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About three-quarters of a century ago travelers in the East
Indies, South America, and tropical Africa reported the use of
certain plants as an aid in catching fish. Botanists have since
shown that some of the most potent of these fish-poisoning plants,
commonly called tuba, timbo, cubé, and haiari, belong to the
family Fabaceae, or Paptlionaceae, and the genera Derris, Milletia,
Tephrosia, and Lonchocarpus. These genera owe their toxie
properties to one or more chemically closely related substances,
of which the most important is rotenone.

The employment of derris extract as an insecticide by gardeners
in the East Indies has long been a common practice. As early
as 1848 Oxley (34) reported the use of tuba root (D. elliptica) for
this purpose in connection with nutmeg cultivation. A number
of related species have since been found to have insecticidal value.

Recent studies have shown that, although rotenone and other
fish poisons have a strong toxic action when introduced into the
blood stream of warm-blooded animals, they are relatively non-
toxic when taken by mouth (1).

In the last few years there has been an increasing use of derris
products as insecticides, and the plant is now cultivated in the
Dutch East Indies and the Malay States. Derris root and its
concentrated extracts, as well as rotenone itself, are now articles
of commerce.

It appears that rotenone was first isolated in 1895 by Geoffroy
(8) from a plant native to French Guiana and called Robinia
nicou. The substance was reported to melt at 162°C. and was
named by the author nicouline. Tests which the author de-
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seribed in detail were made with nicouline on several insects and
also on warm-blooded animals. The same plant, now called
Lonchocarpus nicou, has since been shown to contain rotenone
(6), which is therefore identical with Geoffroy’s nicouline.

Kazuo Nagai in 1902 isolated from the roots of Derris chinensis
a crystalline substance, melting at 163°C., which he called rote-
none (33). He attempted to determine its molecular weight
and prepared the phenylhydrazone.

In 1911 Lenz (32) extracted from Derris elliptica a compound
reported to melt at 158°C. and named it derrin; five years later
Ishikawa (18) isolated the identical substance from the same
plant and observed that it was optically active. He gave it the
name tubatoxin. In the later literature the name rotenone has
been generally accepted.

Kariyone (19) observed the presence of methoxyl in rotenone
and established the presence of one unsaturated linkage by its
catalytic reduction to dihydrorotenone. He also prepared the
oximes of rotenone and dihydrorotenone and made the important
observation that rotenone was cleaved by alkali and yielded an
acid of the formula C:;;:H;,0, (20), which he called tubaic acid.
Tubaic acid was shown to contain one double linkage and gave
the color reactions of a phenol. By alkali fusion it was converted
into the isomeric isotubaic (rotenic/ acid (42, 11). Dihydrorote-
none yielded dihydrotubaic acid, identical with the reduection
product of tubaic acid (20).

Takei (42) found that rotenone could be isomerized to isorote-
none, and that by mild oxidation it yielded a yellow derivative,
later shown to be dehydrorotenone. By energetic oxidation he
prepared rotenonone and converted it into a hydroxy acid. The
correct empirical formula for rotenone, CyHz,0s, was first pro-
posed by Butenandt (2) in his inaugural dissertation, and this
formula was confirmed by Takei (43).

In 1928 Butenandt (3) published an article on rotenone, in
which he reported the following observations. Of the six oxygen
atoms of rotenone, two are present in the form of methoxyl
groups and another as a carbonyl group, while the other three
cannot be directly detected. It was suspected that one of these



DETERMINATION OF STRUCTURE OF ROTENONE 183

was in the form of an indifferent ether linkage, while certain
reactions indicated that the remaining two were in the form of a
lactone group.! By energetic reduction, both the unsaturated
linkage and the ketone group can be reduced and the resulting
dihydrodesoxyrotenone, Cq;H,Os5, can be calculated to be derived
from the hydrocarbon CyHzs. From the hydrogen content of a
hydrocarbon of this formula, it can be assumed that two benzene
rings are present in rotenone, and the remarkable stability of
dihydrodesoxyrotenone indicates that all carbon atoms are
directly connected with each other.

If rotenone is allowed to react with hydroxylamine or hydrazine
in alkaline solution, the resulting derivatives are isomeric with
those prepared in acid or neutral solutions, and exhibit the
properties of phenols.

By treatment with zine dust and alkali in alcoholic solution,
rotenone yields two products, one of which, derritol, is alkali-
soluble, is represented by the formula C,H:0s, and gives the
reactions of a phenol. The other compound, which has been
called rotenol, is alkali-insoluble, and is represented by the
formula C;3H,.Os.

A number of oxidizing agents easily convert rotenone into de-
hydrorotenone, a yellow compound of formula Cy;;H,;00s. Unlike
rotenone, dehydrorotenone is not cleaved by alkali but is con-
verted with addition of two moles of water into derrisic acid of
the formula Cy3H,O:s.

