Elaiomycins B and C: Alkylhydrazide
Antibiotics from Streptomyces sp. BK 190
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Elaiomycin B

Two novel alkyhydrazides, elaiomycins B and C, together with the azoxy antibiotic elaiomycin were isolated from Streptomyces sp. BK 190. The
structures were established by 1D- and 2D-NMR spectroscopy including >N NMR studies and high-resolution orbitrap-ESI-mass spectrometry.

Elaiomycin [[(2S,3S)-3-hydroxy-1-methoxybutan-2-yl]-
imino-oct-1-enyloxidoazanium] is a natural compound
described in 1954 from submerged culture filtrates of Strep-
tomyces gelaticus. The gross structure of elaiomycin was
elucidated by Stevens et al.' containing the chemically
unique aliphatic a,3-unsaturated azoxy group. Elaiomycin
exhibits an unusual bioactivity as it exhibits a strong in vitro
inhibition of virulent and avirulent forms of the bovine and
human strains of Mycobacterium tuberculosis.> However,
the compound has been found to induce tumors in rats®
and to be therapeutically ineffective at a subtoxic dosage
against experimental tuberculosis infections of mice and
rats.” Elaiomycin is the most prominent representative of a
small number of naturally occurring azoxy compounds, all
of which exhibit biological activity.
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Herein we report on the structural determination of two
novel alkylhydrazides, named elaiomycins B and C, pro-
duced by Streptomyces sp. BK 190 and the full two-dimen-
sional NMR data set of elaiomycin including "N NMR
spectroscopy. The taxonomy of the producing strain, its
fermentation, isolation, and biological activity of elaiomy-
cins B and C will be reported in a further publication; a
brief description of the fermentation and the purification is
given in the Supporting Information.

Compound 1 was obtained as a colorless oil. The mole-
cularions of m/z 259.1 [M + H]" and m/z 281.1 [M + Na]"
in the ESI-MS spectrum of 1 revealed a molecular mass
of 258.1 g/mol. The molecular formula of 1 was es-
tablished as C;3H,sN>O5 by determining the exact mole-
cular mass (m/z 259.20077, [M + H]") derived from the
high-resolution orbitrap-ESI-MS spectrum (m/z calcd
259.20217, Am —3.31 ppm). A database search for the
molecular mass was in accordance with the previously
reported antibiotic elaiomycin,' upon which, however, to
our knowledge no two-dimensional NMR spectroscopic
data were available.*> Subsequent '"H NMR and *C NMR
spectroscopy, including DEPT and 'H—"3C-HSQC spectra,
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Figure 1. Elaiomycin (1) structure and 2D-NMR connectivities.

of 1 confirmed the presence of 26 protons and 13 carbon
atoms (Supporting Information, Table S2). Signals were
assigned to three methyl groups including a methoxy group
at oy 3.19 (3H, s), ¢ 58.5; six methylene groups including
one oxygen-bound methylene at 4y 3.50, 3.58 (2H, dd, J =
39,7.2,3.9, 7.2 Hz), ¢ 70.3; two olefinic protons at oy
6.85(1H,d,J = 9.0Hz),0c 136.4,61 5.78 (1H,dt,J = 7.9,
8.5Hz), 6 132.8; two methine protons at 0y 4.27 (1H, m),
O0c 64.5, 0 3.86 (1H, m), 6 64.9, and one OH group at oy
4.79. Detailed analysis of 'H—"H-COSY and 'H—'3C-
HMBC spectra rendered two structural moieties (C-1—C-5
and C-1'—C-8', Figure 1). Since neither "H—"H-COSY nor
'H-"3C-HMBC connectivities were observed from C-3
with the olefinic chain C-1'—C-8', we expected that the two
moieties were connected by two nitrogen atoms, which is
also implied by the molecular formula. A characteristic
band at 1467 cm™ " in the IR spectrum of 1 (Supporting
Information, Figure S10) suggests an azoxy group. The
"H—""N-HMBC experiment confirmed the presence of
two nitrogen atoms at dn 336.2 ppm (N-2, N(O)) and Oy
360.3 ppm (N-1, N), respectively. Furthermore, the "H—
">’N-HMBC correlations from the olefinic protons H-1’ to
both nitrogens as well as correlations from H-2' to N-2 and
the correlations from H-2, H-3, H-4 to N-1 as well as from
H-3 to N-2 clearly confirmed a diimine-type structure.
Hence, N-2 is directly connected to the olefinic chain and
N-1 is connected to position 3 of a 4-methoxybutan-2-ol
moiety (C-1—C-5). Consequently our NMR data confirm
the previous structural assignment of 1 as elaiomycin
(Figure 1). The (25,3S) configuration of the stereocenters
of compound 1 was deduced from the optical rotation
values [0]**p +33.3 (¢ 2.8, EtOH), which were in good
accordance with that determined previously for elaiomycin
{[a]*°p +38.4 (¢ 2.8, EtOH)}."* Furthermore, The IR
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spectrum as well as the UV maximum of 1 was identical
with those of elaiomycin.'*?

