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Biomimetic synthesis and structural refinement of the macrocyclic dimer
aminoglycoside 66-40C—the remarkably selective self-condensation
of a putative aldehyde intermediate in the submerged culture medium

producing sisomicinf
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Aminoglycoside 66-40C, an unprecedented 16-membered
bis-azadiene macrocyclic natural product isolated from the
Micromonospora producer of the antibiotic sisomicin, was
synthesized following a biomimetic strategy which definitively
established its origin as arising from a remarkably selective
non-enzymatic macro-dimerization.

The submerged fermentation of Micromonospora inyoensis
gives the broad-spectrum aminoglycoside antibiotic sisomicin
(1) as the principal product (Fig. 1)."? Among the minor
components produced by the same medium is a 4',5'-unsaturated
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Fig. 1 Sisomicin (1), aminoglycoside 66-40C (2) and their hypothetical
biosynthetic relationship through a putative 6’-aldehyde monomer (3).
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pseudotrisaccharide which was designated as aminoglycoside
66-40C.> Degradative studies by Mallams and co-workers,
then at the Schering-Plough Corporation, established the
structure and stereochemistry of aminoglycoside 66-40C as
the dimer shown as expression 2 (Fig. 1).® Critical experiments
included careful osmometric determination of the molecular
weight of aminoglycoside 66-40C compared to the parent
sisomicin and its degradation to the monomer aldehyde 3
under strongly acidic conditions.> However, the authors made
no allusion to the possibility of self-condensation of this
monomeric aldehyde to regenerate aminoglycoside 66-40C.
The dimer exhibited no antibacterial activity, instead it was
used to access several 6’ N-substituted sisomicins by reductive
amination from the 6’-aldehyde (3).*

The dimeric 16-membered C,-symmetrical bis-Schiff’s base
structure of aminoglycoside 66-40C is unprecedented among
members of the aminoglycoside antibiotic family. Moreover, it
is the only minor fermentation product which appears to be
biosynthetically derived through additional reactions on the
parent antibiotic (Fig. 1).>>*°

The unique features of aminoglycoside 66-40C make it an
intriguing synthetic target. Detailed structural consideration
suggests its formation from a non-enzymatic intermolecular
double condensation of a putative 6’-aldehyde intermediate 3
onto the 3-amino group of a congener.

We report herein the validation of this hypothesis through
the first concise biomimetic synthesis, and structural refinements
of aminoglycoside 66-40C, starting with the readily available
sisomicin sulfate (Scheme 1).! Conversion of the 3"’'N-Cbz
tetra-azido derivative 5 to the 6’-aldehyde (6) was achieved in
excellent yield, following our recently reported oxidation of
dihydropyran allylic azides with SeO,.°

Treatment with trimethylorthoformate and TFA led to the
dimethyl acetal intermediate 7, as a key latent form of the
6’-aldehyde. Cleavage of the N-Cbz group with concomitant
reduction of the azide groups under Birch conditions afforded
masked sisomicin 6’-acetal 8. Treatment with dilute sulfuric
acid immediately liberated the monomer aldehyde 3, which
upon neutralization with barium hydroxide underwent
smooth self-condensation. The dimerization event could be
followed by sequential H-NMR owing to the individual
signals of the functionalities involved (Fig. 2). Filtration of
the barium sulfate precipitate followed by lyophilization gave
essentially pure aminoglycoside 66-40C, which was purified
from residual salts by bench-top ammoniacal silica-gel column
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Scheme 1 Synthesis and biomimetic dimerization of aminoglycoside 66-40C (2), refined structure and key nOe (blue) and HMBC correlations

(red).

chromatography. The physical, spectroscopic and chemical
characteristics of the product were identical to those reported.’

A quasi first order proton spectrum of aminoglycoside
66-40C in D,O is indicative of the prevalence of a preferred
rigid macrocycle conformer. As originally presumed, homo-
and heteronuclear correlation experiments attest to the imine
location on N-3 of the deoxystreptamine ring B.> In addition,
nuclear Overhauser effect (nOe) spectroscopy revealed spatial
proximity between the 6’-imine proton and both the vinylic
4’-H and the axial proton 3-H of ring B refining the originally
proposed structure with an in-line arrangement for the
trans, trans-bis-azadiene linkers bridging rings A and B
(Scheme 1 and Fig. 3).