The observations briefly described above have proved to be of
special importance as a basis for subsequent work on the part of
three groups of investigators, work which led to the determina-
tion of the complete structure of rotenone and of practically all

1 The evidence for the presence of a lactone group was seen in the formation of
derrisic acid by hydrolysis of dehydrorotenone and in the formation of alkali-
soluble products obtained by hydrogenation of various rotenone derivatives.
These results have since been explained on the basis of certain secondary reac-
tions, but the lactone theory became firmly established in the earlier stages of
the investigations and caused much confusion in the speculations on the structure
of rotenone and its derivatives. It was finally abandoned after it was found that
all the oxygen atoms, with the exception of the one contained in the carbonyl
group, are present as ether linkages.
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of its derivatives. The structure for rotenone now unreservedly
accepted is expressed by formula I (24, 5, 50).
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This formula consists of three characteristic systems,—a cen-
tral dihydro-y-pyrone (A), combined on the one hand with a
dihydrobenzopyran (B), and on the other with a dihydrobenzo-
furan system (C). On the basis of this formula, all well-defined
reactions of rotenone can be easily explained. The character-
istic rotenone derivatives, which will be discussed in detail, result
from reactions which are characteristic of the one or the other of
these systems, and are for the most part supported by analogies
with other compounds containing the same groupings.

REACTIONS INVOLVING THE DIHYDROBENZOFURAN SYSTEM

The first cleavage product obtained from rotenone was tubaic
acid, the formula (II) of which has been determined by an
extensive series of investigations.

HOOC(\

HO I
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Tubaic acid was shown by Kariyone to be an optically active
monobasic phenolie acid of the formula C,,H;;0,, containing an
indifferent oxygen atom and one double linkage which was demon-
strated by its catalytic reduction to dihydrotubaic acid (20).
On fusion with alkali it is converted into the optically inactive
isotubaic (rotenic) acid (42).

Tubaie, dihydro- and iso-tubaic acids when heated above their
melting points lose carbon dioxide and are converted into the
corresponding phenols (43, 44) from which the acids can be re-
generated by the action of alkali bicarbonates (44). The phenolic
hydroxyl group in the acids can be acetylated, and by means of
diazomethane its methylation can be accomplished, although
only with great difficulty (43).

Both dihydro- and iso-tubaic acids yield isobutyric acid on
oxidation with permanganate, while tubaic acid yields only acetie
acid (43, 44).

Isotubanol (roteol), the phenol corresponding to isotubaic (ro-
tenic) acid, gives resorcinol together with isovaleric acid on
drastic alkali fusion (46).

Isotubaic acid is not easily hydrogenated. It is possible, how-
ever, under energetic conditions, to add one mole of hydrogen
to it forming dihydroisotubaic acid. Dihydroisotubaic acid has
been shown to be a racemic mixture which can be separated into
its enantiomorphs, of which the levo form is identical with
dihydrotubaic acid (4, 46).

The transformations of tubaic acid so far referred to indicated
that it might best be represented as a hydroxydihydrocumaron-
carboxylic acid with an isopropenyl side chain (43). The resist-
ance of the phenolic hydroxyl toward methylation indicated that
it was diortho-substituted (48, 17).

By drastic hydrogenation of tubaic acid, a tetrahydrotubaic
acid is obtained, together with dihydrotubaic acid (16). If the
hydrogenation of tubaic acid is carried out in alkaline solution,
an intermediary compound, isodihydrotubaic acid, isomerie with
dihydrotubaic acid is obtained, which is easily further reduced
in neutral solution to tetrahydrotubaic acid (49). Tetrahydro-
tubaic acid is optically inactive (16). It contains two phenolic
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hydroxyl groups, both of which are easily acetylated. One of the
acetyl groups of the diacetyl compound is easily removed by aleo-
holic potassium acetate solution, leaving a monoacetyl compound
(17). Of the two hydroxyl groups in tetrahydrotubaic acid,
only one is easily methylated (17). Tetrahydrotubaic acid is
decarboxylated to a substituted dihydroxybenzene (16), which
on oxidation yields isocaproic acid (50).

Owing to the properties of the hydroxyl group of tubaic acid
and also with reference to certain derivatives which contain the
groupings of tubaic acid in which the corresponding phenol group
is free, it can be assumed that the original phenolic hydroxyl
group is diortho-substituted (48, 17). Tetrahydrotubanol is
therefore 2-isoamylresorcinol as represented by formula III (16,
17). This formula has lately been confirmed by synthesis (10a).

H.C—C—C
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Tubanol is expressed by formula IV.
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Formula II satisfactorily explains all the transformations of
tubaic acid. Its isomerization is due to the migration of the
double bond from the side chain into the ring, and isotubaic acid
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is therefore expressed by formula V; this formula has been con-
firmed by synthesis (34a).
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When tubaic acid (II) is reduced to dihydrotubaic acid, the
double bond in the side chain is saturated, with the formation of
the optically active dihydrotubaic acid of formula VI.
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Isotubaic acid (V) is reduced to racemic dihydrotubaic acid,
which can be separated into the two active forms. The levo
form is identical with the natural active dihydrotubaic acid.

