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Par contre, la N-p-n-propylphényl-N’-2-thiazolylthiou-
rée est inactive.

Dans le groupe des thiocarbanilides méfa-substitués,
signalons l'activité aux concentrations de 1075, des
thiourées suivantes:

,5-dichloro-4’-z-propoxythiocarbanilide,
dichloro-4’-isopropoxythiocarbanilide,

dichloro-4’-n-butoxythiocarbanilide,

-dichloro-4'-isobutoxythiocarbanilide,

N-{2, 5-dichlorophényl}-N’-¢-naphtylthiourée,

N-{2, 5-dichlorophényl)-N'-f-naphtylthiourée,

N-p-éthoxyphényl-N’-(2-dibenzofuryl)thiourée (V) et

N-p-isoamyloxyphényl-N’-(2-dibenzofuryl)thiourée (VI).
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A ces derniers résultats positifs, il y a lieu d’opposer l'in-
activité a la méme concentration, des N-p-anisyl-, N-p-
tolyl-, N-p-chlorophényl-, N-f-bromophényl-, N-¢-naph-
tyl-, et N-§-naphtyl-N’-(2-dibenzofuryl)thiourées®.
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V, R = —CH;—CH,; VI, R = —CH,—CH,—CH(CH,),

Une autre observation souvent faite est que I'activité
des thiocarbanilides 4, 4’-disubstitués décroit rapidement
lorsque la chaine de I'un des substituants comprend plus
de 5 atomes de carbone; ’activité & la concentration de
10~% des composés suivants montre toutefois que cette
régle soufire, elle aussi, des exceptions:

4-n-heptyl-4’-éthoxythiocarbanilide,
4-n-heptyl-4"-n-propoxythiocarbanilide,
4-n-heptyl-4’-isopropoxythiocarbanilide,
4-n-heptyl-4’-n-butoxythiocarbanilide,
4-phényl-4’-bromothiocarbanilide,
4-phényl-4’-éthoxythiocarbanilide,
4-phényl-4’-isobutoxythiocarbanilide,
4-phényl-4’-isoamyloxythiocarbanilide,
4-phényl-4’-n-heptylthiocarbanilide,
4,4’-diphénoxythiocarbanilide,
4-phénoxy-4’-éthoxythiocarbanilide et
N-phénoxyphényl-N’-f-naphtylthiourée.

Signalons enfin 'activité dans les mémes conditions,
des composés suivants, dont la structure moléculaire
s’écarte nettement de celle des thiourées habituelles:

N1-{anilinothioformyl)thiosemicarbazide (VII, R = H),

N (p-chloroanilinothioformyl)thiosemicarbazide (VII, R=Cl),
N1-(p-bromoanilinothioformyl)thiosemicarbazide (V1I, R = Br)
N1-{¢-naphtylaminothioformyl)thiosemicarbazide (VIII) et
N3-{f-naphtylaminothioformyljthiosemicarbazide (IX).
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8 N. P. Buu-Hoi, N. D. Xvong, J. M. Gazave, C. T. Lonc et N,
H. Nawm, Bull. Soc. chim. France 2, 307 (19586).
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En vésumé, le présent travail fait ressortir une fois
de plus la grande richesse en substances tuberculostati-
ques dans la série des thiourées substituées.

N. P. Buu-Hoi, N. D. Xvuong,
J. M. Gazave, J. PiLror et
Mille G. DUFRAISSE

Institut du Radium de I’ Université de Pavis, le 30 juillet
7956.

Summary

A large number of substituted thioureas and related
compounds, the molecular structure of which diverges
more or less from that of the classical 4-4’-disubstituted
thiocarbanilides, have been tested for in-vitro tuberculo-
static activity; many of them have proved effective at a
concentration of 10-8,

Hypothesis Concerning the Biosynthesis
of Lysergic Acid

The remarkable ability of small amounts of L.8D to
produce in normal human beings mental symptoms
which resemble schizophrenial is well known. The pos-
sibility suggested itself to us that mentalillness might be
associated with the formation of an LSD-like metabolite
from normally occurring precursors. If such an hypo-
thesis were to be considered, the question of the precursors
and their possible metabolic transformations would arise.
We wish to outline a pathway by which tryptophan
might give rise to lysergic acid (see figure)
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1 W. A. SroLr, Schweiz. Arch. Neurol. Psych, 65, 279 {1947).
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Tryptophan (I) when cyclized and condensed with
a-ketoglutaric acid may form structure III. Oxidative
decarboxylation and the subsequent loss of carbon
dioxide would yield structure V. The introduction of a
one-carbon fragment to form ring D followed by methyla-
tion may result then in the formation of lysergic acid
(VII). Some of the steps in the sequence may proceed
through a number of intermediary enzymatic reactions.

