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185. The Chemistry of Fungi. Part VI. Rosenonolactone from
Trichothecium roseum ILink.

By ALEXANDER RoOBERTSON, W. R. SmitHIES, and ERIc TITTENSOR.

From the dried mycelium of the mould grown on a Czapek—-Dox medium two crystalline
lactones, rosenonolactone and rosonolactone, have been isolated of which the former is produced
in larger amount. Rosenonolactone is a levorotatory, unsaturated, ketonic lactone, in all
probability having empirical formula C, H,O;, which on hydrogenation yields dihydrorosenono-
lactone and on treatment with alkali is transformed into ¢sorosenonolactone which on hydro-
genation yields dihydroisorosenonolactone identical with the alkali transformation product
from dihydrorosenonolactone. Ozonolysis of rosenonolactone gives rise to an acid and form-
aldehyde, indicating the presence of a vinyl group. Oxidation of sodium rosenonate
with potassium permanganate yielded an acid, CyHgyO;4, which on decomposition with alkali
gave rise to a ketone, C,yH,4O, and a dibasic keto-acid, C;4H;,0;. The ketone has been
degraded to a ketonic acid, C,oH,40;, and to an acid, C;oH,30,.

IN the course of studies on the antibiotic activity of fungi, a vigorous specimen of Trichothecium
roseum Link was isolated in pure culture from decaying apples. This organism, which is the
cause of “ pink rot” in the fruit and was identified for us by Professor Joh. Westerdijk of
Baarn, is known to exhibit considerable antagonistic activity towards other fungi (e.g., Whetzel,
Ont. Nat. Sci. Bull., 1909, 5, 3; Brian and Hemming, J. Gen. Microbiol., 1947, 1, 158), and an
examination of its growth under a variety of conditions and of the metabolic products formed
seemed to be of considerable interest. As a result it has been found, inter alia, that the mycelium
ot this organism grown on a simple Czapek-Dox medium contains in addition to mannitol two
new water-insoluble lactonic substances, m. p. 214° and m. p. 186°, respectively, of which the
former is produced in a considerably larger yield than the latter. In view of the recent communi-
cation by Freeman and Morrison (Nature, 1948, 162, 30) announcing the isolation of the specific
antifungal principle from the metabolic liquor of T. roseum Link, grown on a modified Czapek—
Dox medium, we wish to record the results of our studies on the chemistry of the chief mycelial
coustituent, m. p. 214°, isolated in this laboratory in 1946.

The lactone, m. p. 214°, has been found to be a leevorotatory, unsaturated ketonic compound
for which the analytical results, together with those of its derivatives and transformation
products, indicate that the compound, for which we propose the name rosenonolacione, has in
all probability the empirical formula C,oH,zO,, although the formula C,,H,4O; is not entirely
excluded. For the present we have adopted the former C,, formula for the lactone, which
readily forms an oxime, a semicarbazone, and a 2 : 4-dinitrophenylhydrazone. On hydrogenation
with hydrogen and a palladium-—charcoal catalyst, the substance rapidly absorbed one molecule
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of hydrogen, giving rise to a dihydro-derivative, dihydrorosenonolactone, CygH,,0,, which like
the parent compound retains the ketonic group and yields an oxime, a 2 : 4-dinitrophenyl-
hydrazone, and a semicarbazone. That the reactive ethylenic linkage in rosenonolactone is
present in a vinyl group is shown by the fact that on ozonolysis the compound gives rise to
formaldehyde and a carboxylic acid, C,3H,;04(CO,H). In the course of experiments designed
to test for the presence of a lactone group in rosenonolactone, which is insoluble in aqueous
sodium carbonate and in cold aqueous sodium hydroxide, it was found that, on being heated with
aqueous alcoholic sodium or potassium hydroxide, the compound dissolves, forming a solution
which remains clear on dilution with water before or after evaporation of the alcohol and on being
kept does not deposit solid. Acidification of this solution with mineral acid gives an almost
theoretical yield of the isomeric lactone, isorosenonolactone, CyH,40jq, in which the keto-group
is intact since the compound readily forms an oxime and also a 2 : 4-dinitrophenylhydrazone
apparently identical with the corresponding derivatives obtained under the same conditions from
the parent lactone. When the hydrolytic isomerisation is effected with a known amount of
the reagent, the titration of the excess with standard acid and phenolphthalein as an indicator
shows that isorosenonic acid is present as a monosodium salt. By conversion of this salt into
the corresponding silver salt and treatment of the latter with methyl iodide in boiling acetone,
methyl isorosenonate was obtained. isoRosenonolactone retains the ethylenic bond present in
the parent lactone, and on hydrogenation gives rise to a dextrorotatory dihydro-derivative,
dikydroisorosenonolactone, CogH 04, identical with the compound formed by the action of boiling
aqueous-alcoholic sodium hydroxide on dihydrorosenonolactone, clearly showing that the
ethylenic linkage is not concerned in or necessary to the conversion of rosenonolactone into its
isomeride. Prepared by either route, dihydroisorosenonolactone gave the same oxime and
2 : 4-dinitrophenylhydrazone and was converted into methyl dihydroisorosenonate by way of
the silver salt. Contrary to expectation, prolonged action of acetic anhydride-pyridine on
isorosenonolactone gave a product which appears to be a monoacety! derivative and which on
treatment with a warm aqueous-alcoholic sulphuric acid solution of 2 : 4-dinitrophenylhydrazine
sulphate was deacetylated giving rise to the 2 : 4-dinitrophenylhydrazone of isorosenonolactone.
Similarly, dihydroisorosenonolactone yielded a momnoacetyl derivative. In both cases these
derivatives are in all probability obtained from the enolic form of the respective ketones.