The hydrogenation of tubaic acid also takes place in another
manner, with opening of the oxide ring involving the loss of an
asymmetric center, followed by reduction of the double bond,
and results in the formation of tetrahydrotubaic acid of formula
VII (16, 17).
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If the hydrogenation is carried out in alkaline solution, the
oxide ring is opened without reduction of the double bond, which
probably shifts to the 2, 3-position, and the intermediary produect,
isodihydrotubaic acid (VIII), can be isolated (49).
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On further hydrogenation in neutral solution, isodihydrotubaic
acid yields tetrahydrotubaic acid (VII). The behavior of tubaic
acid on hydrogenation has a striking analogy with that of a
number of codein derivatives, of which the following is an ex-
ample. Desoxycodein-C of formula IX is hydrogenated to g-
tetrahydrodesoxycodein (38) of formula X. The groupings
involved are analogous to those present in tubaic acid (1I), the
formula of which may be written also as shown in formula XI.
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On hydrogenation of both compounds the oxide ring is opened
and phenolic compounds are formed.
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AccTrding to the theory of Schopf (37), the grouping concerned,
|
—O—CH—C=CH, is comparable to a conjugated system, and
1 2 3 4
hydrogenation takes place with the opening of the ether ring.
This reaction is explained by the assumption that a 1, 4 addition
of hydrogen (at —O— and C,) first takes place, followed by the
formation of a double bond at 2, 3. This double bond may be
further reduced to the tetrahydro derivative, as in the case of the
codein derivatives and tetrahydrotubaic acid, but remains un-
saturated in isodihydrotubaic acid (VIII), which therefore con-
tains the grouping,

CH;
—CH,CH=C

CH;

When the 2-isoamylresorcinol (I1I) formed by the decarboxyl-
ation of tetrahydrotubaic acid is oxidized, the resorcinol is de-
stroyed and isocaproic acid can be isolated from the reaction
products.

All these reactions, which are characteristic of the dihydro-
benzofuran system of tubaic acid, find their parallel in those
rotenone derivatives in which this grouping is present.

THE ISOMERIZATION OF ROTENONE AND OF THOSE OF ITS DERIV~
ATIVES WHICH CONTAIN THE ISOPROPENYL SIDE CHAIN

When rotenone is treated with strong acids, it is converted
into isorotenone (XII) (5, 42, 10).

XII
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The reaction involved is the same as that which takes place
when tubaic acid is converted into isotubaic (rotenic) acid. Like
isotubaic acid, isorotenone is not readily reduced by catalytic
hydrogenation. On cleavage with aleoholic alkali, isotubaic acid
is obtained instead of tubaic acid (45, 4, 11).

All rotenone derivatives which contain the isopropenyl side
chain are converted by strong acid into the corresponding iso-
derivatives (4), which in turn yield isotubaic acid. Isorotenone
shows all the characteristic reactions which are concerned with
changes in the dihydro-y-pyrone and dihydrobenzopyran sys-
tems. For example, isoderritol and isorotenol (27), isodehydro-
rotenone (29, 4), and isoderrisic acid (4) are obtained from isoro-
tenone itself by suitable processes as well as by isomerization of
the normal compounds with the unsaturated side chain (4), and
isorotenonone is obtained by oxidation of isorotenone (50).

As will be shown below, two asymmetric centers are lost in the
formation of the dehydro compounds and the derritols. Since
another asymmetric center disappears in the formation of the
iso compounds, isodehydrorotenone, isoderrisic acid (4), and
isoderritol (15) are optically inactive.

HYDROGENATION PRODUCTS OF ROTENONE

When rotenone is reduced with catalytic hydrogen the main
product of the reaction is dihydrorotenone (XIII) (20, 27).
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Dihydrorotenone usually melts at 216°C., but it occurs in di-
morphic form, the unstable modification of which melts at 164°C.
(26). It contains no double bond in the side chain and is there-
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fore not isomerized by acids, but it gives all the reactions
characteristic of the dihydrobenzopyran and dihydro-v-pyrone
systems.

Dihydrorotenone, and also rotenone, yield a monoacetyl de-
rivative when treated with sodium acetate and acetic anhydride.
These compounds are the enol type of acetates (41) as is shown
by their behavior on hydrogenation. Acetyldihydrorotenone is
reduced by catalytic hydrogenation to dihydrodesoxyrotenone
(41).

The dihydro derivatives are obtained from dihydrorotenone by
the same processes by which the corresponding unsaturated com-
pounds are obtained from rotenone. Thus dihydrorotenone
yields dihydroderritol, dihydrorotenol (27), and dehydrodihydro-
rotenone (29). All rotenone derivatives containing the unsatur-
ated side chain yield corresponding dihydro compounds by hydro-
genation.

When the dihydro compounds are prepared by hydrogenation,
the reaction proceeds in part with opening of the oxide ring, as
in the case of tubaic acid, with the resultant loss of an asymmetric
center and formation of phenolic derivatives (27, 15). The re-
duection takes the latter course, especially in alkaline solution.
In some cases the unsaturated phenol can be isolated. Rotenone
itself is thus hydrogenated in neutral solution to a mixture of
dihydrorotenone and rotenonic acid (XIV) (27, 10),2 the latter
being a phenol corresponding to isodihydrotubaic acid (VIIT).

CH,0
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? These phenolic derivatives were formerly thought to be acids arising from the
opening of a lactone group and in some instances the term ‘‘acid’’ has been
retained.



192 F. B. LA FORGE, H. L. HALLER AND L. E. SMITH

The double bond may be further reduced, with the formation
of dihydrorotenonic acid (tetrahydrorotenone) containing the

saturated side chain,
CH,;

—CHz'—'CHz‘—‘CH

CH,

Dihydrorotenonic acid (tetrahydrorotenone) therefore differs
from rotenonic acid only by having a saturated side chain.