Examination of the literature showed that the azoxy con-
figuration of elaiomycin is tentative;® the NOESY spectrum
of 1 revealed the azoxy group rather suggests a cis-config-
uration, since no NOEs correlations were observed be-
tween H-1'/H-2" and H-2/H-3 or H-4/H-5, which would
likely be expected in a trans-configuration (Supporting
Information, Figure S8).

Compound 2 was obtained as a colorless oil. ESI-MS of
2 showed signals at m/z 479.5 [M + H]" and at m/z 501.5
[M + Na]". The exact molecular mass of 2 derived from the
high-resolution orbitrap-ESI-MS spectrum m/z 479.42053
M + H]" (m/z caled 479.41344, Am —0.35 ppm) gave
a molecular formula of Cy9yHs4N>O5. The four degrees
of unsaturation implied by the molecular formula were
accounted for by two carbonyl groups and two olefinic
double bonds, whereas the '*C NMR including DEPT
revealed the presence of 29 carbon atoms including two
carbonyl carbons at dc 167.8 (C-3), 6c 173.4 (C-4), four
olefinic carbons at d¢ 124.4 (C-1), dc 117.4 (C-2'), oc
129.7 (C-7'), and d¢ 129.8 (C-8'), 20 methylene groups
including oxygen-bound methylene at dc 70.9 (C-2), as
well as three methyl groups including a methoxy group at
0 58.5(C-1). HSQC-NMR data established all ' J'TH—"3C
connectivities (Supporting Information, Table S3). The
key structural features revealed by 'H NMR were a
doublet at oy 6.39 (H-1', d, J = 9.5 Hz) and a doublet of
triplet at oy 4.75 (H-2', dt, J = 9.2, 7.2 Hz), which both
were assigned to one olefinic double bond (H-1'/H-2'). A
triplet at oy 5.31 (H-7', H-8', m, J = 4.8 Hz) was assigned
to two protons of another olefinic double bond (H-7'/H-8').
"H—"H-COSY and 'H—"*C-HMBC revealed a set of four
methylene groups located between the above-mentioned
double bonds which was assigned as 0y 2.02 (H-3', m), Oy
1.26 (H-4',m), 011 1.27 (H-5', m), 651 1.96 (H-6',dt,J = 5.8,
6.4 Hz). Finally, a singlet at oy 3.96 (H-2, s) was assigned
to the oxygen-bound methylene group (C-2), a character-
istic singlet at 0y 3.34 (H-1, s) was assigned to the methoxy
group C-1, and a group of prominent though overlapping
signals between 1.20 and 1.27 ppm was assigned to the
aliphatic methylene chains (C-7—C-12) and (C-10'—
C-15), respectively.
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Figure 2. Substructures of elaiomycin B (2) and selective 2D-NMR
connectivities.
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Moreover 'H—'H-COSY connectivities (Figure 2) from
H-8' to H-9', H-9' to H-10" and "H—"*C-HMBC connec-
tivities from H-7' to C-9’, H-9’ to C-10'/C-11’, H-10' to
C-12/, H-12' to C-14' and from the terminal methyl group
H-16" to C-14//C-15" allowed the construction of the ole-
finic chain C-1'—C-16' (Figure 2a). Furthermore, '"H—"3C-
HMBC connectivities from the methoxy methyl H-1 to the
oxygen-bound methylene C-2, from H-2 to C-1/C-3, and
from NH (0y 10.65, s, NH) to C-3 suggested the presence
of a 2-methoxyacetamide fragment C-1—NH (Figure 2b).
Additionally, HMBC connectivities were from H-5 (dy
2.33,t,J = 7.5 Hz) to C-4/C-6 (supported by 'H—"H-
COSY)/C-7, H-6 to C-4/C-8, and from H-13 (dy 0.84, t,
J = 7.4 Hz) to C-11/C-12 referring to an aliphatic chain
(C-4—C-13) (Figure 2c). In this context, orbitrap-MS-MS
spectra of elaiomycin B (2) revealed characteristic frag-
ment peaks at m/z 155.154 and 183.148 assigned to a
decanoylion and a 1-oxo-decane-1-diazonium ion, respec-
tively, which confirmed the length of the decanoyl chain in
compound 2 (Supporting Information, Figure S28).

>N NMR experiments were established to determine the
positions of the nitrogen atoms as well as the connectivities
of the three parts of the molecule. The lack of the char-
acteristic azoxy band at 1467 cm™ ' in the IR spectrum of 2
(Supporting Information, Figure S20) and the appearance
of a band at 1692 cm™' suggested a hydrazide group.
"H—"N-HSQC-NMR data of 2 indicate the presence of
two nitrogen atoms at oy 140.9 (N-1, NH) and oy 144.1
(N-2, N). Furthermore, 'H—""N-HMBC correlations
from the olefinic proton H-1’ to both nitrogens and from
the H-2" to N-2 strongly support the presence of a N—N-
bond as well as the attachment of the olefinic chain C-1'—
C-16 to the tertiary nitrogen N-2 (Figure 3). Correlation
from methylene protons (H-5) to N-2 showed that the
tertiary nitrogen N-2 is attached to the aliphatic chain
C-4—C-13 as well (Figure 3). Moreover a correlation from
the oxygen-bound methylene H-2 to the secondary nitrogen
N-1 and '"H—"*C-HMBC connectivities from the H-2/NH
to C-3 indicates that the 2-methoxyacetamide fragment
C-1-NH (Figure 2b) is bound to N-2 through a N—N-
bond. Consequently, the overall analysis of the 1D-NMR
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Figure 3. Elaiomycin B (2) structure and selective 2D-NMR
connectivities including '"H—"N-HMBC correlations.