Intrigued by this unique macrocyclic dimerization event, we
envisioned the analogous process for a nominal motif, namely
the 6’-aldehyde of sisamine, a pseudodisaccharide which could
be derived by periodate degradation of the vicinal amino
alcohol in sisomicin derivative 4 (Scheme 2).”
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Fig. 2 Sequential H-NMR spectra in D,O revealing the conversions
from acetal 8 to aldehyde 3, and finally self-condensation to dimer 2.

Fig. 3 Model of aminoglycoside 66-40C (2, green), overlaid on the
skeleton of paromomycin (yellow),'® RMS error 0.23 A.°

The reliable transformations we developed were applied
unexceptionally to tetra-azido sisamine 9, to access a sisamine
core aldehyde 11 which behaved essentially like 2, self-condensing
to yield sisamine dimer 12.

Likewise, we observed that the self-condensation is slow for
acidic to neutral salt solutions of the monomeric aldehydes
(3 and 11), but occurs readily in mild alkaline solutions which
warrant the presence of the 3-amino group in its nucleophilic
form (approx. pK, =~ 7 to 8).%% These results, the similarity of
nOe, and all other spectroscopic characteristics of dimers 2
and 12, suggest that the sisamine core imparts the remarkable
selectivity over the vast space of mono-, di- and oligomeric
imine variations available.

In order to further explore the solution properties of
aminoglycoside 66-40C, we studied various pH conditions to
determine if it exists in dynamic equilibria with partially open
or monomeric species. We performed crossover experiments
using sisamine dimer 12, as a labeling entity which permitted
monitoring the behavior of the mixtures by LCMS (Scheme 3).
Testament to the stability of aminoglycoside 66-40C, negligible
amounts of crossover heterodimer product (13) were detected
when dimers were incubated as their free-base or neutral
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Scheme 2 Degradation of tetra-azido sisomicin ring C and synthesis
of the minimal dimer motif (12). Key nOe and HMBC correlations.
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Scheme 3  Crossover experiments between aminoglycoside 66-40C (2)
and its truncated sisamine analog 12, monitored by LCMS.

acetate salt forms, in aqueous solutions over periods of >72 h.
Under slight excess of acetic acid we observed slow hydrolysis
to aldehydes 3 and 11 (approx. 25% over 72 h, H-NMR),
nonetheless, scrambling between dimers was incomplete.
These results indicate that aminoglycoside 66-40C is a resilient
dimer, and does not readily undergo dynamic equilibration
even under acid catalysis. On the other hand, the crossover
heterodimer (13) could be readily generated by neutralizing a
mixture of aldehydes 3 and 11 obtained by sulfuric acid
treatment of the corresponding homodimers (Scheme 3).
Models of the structure of dimers 2 and 12,° respecting the
azadiene conformation indicated from nOe’s, suggest that the
conformations of rings A and B are unperturbed compared
to aminoglycosides co-crystallized within A-site RNA oligo-
nucleotide models,'®!" also believed to be the lowest energy

conformation in solution (Fig. 3).'* In fact, the innate con-
formation of aminoglycosides might be the determining factor
for the spontaneous self-selection of the putative 6’-aldehyde
intermediate (3), responsible for the prevalence of this unusual
macrocyclic motif in a complex biological medium, where a
plethora of other potential nucleophiles are also present.

In conclusion, our synthetic efforts have uncovered the
remarkable tendency of the putative sisomicin 6’-aldehyde 3,
and related congeners such as 11 to undergo non-enzymatic self-
and/or cross-dimerization leading to exquisitely C,-symmetrical
macrocyclic Schiff’s bases such as aminoglycoside 66-40C. As a
result, the structure and solution conformation of the latter were
refined over the original proposal.® Although the biological
function of aminoglycoside 66-40C remains speculative, such a
metabolite is conceivable as a pathway feedback regulator or an
extracellular signal in M. inyoensis.
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