When dihydrorotenonic acid is boiled with acetic anhydride
and sodium acetate the resulting product is a diacetyl compound
(41). This result is explained by the assumption that this com-
pound, like rotenone and dihydrorotenone, reacts to form an enol
acetate. One of the acetyl groups in dihydrorotenonic acid is
therefore of the enol acetate type, whereas the other results from
the acetylation of the phenol group. Tetrahydro derivatives of
all the characteristic rotenone derivatives have been obtained by
hydrogenation (16, 24, 28, 29, 31). All of these are phenols,
soluble in alkali.

It is of special importance that with the reductive cleavage of
the oxide ring of the benzofuran system an asymmetric center is
lost (15). If this reductive cleavage is associated with a reaction
involving the loss of the asymmetric centers of the dihydro-y-py-
rone system, the resulting compounds are inactive (4, 15). Tetra-
hydromethylderritol (methyldihydroderritolic acid) (XXVI) and
tetrahydrodehydrorotenone (dehydrodihydrorotenonic acid)
(XXXII) are, for example, inactive (15).

Rotenonic acid (XIV) undergoes a rearrangement when treated
with sulfuric acid whereby it is converted into g-dihydrorotenone
(XV), (9, 10), containing the chroman in place of the dihydro-
benzofuran system.

CH0
o}
ol
B \ l/ \ éC\/\‘
i ‘
J) " )1 |
VA YA VAN
H, ’ 0O CH,
H.C C
RN
C CH;,
H,

XV



DETERMINATION OF STRUCTURE OF ROTENONE 193

This reaction is in a measure comparable to the conversion of an
unsaturated acid into a saturated lactone and involves a ring
closure with disappearance of the phenol group and the double
bond. g-Dihydrorotenone exhibits those reactions characteristic
of the dihydro-v-pyrone system and is cleaved by alkali, with the
formation of g-dihydrotubaic acid of the probable formula XVI

©, 10, 5).
HOOC/\

f

HO|

XVI

The corresponding dehydro derivative has been prepared from
g-dihydrorotenone and is hydrolyzed by alkali to g-dihydroder-
risic acid, which in turn has been oxidized to derric acid (9).

Derrisic acid is also hydrogenated to the corresponding tetra-
hydro derivative, which, owing to its importance in connection
with dehydrorotenone, will be discussed more fully under a
separate heading.

REACTIONS INVOLVING THE DIHYDROBENZO-y-PYRONE SYSTEM

The dihydrobenzo-y-pyrone ring is responsible for the insta-
bility of rotenone, and those of its derivatives which contain this
grouping, toward alkali. Those derivatives in which this group-
ing is absent are much more stable in alkaline solution. By the
action of alcoholic alkali rotenone is quickly decomposed, with
the formation of large quantities of unerystallizable resins. From
these a small yield of tubaic acid is obtained (20, 42, 44, 12).
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It seems very probable that the first point of attack involves the
hydrolysis of the oxidic linkage of the dihydrobenzo-y-pyrone
ring (4). TUnder ordinary conditions in the presence of air this
reaction is followed to a certain extent by cleavage at the car-
bonyl group, with the formation of tubaic acid as shown in
formula XVII.

Derritol

When the alkaline cleavage is carried out under reducing
conditions, as in the presence of zinc, the main products are
derritol and rotenol (2, 3). These derivatives have proved to be
of special importance in determining the structure of rotenone.

The empirical formula (C,;H,0s) for derritol as determined by
Butenandt (3) differs from that of rotenone in that it contains
two carbon atoms less than the parent substance. It isseparated
from the rotenol, which is simultaneously formed in the process,
by means of alkali, in which the rotenol is nearly insoluble. The
corresponding iso- and dihydro-derritols were later prepared from
iso- and dihydro-rotenone by the same process. Isoderritol is
optically inactive, whereas the other two are active (15). Derri-
tol contains the two methoxyl groups and the carbonyl group
originally present in rotenone. The presence of a phenolic
hydroxyl group was indicated by its solubility in alkali as well as
by the color reaction with ferric chloride. The presence of a
second hydroxyl group was indicated by the Zerewitinoff method
(3). From these facts it was suggested by Butenandt that
derritol possibly contained the grouping XVIII, resulting from
reduction and hydrolysis of the grouping XIX (3).

e \1 CH—CO— A /C<%=_
k/OH %/g_CH“
/
o !
H H

XVIII XIX
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Of the two hydroxyl groups of derritol, only one is easily methyl-
ated. The resulting derritol monomethyl ether (XXV) (28) is
hydrogenated to the alkali-soluble tetrahydromethylderritol
(XXVI) (28), which is oxidized by hydrogen peroxide to a tri-
methoxyphenylacetic acid (39). The trimethoxyphenylacetic
acid has been oxidized to its next lower homologue, which is
identical with asaronic acid or 2, 4, 5-trimethoxybenzoic acid
(40). The structure of the 2, 4, 5-trimethoxyphenylacetic acid,
(homoasaronic acid) (XX) has also been established by synthesis
(50).

