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Synthesis and Structure of Fungisporin

In 1952 Sumiki and Mivao? reported on Fungisporin,
a cyclooctapeptide isolated from spores of several species
of Pewicillium and Aspergillus as a crystalline sublimate
by destructive distillation. Acid and alkaline hydrolysis
yielded pr-valine and bpr-phenylalanine in equimolar
amounts. From the absence of terminal groups, the IR-
spectrum, the solubility characteristics and the molecular
weight of 980, determined by isothermic distillation in
trifluoro acetic acid, Mivao®? was able to propose the
empirical formula cyclo-(Phe-Val),. Sequence studies and
enzymatic experiments on peptide fragments, obtained
by partial hydrolysis of fungisporin showed that the
formula would most probably be cyclo-(b-Val-L-Val-D-
Phe-L-Phe-),2.

For the synthesis of this compound the tetrapeptide
Z-L-Phe-D-Val-L-Val-D-Phe-OtBu V was prepared via the
stepwise elongation method using the N-Hydroxysuc-
cinimidesters of the corresponding Z-Aminoacids (reac-
tion scheme).

Treatment of V with trifluoroacetic acid yielded the
acid VI, which was transformed into the activated ester
VII with di-(p-nitrophenyl} sulfite®. After the removal
of the benzyloxycarbonyl group with HBr/acetic acid the
resulting tetrapeptide p-nitrophenylester VIII was sub-
mitted to cyclization under high dilution in pyridin®.
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From the residue obtained after evaporation of the solvent
a crystalline, highly insoluble compound could be isolated
by sublimation. The data obtained were in good agree-
ment with the ones published for natural fungisporin
with the exception of the molecular weight, which was
found to be 482 by mass spectrometry. This is half the
value found for natural fungisporin by the isothermic
distillation method. A redetermination of the molecular
weight of the natural compound?” by mass spectrometry
reveiled, however, also a molecular weight of 482. Fungi-
sporin is therefore a cyclotetrapeptide and identical with
cyclo-(L~Phe-p-Val-L-Val-D-Phe-).

Zusammenfassung. Die Struktur von Fungisporin, eines
Zyklopeptides aus Sporen verschiedener Spezies von
Penicillium und Aspergillus-Arten, wird durch Synthese
und Vergleich mit dem Naturprodukt als die eines Zyklo-
tetrapeptides, cyclo-(r-Phe-D-Val-L-Val-D-Phe-), bewiesen.

R. O. STUDER

Chewmical Research Depayiment,
F. Hoffmann-La Roche and Co. AG,
CH-4002 Basel (Switzevland), 18 June 1969.
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Two New Groups of Selective Stimulants of Adrenergic 3-Receptors

Sympathomimetic agents acting on the adrenergic
p-receptors are widely used in the treatment of bronchial
asthma. Since both bronchodilatation and excitation of
cardiac muscle are mediated by stimulation of the
adrenergic f-receptors, bronchodilatation is often accom-
panied by tachycardia and palpitations. However, recent
observations by LanDs et al.*-3 indicate that the adren-
ergic f-receptors in the heart are different from those in
the lung. .

We have synthetized and tested pharmacologically a
series of compounds of the following general formula:
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where R is a branched alkyl group or cycloalkyl group,
equal to -butyl, #-pentyl, i-hexyl, cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl. The componnds were tested
for bronchospasmolytic effect in vitro on the isolated

guinea-pig trachea and the effect on heart muscle on the
right guinea-pig auricle (spontaneously beating). The
effect on the tracheal muscles and on the heart muscle
did not run parallel within the alkyl and the cycloalkyl
series as can be seen from Figures 1 and 2. In the alkyl
series maximal effect on the tracheal muscles was ob-
tained for R = #-butyl, with an effect corresponding to
0.8 that of (—)-adrenaline. For R = #-pentyl and #hexyl
the effect on the trachea decreased. The effect on the
right guinea-pig auricle was most pronounced for R =
isopropyl (0.4 X (—)-adrenaline). With increasing size of
the substituent, the effect on this preparation decreased.

1 A. M. Lanps, G. E. Grosrewski and T. G. BRowx Jr., Arch. int
Pharmacodyn. 767, 68 (1966).

2 A. M. Lanps, F. P. LupuEna and H. J. Buzzo, Life Sci. 6, 2241
(1967).

3 A. M. Lanps, A. ArNoLD, J. P. McAurirr, F. P, LupueNA and
T. G. BrownN JR., Nature 274, 597 (1967).
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The results from this series show that a ¢#-butyl group
on the nitrogen atom gives maximal effect on the tracheal
muscles and the most favourable dissociation between
the effect on the tracheal muscles and on the heart
muscle. i

In the cycloalkyl series maximal effect on the guinea-
pig trachea was obtained for R = cyclobutyl. The effect
of this compound was about 0.8 that of (—)-adrenaline.
In comparison with (—)-adrenaline, the cyclopropyl
compound was more effective on the auricle (0.19 X
(—)-adrenaline) than on the trachea (0.06 x (—)-adrena-
line). For the cyclobutyl and cyclopentyl compounds the
condition was the opposite. These compounds were, like
the #-butyl and #-pentyl compounds in the alkyl series,
in comparison with (—)-adrenaline, more active on the
trachea than on the auricle. The effect of the cyclohexyl
compound was very weak.

