ring-C of a-amyrin1'
it was concluded that in a-amyrin two methyl groups are attached

one at each of the carbon atoms C(„) and C(M) at the position of

junction between the rings B/C and between the rings C/D
respectively and hence the structure (I a) was proposed for a-amyrin.
The assignment of this new structure necessitated the re-investigation
of the results reported by Ruzicka, Jeger, Redel and Volli (loccit.)
on the oxidation of that ring in the molecule of a-amyrin which

contains the double bond and it was necessary to reconsider how

their findings could fit into this new structure and find adequate
explanatios in the light of the present elucidation of the structure

of the a-amyrin group of triterpenes. With this object we repeated
the oxidation of a-amyradiene with chromic acid.

On the oxidation of a-amyradienol acetate with chromic acid

in boiling glacial acetic acid we isolated both the products C32H60O4

(XXVI b) and C32H1804 (XXVIII b) reported by Ruzicka, Jeger,
Redel and Volli.

The compound C32H50O4 absorbs in the UV.- at 252 m n,

loge=4'i, and giyes no colour reaction with tetranitromethane or

ferric chloride. The IR.-spectrum (fig. A, cuve 1) shows absorptions
at 3550 cm-1 corresponding to a hydroxyl group; at 1727, 1250
cm-1 corresponding to an acetyl group; at 1661 cm-1 corresponding
to a C =0 group; at 1621 cm-1 corresponding to a vC = C

grouping.

(1) Meisels, Jeger and Ruzicka, Helv. 32, 1075 (1949)

,
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The above optical properties support the existence of the

chromophore and the alternative formulations (XLIII b or

XLIV b) would suggest themselves as probable. Between these

two structures no decision can be reached yet although as has

been discussed later the structure (XLIII b) seems more probable.
On reduction of the compound C^H^O^ (XXVI b) with

lithium aluminium hydride the compound C3oH5003 is produced.
It gives no colour reaction with tetranitromethane. The IR.-

spectrum (fig. A, curve IV) shows absorption at 3550 cm^1 corres¬

ponding to a OH group 815 cm^1 corresponding to a >C =CH —

grouping. The UV.- shows a weak absorption at 248-256 m |x,

loge = i'58. To this compound either the structure (XLVI a or

XLVI b) may be ascribed. On heating (XXVI b) with 10%
methyl alcoholic caustic potash at 200-2100 followed by reacetylation
with acetic anhydride, we also isolated a compound C32HE0Ot
melting at 190-191° which is isomeric with the starting material

and a dehydration product C3,H4803 melting at 285-2860. These

are both saturated towards teranitromethane and give no colour

reaction with ferric chloride. The isomeric compound C32H50O4
showed an absoption in the UV.- at 292 m [a, loge = 2'50i (in
contradiction to the report of Ruzicka, Jeger, Redel and Volli, who
observed a maximum at 315m ja, loge~i'45, we did not observe

any maximum at this wave length). The IR.-spectrum (fig A,
curve III) of this compound shows absorptions at 3550 cm-1 (a
weak absorption) corresponding to a probable OH group; at 1739

1250 cm-1 corresponding to an acetyl group; at 1675 and 1661 cm-1;

and at 1620 cmJ an overtone absorption arising as a result of

enolization of a keto group in a six membered ring. The OH

group indicated above might be due to this keto-enol tautomerism.

A six membered keto group absorbs at 1700 cm-1, but a six

membered keto group with a 1,2-epoxide grouping in a,/? position
to it would be expected to absorb at 1670 cm-1. Such a keto group

may also account for the observed maximum in the UV.- at 292 m [>..

The weak enol-tautomer of this grouping would explain the

observed weak absorption corresponding to a OH group in the

IR.-spectrum. The above possibilities are represented by the

following structures of which the structure B is the more probable.