On being boiled with alcoholic hydrochloric acid, rosenonolactone gives rise to two isomeric
compounds (A) and (B) in addition to isorosenonolactone, a reaction which presumably proceeds
by way of the latter substance since under the same conditions it gives (A) and (B) along with
some unchanged material. In both cases (A), which is a neutral ketonic lactone and which we
have named allorosenonolactone, is the main product of the reaction and only small amounts of
(B) have been obtained. Unlike allorosenonolactone, the latter substance is readily soluble in
aqueous sodium hydroxide or sodium carbonate but does not appear to react with sodium
hydrogen carbonate; so far, however, we have no evidence that the compound is phenolic.
Interaction of allorosenonolactone with warm alcoholic 2 : 4-dinitrophenylhydrazine reagent
gives rise to a 2 : 4-dinitrophenylhydrazone identical with the compound formed from rosenono-
and isorosenono-lactone under the same conditions. It seems reasonably certain, therefore,
that in the acid medium employed in the preparation of the 2 :4-dinitrophenylhydrazone
rosenono- and isorosenono-lactone undergo isomerisation to allorosenonolactone which then
reacts to give the hydrazone. ‘

‘When rosenonolactone, isorosenonolactone, or either of the dihydro-compounds was boiled
with 509, alcoholic potassium hydroxide or fused with potassium hydroxide, traces of a volatile
ketonic neutral compound were obtained which had a characteristic menthone-like odour.
Similarly, oxidation of rosenono- or of isorosenono-lactone gave rise to traces of the same
steam-volatile odoriferous compound, which was finally obtained in quantity by the following
route. Oxidation of sodium dihydroisorosenonate with potassium permanganate in aqueous
sodium carbonate gives rise to an acid, C,,H;,0;, which appears to contain the carbon skeleton
intact. Though we are satisfied that this acid retains at least one carbonyl group, we have not
yet succeeded in isolating a stable functional ketonic derivative. On attempting to acetylate
this compound by the pyridine method at room temperature, an anhydro-derivative, CyH,30,,
was obtained, which retains the carboxyl group of the parent substance intact, being readily
soluble in aqueous sodium hydrogen carbonate. Although the parent acid appears to be
reasonably stable to warm alcoholic sulphuric acid, it is gradually decomposed with warm, more
slowly with cold, aqueous sodium hydroxide, giving rise to the required ketone and an acid.
The latter compound, which forms a 2 : 4-dinitrophenylhydrazone, appears to be a dibasic acid,
probably C,,H,,O;, titrating potentiometrically with only one inflexion in the curve, a result
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which would seem to indicate that the carboxyl groups may be symmetrically placed in the
molecule and do not interfere with each other. From its composition and the absence of a
double bond it appears that this acid is a cyclic compound, but a study of its counstitution is
reserved for a later communication. With diazomethane the compound formed a liquid
neutral dimethyl ester which was readily characterised by the formation of a semicarbazone.

Unlike the parent acid C,,H4,O;, the anhydro-compound appears to be stable to warm
aqueous sodium hydroxide and does not give the ketone C,;oH,O.

