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Abstract—GE23077 is a novel RNA polymerase inhibitor that is isolated from the fermentation broth of an Actinomadura sp. It is a
cyclic heptapeptide complex made up of four factors, differing in the structure of acyl group connected to the side chain of an o,f3-
diaminopropanoic acid moiety and in the configuration of the stereocenter of an a-amino-malonic acid residue. Although GE23077
shows strong inhibitory activity on both Rifampicin-sensitive and -resistant polymerases, it exhibits poor antimicrobial activity. The
most reasonable explanation for this property has been based on the lack of penetration of the molecule across the bacterial mem-
brane, owing to its strong hydrophilic character. To improve penetration, several parts of the molecule were accordingly modified
with the aim of altering the physico-chemical properties of GE23077. The current SAR study has identified moieties important for

RNA polymerase activity.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

GE23077 (see Fig. 1) is a new metabolite that has been
discovered in the course of a screening program for new
inhibitors of RNA polymerase. Its structure has been
elucidated! and is new. GE23077 is a cyclic heptapeptide
containing four unusual amino acids: iso-serine (iso-
Ser) a-amino-malonic acid (Ama), o,B-diaminopropa-
noic acid (Apa), and By-dlhydroxyglutamme (Dhg). It
is a mixture of four major factors called Al, A2, BI,
and B2, having molecular weights of 803 (Al, A2) and
805 Da (B1, B2), respectively. These factors differ in
the nature of the side chain of the o,B-diaminopropanoic
acid residue, where the amino group forms an amide
with 2-methyl-2-butenoic acid (factor A) and 3-methyl
butanoic acid (factor B).

Acidic character of an a-malonic proton is thought to be
the origin of an isomerization process between Al, A2
and B1, B2.
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Figure 1. Structures of GE23077-factors A and B.

GE23077 is a potent inhibitor of E. coli Rifampicin-sen-
sitive (rifa-s) and -resistant (rifa-r) RNA polymerase.?
Although its inhibitory activity on the purified enzyme
seems to be very high (ICsy on E. coli and B. subtilis
RNA polymerase at 0.02 mg/l),” its antimicrobial activ-
ity is weak and restricted only to a few microorganisms.
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The most reasonable explanation seems to be one of
poor penetration of the molecule across the bacterial
membrane, owing to its strong hydrophilic character.

To improve penetration of GE23077 across membranes,
the molecule has been accordingly modified with the aim
of altering its physico-chemical properties. After preli-
minary screening, three amino acids in the core structure
were found to be amenable to chemical modification:
Ama, Apa, and Dhg.

2. Results and discussion
2.1. a-Amino-malonic acid derivatives (Ama)

To effect a change in the total charge of the molecule
and to increase its lipophilicity, negative charge of the
carboxylic group was eliminated by decarboxylation or
condensation processes with different alcohols and
amines. Decarboxylation of the GE23077 complex took
place under basic conditions (TEA, DMF, 60 °C for 8 h,
60% yield) or heating the molecule without solvent for a
few days at 90 °C, to give the corresponding glycine
derivative (2) (see Table 1). Esters at the Ama position
(3,_c) were prepared using three different strategies,
depending on the alcohol to be condensed: alkyl halide
and KHCOj3 in DMSO (45% yield), alkyl chloroformate
and pyridine in DMF (60-80% yield), or a saturated
solution of HCI in the desired alcohol (95% yield).
Amides 4, 4 (see Table 1) were prepared by condensa-
tion of 2 equiv of the selected amine with 1.5 equiv of
PyBOP as a condensing agent and TEA as base (pH 8,
20-30% yield).