A B
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The dehydration product C32H4803 shows an absorption in

the UV.-spectrum (maximum at 248 mji, log 6 = 4/09) correspond¬
ing to the expected C = C — CO - C = C grouping. Its IR.-spectrum
(fig A, curve II) shows absorption at 1730, 1250 cm-1 corresponding
to an acetyl group; at 1656, 1626, 1600 cm-1 corresponding to a

C = C — C( = 0)—C=C grouping. The most probable structure

for this compound suggests itself to be (XLVIII). The formation

of this compound further renders the formulation of the starting
material as (XLIV b) almost illogical since dehydration of a com¬

pound (XLIV b) would involve migration of a methyl group to

a position where it is scracely permissable.

It is necessary to point out that the keto group in the

dehydration product (XLVIII) is not reducible by zinc and boiling
glacial acetic acid, the starting material being recovered in almost

quantitative yield following an attempt at reduction. The isomeric

compound C32H5()04 (XLVII) was also submitted to the action of

zinc dust and glacial acetic acid. But instead of the expected
reduction the compound underwent dehydration with the form¬

ation of the compound (XLVIII) (it snowed no depression of

melting point with (XLVIII) had the same rotation and showed

identical absorption in the IR.-spectrum).

The second product of oxidation of a-amyradienol acetate

with chromic acid, C32H1803 (XLV b) gives no colour reaction with

tetranitromethane or ferric chloride. It absorbs in the UV.-

(maximum at 258 m p, loge = 4'oo) corresponding to the presence
of a CO - C = C - CO grouping. The IR.-spectrum (fig B, curve 2)
shows absorption at 1724, 1250 cm-1 corresponding to an acetyl

group and at 1664 and 1618 cm-1. The IR.-spectrum also indicates

the presence of a CO-C =C —CO. As already discussed, from

optical evidence this grouping should not possess a transoid con¬

figuration as in (XXIX b). Now on the basis of the present formu¬

lation of a-amyrin, a cis unsaturated dione grouping would be

possible involving positions 4, 5, 10, 11 or positions 12, 13, 18, ig

or positions 8, 9, 14, 15 of the a-amyrin skeleton. Of these three

possibilities the first two require migrations of the methyl groups

at C^; and Cw which are not very likely. But formation of an

unsaturated dione as represented in (XLV b) would involve

migration of the methyl groups at Cw and Cw to Cw and C\13;

respectively. Precedence of similar migrations are provided by the
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oxidation of iso-a-amyrenonol acetate (VI) to iso-a-amyradienonol
acetate (XVII) by selenium dioxide.

In order to gain some knowledge about the nature of the

keto groups and the relative position with respect to the double

bond the compound (XLV b) was submitted to reduction with

zinc and acetic acid. Whereupon a compound C32H50O3 was formed.

It gave a strong yellow colouration with tetrnitromethane, but

showed an absorption in the UV.- (maximum at 245 m p,

loge = 3'g88) indicating that it is an <x,,S-unsaturated ketone. Its

IR.-spectrum (fig. B, curve 1) shows absorption at 1724, 1250 cm-1

corresponding to an acetyl group; at 1667 cm-1 corresponding to«

an a,/3-conjugated CO group, and at 1610 cm-1 corresponding to

C = C of an a,/3-unsaturated keto grouping. No indication for the

presence of an isolated double bond is given. On these grounds
the alternative structures (XLIX or L) can be assumed for this

compound. It could be further reduced by sodium and alcohol,

whereupon the keto group was reduced accompanied by
simultaneous dehydration with the formation of a diene (C30H48O)
the acetate C30H60O2 of which is different from a-amyradienol
acetate (VII b). The acetate gave a yellow colouration with tetra-

nitromethane. The UV.-spectrum of the diene C30H18O showed a

maximum at 266 m [>., loge = 2'955 (the diene could not be purified
to a high degree). The acetate C32H]0O2 showed no maximum in

the UV.-spectrum. Its IR.-spectrum (fig. B, curve3) showed

absorptions at 1736, 1250 cm-1 corresponding to an acetyl group
and at 990 and 806 cm-1. Neither the acetate nor the diene,

C30H48O shows the absorption characteristic of a conjugated diene

in the IR.-spectrum, although a conjugated diene would be antici¬

pated from the presence of the a^-unsaturated keto grouping in

the parent compound. The IR.-spectrum actually shows the

absorption (ggo cm-1) for an isolated — CH =CH— grouping.
The absorption at 806 cm-1 might account for the other double

bond suggesting the structure -CH =C< But the band for

•y(C = C) is missing (though in some cases the absorption due to

this may be so suppressed as to be undetectable).