The ketonic substance C,oH, O, which is isolated as a volatile oil, forms a well-crystallised
oxime and a semicarbazone, the analytical results of which clearly indicate that the parent
ketone has the empirical formula C;,H,;,0. From C-methyl estimations on the semicarbazone,
the compound probably contains at least two C-methyl groups and, since it appears to be
saturated, it is clearly a cyclic ketone, as is suggested by its smell. In attempts to obtain
further information regarding the structure of this compound, the oxime was submitted to the
Beckmann rearrangement but the exact nature of the product has not yet been defined.
Oxidation of the ketone with selenium dioxide in boiling acetic acid (but not in xylene) gave rise
to a product from which a small amount of an acid was obtained, probably having the empirical
formula C,oH, O, rather than C,,H,,0, or C,,H,,0,, a result which would seem to indicate that
the oxidation has effected the opening of a ring system containing the keto-group. In this
connection it may be noted that this acid gave a fluorescein reaction more closely resembling
in this respect the behaviour of «B-dimethylsuccinic acid rather than glutaric or adipic acid. On
the other hand, prolonged treatment of the ketone with ozone and oxygen according to the
procedure employed for cyclohexanone by Stoll and Scherrer (Helv. Chim. Acta, 1930, 13, 142)
gave rise to an oily keto-acid which gave an iodoform reaction and was characterised by the
formation of a semicarbazone, the analysis of which indicated that the parent keto-acid had the
formula C,oH,0,.

The transformations of rosenonolactone and its derivatives may be summarised as follows :

H,
Rosenonolactone Cy,H, O, — Dihydrorosenonolactone CyyH3,0,4

! |

isoRosenonolactone CyoH,30; ———> Dihydro¢sorosenonolactone CyH;,0,4

{ |

alloRosenonolactone C,(,Hz'sO:, and Acid CyyHyO5
Compound (B) C,,H,0, |

\4 v

Keto-acid C;)H,;0; <— Ketone C;,H,;0 Keto-dibasic acid C,,H,,054

The oxidation of the cyclic ketone C,oH,,0 to a keto-acid C,,H,0;, giving an iodoform
reaction, suggests that the parent compound may well be of the type (I) giving the oxidation
product type (IT). Although definite proposals regarding the mode of linking of the C,, residues
in the acid CyH3,O; must await the definition of the structures of these units, it would seem
probable that the C,, residue, appearing as the keto-dibasic acid C,,H,,O; and originally

——CHMe—CO ——COMe CO,H
(1) Me—(C.H,) | Me—(C,H,) [ (IL)
)= L——2cH,
~?h’[ﬁCO— —DMe Me—C— —DMe
(I11.) CH,0 | < ceH,0 (Iv)
—CO CH,< —CO,H —Co C< —CO,H

carrying the lactone system of dihydroisorosenonolactone, must contain either an unreactive
double bond or a dicyclic system. Further, the scission of the acid Cy,H,,0; by alkalis could
arise from the kind of system expressed in (III), and the dehydration of (I1I) to give an anhydro-
compound no longer affected by warm dilute alkalis might be due to the condensation of a
keto-group with an active methylene group as in (IV). In view of the fact that, like dihydro-
isorosenonolactone, the parent lactone and its isomeride give rise to the ketone C,;H,;O on
degradation, it is clear that the double bond and consequently the vinyl group in rosenonolactone
are situated in the residue giving the keto-dibasic acid C,,H,,0;.

From the waxy residue left after the separation of rosenonolactone from the crude mycelial
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extract, a small amount of a second lactonic, slightly leevorotatory compound has been obtained,
m. p. 186°, which does not appear to contain a reactive double bond or a reactive carbonyl group.
For this compound, which appears to have empirical formula C,H;,0,, we propose the name
rosonolactone, but the quantity of material available so far is insufficient for studies on its
degradation.

EXPERIMENTAL.

