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The N-hydroxy-imide was treated with toluene-p-
sulphonyl chloride and then with 1V aqueous sodium
hydroxide at 95°. This gave two kefones, C;sH,,0,,
(A) m.p. 110°, [«]p — 79° (c, 0.90), Aclohexane 252 my
(e = 4600), v, 1860, 1760, and 1695 cmm?, and (B)
m.p. 155°, [«]p + 6° (c, 0.95), Acloherane 255 my; (¢ =
5500), v,,,, 1845, 1760, and 1686 cm—1. These compounds
must be formed according to the sequence (XLVIII)
and therefore have two out of the four formulae
((XLIX), (L), (LI), and (LII)). We are currently
degrading these ketones further to establish their con-
stitutions and to obtain evidence as to the absolute
configuration of byssochlamic acid 272,

Zusammenfassung. Die Struktur der Pilzstoff-
wechselprodukte Glaucon- und Glaucansiure (C;sH,,0,
bzw. CigHyoO4) aus Penicill. purp. wird in der Haupt-
sache durch das Studium der Reduktionsprodukte er-
mittelt. Diese Verbindungen enthalten zwei fiinfglied-
rige Siureanhydrid-Gruppierungen, die mit einem
eigenartigen doppelt ungesdttigten neungliedrigen
Ringsystem gekuppelt sind, das unter verschiedenen
Bedingungen in das Indangeriist iibergefithrt werden
kann.

Wie schon frither beschrieben, wird Glauconsiure
leicht pyrolytisch zu Didthylacrolein und Glauconin
abgebaut. Die Formel des Glauconins, die durch Spek-
tralmessungen und Synthese bewiesen wurde, ist fiir
die Konstitutionsaufkldrung der Glauconsiure in ge-
wisser Hinsicht irrefithrend, da das Kohlenstofiskelett
des Glauconins nicht schon in der Glauconsiure vor-
liegt, sondern erst durch eine Umlagerung unter Bil-
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dung neuer C-C-Bindungen bei der Spaltung der Glau-
conséure entsteht.

Die Biogenese der beiden Siuren wird diskutiert; sie
scheint auf der Verkniipfung zweier Fragmente mit
neun Kohlenstoffatomen und identischem Geriist zu
beruhen. Die Annahme einer andersartigen Verkniip-
fung der beiden Fragmente fithrt zu einer moglichen
Struktur fiir Byssochlamsiure, C;gH,,0,. Die so ab-
geleitete Konstitution wird durch rontgenkristallo-
graphische Strukturbestimmung bestatigt.

Byssochlamsiure, aus Byssocklamys fulva, enthilt
ebenfalls ein neungliedriges, doppelt ungesittigtes
Ringsystem sowie zwei funfgliedrige Sdureanhydrid-
Gruppierungen und zeigt die Tendenz, Indanderivate
zu bilden. Ihr chemisches Verhalten wird anhand der
durch Rontgenstrahlenkristallographie bestimmten
Struktur diskutiert.

27 Unless stated otherwise [«]p were taken in CHCl,, ultraviolet ab-
sorption spectra in ethanol and infrared spectra as Nujol mulls. All
m,p.s. were determined on the Kofler block. N.M.R. spectra were
determined in CDCl; and 7 values given refer to the centre of
multiple absorption where present. We thank Dr, J. W. Lowy and
Mr, R, G. FosTER for some of these determinations.,
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helpful advice on the culture of Penicillium purpurogenum and for
facilities generously placed at our disposal. Dr. J. W. Cooxk, F.R.S.,
and Dr. J. D. Loupox kindly permitted us to see, and to quote
from, their unpublished experiments. Dr. E. R. S. WinNTER of
Messrs. J. and E. Sturge (Birmingham) is thanked for the supply of
glauconic acid at critical moments. Dr. R. H. B. Gavr, Dr. H.
Hormany, Dr. H. H. A. Linpg, and Dr. J. C, E. PECHER made
constructive contributions to attempted syntheses of glauconin and
we thank them cordially. Dr. R. I. Reep {Glasgow) kindly deter-
mined the M. W.s of glauconic acid acetate and of several ather
compounds described in this communication.

The Structure of Byssochlamic Acid

By T. A, Hamor, I. C. PauL, J. MoNTEATH ROBERTSON, and G. A. Sim*

Byssochlamic acid, the characteristic metabolite of
Byssochlamys fulva, was first isolated in 1933 by
Raistrick and SMita!. In the course of subsequent
studies of the related byssochlamic, glauconic, and
glaucanic acids BaLpwin, BARTON, BLOOMER, JACK-
MAN, RoDRIGUEZ-HAHN, and SUTHERLAND? prepared
a beautifully crystalline derivative of byssochlamic
acid by reacting it with $-bromophenylhydrazine. We
have elucidated the crystal structure of this derivative
by detailed X-ray analysis and since our results define
the constitution and relative stereochemistry of the
derivative to be as in (I) it follows that the structure of
byssochlamic acid is represented by (II). At the outset
of the X-ray study the only chemical information
available to us concerning byssochlamic acid was that

it contains two anhydride rings and has molecular
formula C;gH,,04%2

BCoH AN — 00 iy~ CH G
] !

* Chemistry Department, The University, Glasgow (Scotland).