The results of our investigations could be best represented
as follows: —
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Fig. A.

Curve i: Product of oxidation of (VII b) with chromic acid

(XLIII b)
Curve 2: Dehydration product (XLVIII) obtained on treating

(XLIII b) with alkali.

Curve 3: Product (XLVII) obtained on treating (XLIII b) with

alkali.

Curve 4: Product of reduction of (XLIII b) with LiAIH4.

All the curves were taken in Nujol paste.

Table I. (a)D

a-amyradienol-acetate (VII b) + 325°
Product of oxidation of (VII b) with chromic acid (XLIII b) + 620

Product of oxidation of (VII b) with chromic acid (XLV b) + 700
Product of reduction of (XLIII b) with LiAlH4 (XLVI a) + 720
Product of reduction of (XLV b) with zinc and acetic acid

(XLIX) +990
Product of reduction of (XLIX) with sodium and alcohol +77°
Product (XLVII) of treatment of (XLIII b) with alkali -200

Product (XLVIII) of treatment of (XLIII b) with alkali +930
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Curve l: Product of reduction of (XLV b) with zinc and acetic

acid.
. . . (XLIX)

Curve g: Product of oxidation of (VII b) with chromic acid

(XLV b).
Curve 3: Acetate of the product of reduction of (XLIX) with

sodium and alcohol.

All the curves were taken in Nujol paste.
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Experimental Part

PREPARATION OF « AMYRINACETATE

100 g. of crude a-amyrin-benzoate was dissolved in 500 cc. of

warm benzene and mixed with 750 cc. of ethanol. After two

recrystallizations from the same solvent mixture 60 g. of pure

a-amyrin-benzoate (m.p. 196-1970) was obtained.

Saponification with 10% ethyl alcoholic potash yielded a-amyrin
which crystallized from ether-petr. ether in needles m.p. 1750.

Acetylation: 3o'8 g. of a-amyrin was heated under reflux

with 310 cc. of acetic anhydride, allowed to stay overnight, filtered

off and dried, recrystallized twice from methylenechloride-methanol,
28'8 g. a-amyrin-acetate m.p. 220-321° was obtained.

a-AMYRADIENOL ACETATE (VII b)

10 g. of a-amyrin-acetate was boiled under reflux with 8 g. of

93% N-bromo-succinimid in 300 cc. of absolute carbontetrachloride.

Thereupon the red solution of succinimide was filtered off,

evaporated, the residue taken up in ether and the ethereal solution

washed with dilute sodium hydroxide solution and dilute sulfuric

acid. The strong coloured crude product (10 g.) was chomato-

graphed through a column of 200 g. of aluminium oxide (activity
II), with i'8 litre of petr. ether and 600 cc. of petr. ether-benzene

(9: 1), 7'3 g. of substance was eluted which crystallized out in shiny
leaflets from methylenechloride-methanol. The compound melted

at 162-163° and gave a dark brown colouration with tetranitro-

methane.

3'728 mg. of substance gave n'226 mg. C02 and 3^92 mg. H20

C32H60O2 requires C 82'34; H io'8o%

found C82'i8; H io'72%

(a)D=+3250 (C=1'12)
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OXIDATION OF aAMYRADIENOL ACETATE (VII b) WITH

CHROMIC ACID

4'i g. of a-amyradienol was dissolved in 100 cc. of glacial acetic

acid and a solution of 4 g. of chromic acid in 4 cc. of water and

40 cc. of glacial acetic acid was dropped into it in course of 15
minutes while the solution was kept boiling. It was then further

boiled under reflux for 30 minutes; the solution was then poured
in water and the precipitate taken up in ether. On working up

3'2 g. of neutral oxidation product was obtained. It was

recrystallized six times from methylenechloride-methanol till the

melting point rose to the constant value of 315-316°. The substance

gave no colouration with tetranitromethane. For analysis the pre¬

paration was sublimed in high vacuum at 230°.