CH.0 5/% CH,COOH

CH.0 4\3/2 OCH,
XX

When derritol itself is oxidized with permanganate in acetone
solution, 2-hydroxy-4, 5-dimethoxybenzoic acid (40) is obtained,
the structure of which (XXI) has been established by Clark (7)
as well as confirmed by synthesis (50, 35).

CH,0—" N\—Co0H
XXI

From these facts it follows that derritol contains the grouping
XXII.

cr,0—" \—CH,c0—

e

XXII

By alkali fusion derritol yields isotubaic acid® (13), and by per-
manganate oxidation, tubaic acid (48). Isotubaic and dihydro-
tubaic acids are likewise obtained from iso- and dihydro-derritols

3 Under the conditions of alkali fusion the tubaic acid grouping is converted
into the isotubaic acid structure.
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(13). The foregoing facts establish the formula for derritol as
XXIII.
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The mechanism of the reactions leading to the formation of
derritol is best explained by the following series of reactions (24):
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Derritol methyl ether is therefore represented by formula XXV.

O
H2 I
CH;0— -—-OCHS HO—
I 0 CH,
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The hydroxyl group attached to the tubaic acid part of the
derritol molecule is resistant to methylation and is of such weak
acidic properties that its hydrogen is not replaced by alkali metals.
Consequently, derritol methyl ether (XXV) is not soluble in
alkali, although it gives a color reaction with ferric chloride.
Derritol methyl ether is oxidized by hydrogen peroxide at the
carbonyl group to homoasaronic acid.* Tetrahydromethylderri-
tol (XXVI) has been synthesized from tetrahydrotubanol (III)
and homoasaronic acid (XX) by condensation with zine chloride
(50).

cmo /™ CH,C00H 7
+ -
CH,0 OCH, HO OH

H,C—CH,—CH(CHy),

0
1

CHO /\r——cm—c——/\

CHO\ ,OCH,  HO. JOH

HzC_CHz‘—CH (CHs) 2
XXVI

¢+ All aromatic aldehydes and ketones having a phenolie hydroxyl group in the
ortho or para position are oxidized by hydrogen peroxide to polyphenols without
the formation of a substituted benzoic acid (17).
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The derritols are easily dehydrated (3, 41) and the resulting
anhydroderritols which contain the grouping XXVII are also

CHaO/ g=c—/
"ol
CH,0 N /—O HO
XXVII

insoluble in alkali, but give the ferric chloride color reaction and
yield monoacetyl derivatives.

Rotenol

Rotenol is obtained, together with derritol, by zinc alkali
reduction of rotenone (3), and corresponding compounds are ob-
tained from iso- and dihydro-rotenone (27). It was at first
supposed that rotenol was the aleohol corresponding to rotenone
(3) because no ketone derivatives of rotenol could be obtained
by the usual methods. Evidence for the presence of the carbonyl
group was furnished by the fact that isorotenol, which differs from
rotenol only in the arrangement of the benzofuran system, was
reduced by Clemmenson’s method to desoxyisorotenol (14).
Later Takei succeeded in obtaining an oxime from rotenol (49).
By peroxide oxidation rotenol, or the corresponding tetrahydro-
rotenol (dihydrorotenolic acid), yields netoric acid C;;H.Os (5,
39), in all probability to be represented by the formula XXVIII
(25).

COOH
H/

C
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Rotenol yields isotubaic acid on alkali fusion in much larger
quantities than any other rotenone derivative (13). Both derri-
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tol methy! ether and rotenol give all the characteristic reactions
(isomerization to iso derivatives, cleavage of the oxide ring on
hydrogenation, with loss of an asymmetric center and formation
of a phenolic hydroxyl group and reduction to dihydro and
tetrahydro derivatives) of those rotenone derivatives which are
concerned with the dihydrobenzofuran system.

By the action of alkaline ferricyanide, a dehydrorotenol (14,
10, 25) is obtained which is isomeric with rotenone, and which is
easily reconverted into rotenol by zinc alkali reduction. The
structure of dehydrorotenol is as yet unexplained, but it seems
to be unrelated to dehydrorotenone.

Rotenol results from the reduction of the unsaturated inter-
mediary product (XXIV-A), which is formed with loss of an
asymmetric center and is represented by the formula XXIX,

o
|
c—————'c—/\‘
CH0 CH: HO \\/\
lCHz l 0 /CH2
CH,0
VANV S e
H '\
CH,
XXIX

Corresponding formulas with suitable arrangements in the benzo-
furan nucleus apply to its derivatives, iso-, dihydro-, and tetra-
hydro-rotenol. Isorotenol and tetrahydrorotenol, which have no
other asymmetric center, are therefore racemic mixtures.

- ISOMERIC CARBONYL DERIVATIVES OF ROTENONE

Two types of carbonyl derivatives are obtained from rotenone.
When its oxime or hydrazone is prepared in acid solution the
normal derivatives are obtained. If, however, the reaction is
carried out in alkaline solution, isomeric compounds result which
are soluble in alkali and exhibit the properties of phenols (3).

The formation of these phenolic carbonyl derivatives.is best
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explained with the assumption that the oxidic linkage of the
dihydrobenzo-y-pyrone system is first hydrolyzed, as is repre-
sented by the first step in the formation of derritol and rotenol.
The carbonyl derivative of the intermediary compound of formula
XXIV then rearranges, with loss of one mole of water to form the
phenolic isocarbonyl derivative (XXX).