('H, *C, DEPT) and 2D-NMR (COSY, TOCSY, HSQC,
HMBC, '"H-""N-HSQC and 'H—""°N-HMBC) data indi-
cated that 2 although structurally related to elaiomycin (1) is
a novel hydrazide derivative (Figure 3). The geometry of all
double bonds was assigned to be Z, based on the coupling
constants which were less than 12 Hz, as mentioned
previously.

Compound 3 was obtained as a colorless oil. The ESI-
MS in positive ionization mode of 3 showed ion peaks at
m/z477.5[M +H]" and atm/z499.5[M + Na]". The exact
molecular mass of 3 derived from high-resolution orbitrap-
ESI-MS spectrum m/z 477.40483 [M + H]" (m/z calcd
477.39779, Am = —0.50 ppm) gave a molecular formula of
Cy9H5oN>O5. At first glance, the molecular formula of 3
showed a difference of 2 Da compared to compound 2.
This suggested the presence of an additional double bond
in compound 3. '"H and '>C NMR data of compound 3
revealed a high similarity with those of 2. Likewise '°C
NMR spectra of 3 showed the presence of 29 carbon atoms;
nevertheless, DEPT and HSQC spectra revealed slight dif-
ferences, particularly the lack of two methylene signals in
the area between 22 and 32 ppm. Furthermore, a signal at
Oc 127.9 was assigned to two olefinic carbons corroborat-
ing the presence of one additional double bond in com-
pound 3. "H—"H-COSY correlations from H-9' to H-8'/
H-10, from H-11" to H-12', and from H-12' to H-13' as
well as '"H—"3C-HMBC correlations from H-9' to C-7'/C-
11/, from H-11" to C-9’, from H-10' to C-12/, from H-12' to
C-13'/C-14, from H-13' to C-15, and from H-16' to C-14//
C-15 clearly pinpoint the position of the double bond at
C-10’/C-11". Consequently the length of the carbon chain
C-1'/C-16' in compound 3 was clearly defined by NMR
spectral data and likewise in analogy to orbitrap-MS-MS
spectra of 2 MS-MS data of 3 (Supporting Information,
Figure S28) also support the presence of a decanoyl chain.
As shown in Figure 4, the structure of compound 3 was
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Figure 4. Elaiomycin C (3) structure and selective 2D-NMR
connectivities.
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deduced to be identical with that of compound 2 with one
additional degree of unsaturation constituting a new mem-
ber of the naturally occurring alkylhydrazides.

In general, hydrazines, hydrazones, and hydrazides im-
part a wide spectrum of biological activities and have various
applications.” Interestingly, isonicotinic acid hydrazide
has been used as an antituberculosis drug,®’ and maleic
hydrazide has been used as a plant growth inhibitor and
herbicide.'” In long-term animal studies, however, hydra-
zide compounds have been shown to cause lung and lym-
phoreticular tissue tumors in mice,'"'* and breast tumors
in rats.'® Nitrogen—nitrogen bond containing compounds
are rarely found among natural products. Azoxy antibio-
tics reported so far include elaiomycin,' which is effective
against Mycobacterium tuberculosis; LL-BH872a'* dis-
playing antifungal activity; the antitumor compound
valanimycin'® also active against Gram-positive and
Gram-negative bacteria; the jietacins A and B,'® which
exhibit nematocidal activity; lyophyllin,'” alkylazoxycar-
bamide showing tumor-inhibiting properties; a proximal
cis-o,B-unsaturated azoxyalkene,'® showing a weak anti-
biotic activity against Rohdotorula sp.; as well as the
antifungal maniwamycins A and B' which possess a
trans-o.,B-unsaturated azoxy chromophore.
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In this context, elaiomycins B and C represent new
members of secondary metabolites with a hydrazide
subunit as a characteristic structural feature. An Inves-
tigation on elaiomycin biosynthesis revealed that
its carbon and nitrogen skeleton are derived from
n-octylamine, L-serine, and acetate (C2-unit).**° Previous
biosynthesis studies of valanimycin,' a related azoxy
antibiotic, showed L-serine and L-valine as biosynthesis
precursors in which valine is transformed via isobutyl-
amine into the intermediate isobutylhydroxylamine.?!
Recent investigations on valanimycin biosynthesis®>~>°
revealed further mechanstic details, particularly on the
formation of the unusual azoxy-group. Since the strain
Streptomyces sp. BK 190 is capable of synthesizing
elaiomycin and elaiomycins B and C, we assume related
biosynthesis pathways for the assembly of these meta-
bolites. Our current efforts are dedicated to the elucida-
tion of elaiomycins biosynthesis.
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