Rosenonolactone.—A culture of Trickothecium roseum Link, syn. Cephalothecium roseum Corda, was
isolated from a decaying apple in 1946 and stocks have been maintained on beer-wort agar slopes. In
the present investigation, the cultivation of this mould, the growth of which is stimulated by the presence
of corn-steep liquor or extract of peas in the medium, was studied with a view to producing optimum
yields of the two crystalline metabolic products which had been isolated from the dried mycelium in the
course of preliminary experiments. It was ultimately decided that the most satisfactory yields were
obtained by employing the simple Czapek-Dox medium (pH 4-2) composed of sodium nitrate (2 g.),
potassium chloride (0-5 g.), magnesium sulphate (0-5 g. of heptahydrate), ferrous sulphate (0-01 g. of
heptahydrate), potassium dihydrogen phosphate (1 g.), and glucose (30 g.) in tap-water (I 1.)
and inoculating with an aqueous suspension of spores produced on beer-wort agar. A thin mat of
mycelium was grown on a shallow layer of medium (150 c.c. over an area of about 25 sq. cm.) at room
temperature (15—18°) during 14 days, fresh sterile medium was added to make up the volume to approx-
imately 1 1., and then growth was allowed to proceed at room temperature for a further 3 weeks. The
faintly pink mycelium, coloured salmon-pink on the lower side, was collected, washed, dried, powdered,
and extracted in a Soxhlet apparatus with ether; the yield of dried mycelium perl. of medium was 5-8—
6-5 g., from which approximately 0-217 g. of the rosenonolactone was obtained. After having been
exhaustively extracted with ether, a sample of the mycelium was extracted with acetone and on
evaporation of the solvent mannitol was obtained, forming needles, m. p. 166°, from aqueous alcohol
or acetone, identical with an authentic sample. The hexa-acetate had m. p. and mixed m. p. 122°
Subsequently it was found that the mould could be cultivated directly on deeper layers of medium.

The product (mixed with fatty material) obtained by evaporation of the ethereal extracts was warmed
with alcohol, and the insoluble rosenonolactone collected. Recrystallised from benzene and then
alcohol or from benzene only, this compound formed colourless squat prisms, m. p. 214°, [«]¥° —107-5°
(¢, 12 in chloroform), moderately soluble in cold ethyl acetate, chloroform, or acetone, sparingly soluble
in cold alcohol, benzene, ether, and boiling light petroleum, and insoluble in water {Found : C, 75-8; H,
8-6; M (Rast), 361-3. CypH,sO;requiresC, 75-9; H, 8:9%,; M, 316-4]. The 2: 4-dinitrophenylhydrazone
formed orange-yellow needles, m. p. 236° (decomp.), from alcohol (Found : C, 62-8; H, 6:0; N, 11-7.
C,¢H,,04N, requires C, 62:9; H, 6-5; N, 11-39,). Prepared by the pyridine method at room temperature
or by the sodium acetate method in boiling alcohol for 2 hours, the oxime separated from alcohol in
colourless elongated prisms, m. p. 212°, which on admixture with original compound had m. p. 165—185°
(Found : N, 4-4. C,H,,O;3N requires N, 4-29,).

Rosonolactone.—The residues from the solutions left on the separation of the crude rosenonolactone
fraction, consisting mainly of waxy and fatty material, were triturated with methanol which dissolves
the fat and waxy product, leaving rosonolactone together with small amounts of rosenonolactone. This
residue was extracted with boiling methanol or 909, alcohol, and the extract filtered from a little undis-
solved rosenonolactone. The solid which was obtained by evaporation of the filtrate was repeatedly
treated in the same manner until all the rosenonolactone had been removed. Finally, rosonolactone was
crystallised from 909, alcohol or from light petroleum, forming colourless rod-like prisms, m. p. 186°,
[a]¥° —3:0° (¢, 1 in chloroform) (Found: C, 75-8, 757, 75-9; H, 93, 9-5, 9-6. C,H; O, requires C,
754; H, 9-5%). This compound is considerably more soluble in the usual organic solvents than
rosenonolactone. On being boiled with aqueous-alcoholic sodium hydroxide the lactone dissolves, and
on evaporation of the alcohol and dilution of the residue with water a clear solution is obtained which only
deposits the lactone after having been acidified with hydrochloric acid.

Dikydrovosenonolactone.—Hydrogenation of rosenonolactone (5 g.), dissolved in ethyl acetate (800 ml.),
with hydrogen at atmospheric pressure and a palladium-charcoal catalyst (from 1-5 g. of charcoal and
0-15.g. of palladium chloride) was complete in 30—40 minutes. Evaporation of the filtered solution
gave the dikydro-compound (49 g.), m. p. 181-—182°, which on recrystallisation from alcohol formed
elongated prisms, rather more soluble than the parent substance in the usual organic solvents, m. p.
183°, [a]¥" —106-0° {c, 1 in chloroform) (Found : C, 75-4; H, 9-3. C,H;,0, requires C, 75-4; H, 9-5%).
Estimation of C-methyl gave 11-49,, whereas C; H,,0;Me, requires 9-4%, and C,,H,,0;Me; requires
14-19,. The oxime separated from dilute alcohol in colourless needles, m. p. 250° (decomp.) (Found :
N, 4:5. C,H;,03N requires N, 4-29,), and the semicarbazone from the same solvent in colourless prisms,
m. p. 205—207°. The 2 : 4-dinitrophenylhydrazone formed tiny yellow needles, m. p. 250° (decomp.),
from alcohol-benzene (Found : N, 11:7. C,;H;,O4N, requires N, 11-3%).

Action of Alcoholic Sodium Hydroxide on Rosenonolactone.—When the lactone (5 g.) was boiled with
59, alcoholic sodium hydroxide (50 ml.) for } hour, and the solution cooled and acidified with dilute
hydrochloric acid, isorosenonolactone was obtained in colourless, rod-like prisms (4-9 g.), m. p. 140—142°,
which on recrystallisation from dilute alcohol had m. p. 144°, [a]%" 4-20-0° (¢, 15 in chloroform) [Found :
C,75'9; H, 88; M (Rast), 325. C,,H,;0,requires C, 75-9; H, 8:99,; M, 316-4]. When the hydrolysis
is conducted with a measured excess of alcoholic alkali and the excess titrated with phenolphthalein as
an indicator, after the completion of the reaction the results indicated that 1 equiv. of sodium hydroxide
is required in the formation of the sodium salt of the acid.

For the preparation of the methyl ester of the acid from isorosenonolactone, the compound (1 g.) was
heated under reflux with 0-5N-alcoholic sodium hydroxide (7 ml.} for } hour, the alcohol was distilled off,
the residue was treated with water (150 ml.), the cooled solution was filtered to remove traces of unchanged
isorosenonolactone, and the liquor treated drop-wise with silver nitrate solution (0-7 g. in 5 ml. of water).
The resulting insoluble silver salt was collected, washed with methanol, and boiled with acetone
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(100 ml.) and methyl iodide (2 ml.) for 1 hour. Evaporation of the filtered solution and treatment of the
residue with water precipitated the methyl ester, which formed colourless needles, m. p. 157—158°,
from dilute methanol [Found : C, 72-2, H, 9:7; OMe, 7-0 CyH,,03(OMe) requires C, 72-4; H, 9-3;
OMe, 9-09,].

Intera{?’c]ion of isorosenonolactone with excess of hydroxylamine hydrochloride and pyridine at room
temperature for 3 days gave the oxime, which separated from aqueous alcohol in elongated colourless
prisms, m. p. 180—I181° (Found: N, 4-5. CyH,eO;N requires N, 4-2%). The 2: 4-dinitrophenyl-
hydrvazone formed yellow elongated prisms, m. p. 231° (decomp.), from 909, alcohol (Found : N, 11-8.
C,¢H3,04N, requires N, 11-39,).

Interaction of isorosenonolactone (0-4 g.), acetic anhydride (2 ml.), and pyridine (2 ml.) at room
temperature during 4 days gave an acety! derivative (0-4 g.), forming colourless needles, m. p. 183°, from
dilute alcohol, [a)2° —47-0° (¢, 1 in chloroform) (Found : C, 73-7; H, 8:4; CH;CO, 12:9. CyH,0,
requires C, 73-7; H, 84; CH,*CO, 12:09%). Interaction of this compound in alcohol with a warm
dilute sulphuric acid solution of 2:4-dinitrophenylhydrazine sulphate gave rise to the 2: 4-dinitro-

I osenunolactone, m p. 31° (decomp.) after purification.

sehloric Acid o:r Resenono- and 1soRosenono-lactone.—A solution of rosenono-
1 (50 ml., prepared by diluting concentrated acid with
hours, and on being basified with 2N-aqueous sodium
ad crystalline material. This product was fractionally
e main crops : (1) slightly impure rosenonolactone, m. p. 206—206°;
ssenoneclasione (A). tormed prisms (0-1 g.), m. p. 216°, after repeated recrystallisation from
ot and on admixture with resenonolactone had m. p. 204—206° [Found : C, 75-9; H, 8-8; M (Rast),
s CHpO, tequirss C. 759 W, 8:83;; M, 316-4]; (3) ssorosenonolactone, m. p. and mixed m. p.
+or the alcobnlic residues Joft after separation of the crude allorosenonolactone.

it aquecus liquor leit cn fdltration of the crystalline product with carbon dioxide

(B) in ne 30 my ), . p. | 8L-—190°, which on recrystallisation from benzene or aqueous
«ad m. p. 216" and was soluble in :lilute aqueous sodium hydroxide or carbonate but not in
diuw hydropen carbonate ‘Touud: C, 75:8; H, 87. CyH,40Q; requires C, 75-9; H, 8§-9%).