3'864 mg. of substance gave 10^49 mg. C02 and 3'523 mg. H20

C32H50O4 requires C 77'o6; Hio'n%

found C 77'33; H io'so%

•(a)D=+6s° (c= i'o8)

It is the compound (XLIII b).

The mother-liquor from the first crystallization of the above

product was evaporated off, the residue (2'24 g.) dissolved in

benzene-petroleum ether (2:1) and chromatographed through a

column of 60 g. of aluminium oxide (activity I).

Fract. Solvent Quantity of substance eluted

1-4 800 cc. benzene-petr. ether 800 mg. leaflets m.p. 200-210°

(2:1)

5 200 cc. benzene-petr. ether 80 mg. leaflets m.p. 235-240°
(2:1)

6-8 600 cc. benzene-petr. ether 40 mg. amorphous
(4:i)

9-13 900 cc. benzene-ether (2:1) i'o2 g. amorphous

Fractions 1-5 were combined and recrystallized six times from

methylenechloride-methanol till a constant melting point (m.p. 265-
266°) was reached. The substance gave no colouration with tetra¬

nitromethane. For analysis the preparation was dried in high
vacuum at 120° for 48 hours.

3'754 mg. of substance gave io'66i mg. C02 and 3^56 mg. H20

C32H4iA requires C 77^7; H 9/74%
found C77'5o; Hg'7i%

(a)D=+70° (c=i'i2)

The compound is (XLV b).
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REDUCTION OF (XLIH b) WITH LITHIUM ALUMINIUM HYDRIDE

A solution of 300 mg. of the substance (316-3170) in 30 cc. of

absolute ether was slowly dropped into a suspension of 500 mg.
of lithium aluminium hydride in 700 cc. of absolute ether. After

the vigorous reaction had subsided the mixture was further boiled

under reflux for a period of three hours. Before working up, the

unreacted lithium aluminium hydride was decomposed with drops
of water; acidified with dilute sulfuric acid. The product was

taken up in ether and washed neutral. The residue from ether

extract was crystallized seven times from methylenechloride-
methanol till crystals melting constant at 249-2500 were obtained.

For analysis the preparation was dried in high vacuum at 120° for

72 hours.

3'740 mg. of substance gave io'752 mg. C02 and 3^87 mg. H20

CMH50O3 requires C 78^55; H io'g9%
found C 78^6; H io'7g%

(«)D=+72° (c=i'i4)

It is the compound (XLVI a).

REDUCTION OF THE COMPOUND (XLV b) WITH ZINC AND

GLACIAL ACETIC ACID

300 mg. of the substance (m.p. 265-2660) obtained on oxidation

of a-amyradienol-acetate with chromic acid, was dissolved in 25 cc.

of glacial acetic acid, 2 g. of zinc dust was gradually added to the

solution in small portions and the mixture was boiled under

reflux for five hours. The undissolved zinc was filtered off and the

solution concentrated to a small volume in vacuo. The product
was taken up in ether and worked up in the usual way. The

residue from the ether extract was recrystallized six times from

methylenechloride-methanol yielding crystals having the constant

melting point 242-2430. For analysis the preparation was dried

in high vacuum at 1200 for 72 hours.

3'773 mg. of substance gave 3*508 mg. C02 and n'008 mg. HaO

C,2H,0Os requires C79;6i; H ici'44%

found C 79'6*; H w'40%

(«)D=+99°(c=i'i2)

It is the compound (XLIX or L).