1 H. Ramistrick and G. Smith, Biochem, J. 27, 1814 (1933).

2 J.E.BaLopwin, D. H. R. BArTON, J. L. BLOOMER, L. M. JACKMAN,
Miss L. RopricUEz-HAHN, and J. K. SUTHERLAND, Exper. 18, 345
(1962},
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The p-bromophenylhydrazine derivative of bysso-
chlamic acid crystallizes in the tetragonal system,
space group P4,2,2 {or the enantiomorphous P432,2).
Precession photographs taken with molybdenum Ko
radiation (1 = 0.7107 A) were analysed to obtain the
cell dimensions @ = b= 10.07, ¢ = 57.61 A. Deter-
mination of the crystaldensity, D (meas.} = 1.505gem=3,

25
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Fig. 1. Section through the three-dimensional sharpened Patterson
function P{uvw) at w = 1/,. Contour scale arbitrary.

Fig. 2. Section through the three-dimensional sharpened Patterson
function P(uvw) at w = !J,. Contour scale arbitrary,

Y

Fig. 3. Section through the three-dimensional sharpened Patterson
function P (uzw) at v = 1/,. Contour scale arbitrary.
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Fig. 4. The eighth threc-dimensional electron-density distribution

for the p-bromophenylhydrazine derivative of byssochlamic acid

shown by means of superimposed contour sections drawn parallel to

{100). Contour intervals 1 eA™® except around the bromine atoms
where it is 3 eA™S,

showed that each molecule of byssochlamic acid had
reacted with two molecules of p-bromophenylhydra-
zine; with eight molecules of CgH3oN,O,Br, in the unit
cell D{calc.) = 1.524 gcm=3. In the space group P4,2,2
there are eight equivalent positions and the asymmetric
crystal unit therefore consists of one molecule of
CyoH3oN,OBr,. For the intensity measurements the
X-ray reflexions were recorded on equi-inclination
Weissenberg photographs taken with copper K« ra-
diation (A= 1.5418 A); in all 1128 independent structure
amplitudes were evaluated.

The ‘crystal-structure analysis proceeded on the
basis of the usual phase-determining heavy-atom
method®. In order to determine the positions of the
bromine atoms in the asymmetric crystal unit we first
calculated the three-dimensional sharpened Patterson
function P(wvw). The special (Harker) sections at
w=1), w=1, and v=1/, which contain peaks
representing vectors between symmetry-related bro-
mine atoms, are shown in Figures 1, 2, and 3, respec-
tively. From a study of these sections and of the gen-
eral Patterson peaks corresponding to vectors between
non-related bromine atoms the positions of the two
independent bromine atoms were deduced as

x y z
Br(l) 0.613 0.372 0.532
Br(2) 0.887 0.456 0.266

3 J. M. Rosertson and I. Woopwarp, J. chem. Soc. 1937, 210;
1940, 36.—G. A. Sim, Computing Methods and the Phase Problem in
X-Ray Crystal Analysis (Ed. by R, PEpPINsKy, J. M. ROBERTSON,
and J. C. SpEARMAN, Pergamon Press, Oxford 1961), p. 227.
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Fig. 5. Atomic arrangement corresponding to Figure 4.

Fig. 6. Line drawing of the molecular framework of several unit cells
projected along a.
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The standard Fourier programme? for the DEUCE
computer cannot be used in a straightforward manner
when the space group P4,2,2 is involved. To overcome
this difficulty the unit cell was treated in subsequent
calculations as if it belonged to the orthorhombic space
group P2,2,2, with two molecules in the asymmetric
crystal unit.

The first Fourier synthesis was evaluated with the
measured values of the structure amplitudes and phase
angles appropriate to the bromine atoms alone. When
the resulting three-dimensional electron-density dis-
tribution was drawn out sixteen atoms other than the
bromine atoms were sufficiently well defined to be in-
cluded in the calculation of an improved set of phase
angles. These phase angles were used in turn to derive
an improved electron-density distribution in which
further atoms could be discerned. This iterative process
of structure-factor and Fourier calculations with in-
creasing numbers of atoms included in the structure-
factor (phasing) calculations as they became clearly
defined on the electron-density maps was continued and
eventually all the atoms, other than hydrogen, in the
asymmetric crystal unit were located. The eighth
three-dimensional electron-density distribution over
one molecule of the p-bromophenylhydrazine deriva-
tive of byssochlamic acid is shown in Figure 4 by
means of superimposed contour sections drawn par-
allel to (100). The atomic arrangement corresponding
to this electron-density distribution is illustrated in
Figure 5. Some idea of the mutual arrangement of the
molecules in the unit cell is given by Figure 6 which
shows a line drawing of the molecular framework of
several unit cells projected along the 4 axis.

The average discrepancy between calculated and ob-
served structure amplitudes at the present stage is
18.19% and the atomic co-ordinates yield generally
satisfactory bond lengths and valency angles®.

Zusammenfassung. Die Struktur des p-Brom-
phenylhydrazids der Byssochlamsiure, des charakte-
ristischen Stoffwechselproduktes von Byssochlamys
fulva, wurde durch dreidimensionale Réntgenanalyse
bestimmt. Die Resultate stellen eine Bestimmung der
Konstitution und Stereochemie (abgesehen von der ab-
soluten Konfiguration) des p-Bromphenylhydrazids
als (I) und demnach der Byssochlamsdure als (IT) dar.

4 J. S. Rouwierr, Computing Methods and the Phase Problem in
X-Ray Crystal Analysis (Ed. by R. PEPiNskY, J. M. ROBERTSON,
and J. C. SeeaxmaN, Pergamon Press, Oxford 1861), p. 87.
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