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ABSTRACT

Original Structure

Reported Revised Structure

Herein we report a significant body of spectroscopic data that supports the originally proposed structure of medermycin/lactoquinomycin A.
In addition, we demonstrate that these data are inconsistent with the revised structure reported recently in the literature.

Recently, a communication revising the structure of med-
ermycin/lactoquinomycin A was published in this jourhal.

Intrigued by this report, we initiated an effort to indepen-
dently evaluate the structural identity of the natural product.
To facilitate this effort, an authentic sample of lactoquino-
mycin A was obtained from our historical antibiotic collec-

tion. After carefully examining an extensive set of NMR data

identical physical properties and NMR spectroscopic data
to that of the natural produétmust be compound.

After careful analysis of the original report on the synthesis
of medermycin/lactoquinomycin A, we propose two possible
scenarios to explain the discrepancy between the original
work?* and the recent structure revisibkirst, it is possible
that Tatsuta et él. may have used the minor product (4-Br-

acquired on the natural sample, we have concluded that the3-hydroxybenzaldehyde) reported for the direct bromination

original structure proposal for this compound is indeed
correct?

In the previous report outlining the structure revision of
this class of compoundghe authors based their conclusions
on the identity of the monobromination product of-
hydroxybenzaldehydeThis compound, a key intermediate
in the previous synthesis of lactoquinomycin A, was identi-

fied as 6-Br-3-hydroxybenzaldehyde rather than the previ-

ously reported product, 4-Br-3-hydroxybenzaldeh{den

of 3-hydroxybenzaldehydeto carry on their synthetic
sequencé.Another possibility is that Tatsuta’s group may
have used the alternative two step nitration/bromination
process reported by Hodgson and co-workers for synthesizing
the 4-bromo compountl.In the original synthetic com-
munication, no detail other than a reference to Hodgson and
co-worker§ was given for the origin of the brominated
starting materiat.

The first step of our structure analysis, which confirmed

the basis of this observation, the authors concluded that thethe yajidity of the original structure, was to carefully examine

product of the synthesfayhich led to a compound exhibiting
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HMBC data acquired from an experiment optimized
= 8 Hz on a genuine sample of the natural product. As can
be seen in Figure 1, all expected 2- and 3-bthkd HMBC

(5) In our hands, the bromination described in ref 3 provid@®% of
the 4-Br-3-hydroxybenzaldehyde (see Supporting Information).



Figure 2. Magnitude of key long-range heteronuclear couplings
from a G-BIRD; x-HSQMBC experiment are shown for the original
lactoquinomycin structurel] and the model compourat-cresol

Q).

Hz)! The smaller value of 30agrees very well with the
dihedral angle measured from the lowest energy conforma-
tion determined from molecular dynamics simulations of
lactoquinomycin A using the MacroModel molecular model-
2 ing software package (Figure 3).
Figure 1. Key 2- and 3-bond HMBC correlations for the original
lactoquinomycin structure are shownlinSolid red arrows indicate
5-bond HMBC correlations inconsistent with the revised structure

for lactoquinomycin (2). Dashed red arrows indicate inconsistent
4-bond correlations for the revised lactoquinomy@j. (

correlations were observed in support of structurét the
same time, neither significant 4-bond HMBC correlations
nor any 5-bond correlations were observed in support of the
original structure proposélAlternatively, structure would
require at least one 4-bond correlation and three 5-bond
correlations for the revised structurg) (to fit the HMBC
data. Although a number of 5-bond HMBC correlations have
been reported, thdcy coupling constants would be expected
to be quite small (62 Hz).” On the other hand, a 3-bond
HMBC correlation from H2of the angolosamine moiety to ~ Figure 3. Key ROE correlations for lactoquinomycin A,
the phenolic carbon in structutecould be expected to range
anywhere from 0 to 10 Hz, depending on the torsion angle
between these two atorfis.

For comparison purposes, we acquired a G-BiRD

The next step to independently indicate the site of
glycosylation was to perform two NMR experiments that
did not rely on ambiguou&Jcy long-range heteronuclear
:idQel\l/lI?:Smd?)tl,?nzet-(:?ersglcl)(t’hlttr\]:aga:‘t:l:ﬁlj ptrr?:tuf;;\]nd the scalar couplings. The first of these experiments was a two-

