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The Structure of Tryptanthrin?

Tryptanthrin is an antibiotic, which is produced by the
yeast Candida lipolytica only in the presence of large
amounts of L-tryptophan!. It forms yellow crystals,
mp. 266-267°, which could be purified by sublimation
in high vacuo at 150-160° and is a lipophilic neutral
compound.

The molecular formula, C,;HN,0,, calculated from
microanalyses, could be confirmed by a molecular ion
peak at mfe 248 in the mass spectrum. Intense fragment
peaks at m/e 220 and 192 indicate that both oxygen atoms
are present in carbonyl groups, which show absorption
bands at 1688 and 1725 cm~! in the infrared absorption
spectrum.

The aromatic character of Tryptanthrin is indicated by
the ultraviolet absorption spectrum in ethanol! and by
the high stability not only of the molecular ion (m/e 248
in the mass spectrum), but also of the doubly charged
molecular ion (m/e 124, isotopic peaks at 124.5 and 125).

The NMR-spectrum of Tryptanthrin in deuterochloro-
form shows only a complex group of signals in the range
from 6 7.2 to 8.7 ppm (Figure 1). All 8 hydrogen atoms
must, therefore, be bound to the aromatic system. Since
no N-H resonance appears in the spectrum, also the two
nitrogen atoms are claimed to be parts of an enlarged
aromatic molecule.

A three-dimensional X-ray analysis has allowed us to
assign the formula I to tryptanthrin.

Suitable single crystals were grown from methanol by
slow evaporation. Crystal data: C,;HgN,0, F.W. =
248.2; monoclinic, a = 7.46 - 0.06, b = 7.66 4 0.06,
c = 20.78 + 0.16A; f ==109.0 -+ 0.5°, V = 1122.7A3;
F(000) = 512.

Space group P2,/c (C3,,, No. 14) from systematic ab-
sences; Z =4, D = 1.47 gcm~-3. Cu-K« radiation (A taken

as 1.54184), ym = 8.4 cm-*. The errors quoted for cell
dimensions are the maximum. Intensity data were
recorded by the equiinclination WEISSENBERG technique,
using Ni-filtered Cu-K, radiation; absorption corrections
were not applied, nor were extinction corrections. 1207
independent non-zero reflections were collected and used
in the block-diagonal least-squares refinement. The
structure was solved by direct methods, according to a
procedure? making use of SAYRE’s equation applied to
300 reflections with the largest ]Enk,|'s values. The first
E-map computed with the set of phases so obtained
showed all the non-hydrogen atoms. The chemical species
were then recognized by chemical knowledge and by
analysis of the electron population of the peaks found in

1 92nd communication of the series: Metabolic Products of Microor-
ganisms, — 91st comm. see: F. ScHiNDLER and H. ZAWNER, Arch.
Mikrobiol., in press (1971).

2 W. FEpELIL, Atti del IV Convegno A.I.C. (Cagliari 1970), p. 13.
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ppm 8 3 4 A 0 Fig. 1. NMR-Spectrum of tryptanthrin in CDCl;.
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the succeeding FouriEr syntheses. All the hydrogen
atoms were found in the final difference FOURIER synthe-
sis. A final structure factor calculation including aniso-
tropic temperature factors for the nonhydrogen atoms
and B value of 4A*? for the hydrogen atoms gave an R
value of 0.089.

The structure of Tryptanthrin consists of a series of 4
condensed rings making a completely planar system.
Figure 2 shows a projection of the molecule on its mean
plane: the largest deviation from this plane is 0.06A.

The planarity of tryptanthrin, confirmed by the present
crystallographic analysis, agrees very well with the
aforesaid spectroscopic evidence for an aromatic character
of the complete molecule.

A compound of the formula I, 6,12-dihydro-6,12-di-
oxoindolo-[2, 1-b]-quinazoline, had been known before as
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Fig. 2. A schematic drawing of the molecule projected on the mean
plane.
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a synthetic compound?, However, its formation in living
cells and its biological activity were unknown. It is
formed by the condensation of isatine methyl ether with
o-aminobenzaldeyhde, followed by the oxidation of the
intermediate alcohol (Birp) or by the condensation of
isatinyl chloride with anthranilic acid (FRIEDLANDER and
RosCHDESTWENSKY). Synthetic samples prepared accord-
ing to BIRD and to FRIEDLANDER and ROSCHDESTWENS-
Ky ?* proved to be identical with the natural compound in
thin-layer chromatography, melting point, and by
spectroscopic methods.

