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185. The Chemistry of Fungi. Part V I .  Rosenonolactone f y o m  
Trichothecium roseum Link. 

By ALEXANDER ROBERTSON, 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 laevorotatory, unsaturated, ketonic lactone, in all 
probability having empirical formula C HZ8O3, which on hydrogenation yields dihydrorosenono- 
lactone and on treatment with alkali 4; transformed into isorosenonolactone 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, C,,H3,0,, which on decomposition with alkali 
gave rise to a ketone, C10H180, and a dibasic keto-acid, C,,H140,. The ketone has been 
degraded to a ketonic acid, CloH180,, and to an acid, CIOHL804. 

IN the course of studies on the antibiotic activity of fungi, a vigorous specimen of Trichotheciunz 
Yoseum 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. Nut. Sci. Bull., 1909, 5, 3; Brian and Hemming, J .  Gen. Microbiol., 1947, 1, 158), and a n  
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 ulzu, that the mycelium 
of 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 .  voseum Link, grown on a modified Czapek- 
Dox medium, we wish to record the results of our studies on the chemistry of the chief mycelial 
constituent, m. p. 214O, isolated in this laboratory in 1946. 

The lactone, m. p. 214", has been found to be a lzvorotatory, 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 rosenonolactone, has in 
all probability the empirical formula C,,H,,O,, although the formula CIgH,,O, is not entirely 
excluded. For the present we have adopted the former C,, formula for the lactone, which 
readily forms an oxirne, a semicarbazone, and a 2 : 4-dinitro~henylhydruzone. On hydrogenation 
with hydrogen and a palladium-charcoal catalyst, the substance rapidly absorbed one molecule 
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Robertson, Smithies, and Tittensor : 
of hydrogen, giving rise to a dihydro-derivative, dihydrorosenonolactone, C20H3003, 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, C1,H2,0,(C02H). 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, isorosenonoluctone, CZoH28O3, 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, 
dihydroisorosenonolactone, C20H3003, identical with the compound formed by the action of boiling 
aqueous-alcoholic sodium hydroxide on dihydrorosenonolactone , clearly showing that the 
ethylenic linkage is pot 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 monoacetyl 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 monoacetyl 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, theref ore, 
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 50% 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, C20H3005, which appears to contain the carbon skeleton 
intact. Though we are satisfied that this acid retains a t  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, C20H,,0,, 
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 CloH,,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 constitution 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 C20H3005, the anhydro-compound appears to be stable to warm 
aqueous sodium hydroxide and does not give the ketone Cl0Hl8O. 

The ketonic substance CloH,,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 CloHl ,O. From C-methyl estimations on the semicarbazone, 
the compound probably contains at least two C-methyl groups and, since it appears to be 
saturated, i t  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 C10H1804 rather than C1oHl6O4 or C1,H1404, 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 aP-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. Chirn. Actu, 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 Cl0H18O3. 

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

H* 
Rosenonolactone C,,H,,O, ---+- Dihydrorosenonolactone C20H300, 

.1 H2 .1 
isoRosenonolactone C2,H,,0, --+ Dihydroisorosenonolactone C,,H,,O, 

doRosenonolactone C,,H,,O, a.nd Acid C2,H3,05 

I Compound (B) C,,H,,03 

+ J. 
Keto-acid C,,H,,O, f- Ketone C,,Hl,O Keto-dibasic acid C,,H,,O, 

The oxidation of the cyclic ketone Cl,Hl,O to a keto-acid Cl,Hl,03, giving an iodoform 
reaction, suggests that the parent compound may well be of the type (I) giving the oxidation 
product type (11). Although definite proposals regarding the mode of linking of the C,, residues 
in the acid C2,H3005 must await the definition of the structures of these units, it would seem 
probable that the C,, residue, appearing as the keto-dibasic acid CloH1405 and originally 

-CHMe-CO 
(I.) Me-(C,H,) I 

CH2 

-COMe CO,H 

L----CH, 
Me-(C-H,) I (11.) 

-fj3Ie-CO- { c6H70}-Me TMe-ij-  { c6H70}-Me (111.) (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 C2,H3005 by alkalis could 
arise from the kind of system expressed in (111), and the dehydration of (111) 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 C10H180 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,,H1405. 