The reactions resulting in the formation of rotenone isoxime
may be illustrated as follows:

0 0
H | H |
c———(lz——/ c\—\———o—[/
| |
HC—O HCOH HO\
‘ | -K + H:0 ’ | \ _+ NHOH
[ CH, CH, - 2H,0
N /\O/
Rotenone XX1V
H s
c—<C
N EC—IHV HO
T
CH,
N\ S
0
XXX
Dehydrorotenone

A number of mild oxidizing agents convert rotenone into de-
hydrorotenone with the loss of two hydrogen atoms from the
dihydro-y-pyrone system, and corresponding dehydro compounds
are obtained from all derivatives which contain the dihydro-v-
pyrone system, for example, from isorotenone (XII), dihydro-
rotenone (XIII), and g-dihydrorotenone (XV).

For reasons which will be presented dehydrorotenone is ex-
pressed by formula XXXT (24, 5, 50, 36).
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CHaO
o)

I
cHO— NN

H, k O CH,
7
HzC’_C—'C
H N\
CH,
XXXI

Dehydrorotenone is optically active, but isodehydrorotenone
is inactive (3). Since it has already been demonstrated that an
asymmetric center is lost in the process of isomerization, it is
apparent that the remaining asymmetric centers are lost in the
formation of the dehydro compounds. The combination of the
two reactions leads to an optieally inactive compound (3). Simi-
larly the catalytic reduction of dehydrorotenone with opening of
the oxidic linkage of the dihydrobenzofuran grouping, a reaction
which also involves the loss of a center of optical activity, leads
to an optically inactive compound, dehydrodihydrorotenonic
acid® (tetrahydrodehydrorotenone) (XXXII) (15).

CH 30

HzC"’CH2—CH

CH;
XXXII

The most convenient method for preparing the dehydro com-
pounds is by the action of iodine and alkali acetate on an alcoholic

5 It has not been possible by any means to reduce the double bond in the v-py-
rone system of dehydrorotenone.
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solution of rotenone, iso- or dihydro-rotenone (3, 27). Some of
the dehydro compound is obtained directly, but the main product
of the reaction consists of the acetate of a hydroxy derivative
(27). By this process, rotenone yields acetylrotenolone. Ro-
tenolone, obtained on saponification of the acetyl compound, is
represented by the formula Cg3Hy05, and is to be regarded as a
hydroxyrotenone. Its formation is explained by a process of
iodine substitution at one of the labile hydrogen atoms of the
dihydro-v-pyrone system, followed by reaction of the iodo
compound with the alkali acetate.

Rotenolone, which is represented by the formula XXXIII S is
easily dehydrated by alcoholic sulfuric acid to dehydrorotenone
(XXXI) (27).

CH,0O
oV
CH 30_
H |
0}{/\0/\/\ ox
2 ‘ I / 2
HzC—C——C\
H

CH,

XXXIIT

Corresponding formulas apply to iso-, dihydro- (27), and 8-
dihydrorotenolone (9), all of which have been obtained by the
same process.

Dehydrorotenone is converted by alcoholic alkali, or zine and
alkali with addition of two molecules of water, into derrisic acid
of formula XXXIV (3, 24).

¢ It is possible that the hydroxyl group is on the other asymmetric carbon
atom of the dihydro-y-pyrone ring and there also exists the possibility of eis-trans
isomerism. Either of these theories could explain the existence of the isomeric
rotenolone derivatives which have been observed (31).
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XXXI

CH,0 0
fl
b

|
CHSO_/\_—T>——CH2_C_—[/\I

|
OCH,COOH HO\_"\\

o CH,
N
H,C—C—C
H N\
CH3

XXXIV

Derrisic acid stands in close relation to derritol (XXIII). Its
ethyl ester is obtained by substitution of the CH,COOC,H; group
on the reactive phenol hydroxyl (25). It has been shown to con-
tain a free phenol group which gives a color reaction with ferric
chloride, and which may be acetylated (3). Iso- and dihydro-
derrisic acids are obtained by the same reaction from iso- and
dihydro-derritol.

Like all rotenone derivatives containing the dihydrobenzo-y-
furan grouping with the unsaturated side chain, derrisic acid is
hydrogenated to tetrahydroderrisic acid of the formula XXXV
(24).

0
H, [
| |
CHO\ J—OCH;CO0H HO i

NS ? \/\OH ox
3

| /

HzC_C_C

H, H\

CH3

XXXV
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The same compound is also obtained by alkaline hydrolysis of
dehydrodihydrorotenonic acid (tetrahydrodehydrorotenone)
(XXXIT) (31, 24), the reaction being the same as that involved
in the formation of derrisic acid from dehydrorotenone.?

Tetrahydroderrisic acid is methylated to the methyl ester of
monomethyltetrahydroderrisic acid (XXXVI) which is alkali-
insoluble (24).3

CHso_l/ ‘ < m

N4 CH

HgC—C——C
H, H\

CHg
XXXVI

By the action of acetic anhydride and anhydrous sodium ace-
tate, tetrahydroderrisic acid (XXXYV) is converted by dehydra-
tion and acetylation into the monoacetyl derivative of dehydro-
dihydrorotenonic acid (tetrahydrodehydrorotenone) (XXXVII)
(24), from which the acetyl group is easily removed.