To prevent epimerization, the Ama Cao was derivatized,
blocking the keto—enol isomerization. For this purpose,
GE23077-methylester (3,) was dissolved in THF/LiBr?
and treated with potassium terz-butoxide at 0 °C to gen-
erate an anion at the Ama Ca position. Different electro-
philes were studied, but the anion reacted successfully
only with z-butylacrylate and allylbromide to give the
corresponding Ama-alkylated methylester derivatives.
On increasing the temperature to about 25°C, the
Ama-ester group was eliminated, giving free carboxylic
acid. Subsequent decarboxylation was carried out, as
described for GE23077 itself, giving rise to alkylated-de-
carboxylated derivatives (5) (13% yield) and after depro-
tection was carried out with TFA at RT to a carboxylic
group, derivative (6) (15% yield).

Two different complexes corresponding to the two Co
epimeric forms were obtained for each electrophile (their
ratio depending on the nature of the reagent).

2.2. a,p-Diaminopropanoic acid derivatives (Apa)

Deacylation of GE23077 was considered to replace the
lateral chain with more lipophilic ones. Ozonolysis of
the complex (1) was carried out and, as expected, factor
A (1,) was converted into an a-ketone product (7) (see
Chart 1), while factor B (1;) remained unchanged. The
o-ketone product (7) was subjected to reductive

amination with benzylamine hydrochloride and sodium
cyanoborohydride to give the desired benzylamine deriv-
ative (8,). Ama-decarboxylated benzylamine derivative
(8,) and alcoholic derivative on the side chain (12) (see
Table 1) generated by direct reduction of 7 by sodium
cyanoborohydride were obtained as by-products of this
reaction. Hydrogenolysis of 8, in water with Pd 10%
on carbon as catalyst gave the alanine derivative (9) in
good yield. Using PtO, as a catalyst in water/methanol
(1:3), two products were obtained in a 1:1 ratio. The first
one was the expected derivative 9, the other its hexahy-
dro derivative (8.) that was produced by an unexpected
reduction of its aromatic ring to a cyclohexane, instead
of hydrogenolysis of its benzylamine moiety. To our
knowledge, reduction of the aromatic rings by heteroge-
neous catalytic hydrogenation occurs only under harsh
conditions (high temperatures and pressures, for exam-
ple, Rh, Pt under 5-10 atm pressure, 50-100 °C or Ni,
Pd under 100-200 atm pressure, 100-200 °C), except
for some natural product substrates.*

The alanine derivative (9) reacted with the pentafluoro-
phenol-activated esters of organic lipophilic acids, such
as R°CO,H (see Table 1, with R = COCHMeNHCOR?)
at 25 °C in the presence of 2 equiv of TEA (pH 8-10) to
yield different lipophilic amides at the Apa position (en-
tries 10, g, Table 1). It took nearly 2-5 h for the majority
of the acids to be used up in the reactions and about two
days for the bulky ones to be consumed.

To verify if lipophilic-chain derivatives on the Apa moiety
were more active if they retained the amine functionality
as derivatives 8, and 9, we made the a-ketone product
(7) react with different lipophilic amines, such as R*NH,
(see Table 1, with R = COCHMeNHR?), through a reduc-
tive amination step to obtain products 11, 4.

2.3. B,y-Dihydroxyglutamine derivatives (Dhg)

To transform the primary amide of Dhg into a cyano
group, GE23077 was made to react with cyanuric chlo-
ride® in aqueous (0.2%) DMF albeit unsuccessfully since
extreme degradation of the substrate took place. The
same reaction performed on GE23077 methylester (3,)
gave a large number of different adducts, but when
HCI was added and the reaction was left to stir over-
night, the desired Dhg-cyano derivative (13) was ob-
tained as the main product (see Chart 2).

Reduction of the cyano group was carried out with the
use of CoCl, and sodium borohydride at 0 °C in meth-
anol,® giving the desired primary amine derivative (14).
This last compound reacted with pentafluorophenol-ac-
tivated esters of organic lipophilic acids at 25 °C in the
presence of TEA (pH 8-9) to yield different lipophilic
amides (15,_4). The yields reported earlier were calculat-
ed based on preparative-HPLC-purified products.