From the waxy residue left after the separation of rosenonolactone from the crude mycelial 
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882 Robertson, Smithies, and Tittensor : 
extract, a small amount of a second lactonic, slightly lzvorotatory 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 C20H3003, 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 Trichothecium roseurn Link, syn. Cephalothecium roseurn 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 (1 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 l., and then growth was allowed to  proceed a t  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 per 1. 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", [ct.]2,0' - 107.5" 
(c, 1.2 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. The 2 : 4-dinitro~henylhydrazone 
formed orange-yellow needles, m. p. 236" (decomp.), from alcohol (Found : C, 62.8; H, 6.0; N, 11-7. 
C,,H,,O,N, requires C, 62.9 ; H, 6.5 ; N, 11.3%). 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,,HzBO,N requires N, 4.2%). 

Rosonolactomx-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 90% 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 90% alcohol or from light petroleum, forming colourless rod-like prisms, m. p. 186", 
[a]E0 -3.0" (c, 1 in chloroform) (Found : C, 75.8, 75-7, 75.9; H, 9.3, 9.5, 9.6. C,oH,oO, requires C, 
75.4; 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. 

DihydrorosenonoZactone.-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 dihydro-compound (4.9 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. 
183P, [a$'' -106-0" (c, 1 in chloroform) (Found : C, 75.4; H, 9.3. C~OH,OO, requires C, 75.4; H, 9.5%). 
Estimation of C-methyl gave 1 1.4y0, whereas C,,H,,O,Me, requires 9.4% and C,,H2,0,Me, requires 
14.1%. The oxime separated from dilute alcohol in colourless needles, m. p. 250" (decomp.) (Found : 
N, 4.5. C,H,,O,N requires N, 4-2%), and the semicarbazone from the same solvent in colourless prisms, 
m. p. 205-207". The 2 : 4-dinitrophenyllzydrazone formed tiny yellow needles, m. p. 250" (decomp.), 
from alcohol-benzene (Found : N, 11.7. C,,H,,O,N, requires N, 11.3%). 

Action of Alcoholic Sodium Hydroxide on Rosenonolactone.-When the lactone (5  g . )  was boiled with 
5% alcoholic sodium hydroxide (50 ml.) for 4 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", +20.0" (c, 1.5 in chloroform) [Found : 
C, 75.9; H, 8.8; A1 (Rast), 325. When the hydrolysis 
5s 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 0.5~-alcoho~ic 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 

C,,H,,O, requires C, 75.9 ; H, 8.9% ; M ,  316.41. 

C,,H,,O,requiresC, 75.9; H, 8.9%; M ,  316.41. 
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[ 19491 The Chemistry of Fungi. Part V I .  
(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. 157-168", 
from dilute methanol [Found : C, 72-2, H, 9.7 ; OMe, 7.0 C,oH,g03(OMe) requires C, 72-4 : H, 9.3 ; 
OMe, 9.0%]. 

Interaction 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. 180-181" (Found : N, 4.5. The 2 : 4-dinitrophenyl- 
hydrazone formed yellow elongated prisms, m. p. 231" (decomp.), from 90% alcohol (Found : N, 11-8. 
C,,H,,O,N, requires N, 11.3%). 

Interaction of isorosenonolactone (0-4 g.), acetic anhydride (2 ml.), and pyridine (2  ml.) at room 
temperature during 4 days gave an acetyl derivative (0.4 g.), forming colourless needles, m. p. 183O, from 
dilute alcohol, [a]$'* -47.0" (G,  1 in chloroform) (Found : C, 73-7; H, 8.4; CH,*CO, 12.9. C22H3004 
requires C, 73.7; H, 8.4; .CH,-CO, 12.0y0). Interaction of this compound in alcohol with a warm 

4-din1tr~~henylhydrazine sulphate gave rise to the 2 : 4-dinitro- 
ne, n; 1, . 31" (decomp.) after purification. 

1 0' Crzsnono- and isoRosenono-lactone.-A solution of rosenono- 

C2-,H,,03N requires N, 4.2%). 

1011r)- I ave dorosenonolactone, m. p. and mixed m. p. 2 1 6 O ,  and 
rifi: at t in,  along with unchanged zsorosenonolactone. 

L),:)? {iiY.qZS ~ ~ - ~ ~ ~ z w , n i , i u c i ~ ? ~ e  - -F  s: lw str, am of ozone and oxygen was passed into a solution of the 
J = . - ~  mr (tr.5 g.) in nrih ,-lrcus cll!oio:oA,n (50 ; 11 ) for 1 hour, and the solution evaporated in a vacuum. 
T ix  colilblned ivsldual I : d u . t s  l v r ~ i  t \'(J rxyriments were treated with water (200 ml.), and next day 
thc miuture w;2s hc-itt.ci c,n tht steam b,i!h for 45 minutes, part of the aqueous liquor was distilled off, and 

,rith JII aqieous olution of 2 : 4-dinitrophenylhydrazine sulphate, giving a 
2 : 4-il:n:tlc pLenj Xydrazone, m. p. 163-164", identical with an authentic 

The rwidua: X L 2 e G ' 4 S  I l q ~ o r  11'1 tht distilling flask was repeatedly extracted with ether, and 
Acidification of the alkaline 

from aqicohol or aqueous acetone in colourless needles (0.15 g.), 
in p. 280" (decamp 1 F x i n a  . C, b8- I ; H ,  7 . 0  M (by titration), 310. CI9Hz6O5 requires C, (38.3; H, 
'7*!37[, ; Jkf, 334:. Thc c im-e cf tk 'icid for:wil prisms, m. p. 256-257", from dilute alcohol. hlixed 
v itl, t:,, parent subst incca +.!;is Ceri 'RI'W meitt 1 a t  230-240". 

Dz ij~?r'oisososrncit~ ic~,  f g ~ z c . - -  r'rt-at.? c n t  of dirlydrorosenonolactone with warm dilute alcoholic sodium 

?. 

'iried extract, w a ~ h f  d with dilaLe ac,iieous sodium hydroxide. 
i gave an CZCZL', sThich s~paiaf 

hours. The white crystalline 
carbonate , leaving unchanged 
act gave acidic material (4.4 g.). 
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The Chemistry of Fmgi .  Part V I .  
contained much gummy impurities, had m. p. 180-200' and, on cryslalli~ation from ethyl acetate and 
then acetone, formed small colourless needles, m. p. 232", [ ~ ] 2 , 0 '  $--4.n0 (:., j in ch'omform) (Found : c ,  

;ipoiind, 68.3; H, 8-5;  M (by titration), 386. 
which is only slightly soluble in hot water and readily soluble in aque&s sodiuc: hx.dr! rbonai;. , 
does not appear t o  react readily with semicarbazide acetate or with 2 : 4-dinit ropl;~~ylh:ldrozi:ie. Or: 
treatment with ethereal diazomethane the acid gave a methyl cstel-, fomiiriq pli:!ns, m 1'. 97---9i;' 
[Found : OMe, 8-5. C,,H,,O,(OMe) requires OMe, 8.5%], from di lute  rnethdnol. .4.t::::mptt-ci acetyl-  
ation by the pyridine method at room temperature gave an a n h . i # d ~ . .  lerivative w!:i~h \>'as acjdLc, 1)eil:g 
readily soluble in aqueous sodium hydrogen carbonate, and for&t>ri cn1o;l;less blunt !lecdles, :TI. i e .  21%". 
from dilute acetone (Found : C, 72.6; H, 8.5. llniike the ~-.arrn: 
acid, this compound does not appear readily to  form the cyclic ketone i r.sp!isible for the rnenthol:e-!i!in 
odour. 

kepr at rcom 
temperature for 3 days: after a few hours the pale yellow liquid dev<. l i , \ )d  the cliaractcristic atlour, and 
oily globules began t o  separate. The solution was diluted soniewlir::, a d  the volatile ketonic Fmduct 
removed by a current of steam and then isolated from the disr,:l!at~ '.i- I .  The ztqUCt.?i% residual 
hydrolysate was acidified with dilute hydrochloric acid and extracted t 1, T with etni-r. F.x-apr;ltjon 
of the combined extracts left a small amount of acid which has i1f)t v e t  -estlgater!, Tha acid i f id  
aqueous liquors were then repeatedly extracted with ethyl scetar.:. ai:d on evapc)rai.ioi) r)t 'hi? riii8:d 
extracts a pale yellow crystalline acid (0-35-0.4 g.), m. p. 199--200 I .  mas obtaiiied. Recrystalliscd Irr .in 
ethyl acetate, this compound formed large colourless polyhltdra ir.. i 0 .  205" :i itet so!':zuiiip a t  ! 95 ', 
[u]? -28.0" (c ,  1 in water), insoluble in cold ether, benzene. or ili!crc)foriii, sparmgly ;<ol1i'ole in  co!,-! 
ethyl acetate or acetone, and moderately soluble in water or dic.h:.;ar: i F . w I : ~  : C ,  56-j . H, ii.4. 
requires C, 56.1 ; H, 66%) .  The equivalent weight of this corr,p-.si:nd r8.s c?eter;nj~;e~i by tiirz!icm wtii 
alkali was 87.6, but by potentiometric titration the value wa:. 1 14). whcre7s the, I koretica; equi-,,alc~ir 
for two carboxyl groups is 107. In the latter titration only '>i!c ii;kcsio:i ~ > ~ i i ~ l r  -ms d ) t z i n e d  c111 t l t c  
curve. The 2 : 4-dinitrophenylhydrazone formed yellow needlcs, 111. p. 2O5--24.W, irom b ~ n z ~ ~ c - a i c o ~ ~ o l .  
Esterification of this acid with ethereal diazomethane yielded :i liquid d-methy: e:.!i'r which p x - e  ii:? t t j  