85



REDUCTION OF (XLIX) WITH SODIUM AND ALCOHOL

300 mg. of the substance (m.p. 242-243°) was dissolved in 30 cc.

of warm absolute ethyl alcohol and 3 g. of metallic sodium in

tiny pieces was gradually added throughout a period of four hours

while the solution was kept boiling under reflux. The reaction

mixture was then cooled, acidified with dilute sulfuric acid, taken

up in ether and worked up as usual. The residue from the ether

extract was acetylated with pyridine and acetic anhydride overnight.
The resulting acetate was worked up and crystallized five times

from methylenechloride-methanol till a constant melting point
(m.p. 190-191°) was reached. For analysis the preparation was dried

in high vacuum at 110° for 72 hours.

$'762 mg. of substance gave n'388 mg. C02 and 3'677 mg. H20

C32H50O2 requires C 82^4; H io'8o%

found C82'6i; H io'g4%

(a)D=+77° (C = l'02)

ACTION OF 10% METHYL ALCOHOLIC POTASH ON (XLIII b) AT 210°

200 mg. of the substance (m.p. 315-316°) was heated for twelve

hours at 210° with 12 cc. of 10% methyl alcoholic potash. On

working up in the usual way 180 mg. of a neutral non-crystalline
residue was obtained. This was heated under reflux wilh 10 cc. of

acetic anhydride for fifteen minutes and the product was worked

up as usual. After five recrystallizations from methylenechloride-
methanol the melting point rose to the constant value of 285-286°.
The mixed melting point with the starting material was 295-300°.
The substance gave no colouration with tetranitromethane. For

analysis the preparation was dried in high vacuum at 120° for

72 hours.

3^41 mg. of substance gave n'214 mg. C02 and 3^77 mg. H20

C32H1B03 requires C 79^5; H io'o7%
found C 79'67; H io'42%

(a)D=+93°(c= o'8o)

It is the compound (XLVIII).

The mother liquor from the first crystallization of the above

substance was evaporated to a small volume and a few drops of

water was added to it. After some time small needles came out

which melted at 175-180°. On repeating the crystallization for five

times from methanol and a little water finally prisms melting at
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the constant value of 190-191° were obtained. The substance gave
no colouration with tetranitromethane. For analysis the prepar¬
ation was dried in high vacuum at uo° for 72 hours.

3'7io mg. of substance gave 10^45 mg. C02 and 3'428 mg. HzO

C32H5JO! requires C 77'o6; Hio'11%

found C 76'83; H io'34%

(a)D=-20° (c=o'85)

The compound is (XLVII).

ATTEMPT AT REDUCTION OF (XLVIII) WITH ZINC AND

GLACIAL ACETIC ACID

300 mg. of the substance (m.p. 2850) was dissolved in 20 cc. of

glacial acid and with the addition of 2 g. of zinc dust in small

portions was boiled under reflux for four hours. The unused zinc

was then filtered off, the solution concentrated to a small volume

in vacuum and the product was worked in the usual way. On

repeated recrystallization of the compound from methylenechloride-
methanol crystals melting at 284-2850 were obtained which was

identical with the starting material and gave no depression of

melting point with it.

ATTEMPT AT REDUCTION OF (XLVIII) WITH ZINC AND

GLACIAL ACETIC ACID

300 mg. of the substance was dissolved in so cc. of glacial acetic

acid. After adding 2 g. of zinc dust in small portions it was boiled

under reflux for four hours. The unreacted zinc was filtered off

and the solution concentrated in small bulk in vacuo. The pro-

dust was taken up in ether and worked up as usual. The residue

was recrystallized five times from methylenechloride-methanol, till

a constant melting point (284-285°) was reached giving no melting

point depression with a pure sample of the starting material.
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Summary

Oxidation of a-amyradienol acetate with chromic acid earlier

reported by Ruzicka, Jeger and Volli (loc.cit.) was reinvestigated.

The compound (XLIII b) obtained by oxidation of

a-amyradienol acetate with chromic acid was reduced by lithium

aluminium hydride.

One of the keto groups of the second product (XLV b) of

oxidation of a-amyradienol acetate with chromic acid, was reduced

with zinc and acetic acid. The other keto group could be reduced

by sodium and alcohol, the reduction being accompanied by
simultaneous dehydration yielding a non-conjugated diene (XLIX).