¢ same coaditions icoresenono- rave allorosenonolactone, m. p. and mixed m. p. 216°, and
), p.and mixed m p. 2107 atter purificat:on, along with unchanged ¢sorosenonolactone.

Ozonolysis of Rosenonolacione.-—-A. siow stream of ozone and oxygen was passed into a solution of the
zone (0-5 g.) in anhvdrcus chloroforn (50 :1al) for 1 hour, and the solution evaporated in a vacuum.
Tiie combined residual products from vvo experiments were treated with water (200 ml.), and next day
the mixture was heated on the steam-bath for 45 minutes, part of the aqueous liquor was distilled off, and
the distsllate (50 ml.) treited with an aqueous ~olution of 2 : 4-dinitrophenylhydrazine sulphate, giving a
precipitate of formaldchyde 2@ 4-diniticphenyihydrazone, m. p. 163—164°, identical with an authentic
speciimen.  The r ral agueocus liquor in the distilling flask was repeatedly extracted with ether, and
the corthined extracts washed with diluie acueous sodium hydroxide. Acidification of the alkaline
vasuings gave an acid, which separaled from aicohol or aqueous acetone in colourless needles (0-15 g.),
m. p. 260° {(decomp.) Found: C, 68-4; H, 7-4- M (by titration), 310. C,4H,;O; requires C, 68-3; H,
7-8%; M, 334). The cxime of this acid formed prisms, m. p. 266—257°, from dilute alcohol. Mixed

/01

m.-bati
tuie

from alcohol, o

with thic parent substance this derivative meite:l at 230-—240°.
Liaydyoisorosenon.iacione.— {reatrient of dihydrorosenonolactone with warm dilute alcoholic sodium

hy3d e, rceording 1o the procedure emploved for converting rosenono- into isorosemono-lactone,
Las e tse to dikydreisorosenonelactons, which formed colourless rod-like prisms, m. p. 150°, [a]¥" +34-0°
(<, 1in chlorotorm), frem dilute ileohol, easily soluble in alcohol (Found : C, 75-4; H, 9-4. CyH,;,04
requires C, 75-4; I, 8-3%). The 2: t-dinitrcphenylhydrazone formed tiny elongated prisms, m. p.
2507 erd mixed m. p. 250° comn.}, icentical with the derivative from dihydrorosenonolactone (Found :
N, 11-7%). Acetviaticn of the iactouc with acetic anhydride-pyridine at room temperature for 4 days
gave the acelyl dcorivative, which sepurated from alcohol in colourless elongated prisms, m. p. 184°,
falh  --3+0° (6. ) ia chioroform: [Four< @ C, 73-6; H, 8-9; CH, CO, 127,  CyoH,e0,(CO-CH,) requires
G 733 H, 90 CHyCO. 12:09). Troepared by way of the sodium salt and the silver salt, the methyl
ester ol dihydroisorossnonic acid formed colourless shining plates, m. p. 165°, from dilute methanol
Found : C,72-0; H, 8:%; OMe 6-7. C,H;,0,;0Me) requires C, 72:0; H, 9-7; OMe, 8-:9%]. Hydro-
genation of isorcsenunolactone (2 g.), dissolved in alcohol (250 ml.), with hydrogen at atmospheric
pressure and a pailadism--charceal catalyst {from 1 g. of charcoal and 0-1 g. of palladium chloride) was
complete m about 30 minates and on isolation the dihydro-derivative (1-9 g.), m. p. 147°, separated
trom didate alcohol in coloutless neecles, nu. p. 150°, identical with a specimen prepared by the action of
alkali en dihydroroscnonclactone (Found : €, 75-3; H, 9-29%). The acetyl derivative had m. p. and
maixed m. p. 1849,