(CH,CO):0
OH

CHsO — /
N \O/ H,C—CH,—CH

CHs

CH,

XXXV

7 In this as well as in other instances the reductive cleavage of the oxidic link-
age of the dihydrobenzofuran system can be effected either before or after some
other reaction has been performed, and the same end product is-obtained in each
case.

& All rotenone derivatives which contain only one diortho-substituted phenolic
group (position 6) are difficultly soluble in alkali and are not easily methylated.
For example, rotenol and derritol methyl ether.
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CH,0
N0
CH30~< ‘
I/\l/ AN (ﬁ
| |
LY 0C—CH, ¢y
H.
H,C—CH,—CH
CH,
XXXVII

By the same treatment, derrisic acid (XXXIV) is converted into
dehydrorotenone (XXXI), the reaction being the reverse of that
involved in the conversion of dehydrorotenone into derrisic acid
(24). These relations are expressed by the formulas in the
following chart:

CyHyOs + 4H —— C1:H240,
Dehydrorotenone Dehydrodihydrorotenonic acid
+ 2H,;0 l I - 2H,0 + 2H,0 l T — 2H.0
CH1Os + 4H —— C23Has0s
Derrisic Tetrahydroderrisic acid
acid

The methyl ester of methyltetrahydroderrisic acid (XXXVI) does
not undergo ring closure when treated with acetic anhydride and
sodium acetate but is simply converted into the 6-acetyl deriva-
tive (24). The free acid is, however, dehydrated by the same
treatment, yielding 4-methyldehydrodihydrorotenonic acid (4-
methyltetrahydrodehydrorotenone), which is identical with the
product obtained on methylation of dehydrodihydrorotenonic
acid (XXXII) (24).

The structure of derrisic acid has also been determined inde-
pendently of its relation to derritol.

On oxidation of derrisic acid with hydrogen peroxide in alkaline
solution, derric acid, of the formula C;;H,.0, a dibasic acid con-
taining two methoxyl groups and one unreactive oxygen atom, is
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obtained (29). Permanganate oxidation converts derric acid
into its next lower homologue, risic acid, of the formula C,;H,,0-
(30). Risic acid melts with evolution of gas, and on continued
heating is converted with the loss of one carboxyl group into the
monobasic decarboxyrisic acid of the formula C,.H;.05 (22, 47).
The structure of decarboxyrisic acid has been established as
XXXVIII by its synthesis from 3, 4-dimethoxyphenol, which
process involved the substitution of the CH,COOH group on the
phenol hydroxyl by means of iodoacetic ester (22).

On treatment with phosphorus pentachloride, decarboxyrisic acid
yields a monochloro acid of the formula C,,H;,05- Cl (22).
The formula for risic acid has been established as XXXIX (22),

CH,0 1/ COOH
CH,0 N4 OCH,COOH
XXXIX

Risic acid has been synthesized from 2-hydroxy-4, 5-dimethoxy-
benzoic acid (XXI) (50) by the same process as that employed
for the synthesis of decarboxyrisic acid. It has also been pre-
pared synthetically by the following steps (36).

CH,0 cro N\ ' cHO CHO/ \CHO cmo” \coon
— — |
CHO ) OH CHO t/ 0OH CH,0 K J OCH:CO0C,H; CHO\ OCH,CO0H

Risic acid is converted by dilute nitric acid into nitrodecarboxy-

risic acid (XL) (22),
CH,0 /W NO;
CH,0 k / OCH,COOH
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This reaction is analogous to the behavior of asaronic acid, which
is converted by the same reagent into 2, 4, 5-trimethoxynitro-
benzene.

CHSO COOH CH;0O

NO,
’ + CO,

+ HNO; —
CH;,0 / OCH3 CH;O \ OCH;

Risic acid is obtained directly from dehydrodihydrorotenonic
acid (XXXII) by peroxide oxidation (31), the oxidation taking
place at the double bond as well as at the carbonyl group. The
formula for derric acid (XLI) can be deduced from those of its
degradation products, reasoning from the fact that homoasaronic
acid (XX) is obtained from derritol methyl ether (XXV) (22).

CH,0 CH,COOH
CHO OCH,COOH
XLI

Derric acid has been synthesized through the following series of
intermediary compounds (36):

cHO 7 N\ CH30 CHO CHao / \W CHO
—_
CHO\ OH ‘CH,0 t /OH CHao \_ 0CH:CO0H
CsHa
H N—C
Cc=C
CHO| g%  cmo /w CH:COCOOH
— -
CH,0 '\/ OCH,COOH CH0\_/OCH;CO0H
cr0/” N\ CH.CO0H
CHO\_/ OCH,CO0H

XLI
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With the structure of derrisic acid and its relation to dehydroro-
tenone established, the nature of the groupings which compose
the skeleton of the rotenone molecule could be deduced.