The isomeric product obtained on treating the compound

(XLIII b) with alkali at iso° appears to be a keto-epoxide

(XLVII b).

The second product (XLVIII) was not reducible with zinc

and acetic acid.

To Prof. Dr. HS. H. GUNTHARD I am thankful for the

studies and discussions of the IR.-spectra of the compounds.

To Mr. W. MANSER, under whose direction the Micro¬

analyses were carried out my gratitude are due.
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Zusammenfassung

I Teil.

UEBER DIE KONSTITUTION DES RINGES E VON

HETEROBETULIN

Die Aetherbriicke von Desoxy allobetulin (XXXIII), in

welchem der Ring E als ein fiinfgliedriger Ring vorliegt, wurde

mit Acetanhydrid in Anwesenheit des Bortrifluorid-aetherkomplexes
aufgespalten, wobei zugleich eine Umlagerung des fiinfgliedrigen

Ringes in einen sechsgliedrigen stattfand. Man erhielt so 2-Desoxy-
heterobetulinacetat (XXXV).

Die Doppelbindung des Ringes E von Heterobetulinacetat

konnte durch Ozonisierung nicht gespalten werden. Es resultierte

ein Epoxyd (XXXVI), das sehr resistent ist gegen hydrolytische

Spaltung. ,
•

,

Durch "Oxydation einer der Ddppelbindung benachbarten

Methylgruppen von (XXXV), konnte ein a,/3-ungesattigter

Aldehyd (XXXVII) isoliert werden. Durch anschliessende

Reduktion nach Wolff-Kishner gelangte man zum Oxyd (XXXVIII),
das seinerseits durch Oxydation mit Ozon in das Lacton (XXXIX)

iibergefuhrt wurde. Dieses reagierte weder mit LiAlH4 noch wenn

es normalen Verseifungsbedingungen ausgesetzt wurde.

II Teil.

'

REAKTIONEN IN DEN RINGEN C UND D VON

ECBINOCYSTSAURE,

Durch Dehydrierung von 2-Acetyl-nor-echinocystadienol

(XLIV) mit Pd-Kohle bei 1800 wurden keine Verbindungen mit

aromatischen Ringen isoliert.

Ausgehend von 2-Acetyl-i6-mesyl-echinocystsauremethylester
wurde durch Behandlung mit Nal in Aceton 2-Acetyl-anhydro-

echinocystsauremethylester (XLV) hergestellt.
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Die Doppelbindung in Ring C von 2-Acetyl-echinocystsaure-

methylester (LII) konnte indirekt gesattigt werden indem man sie

mit HjO, oxydierte und das entstandene is-Ketoderivat (LIII) nach

Wolff-Kishner reduzierte.

Durch milde partielle Verseifung von 2-16-Diacetoxyderivaten

konnten 16-Monoacetoxyderivate hergstellt werden.

Ill Teil.

OXYDATIONEN IM RING C VON a-AMYRIN

Die fruher von Ruzicka, Jeger und Volli (loc.cit.) beschriebene

Oxydation von a-Amyradienolacetat mit Chromsaure, wurde

nochmals eingehend untersucht.

Die durch Oxydation von a-Amyradienolacetat mit Chrom¬

saure erhaltene Verbindung (XLIII b), wurde mit LiAlH4

reduziert.

Bei einem weiteren Produkt der Oxydation (XLV b), konnte

eine der beiden Ketogruppen mit Zn in Eisessig, und die andere mit

Na in Aethanol reduziert werden. Im letzteren Fall ist die

Reduktion von einer gleichzeitigen Wasserabspaltung des

estandenen Alkohols begleitet, indem ein nicht konjugiertes Dien

(XLIX) entsteht.

Die Verbindung (XLIII b) gab bei der Behandlung mit

NaOH bei 1200 ein isomeres Produkt (XLVII b) das wahrscheinlich

ein Keto-epoxyd (XLVII b) darstellt, sowie ein weiteres Produkt

(XLVIII), welches sich nicht reduzieren liess mit Zn und Eisessig.
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