Oxidation of Dihy draisorosenoroiacior+ -——Hyrirogenation of rosenonolactone (10 g.) gave the dihydro-
lactone (3-8 g.}, which was huated und 1x with 0-5N-alcoholic sodium hydroxide (83 ml., 7.¢., 8:5 ml.
per g.) for # hour. Azier having been diluted with water, the alcohol was removed completely by
‘h§t11}:1t10n in a vacuum, aird the volume of the residue made up to one litre with water. Next day the
solution was fiitered to remove a smatl aruonnt of vuchanged material and divided into two equal portions.
#ach portion was shaken and treated with - ture of equal parts of powdered potassium permanganate
and arhydrous sodium carbonate added in portions of 0-1-—0-2 g, At first the permanganate was taken
up rapidly, but after 3—4 Lours, when 2-3 g. of pcrmanganate had been added, the oxidation proceeded
niuch more slowly. At this stage the: combined solutions were decolourised with the minimum amount
ot sulphur dioxide, acidiied with hy-drochloric acid, and kept for 24 hours. The white crystalline
precipitate was collected and extracteci with a little aqueous sodium carbonate , leaving unchanged
dihydroiserosencnclactens (4-22 g.), and vo acidincation the alkaline extract gave acidic material (44 g.).
‘The unchangeil dihydroisorosenonolactone was converted into the sodium salt of the acid and oxidised
with proporiionate amcunts of potassium permanganate. Eventually a combined yield of 6-28 g. of
acidic product together wiith 205 g. of unc hwngid lactone was obtained. The acidic fraction, which
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contained much gummy impurities, had m. p. 180—200° and, on crysiallisation from ethyl acetate and
then acetone, formed small colourless needles, m. p. 232°, [a}¥* +4-0° (-, ! in chloroform) (Found : C,
68-3; H, 8-5; M (by titration), 386. C,H,;O; requires C, 68:6; H, -6, M, 350-4). - ¢orapound,
which is only slightly soluble in hot water and readily soluble in aqueous sodiur: hvdrogeu carbonatc,
does not appear to react readily with semicarbazide acetate or with £ : 4-dinitrophenylhydrazine. On
treatment with ethereal diazomethane the acid gave a methyl ester, forming prisrus, m. p. 97—98°
[Found : OMe, 8:5. CyH,0,(OMe) requires OMe, 8:5%], from dilute methanol. tlempted acetyl-
ation by the pyridine method at room temperature gave an ankirdro-:lerivative which was acidic, being
readily soluble in aqueous sodium hydrogen carbonate, and formeri calousless blunt needles, m. ;+ 212
from dilute acetone (Found : C, 72:6; H, 8-5. C,H, O require: ¢, 77-3: H, &5%). Unlike the p.arent
a(éid, this compound does not appear readily to form the cyclic ketone i esponsible for the menthoae-like
odour.

A solution of the acid (1 g.), m. p. 232°, in 0-5N-aqueous sodivm L
temperature for 3 days; after a few hours the pale yellow liquid d
oily globules began to separate. The solution was diluted somewh
removed by a current of steam and then isolated from the dist:llat~ with ether. The aquecus residual
hydrolysate was acidified with dilute hydrochloricacid and extracted tLree times with ether. Evaporation
of the combined extracts left a small amount of acid which has not vet Leen investigated, The acidified
aqueous liquors were then repeatedly extracted with ethyl acetatr=, and on evaporation of ‘he uried
extracts a pale yellow crystalline acid (0-35—0-4 g.), m. p. 199--200". wa: obtained. Recrystallised fri.m
ethyl acetate, this compound formed large colourless polyhedra, in. . 205° siter sofzening at 1857,
[a)}* —28:0° (¢, 1 in water), insoluble in cold ether, benzene, or chicroform, sparingly soluble in cols
ethyl acetate or acetone, and moderately soluble in water or diozan (Fonud : C, 56+ - H, 64, C,;H,.C.
requires C, 56-1; H, 6-5%). The equivalent weight of this compaund ns determined by titration with
alkali was 87-6, but by potentiometric titration the value wa= 111, wherees the theoretical equivaleut
for two carboxyl groups is 107. In the latter titration onlr cue infiexion point was obtained on the
curve. The 2 : 4-dinitrophenylhydrazone formed yellow needles, m. p. 205 —2¢6°, irom benzene-alcohol.
Esterification of this acid with ethereal diazomethane yielded s liquid dimethy! ester which gave rise to
a semicarbazone, forming elongated prisms, m. p. 217—218°, from benzene-methanol ‘Found : OMe,
19-7; N, 13-6. C,,H,;0,N,;(OMe), requires OMe, 20-7; N, 14:0%].