Zusammenfassung. Eine Rontgenstrukturanalyse des
Antibioticums Tryptanthrin ergab die Strukturformel I.
Tryptanthrin erwies sich als identisch mit synthetischem
6,12-Dihydro-6,12-dioxoindolo-{2,1-b]-chinazolin,
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Zur Biogenese des Xanthocillins, I1*: Die Herkunft des Stickstoffs der Isonitril-Gruppen

Das Antibiotikum Xanthocillin X entsteht bei der Fer-
mentation von Penicillium notatum Westling ? und hat die
Struktur des 1.4-Bis-(4-hydroxyphenyl)-2,3-diisonitril-
buta-1.3-diens (I)3. Derivate des Xanthocillins (Methyl-
dther, m-Methoxy-methyldther) wurden auch in Kultur-
l6sungen einer Aspergillus-Art und in Dichotomomyces
albus aufgefunden?,
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Wie frithere Untersuchungen zeigten, ist Tyrosin ein
guter Vorlaufer fiir das 1.4-Diphenyl-butadien-Geriist von
I, wihrend die Kohlenstoffatome der Isonitril-Gruppen
iiberraschenderweise nicht aus dem bekannten C,-Stoff-
wechsel (Methionin, Formiat) stammen?,

Die Frage nach der Herkunft der Stickstoffatome in den
Isonitril-Gruppen verdient unter diesem Aspekt besonderes
Interesse: Es ist denkbar, dass hier die Stickstoffatome
des Tyrosins vorliegen, das decarboxyliert und als intakte
Cg-Cy-N-Einheit eingebaut wird. Im Laufe der Biosyn-
these erfolgt an den Stickstoffatomen Verkniipfung mit
einem noch unbekannten C-Precursor, wobeiim Zuge einer
Reaktionsfolge schliesslich die Isonitril-Gruppen ent-
stehen.

Einen alternativen Weg schen wir im Einbau von Stick-
stoff in eine Xanthocillin-Vorstufe, die nur aus den Koh-
lenstoffatomen (C4-C,-) des Tyrosins besteht. Hier kdnnte
der Stickstoff — etwa durch einen Transaminierungsme-
chanismus — gemeinsam mit dem Kohlenstoffatom der
spiteren Isonitril-Gruppe (aus einer Aminosidure ?) iiber-
tragen werden. In beiden Fillen lisst sich die Entstehung
der Isonitril-Funktion durch Dehydratisierung iiber
Formylamino-Zwischenstufen erkldrenl.

Wie wir frither durch Einbauversuche mit **N-markier-
tem Tyrosin fanden, wird der Stickstoff ausTyrosin zwar
in I eingebaut, die Einbaurate betrdgt fiir N jedoch nur
etwa 159, der gleichzeitig ermittelten Einbaurate des
a-Kohlenstoffatoms aus Tyrosin (Versuche mit Tyrosin-
2-UC-BN) 1,

Es lag nahe, dieses Ergebnis durch Transaminierungs-
reaktionen in der Kultur zu erkldren: Dabei kann ent-
weder markierter Stickstoff aus dem eingesetzten Tyro-
sin-2-14C- 15N abgespalten und auf den eigentlichen Pre-

1 1, Mitteilung: H. Acuensacn und H. Grisepacu, Z. Natur-
forsch. 205, 137 (1965).

2 W. RorHg, Pharmazie 5, 190 (1950); Dt. med, Wschr, 79, 1080
(1954).

3 1. Hacepory und H. TonjEes, Pharmazie 72, 567 (1957).

4 K. Avpo, G. Tamura und K. Armma, J. Antibiot., Tokyo 27,
587 {1968). — A. Taxatsuki, S. Svzuxki, K. Anpo, G. Tamura
und K. Armma ,J. Antibiot., Tokyo 27, 671 (1968).