: poundp ' ~JeH dimensional ROESY experiment. On the basis of thé 30
coupling between the methyl group and the phenollc.carbon 3Jen torsion angle between Hand C9, we predicted that it
onp-cresol was 1.2 Hz. On the other hand, e coupling should be possible to observe some long-range dipolar
between C2and C9 of the natural product was measured to coupling interactions between the HEI3, H4, and one of

be 5.2 Hz éFiﬁure 2). Thisd r]:elati\;]ely Iergedvalue is inclqn- the N-CH; methyls of the angolosamine moiety and the
sistent V(‘j”t _thathexpec_te J or the 5-bond C-H coupling v 4rogen bonded phenolic proton residing at 12.2 ppm. The
propose W'_th the tr)ew;]e strucI'Furé).(.I-!owgver, LIS results from this experiment are depicted in Figure 3 and
consistent with & 3-bondley coupling originating frF)m @ included in Supporting Information. If the glycosylation had
torsion angle of-30° (calcd: 5.8 Hz) or~120°(calcd: 4.3 taken place at C6, these aforementioned angolosamine
(6) AIth_ough _several very wea_k 4-bond correlations were ob_served in prOtonS, would be re.qw.red to be at least 8 A a""a)/ from the
data acquired without a cryogenic NMR probe, these correlations were phenolic proton. This distance would be substantially out of
weaker than any of the 2- or 3-bond correlations and probably would not range of any normal NOE or ROE experiment.
be present in data acquired with a conventional inverse probe. .
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This pulse sequence provides the same information as
normal**C-detected INADEQUATE experiméefexcept that
13C—13C couplings between two quaternary carbons cannot

be detected. The major advantage of the pulse sequence is

that it provides'3C—*3C connectivity information detected
through the'H nucleus for increased sensitivity. The experi-
ment is independent of the long-randes coupling pathway
and instead relies only on the one-boldgy coupling and
the one-bond3C—*3C coupling constant. The ACCORD-
1,1-ADEQUATE experiment uses a decremental variable
delay period for the evolution offC—3C coupling. This
variable delay compensates for the variable nature oflthe
interaction (generally 3675 Hz)? Using this experiment,
we can trace the carbertarbon connectivity from C2o
C8, C7 to C8 and C6, and finally C6 to C7 and Cb5a for
structurel (Figure 4). Alternatively, we would have expected

Figure 4. Expansion of data from an ACCORD-1,1-ADEQUATE
experiment performed on lactoquinomycin A)(showing key
correlations in support of the original structure proposal. Dashed

box indicates the missing correlation necessary for these data to

be consistent with the revised structure of lactoquinomyci2)A (

to see correlations that indicated a connectivity from 62
C6, C7 to C6 and C8, and C8 to C9 (in the cas@pfAs
can be seen in Figure 4, the data show thati€2bnnected
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Figure 5. Comparison of chemical shifts for the original structure
(1) and those required for the revised structi2g with those of
urdamycin A (4).

to a carbon at 135.8 ppm (C8) by a correlation to this carbon
from H2'. Likewise, C7 must be connected to C8 and also
to a carbon at 118.6 ppm (C6) by correlations to these
carbons from H-7. Finally, the data demonstrate that C6 is
connected to a carbon at 133.8 ppm (C7) and to a carbon at
130.4 ppm (C5a) by correlations from H6 to these carbons.
Conversely, structur@ would have required a correlation
from the proton at 7.66 to the phenolic carbon at 157.0 ppm.
No such correlation was detected in our experiment.

Scheme 1
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As a complement to the molecular connectivity informa-  In conclusion, we have performed a variety of NMR
tion obtained from NMR studies supporting structdrea experiments based on long-ranfjley heteronuclear cou-
prior report on the biosynthesis of the urdamycin class of plings, one-bondH—C—3C scalar couplings, and dipolar
antibiotics is of relevance hetéThe D ring of this class of  interactions. All of these experiments provided data that are
antibiotics possesses nearly identical chemical shifts to thoseconsistent with structurkas the identity of lactoquinomycin/
of the structure originally proposed for the medermycin/ medermycin but inconsistent with structue In addition,
lactoquinomycin class of compounds (FiguréSyherefore,  we pelieve that the chemical reactivity and NMR chemical
it could be assumed biosynthetically that lactoquinomycin ghift data reported for the urdamycin class of natural products

A would be glycosylated at the same position. As depicted yjes out C6 glycosylation as a possibility for the structure
in Scheme 1, urdamycin Aj was reported to react cleanly ¢ lactoquinomycin A.

in the presence of 4-hydroxyphenylpyruvic acid in a DMSO/
phosphate buffer medium to provide urdamycins} lfy a
Michael addition-type mechanism. Likewise, urdamycin A
was reported to react with indole-3-pyruvic acid to provide
urdamycin D 6). In both cases, there would be no obvious
route from the starting material to the product if urdamycin
A were glycosylated at the C6 position. Due to the chemical
shift homology between the original structure proposal for ~ Supporting Information Available: 'H and!*C NMR,
lactoquinomycin A (1) and urdamycin Ad) in this portion GCOSY, GHSQC, GHMBC, GHSQMBC, and ROESY data
of the molecule, we feel that this report adds even more for lactoquinomycin A along with a table of NMR data. This
support forl as the structure of lactoquinomycin A. material is available free of charge via the Internet at
http://pubs.acs.org.
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