To investigate the capability of GE23077 derivatives to
inhibit bacterial RNA polymerase, a transcription cell-
free assay using the purified E. coli enzyme and a specific
DNA template was set up.” The results (see Table 1)
show that Apa moiety seems to be not so critical for
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Table 1. RNA polymerase inhibition (ICsy)* and minimal inhibitory concentration (MIC) against Moraxella catarrhalis of GE23077 derivatives®

Thr
isoSer

Ser AN R
Derivative R R! R? R} ICso (mg/l)  MIC (mg/l)
1 Natural chain CO,H H CONH, 0.03 8
2 Natural chain H H CONH, 0.65 16
3. Natural chain CO,Me H CONH, 0.15 8
3, Natural chain CO,Et H CONH, 0.10 64
3. Natural chain COAllyl H CONH, 0.40 nt
4, Natural chain CONHCH,Ph H CONH, 0.30 128
4, Natural chain CONMeOMe H CONH, 0.40 nt
4. Natural chain COTyr H CONH, nt 512
44 Natural chain CO-L-Ala-L-Ala-OMe H CONH, >3.2 64
5 Natural chain H Allyl CONH, 2.24 32
6 Natural chain H CH,CH,CO,H CONH, 0.20 8
7 COCOMe CO,H H CONH, 0.07 8
8. COCHMeNHCH,Ph CO,H H CONH, 0.07 32
8y COCHMeNHCH,Ph H H CONH, 1.05 128
8. COCHMeNHCH,(cy-Hex)  CO,H H CONH, 0.42 16
9 COCHMeNH, CO,H H CONH, 0.28 64
Q CHIL\CH
10, )Kfn : CO,H H CONH, 0.07 >512
\ (o]
o Ph
10, ){rﬁ{ COH H CONH, 0.08 128
o]
o
10, )Kf“ CO.H H CONH, 0.22 512
(o]
10, HW CO.H H CONH, 0.09 256
o
2 u
10, )krw COH H CONH, 0.13 512
[¢]
o
H
10; J\ﬁNYLCHZ on, CO,H H CONH, 0.57 >512
[e]
o CF,
11, &nv@ CO,H H CONH, 0.05 256
CF,
11, i Q Hv©\ COH H CONH, 0.24 512
gj\r’ _ e,
F
11, )(L('HV@ COH H CONH, 0.06 64
< F
2 H
11,4 N._CF; CO,H H CONH, 0.17 >512
12 COCHOHMe CO,H H CONH, 0.11 64
13 Natural chain CO,Me H CN 1.37 128
14 Natural chain CO,Me H CH,NH, 3.14 32
o
15, Natural chain CO,Me H AH*@\{ >3.2 >512
0 o,
15, Natural chain CO,Me H ﬂuH >32 >512
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Table 1 (continued)

Derivative R R! R? R? ICs, (mg/l) MIC (mg/l)
(0]
15, Natural chain CO,Me H Wuj\w >3.2 >512
o
15 Natural chai CO,M H ; >3.2 >512
d atural chan HLMe "‘AH

nt, not tested.

#Each ICs, value reported in the table is obtained testing 10 different dilutions of compound ranging from 0.0031 to 3.2 mg/l.
® All compounds reported were characterized by ESI-MS (electrospray ionization) and NMR analysis.
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Chart 1. Reagents and conditions: (i) (1) O3, DMF/MeOH (1:3),
—78°C; (2) PhsP, rt; (ii) R*NH,HCI, NaBH;CN, DMF, rt; (iii)
benzylamine'HCI, NaBH3;CN, DMF, rt; (iv) H,, Pd/C 10%, rt, 1 atm,
H,O (on 8, as substrate); (v) 2equiv TEA, 1.5equiv R’COOPfp,
DMF, rt.

