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The incorporation of [**N, 0]-isobutylhydroxylamine into the antibiotic valanimycin by Streptomyces viridifaciens has been shown to proceed
with loss of the 80 label, thereby demonstrating that the azoxy oxygen atom of valanimycin is not derived from the oxygen atom of

isobutylhydroxylamine.

The antibiotic valanimycin is a naturally occurring azoxy
compound produced Bgtreptomycesiridifaciens MG456-
hF10. In addition to antibacterial activity, valanimycin
exhibits potent cytotoxic activity against in vitro cell cultures
of mouse leukemia L1210, P388/S (doxorubicin-sensitive),
and P388/ADR (doxorubicin-resistaidt)Other naturally

occurring azoxy compounds produced by bacteria include

the carcinogen elaiomyci antifungal agents maniwamy-
cins A and B> nematocidal compounds jietacins A and B,
and the antifungal agent azoxybacilin.

Relatively little is known about the biosynthesis of
naturally occurring azoxy compounds. Investigations of

elaiomycin biosynthesis revealed that its carbon and nitrogen

skeleton are derived from-octylamine,L-serine, and C-2
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of acetaté;® while studies of valanimycin showed it to be
derived fromL-serine and-valine, with the latter amino acid
being incorporated via the intermediacy of isobutylamine and
isobutylhydroxylamine (Scheme 19 Furthermore, the two

Scheme 1. Valanimycin Biosynthetic Pathway
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nitrogen atoms of the valanimycin azoxy group were shown
to be derived from the nitrogen atoms of serine and
isobutylhydroxylaminé? and the conversion of isobutyl-
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amine to isobutylhydroxylamine was found to be catalyzed lamine derivative. The intensities of the tWiN signals were
by a two-component, flavin monooxygenase (Schenié*).  consistent with the mass spectral data and indicated that the
In more recent studies, the valanimycin biosynthetic gene ratio of [*°N, 180] to [**N, 10] species was 3:1. The protected
cluster has been cloned frofviridifaciensand analyzed? hydroxylamine derivative was next converted into M©-
The analysis revealed a number of unusual features ofdi-tert-butoxycarbonyl derivative of isobutylhydroxylamine
valanimycin biosynthesis, but it has not yet clarified the by means of a Mitsunobu reactiéhThe ratio of the N,
mechanism of azoxy group formation. To limit the number 1#0]- to [**N, 60]-labeled forms of the protected isobutyl-
of possible mechanisms for azoxy group formation and hydroxylamine determined by CIMS andN NMR was
thereby assist future studies, we have chosen to investigatepproximately the same as that of the parent hydroxylamine.
the fate of the oxygen atom of isobutylhydroxylamine during Finally, acid-catalyzed removal of the protecting groups
its conversion to valanimycin. The results of this investigation proceeded in high yield to produce the desir&M[ 180]-
are described here. isobutylhydroxylamine hydrochloride. A¥O-induced iso-
The fate of the isobutylhydroxylamine oxygen was inves- tope shift could not be observed in tH&l NMR spectrum
tigated by means of precursor incorporation experiments with of the isobutylhydroxylamine hydrochloride due the broad
[25N, 180]-isobutylhydroxylamine. This doubly labeled pre- nature of the"N resonance, but a CIMS analysis indicated
cursor was synthesized as outlined in SchemésR, [2O]- that the ratio of PPN, *#0]- to [**N, *°O]-labeled isobutyl-
hydroxylamine was about 2.8:1.

_ The doubly labeled isobutylhydroxylamine was adminis-

Sch 2 Svnthesis of BN, 220]-Isobutvihvdroxvlami tered to 1 L of al7-h-old culture ofS. viridifaciens
cheme 2. Synthesis of PN, **O]-Isobutylhydroxylamine concurrently with unlabeled-alanine to increase the level

. Hydrochloride o of valanimycin productiod? After an additional 19 h,
Nao, i TOTRO e, BHSMes | TTOR - 2NAC valanimycin was isolated from the fermentation broth and
2)NaOH 2) propanone reflux converted into its ammonia adduct in the usual mahAfée
70%, 2 steps . e .
ammonia adduct was purified by medium-pressure reverse-
Boe phase chromatography and the purified compound analyzed
Sk o0m o [CHRISCOCOL0, EtaN 15,'%{ PheP, -BuOH, by CIMS and by_15N_ and C NMR spectroscopy. M_ass
70% “‘O\tB o 1PrOON=NCOPri spectral analysis indicated the presence of an approximately
90% 1:1 mixture of [*N]- and [°N]-labeled species, with no
evidence for the presence dfl{l, 0]-labeled species. The
YNSN/‘BOC _hol Yismz or 5N NMR spectrum (RO, 50.7 MHz, [°N]-glycine refer-
" poe o0 ence), which was consistent with the CIMS spectrum,

exhibited a sharf’N resonance at 314.49 ppm corresponding
to theo-nitrogen atom of the azoxy group, with no evidence

Hydroxylamine hydrochloride was synthesized from sodium for an upfield,!*0-shifted"N resonance signal. The presence
[15N]-nitrite (99 atom %5N) and [%O]-water (95 atom % of N in the a-position of the valanimycin ammonia adduct
180) by the method of Van Etten and Rajendt4Analysis ~ Was confirmed by thésC NMR spectrum (8O, 125 MHz)
of the intermediate acetoxime by chemical ionization mass N Which the C-4 resonance appeared as an overlapping
spectrometry (CIMS) indicated that the ratio i, 180]- singlet (79.627 ppm) and doublet (79.605 pplgy = 9.4

to [15N, 160]-labeled oxime was about 3:1. The doubly HZz'% whose relative intensities indicated approximately 50%
labeled hydroxylamine obtained from the oxime was con- 15N enrichment. This level of enrichment is similar to that
verted into the correspondinty,O-di-tert-butoxycarbonyl prleviously observed iq precursor incorpor_ation experiments
derivative, whos&®O content was determined by both CiMs ~ With labeled forms of isobutylhydroxylamirié.

and N NMR spectroscopy. The intensities of the M1 The results of the preceding experiments indicate that the
peaks for the N, 180] and [N, 1°0] species in the mass ~ OXygen atom of the valanimycin azoxy group is not derived
spectrum indicated that their ratio was about 3:1. The  rom the hydroxyl group of isobutylhydroxylamine. At least
NMR spectrum (CDG}, 50.7 MHz, [5N]-glycine external two mechanisms for azoxy group formation can be envi-
reference at 0 ppm) exhibited t#&\ signals, one at 127.02 ~ Sioned that are compatible with this observation. One
ppm generated by thésN]-labeled compound and a second mechams_m wquld pr.oceed by condensation of |soputylhy—
at 126.94 ppm, resulting from &O-isotope-induced shift droxylamine with serine to produce the hydrazinevhich

on the!N resonance position in the doubly labeled hydroxy- could then be converted to valanimycin (Scheme 3a). Some
evidence in favor of this mechanism has previously been
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Scheme 3. Hypothetical Valanimycin Biosynthetic Pathways

(a)

observed with other precursossuggesting that this com-
pound may not be a true intermediate. A second compatible
mechanism would proceed by oxidation of isobutylhydroxy-
lamine to the corresponding nitroso derivative, which could
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condense with serine while still confined within an enzyme
active site to produce the azo compouddScheme 3b).
Additional investigations will be required to determine
whether either of these two mechanisms actually plays a role
in valanimycin biosynthesis.
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