REACTIONS INVOLVING THE DIHYDROBENZOPYRAN SYSTEM

Rotenone is oxidized by chromic acid (42) or by nitrous acid
(3) to rotenonone, a yellow compound of the formula C,H,:0;,
(29); analogous compounds are obtained in the same manner
from iso- (50), dihydro- (29), and g-dihydro-rotenone (9), as
well as from dihydrorotenonic acid (29). It is apparent that the
first step of this oxidation process consists in the formation of the
dehydro derivatives, because rotenonone and its analogues are
also obtained from the corresponding dehydro compounds (29).

Rotenonone was at first supposed to be a 1, 2-diketone formed
by the oxidation of a methylene group adjacent to a carbonyl
group (3). From the formula (XXXT) for dehydrorotenone, it is
apparent that oxidation of the methylene group in the benzopy-
ran system (B, formula I) to a carbonyl group is the only plausible
explanation for the formation of rotenonone. This change from
a benzopyran to a benzo-e-pyrone system results in the formation
of a coumarin derivative and rotenonone is, therefore, to be
represented by the formula XLII (5, 50, 23).

1 i
- C
(o) \e 4
AVAVANAN
O CHg
I |/
0 HC—C—C
H N\
CH,
XLII

Rotenonone and its analogues are therefore lactones and as such
are hydrolyzed to hydroxy acids (42, 29). Rotenonone itself is
converted by the action of alkali into rotenononic acid of the
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formula Cy,H;005 (29). By energetic alkaline hydrolysis, roteno-
none or rotenononie acid is further cleaved with the formation of
derritol and oxalic acid (50, 5, 23).

CHa? ﬁ
C
CH30—<___ AN . /\
\ 0 l 0 CH.
| Va
H,C—CH—C
AN
CH;
CH;0O 0
/’—j |
CHgo—\_; ——C——C\ +([300H
OH HO , COOH
‘ 0 CH,
| Y
H,C——CH—C
CH,

By the reverse process, rotenonone has been synthesized by the
action of chloroxalyl ethyl ester on derritol (23).
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It was first supposed that rotenononic acid was the primary
product resulting from simple hydrolysis of the coumarin ring
present in rotenonone, to be expressed by the formula XLIII.

CH,0 (ﬁ
CH30—<:: " —0—C— N
7 |
og ©° VAN
COOH | C|’ /CH*
H,C—C—C
H \
CH,
XLIII

This formula however fails to explain certain experimental facts.

By oxidation of rotenononic acid, together with tubaic acid,
the dibasic abutic acid, C;;H,,05, is obtained. Abutic acid con-
tains two methoxyl groups and an indifferent oxygen atom and
is to be expressed by formula XLIV (50).

CH,0 /\l—c—coon

|
CH:O\ _,0—C—CO0H
XLIV

The formation of abutic acid is accounted for by the theory of
Takei (50), that the primary product of hydrolysis of rotenonone
(XLII) is further hydrolyzed to the intermediary compound
XLV. A new ring closure then occurs as indicated below. For-
mula XLVI should, therefore, be assigned to rotenononic acid
(50).

0
I
o—o——""\
/|(IZOH Ho| 1 H;0
CH;0 o
3 (lJOOH \'/\O CHz —_
CHO\ /OH |  /
H,C—C—C
H \
CH,

XLV
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CHL0 /\J __ﬁ_c__l/ N
CHO \/\O/C\ VAN

COOH ‘ (0] CH,
N
H,C—C—C
H \
CH;

XLVI

Abutic acid (XLIV) is obtained by oxidation of XI.VI.
Rotenononiec acid (XLVI), in acid solution, changes over into
an isomer of rotenonone, g-rotenonone, of the formula XLVII,

(0]
CH;0 \ C—g {
CHO /’\O/Q*ﬁ—o‘i\ N

o o CH
N
H,C—C—C
H N\
CH,
XLVII

This g-rotenonone rearranges in weak alkaline solution through
the intermediary compound XLV to rotenonone (XLII) (50).
Rotenononic acid is easily methylated by dimethyl sulfate or
diazomethane to its methyl ether methyl ester (50, 23), which is
represented by formula XLVIII.

o
|

CH;0 ‘ F C ’1 2 3‘
|
mol N o meot
0

COOCH, ‘ ? /CH‘
H,C—C—C

H \

CH,

XLVIII
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The corresponding acid is obtained by saponification of the
ester (23). The methyl ester of methylrotenononic acid is hy-
drogenated to the phenolic alkali-soluble tetrahydro derivative
with the opening of the oxide ring in the dihydrobenzofuran
system (23).

It is remarkable that the phenolic hydroxyl group of roteno-
nonic acid in position 6 is methylated by dimethyl sulfate, because
no other derivatives, such as rotenol, derritol methyl ether, and
derrisic acid, which have a free hydroxyl in this position, can be
methylated by this reagent. It appears, however, that the meth-
oxyl group in position 6 is easily saponified by alkali. The
methyl ether of rotenononic acid yields derritol by energetic
alkaline hydrolysis and is partly reconverted by milder alkaline
treatment into rotenonone. These facts strongly support the
formula XL VI proposed by Takei for rotenononic acid. On the
other hand, formula XLIII for rotenononic acid is excluded, since
its methyl ether, which would have a methoxyl group in position
2’ would yield by alkaline hydrolysis, derritol methyl ether
(XXYV), which is itself unaffected by prolonged boiling with
strong alkali.
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