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Heliomycin is produced by Streptomyces
variabilis and was isolated by the extraction of
the mycelium with acetone?. It possesses bac-
tericidal and vasoconstrictive activity. The
antibiotic has proved useful in the treatment of
burns or polyderma and also for incorporation
into cosmetics. It inhibits RNA and protein
synthesis but has no effect on DNA synthesis?.

There has been confusion regarding the struc-
ture and identity of this antibiotic. The hand-
book of antibiotic compounds® gives empirical
formula as C,,H,,0, and states that it is identical
with resistomycin (C,,H,,0,), a difference of
two protons. Another aspect which adds to
this confusion is that the resistomycin also goes
under the trade name of kanamycin sulfate (a
glycosidic antibiotic).

NMR and X-ray studies were initiated to
determine the structure and conformation of
heliomycin (obtained from Cal Biochem, USA)
and to see if it was similar to resistomycin, whose
structure was deduced from chemical and spectral
data*~® and also by X-ray analysis of dibromo-
resistomycin  tetramethyl ester®. 200 MHz
spectra of heliomycin in d-acetone was recorded
at room temperature. The chemical shifts for
the heliomycin are tH NMR (200 MHz, acetone-
d,), 6 1.65 (s, 6H, (CH,),-C<), 3.05 (s, 3H, CHj,-
aromatic), 6.36 (s, 1H, H-4), 7.12 (s, 1H, H-8),
7.41 (s, 1H, H-11). The corresponding chemical
shifts for resistomycin® (100 MHz, acetone-d,)
are § 1.66, 2.96, 6.37, 7.13, 7.42. These chemical
shifts agree well except for methyl group at C-9,
thus indicating similarity of structure between
heliomycin and resistomycin (Fig. 1).

Single crystals of the antibiotic were obtained
from dioxane in the form of needles. The
crystals belong to the monoclinic space group
P2,/C with cell dimensions of a=8.513(2), b=
19.047(4), ¢=11.065(2) A, =105.6°(2), Z=4,
d,=1.506 g/cm?, V=1,728.2 A2, A crystal of
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Fig. 1. Chemical formula and numbering system.
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dimension 0.4 x0.2 x0.2 mm was used for data
collection. The data was collected at —11°C
because of the instability of crystals at room
temperature. Intensities of 3,569 reflections,
4.0>26>53.0°, were measured using MoKa
radiation (1=0.71069 A) on a Syntax P2 diffracto-
meter equipped with graphite monochromator
and a Syntex LT-1 inert-gas (N,) low tempera-
ture delivery system, using the omega scan tech-
nique, a variable scan rate (2.0—6.0°), a scan
range of 2.0° with a scan to background ratio
of 1.0. 1,566 reflections with I>>3¢(I) were con-
sidered observed. The intensities were corrected
for Lorentz and polarization effects but no ab-
sorption correction was applied (x=1.15cm™1).

The structure was solved by the direct methods
program MULTAN? with E’s>1.5. The first
E map revealed 20 of the 28 non-hydrogen atoms
in the asymmetric unit. The rest of the non-
hydrogen atoms and water oxygen were located
by difference Fourier methods. The structure
was refined isotropically to an R factor of 0.117.
Further least-squares refinement using aniso-
tropic temperature factors reduced R to 0.098.
At this stage all the hydrogens were located from
a difference Fourier map and the structure was
further refined using anisotropic temperature
factors for non-hydrogen atoms and isotropic
temperature factors for hydrogen atoms, which
reduced R to the final value of 0.0495. The
function minimized was >, w(Fo—Fc)? and the
scattering factors used were those of CROMER
et al®.