a semicarbazone, forming elongated prisms, m. p. 21 7-218", from be;?z(:ne--metl~anol j;F,~iliJ : OXe. 
19-7; N, 13.6. CllHl,03N,(OMe)a requires OMe, 20-7; N, 1+03/0j. 

The Ketone CloH,,O.-This compound was isolated irom t!ie .foreqoing txiclaf.ion produc?. ;i :; 
a colourless oil (0-35 g.) which readily yielded ketonic derivatives but did not ~i~colotirise neutral potass1u:n 
permanganate in acetone. The crude ketone (1-07 g.) was readilv oxiimteci with excess of hydroxylaini:,:: 
hydrochloride and sodium acetate, and the mime was separated fram the reacticm mix  tux by disti;lii.tion 
in a current of steam, crystallising from the distillate in el: ngatt?d pilsms. Reciysralliscd fron?. djh!tc 
methanol, the compound (0.92 g.) had m. p. 56-51" (Foi~:id : C.  70.3;  H, l i - 3 ;  K, d.1 ; C-Me, 16.7, 
C,H,,ONMe, requires C, 71.0; H, 11.3; N, 8-3;  C-Me, 1.7.!3:&). Prepared ir, th  usu;il wal-, the sc)!?z:'- 
carbazone separated from methanol or alcohol in colourl(-:i.; needles, in. p. 178", [a::' TIT.f!' (c, 1 in 
chloroform) (Found : C, 62-3; H, 9.7; N, 20-0. C,,H2,0S, requires C, 62.6;  ;.I, :(:a!); >., 19-9(;&). , 

Thionyl chloride (0-5 ml.) in ether (5 ml.) was added ClIop-wL (3 to ;L so1i:tLm of :.he m h e  (0-4s g . )  in 
ether (20 ml.) kept at about -5' during 10 minutes. The tvnitr preci;>itate wLich first seyaxa ted Ix-aine 

C,oH3,05 requires C, 68-6; 13, 8.69;. ; M ,  350.4). * . 

C2,H2,04 require:. L, 5/'.:! : H, 9.5@&. 

A solution of the acid (1 g.), m. p. 232', in 0-5~-aqueous sodiyni ti., .:-esi& ( d o  m1.l 

C.& 

requires C, 60.0 ; H, 8.0%). 
A slow stream of Ozone and oxygen, saturated with I . .  i: ',on tel.rat-hlciridit I. apour a t  l">rLC': tclii:pCriltare, 

was passed into a solution of the ketone CloH1,O :'..:J g.) in c,irbm tetf~.t:hlih.!(lL2 ( 5  ?ni 
temperature for 20 hours. 
carbonate. 
and acidification of the aqueous sodium carbonate .-,s!I-;icts gave ;; liquid ketc--xid i.O*:fb 
isolated wi th  ether and purified by distillation in :-" 
80-100°/23 mm., and (b) (200 mg.), b. p. 180- ' !  
reactions of a ketonic acid and an iodoform reactio., . 
0.1 1 g. of acid), which formed prisms, m. p. 166', .i: 

(Found : C, 54.4; H, 8-7; N, 17.2. 

3; TOO!il \ 
The solution was dilute,! y;ith ether an.; ext:r;ict.:d ~ ' k i h  id [1ICWlS SOdiLIi) 

From the ether a mixture (0.52 g.) of un. L,ageu kcto:& and ano::,er prodwt, W"1S ,Jj)t'j.int.rl, 
'I, xhirh I:,.. 

(4) !:%I l ~ ~ ~ ~ . ) j  b. :? A;:u~T?I, givi:lg tW.C fr3 A j g t l S  : 
23 mr:j. The latcLx- f ixt ion,  whkh $!a\ t 
convert.cd iato chr: srvlzzi a.rba?oa.ts :,C~*~lfi q fm: 1 

+12-0' (c, 0 - 3  ill alcohol), fro?:: J i i L i c  aic:hc. 
C,,H,,O,N, :i {litires c, 54.3; H ,  8 . 6 ;  5, 17 3';;:. 

[Recezretl, JL;& :!Oih, 19.48." UNIVERSITY OF LIVERPOOL. 
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