binding, as derivatives at this position retain activities
with ICso’s in the same order of magnitude as
GE23077 (entries 7-12). On the contrary, the Ama
and Dhg moieties seem to be relevant for binding to
the enzyme. Indeed, the ICsy values of derivatives on
the Ama position increase by one order of magnitude
(entries 2-6) and even more with a bulky substituent (en-
try 44). The interaction between the derivatives and the
enzyme seems to be seriously balanced when the amide
group on Dhg is modified (entries 13—-15;). In particular,
binding seems to be lost when bulky, reversed amides
are introduced at this position (entries 15,_4). The fact
that the Apa moiety can tolerate bulky substituents sug-
gests that this residue either lies in a large cleft in the en-
zyme or points toward the solvent. The total loss of
activity by Dhg derivatives, even for the non-bulky ni-
trile 13, suggests a critical role for this amide moiety
in enzyme binding.

ii)

HO. R3 HO.

GE23077 AOME III)
CORE

15 25%

5,4 14

HO

Chart 2. Reagents and conditions: (i) (1) 3 equiv (CICN);, 0 °C, then
rt, DMF (0.2% H,0); (2) HCI, 0 °C then rt; (ii) (1) 34 equiv NaBH,,
7 equiv CoCly'6H,O, MeOH, 0°C; (2) HCl 4%; (iii)) 1.5equiv
RCOOC¢Fs, TEA pH 8-9, DMF, 1 h at rt.

Although many new derivatives are active against
Moraxella catharralis, they did not show any significant
antibacterial activity against other bacteria (data not
shown). Against M. catharralis, compounds 2, 3, 6, 7,
and 8. were equipotent to the parent compound.®

3. Conclusion

Although some derivatives possessed a significantly
higher lipophilicity than GE23077, this improvement
was not sufficient to confer increased antibacterial activ-
ity. Further efforts will thus be focused on the synthesis
of new derivatives by modification of the hydroxylic
moieties, present on the threonine, isoserine, and serine
component amino acids of GE23077. Furthermore, we
have planned to commence studies on the co-crystalliza-
tion of GE23077 with its target enzyme, as these studies
might provide a starting point for further rational design
of new derivatives and analogs of GE23077.

References and notes

1. Marazzi, A.; Kurz, M.; Stefanelli, S.; Colombo, L. J.
Antibiot. 2005, 58, 260.

2. (a) Ciciliato, I.; Corti, E.; Sarubbi, E.; Stefanelli, S.;
Gastaldo, L.; Montanini, N.; Kurz, D.; Losi, D.; Marinelli,
F.; Selva, E. J. Antibiot. 2004, 57, 210; (b) Sarubbi, E.;



3752

Monti, F.; Corti, E.; Miele, A.; Selva, E. Eur. J. Biochem.
2004, 271, 3146.

. Seebach, D.; Thaler, A.; Beck, A. K. Helv. Chim. Acta
1989, 72, 857.

. Abbanat, R. D.; Bailey, E. A.; Bernan, S. V.; Greenstein,
M.; Lotvin, J. A.; Ruppen, E. M.; Sutherland, G. A. 2002
International Appl. Number: PCT/US02/13108.

. (a) Journet, M.; Cai, D.; Dimichele, L. M.; Hughes, D. L.;
Larse, R. D.; Verhoeven, T. R.; Reider, P. J. J. Org. Chem.
1999, 64, 2411; (b) Olah, G. A.; Narang, S. C.; Salem, G. F.
Synthesis 1980, 657.

. Ohyama, T.; Iwadate-Kurihara, Y.; Ishikawa, T.; Miyako-
shi, S.; Hamano, K.; Inukai, M. J. Antibiot. 2003, 56,
1024.

. The inhibition of RNA polymerase was measured in a cell-
free transcription assay, as described by Ciciliato et al.,?

R. Mariani et al. | Bioorg. Med. Chem. Lett. 15 (2005) 3748-3752

with some modifications. Briefly, the reaction mixture (50 pl
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DTT, 10 pg/ml bovine serum albumin, 0.5 mM ATP,
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pUCIS8 plasmid (Amersham Biosciences) as DNA template,
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and 5 pl GE23077 or its derivatives. The activity of each
sample is reported as its ICsg, that is a concentration giving
50% inhibition.
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