A similar metabolic scheme (see figure) might account
for the origin of the lysergic acid nucleus in the ergot
alkaloids. Van TAMELEN? suggested a biosynthesis start-
ing with 5-hydroxytryptophan which employed di-
hydronicotinic acid as an intermediate. HArRLEY-Mason?®
also proposed 5-hydroxytryptophan as the precursor, but
with g-ketoglutaric acid as the key intermediate. WEND-
LER? evolved a pathway which depends upon tryptophan
and citric acid, whereas ROBINSON’s scheme® employcd
succinic acid. Our scheme, on the other hand, utilizes
tryptophan and a-ketoglutaric acid.

Substituted lysergic acid may be obtained by starting
with the appropriately substituted tryptophan. Thus,
2-hydroxytryptophan would yicld 2-hydroxylysergic
acid. It is interesting to note that LSD is detoxicated by
hydroxylation in tbe 2-position. UDENFRIEND and co-
workers? have demonstrated that 5-hydroxytryptophan
is the precursor of serotonin, and therefore, it may be
available for the synthesis of 12-hydroxylysergic acid.
The LSD-like metabolite referred to earlier may be
lysergic acid or a derivative with a side chain of unknown
structure. Many variants of lysergic acid have been
prepared and tested for psychotomimetic activity, and
it appears that the diethylamide is the most active®. This
does not exclude, however, the possibility of a more
active side chain which has not as yet been tested.
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KORNFELD ef al.® have synthesized lysergic acid start-
ing with 1-benzoyl-dihydro-3-indolepropionic acid. The
synthesis which we have suggested (see figure) may
provide a laboratory method of preparation of lysergic
acid and its derivatives. The reaction types are known,
i.e,, ring closure, aldol condensation, loss of carbon
monoxide from «-ketoacids, loss of carbon dioxide from
«, f-unsaturated carboxylic acids, the Mannich reaction,
and methylation, but have not been applied specifically
to the proposed intermediates. The 2-, 12-, 13-, and 14-
hydroxy, methoxy and other substituted lysergic acids,
which might become available if the synthesis is success-
fully completed, may find use as tranquilizing agents
and central nervous system depressants, as antihallu-
cinatory agents, and may have other valuable pharma-
cological properties,

A. FELDSTEIN

The Worcester Foundation for Expervimenial Biology,
Shrewsbury, Massachusetts, June 29, 1956.

Zusammenfassung

Ein LSD-dhnliches Stoffwechselprodukt ist moglicher-
weise mit Geisteskrankheit gekoppelt. Eine Biosynthese
der Lysergsdure und ihrer Derivate, die Tryptophan und
o-Ketoglutarsiure als wichtige Intermedidrprodukte
enthalt, wird vorgeschlagen.

B E. C. KornFELD, E. J. FORNEFELD, G, B. Kuing, M. J. Many,
W. E. Morrison, R. G. Joxgs, and R. B, Woopwakp, J. Amer.
cher. Soc. 78, 3087 (1956).

Kristallgitterstruktur in den jungen
Chloroplasten einer Dikotyledone

{Eranthemum leuconeuram)

In einer fritheren Mitteilung! wurde iiber die Kristall-
gitterstruktur des sogenannten Primédrgranum in jungen
Chloroplasten einer Chlovophytumart berichtet. Gleich-
zeitig? hat LEvon dieselbe Struktur in jungen Chloro-
plasten von Aspidisiva beschrieben. Es war von Interesse
zu erfahren, ob eine analoge Struktur auch in jungen
Chloroplasten von Dikotyledonen vorhanden ist. Ich
wihlte (gleichzeitig auch fiir andere Untersuchungs-
zwecke) die Acanthacee Eranthemum leuconeurum, weil
diesc Pflanze schr grosse Grana, besonders im Schwamm-
parenchym, besitzt3

Fixierung: 2% 0sO, in Azetat-Veronalpuffer, pH 6,
3 h lang. Entwisserung in aufsteigenden Azeton-Puffer-
losungen 1:3, 1:1, dann Azeton-aqua destillata 3:1,
Azeton 959, Azeton absolut (iiber wasserfrciem CuSO,
getrocknet). Fixieren, Waschen, Entwéssern bei + 2 bis
+ 4°, Die Uberfiithrung in Azeton erfolgte, weil ein neues
Einbettungsmittel* benutzt wurde. Die Ultradiinn-
schnitte wurden mit dem neuen Triib-Tduber-Mikrotom
nach KELLENBERGER? mit Glasmessern hergestellt. Ein-
bettungsmittel und Mikrotom hatten sich bei einer
Untersuchung von Zea Mais und Vicia faba sehr gut
bewdhrts.
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