Effect=(-)adrenatine
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Fig. 1. Effect on isolated guinea-pig trachea and right guinea-pig
auricle (spontaneously beating) of compounds of the general formula:

HO
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(R’ = —CH, = terbutaline). White bars, effect on the trachea; black
bars, effect on the auricle.
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Fig. 2. Effect on isolated guinea-pig trachea and right guinea-pig

auricle (spontaneously beating) of compounds of the general formula:

HO
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White bars, effect on the trachea; black bars, effect on the auricle.
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The results obtained clearly demonstrate a difference
in the relation between the effect on the isolated guinea-
pig trachea and right auricle for a number of sympatho-
mimetic agents. Such a selective effect has also been
reported for another class of adrenergic f-receptor stimu-
lants by HARTLEY et al.t and BRITTAIN et al.5.

One of the compounds® in the alkyl series 1-(3,5-di-
hydroxyphenyl)-2-(#-butylamino)-ethanol sulphate (ter-
butaline sulphate, Prop. I.N.N.) showed such promising
properties in the preliminary tests that it was selected for
further studies. Its relative bronchospasmolytic activity
in different test situations is given in the Table. In vitro,
when tested on the isolated guinea-pig trachea, the effect
of the racemic compound was slightly less than that of
(—)-adrenaline and twice that of orciprenaline. Isoprena-
line was 17 times more potent than terbutaline. In the
in vivo studies the relation between the different com-
pounds varied according to the route of administration
and technique used. After oral administration to con-
scious guinea-pigs (histamine aerosol), terbutaline was
3 times more active than both orciprenaline and iso-
prenaline. The duration of action was longer than that
of isoprenaline.and orciprenaline. The cardiovascular
effects of terbutaline are characteristic of those of a
B-receptor stimulating agent: depressor effect on the
arterial mean pressure, increase in pulse pressure and
heart rate. The effect on peripheral resistance assessed
by perfusion of the lower abdomen of the cat at constant
flow, was 1/, that of isoprenaline and of the order of
that of orciprenaline. At equieffective bronchospasmo-
lytic doses the circulatory effects in both cats and dogs
were less than those for orciprenaline and isoprenaline.

The acute toxicity in mice of the compound is low and
it has no central stimulating effect.

After oral administration to dogs, about 75%, of the
dose was found in the urine within 48 h after the admin-
istration.

The results obtained from the pbarmacological studies

-indicate that terbutaline is a potent bronchospasmolytic

agent with an effect predominantly on the tracheal and
bronchial muscles. It has an action of long duration and
is active after oral administration. Full results will be
published in detail later.

Relative bronchospasmolytic effect of terbutaline, orciprenaline and
isoprenaline in various test situations

Test Route of Relative effect
adminis- Ter- Orci- Iso-
tration butaline prenaline prenaline
' Guinea-pig trachea 1.0 0.5 17
Anaesthetized guinea-pig i.v. 1.0 0.5 6.7 -
(Konzett and Rdossler)
Anaesthetized cat iv. 1.0 0.4 1.7
(Konzett and Réssler)
Anaesthetized dog iwv. 1.0 0.7 4.8
(Konzett and Rossler)
Conscious guinea-pig ip. 1.0 0.3 2.0
(Histamine aerosol)
Conscious guinea-pig oral 1.0 0.3 0.3

(Histamine aerosol)

¢ D. HARTLEY, D. Jack, L. H. C. Lunts and A. C. RircHIE, Nature
279, 861 (1968).

5 R. T. Brrrrain, J. B. FarMmer, D. Jack, L. E. MarTiNn and
W. T. Simpson, Nature 279, 862 (1968).

6 K. 1. L. WerrerriNy and L. A, Svexssox, Belgium patent No,
704,932,
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Zusammenfassung. Verzweigte und zyklische N-Alkyl-
derivate aus 1-(3,5-Dihydroxyphenyl)-2-aminodthanol
wurden hergestellt und pharmakologisch gepriift. Die
Verbindungen sind adrenerge p-rezeptorstimulierende
Substanzen mit ausgesprochenem Effektunterschied in
ihrer Wirkung auf Herz und Bronchie. Von den unter-
suchten Verbindungen zeigte 1-(3,5-Dihydroxyphenyl)-
2-(¢-butylamino)-dthanol (Terbutalin) besonders gute
pharmakologische Eigenschaften. Terbutalin ist potenter
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als Orciprenalin, hat ausserdem eine Wirkung von lin-
gerer Dauer als Isoprenalin und Orciprenalin sowie eine
héhere selektive Wirkung als diese beiden Verbindungen.