The Ketone CH,;0.—This compound was isolated irom the foregeoing oxidation product
a colourless oil (0-35 g.) which readily yielded ketonic derivatives but did not decolourise neutral potassi
permanganate in acetone. The crude ketone (1-07 g.) was readilv oximated with excess of hvdroxylamine
hydrochloride and sodium acetate, and the oxime was separated from the reaction mixture by distiilation
in a current of steam, crystallising from the distillate in ek ngated prisms. Recrysraliised from dimte
methanol, the compound (0-92 g.) had m. p. 56—57° (Fouad : C. 70-8; H, 1i-2; N, 38-1; C-Me, 16-7.
CgH,;ONMe, requires C, 71-0; H, 11-3; N, 8-3; C-Me, 17-3%). Frepared in the usual way, the sem:-
carbazone separated from methanol or alcohol in colourle:s needles, m. p. 178, (2§ +17-° (¢, 1 in
chloroform) (Found : C, 62-3; H, 9-7; N, 20-0. C,;H,,OXN, requires C, €2-6; 1, 1¢9; N, 19-9%).

Thionyl chloride (0-5 ml.) in ether (5 ml.) was added drop-wi = to a solution of ke ax.me (0-48 .} in
ether (20 ml.) kept at about —5° during 10 minutes. The white precipitate which first sepatated became
slightly gummy. After having been kept for a further 10 minutes, th- reaction nuxture was treated with
water (26 ml) and extracted with ether. Evaporation of th: dried extracts left an oil which repidly
solidified, m. p. 50—52°, and on recrystallisation from light petrolenm (b. p. 40-—45) and then water,
this compound formed colourless needles, m. p. 55°, which on zdmixturs with the oxime melted at voom.
temperature (Found : C, 64-4; H, 11:4; N, 75, CyoH,,0N,H,0 requires C, €+2: W, 112, N, 7-5%,.
Calc. for C,0H,,ON : C, 71-0; H, 11-2; N, 8:3%). Thc substance s vnnalee_a i steam, ard on being
dried in a vacuum desiccator melts and then resolidifies on cxposure to the moist atiacsphere. )

On being heated, a mixture of the ketone (1-2 g.), scleuium dioxide (1:3 g.), and zcetic anhivdride
(1-5 ml.) began to boil at 130° (oil-bath) and 5 minutes lai.r the temperature was cd to 1407, After
having been kept at 140° for 35 minutes, the cooled mixt:i:¢ was filtered, aliiost nentralised with s.odium
carbonate, and extracted with ether, Repeated extracti: n i the etherexl solution with afueous s odium
hydroxide followed by acidification of the combined ail i extracts and then the rersoval of fraces of
volatile matter by a current of steam left a non-volatile ¢ which was isoluted \VV‘IIh \:t‘hex a moi iriturated
with dilute hydrogen peroxide. Crystallised from bc: -light petroleurs (. p. 60—80%;, the acd
formed colourless prisms, m. p. 145—146°, insoluble 11 water but readily sounble 1 agueous sodium
hydrogen carbonate (Found: C, 59:8; H, 88. C,h, 0, requires C, 39-4; I8:€%,. 10H 140,
requires C, 60:0; H, 8-09,). ) . » )

A slow stream of ozone and oxygen, saturated with «:i:;on tetrach'oride vapour at roon: temperatare,
was passed into a solution of the ketone C;oH,gC i*9 g.j in carbon tetrachlovids (5wl )
temperature for 20 hours. The solution was diluted vith ether and extractad wiih @ {neons. suduu'n
carbonate. From the ether a mixture (0-52 g.) of un- i..nged ketoiie and another _prodt‘;'c.t. was ubtsined,
and acidification of the aqueous sodium carbonate ~xtracts gave & liquid keto-ucid (_0'(.\0 g Whl\(‘t{ WL
isolated with ether and purified by distillation in # . acuum, giviag twe fra ctions : (2} (_3}! .mg' ¥, 'n.‘ N
80—100°/23 mm., and (b) (200 mg.), b. p. 180— !¢ /23 mu. The latier fraction, waich gave th
reactions of a ketonic acid and an iodoform reactio... 4:s converted 1ato che semu arbazone qs 5 froi
0-11 g. of acid), which formed prisms, m. p. 166°, .5 +12-0° r{c, U-o 1;)131(1«3!1()12,‘{59';:\. dijute aicohe
(Found : C, 54-4; H, 87; N, 17-2. C,;,H,,0,N; :¢quires C, 54-3; H, 8:6: N, 17:3%).
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vexide (40 ml.) was kept at rcom
»e<] the characteristic odour, and
ud the volatile ketonic product
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