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Abstract

The known antibiotic and cytotoxic compounds griseorhodin A (1) and griseorhodin C (2) were
produced in solid culture by Streptomyces puniceus AB10, which was isolated from the leaf-cutter
ant Acromyrmex rugosus rugosus. Their absolute configurations were unambiguously established
as 65,6aR,758Sand 6R,6aR,7S5,8R, respectively, using vibrational circular dichroism (VCD) and
density functional theory (DFT) calculations.
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1. Introduction

Griseorhodins A (1) and C (2) belong to the rubromycin family and represent an interesting
group of polyketide pigments with wide spectrum of biological activities. They possess a
naphthoquinone ring and an isocoumarin ring connected through a 5,6-spiroketal system.!

These compounds have been reported from actinobacteria of the genera Streptomyces,
Dactylosporangium, and Actinoplanes.2=> Griseorhodins A and C have been described with
antimicrobial activity against B. subtilis, S. aureus, P notatum and others; and with cytotoxic
activity against cells derived from human carcinoma of nasopharynx (KB).8:” Griseorhodin
A also inhibits human leukocyte elastase at micromolar concentrations.® Both griseorhodins
A and C inhibit the moloney murine leukemia virus reverse transcriptase (M-MLV RT) with
ICsq values of 7.38 and 9.38 pM, respectively.? Compounds 1 and 2 show also similar levels
of activity against human immunodeficiency virus type 1 reverse transcriptase (HIV-1 RT),
as well as inhibition of the telomerase enzyme (ICsq = 6-12 uM).°

Despite their biological potential, the relative and absolute configurations of most of the
rubromycin family members have yet to be assigned. As part of our efforts to identify
biologically active natural products from bacterial symbionts of social insects,10 we have
selected the actinobacterium Streptomyces puniceus AB10, isolated from leaf-cutter ants
Acromyrmex rugosus rugosus for isolation of small molecules. Griseorhodin A had its
absolute configuration previously determined by time-dependent density functional theory
calculations (TD-DFT) of electronic circular dichroism (ECD) spectra as 65,6a5,75,85.8 As
unambiguous stereochemical information is very important for biological and biosynthetic
studies, in this work we decided to reinvestigate the absolute stereochemistry of griseorhodin
A and also assign that of griseorhodin C, for the first time, using vibrational circular
dichroism (VCD) spectroscopy. VCD is a well-established and reliable method for
stereochemical studies of natural molecules directly in solution-phase.1!

2. Results and discussion

Fractionation of S. puniceus AB10 extract led to the isolation of griseorhodins A (1) and C
(2). The planar structure of griseorhodin C was determined by comparing UV, NMR and MS
data with that reported in the literature.3 The 1 and 2 D NMR analyses were carried out in
both DMSO-g; and Acetone-ag (See Figs. S1, S4-510). NOESY experiments in acetone-ag
showed NOE correlations between H-6 and H-7, H-7 and H-8, H-8 and H-9 as well as H-9
and H-10 using NOESY-1D and NOEDIFF experiments (See Figs. S11 and S12). The 1H
NMR spectrum showed broad singlets assigned to hydrogens H-7 (64 4.64) and H-8 (64
4.78) (Fig. S1). So, they could be in the same plane in equatorial position in the ring of six
members of spiroketal moiety. These results allowed us to determine its relative
configuration as 6 R*6aR*7S5*8R* Griseorhodin A was identified by comparing its 1H
NMR and MS data with that of observed in the 1H NMR spectra of these two compounds
are the chemical shifts of H-7 and H-8 [y 4.36 and 4.40 for 1 and & 4.64 and 4.78 for 2,
respectively]. Such differences arise from the fact that 1 presents an oxirane between C-7
and C-8 while 2 is a dihydroxy derivative. The key NOE correlations of griseorhodin A and
C are showed in Fig. 1.
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Griseorhodin A (1) was reported previously with the configuration 65,6a5,7.5,858 based on
TD-DFT calculations of its ECD spectrum. Our experimental and theoretical VCD
investigation on this molecule (Fig. S16) revealed exactly the same spatial arrangement of
the atoms, however, we identified a misassignment of the CIP (Cahn-Ingold-Prelog sequence
rules) priority of the stereogenic center at C-6a. Therefore, the stereodescriptors of
griseorhodin A should be corrected to 65,6aR,75,8S.

Experimental and calculated IR and VVCD spectra of griseorhodin C were compared in order
to assign its absolute configuration. Due to the polycyclic nature of the molecule a single
conformer was identified after molecular mechanics conformational search and B3LYP/
PCM(DMSO0)/6-31G(d) geometry optimization steps. The good agreement between
observed and DFT-predicted IR/VCD spectra led to the assignment of compound 2 as (-)-
(6R6aR,7S8R) (Fig. 2).

The combination of experimental and DFT-predicted IR and VVCD spectra led to assignment
of the absolute configurations of griseorhodins A (1) and C (2) as 65,6aR,758Sand 6R,6aR,
75,8R, respectively. Even though the spatial arrangement of the atoms of griseorhodin A (1)
was the same as that reported previously, in this work we identified a misassignment of the
CIP priority of the stereogenic center at 5,6-spiroketal system. Interestingly, the
griseorhodins A and C showed a different configuration at C-6. Other related compounds,
such as heliquinomycin and y-rubromycin, have been reported!? from Streptomyces sp. with
opposite configuration at their spiro centers (C-6a) (/R and S configuration respectively),
showing the complex biosynthesis of this family of secondary metabolites.
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Highlights
. Streptomyces puniceus AB10 is associated with Acromyrmex rugosus
rugosus ants
. Actinobacteria produced complex antibiotic polyketides
. Absolute configurations were determined using VCD and DFT calculations
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Fig. 1.
Key NOE correlations of griseorhodin A (1) and C (2)
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Fig. 2.

(Left) Comparison of the observed IR and VCD spectra of (-)-2 with the calculated
(B3LYP/PCM(DMSO0)/6-31G(d)) IR and VCD spectra of the lowest-energy conformer
identified for (6 R,6aR,75,8R)-griseorhodin C (right). Numbers on spectra represent selected
vibrational modes.
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