J. BErgMaAN, H. PERssON
and K. WETITERLIN

Research Labovatories of AB Draco,
S-221071 Lund (Sweden), 22 May 1969.

The X-Ray Analysis of Tolypomycinone Tri-m-bromobenzoate

Tolypomycin Y (I)?, C,3H,,N,0, is a new antibiotic
which has been isolated from the culture broth of
Streptomyces tolypophorus®. Mild acid hydrolysis of I
afforded a yellow naphthoquinone, tolypomycinones?,
C,;H;3NO,,;, and a water-soluble aminosugar, tolypos-
aminet, C;H;;NO,. The structure of tolypomycin Y and
tolypomycinone have been proposed by Kisei et al.l-3
from the structures of their degradation products and
their spectroscopic data. In order to confirm these struc-
tures and to establish their stereochemical configurations
and conformations, the X-ray analysis was undertaken.
A variety of heavy-atom derivatives of tolypomycin Y
and tolypomycinone was prepared, but a preliminary
study indicated that the tolypomycinone tri-m-bromo-
benzoate (II), CzeH;30,(NBr;, was the most promising
for the X-ray analysis. Small yellow crystals of II
mp 201-203° (decomp.), recrystallized from an ethyl
acetate solution, were stable enough to make certain
amount of data collection possible. )

Weissenberg photographs obtained with CuKa radia-
tion (4 = 1.5418 A) showed that the crystal is ortho-
rhombic with the unit-cell parameters, a = 20.51, b =
25.60, and ¢ = 11.80 A, Systematic extinctions of hOO
when h is odd, OkO when k is odd and 001 when 1 is
odd, lead uniquely to the space group b} (P2,2,2,). The
calculated density of the crystal, assuming one molecule
in an asymmetric unit, is 1.35 g cm~3 as compared with
the measured value of 1.38 gcm~-3 (the floatation method).

Reflexion intensities were measured visually from
multiplefilm integrating Weissenberg photographs which
were recorded at room temperature, rotating around the
¢ axis (11 layers, specimens of 0.08X0.05 mm cross-
section) and the a axis (5 layers, 0.05X 0.20 mm cross-
section).. The crystals were fairly small and were of low
reflecting power. Absorption corrections are small and
were not applied, nor were the extinction corrections.
In all, 3262 independent structure factors were derived
from the intensity measurement.

The three-dimensional sharpened peak Patterson func-
tion was computed with an over-all temperature factor
of 5.5 A2 Initial co-ordinates of 2 bromine atoms (0.28,
0.18, 0.84) and (0.50, 0.02, 0.32), were deduced from the
3 Harker sections and vector maps. But the co-ordinates
of the third bromine atom, temperature factor of which
was later revealed to be very large, were not determined.
Each of the locations of the 2 bromine atoms was then
used to compute a separate four term minimum function
superposition. 2 three-dimensional Fourier syntheses were
also evaluated at this stage with phase angles calculated
from the co-ordinates of one bromine atom (Br(1)) and
from those of 2 bromine atoms (Br(1) and Br(2)), respec-
tively. By careful examination of these maps, 50 peaks
were chosen as atomic positions. Instead of calculating
a rough electron density distribution with phase angles

based on these 50 atoms, least-squares treatment was
applied to them in order to ascertain the existence of
atoms by their temperature factors?-®. Some atoms
whose temperature factors diverged in this treatment were
discarded. Then the electron density synthesis was com-
puted with phase angles based on the remaining atoms.
Further elucidation of the structure was continued by
our usual method*-5, that is, an alternative application
of least-squares treatments and Fourier syntheses. 2 ben-
zene rings of the bromobenzoate were clearly seen at an
early stage, and the naphthoquinone ring at the next
stage. Other parts of the molecule were visualized step
by step as the analysis proceeds on. From the map
obtained by the electron density synthesis with an
R-value of 27.79%,, 78 atoms of the whole molecule and
20 other peaks were seen. The latter 20 peaks were
revealed to be spurious by the succeeding least-squares
treatment, and the present structure was derived without
any uncertainty. The chemical identities of all the con-
stituent atoms were determined by the consideration of
the temperature factors in the least-squares refinement,
the peak values of electron density, bond lengths and
angles, together with the chemical evidence. The atomic
co-ordinates and the temperature factors were refined
through 6 cycles of least-squares calculations, Finally,
the R-value decreased to 0.172.

The final atomic co-ordinates and temperature factors
are listed in the Table. The structure (II) of tolypomyci-
none tri-m-bromobenzoate is now considered to be
established unambiguously. The atomic co-ordinates of
the table deviate by a maximum of 0.2 A from acceptable
values for the formula (II).

As the next step, the absolute configuration of the
molecule was determined by means of BIJvoET’s anoma-
lous dispersion method®. Values of Af and Af” for
bromine atoms were taken from the ‘International
Tables’”.
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