The fractional coordinates and other data have
been sent to the Cambridge Crystallographic
Data Centre. Fig. 2 shows the stereochemistry
of the molecule and also the bond lengths and
hydrogen bond distances. The standard devia-
tions in the bond lengths are of the order of
0.006 A. As expected, the molecule is planar
except the ring with the gem dimethyl group.
The torsion angles around this ring starting with
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Fig. 2. Thermal ellipsoid plot of the molecule with bond lengths and intramolecular hydrogen bonding.

bond C(1)-C(2) and going clockwise are —22.3,
12.1,2.7, —5.6, —6.8 and 19.8° respectively, thus
indicating that conformation of this ring is half
chair®, All the oxygen atoms in the molecule
are involved in hydrogen bonding. The intra-
molecular hydrogen bonding (as shown in Fig.
2) involves O(1) and O(4) as proton acceptors
while O(2), O(3) and O(5) are donors. The O(6)
donates its proton to the water oxygen, which in
turn is involved in intermolecular hydrogen
bonding with O(1) (2.847 A; 1+4x, 1/2—y, 1/2—
z). The molecules in the unit cell are packed
parallel to the ac diagonal with partial stacking.
The mechanism of the action of heliomycin
(resistomycin) is hardly understood. The only
information available shows that it inhibits RNA
and protein synthesis but not DNA synthesis.
Studies by KoROLEV et al.?-'V have shown that
heliomycin inhibits the activity of the enzyme
DNA-dependent RNA polymerase, thus inhibit-
ing the synthesis of RNA. The forces most
probably involved in the possible formation of
the antibiotic-enzyme complex are (a) stacking
of antibiotic between aromatic amino acids of
a-helix and (b) hydrogen bonding between hy-

Fig. 3. Possible mode of interaction of heliomycin
with the a-helix of enzyme.
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droxyl and carbonyl groups on the antibiotic and
various proton donor and acceptor atoms availa-

ble on the a-helix of the enzyme.

Fig. 3 depicts

this possible model.

The author would like to thank the National
Institutes of Health (NIHGM 32690) for financial
support and Dr. S. LArsoN for help with the project.

D

2)

3)

4)

References

GAUSE, G.F.; T.P. PREOBRAHENSKAYA, T.S.
MaksiMovA, R. S. UkHOLINA, N. P. NAECHEVA
& I.N. KosHOEVA: Antibiotic heliomycin.
German Patent 2,212,854, Nov. 2, 1972
KoroLEv, P.N.; A.M. PoLiN, V.G. BULGAKOVA,
E.I. MeLikMovA & A. B. SiLAEv: Heliomycin
effect on inclusion of labeled precursors of
nucleic acids into cells. Antibiotiki 20: 503 ~
507, 1975

BERrDY, J.; A. AszaLos, M. BostiaNn & K. L.
McNitT Eds: Handbook of Antibiotic Com-
pounds. Vol. 3, p. 352. CRC Press Inc., Cleve-
land, 1980

ROSENBROOK, W.: The structure of resistomycin.

THE JOURNAL OF ANTIBIOTICS

5)

6)

N

8)

9)

10)

11)

115

J. Org. Chem. 32: 2924~ 2925, 1967

BarLey, M. A.; C. L. FAaLsuaw, W. D. OLis, M.
WATANBE, M. M. DHAR, A. W. KHaN & V. C.
VorA: The constitution of resistomycin. J.
Chem. Soc., Chem. Comm. 1968: 374~ 376,
1968

BrockmANN, H.; E. MEYER, K. ScHrEmPP, F.
REemNErRs & T. RescHi: Die Konstitution des
Resistomycins. Chem. Ber. 102: 1224~ 1246,
1969

GERMAIN, G.; P. MAIN & M. M. WOOLFSON:
The application of phase relationship to complex
structures. Acta Cryst. A27: 368~ 376, 1971
CroMER, D.T. & J. B. MANN: Atomic Scat-
tering Factors. Acta Cryst. A24: 321~324,
1968
Bucourt, R.:
159~224, 1979
KoroLEev, P.P.; AN. PoLIN & V.G. BULGAKOVA :
Inhibition of RNA synthesis in vitro with helio-
mycin. Mikrobiol. Zh. 39: 662~ 666, 1977
KoroLev, P.N.; A.N. PoLIN, V.G. BULGAKOVA
& A.B. SiLaev: Heliomycin suppression of
RNA synthesis in cell free system. Antibiotiki
23:242~247,1978

Topics in Stereochemistry. 8:





