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With bioactivity-guided phenotype screenings, a potent anti-inflammatory compound f152A1 has been
isolated, characterized and identified as the known natural product LL-Z1640-2. Metabolic instability
precluded its use for the study on animal disease models. Via total synthesis, a potent, metabolically sta-
bilized analog ER-803064 has been created; addition of the (S)-Me group at C4 onto f152A1 has resulted
in a dramatic improvement on its metabolic stability, while preserving the anti-inflammatory activities.

� 2009 Elsevier Ltd. All rights reserved.
At Eisai, natural product inspired drug discovery has been one
of the key research endeavors in several disease areas. With bioac-
tivity-guided phenotype screenings, researchers at Eisai Tsukuba
Laboratories detected a potent anti-inflammatory activity in the
fraction #152 obtained from the fermentation broth of a fungus,
Curvularia verruculosa, in the mid 1990s. They isolated and charac-
terized the active metabolite, named as f152A1, thereby establish-
ing that f152A1 is identical with a previously reported natural
product LL-Z1640-2 1.1 Several related natural products are known
in literature, some of which are listed in Figure 1.2,3 In 1978, the
Lederle group reported that 1 exhibited modest inhibitory activity
against growth and motility of ciliated protozoan Tetrahymena Pyr-
iformis.1 More recently, 1 and 2 were reported to exhibit potent
inhibition of PDGFR signaling and IL-1b release from inflammatory
cells.4

We became interested in f152A1 (1), because it exhibited po-
tent inhibitory activity in cell signaling (IC50 of 11 nM in a TNFa-
PLAP reporter assay), but showed much weaker activity in a coun-
ter screen assay designed to assess non-specific cytotoxic effects
(IC50 of 2000–3000 nM in a b-actin-PLAP reporter assay). Despite
All rights reserved.
its poor PK properties, f152A1 showed an in vivo activity indicating
its inhibition of LPS-stimulated TNFa production in mice.

Our investigations suggested that its pharmacological effects
could be attributable to inhibition of two kinases MEKK1 and
MEK1 associated with inflammatory signaling.5 These discoveries
were consistent with similar findings reported by a Merck group
on a related compound L-783,277 (3).2b,6 In this Letter, we report
a potent and serum stable analog ER-803064 (15) of f152A1 (1),
along with some selected SAR studies.

In an early phase of study, we recognized that f152A1 (1) exhib-
its very potent inhibitory activities in vitro (Table 1). Unfortu-
nately, f152A1 was rapidly inactivated in human or mouse
microsomes and plasma (Fig. 2). Analysis of the metabolites in
mouse plasma indicated that cis-to-trans isomerization of the en-
one is the major deactivating process (Supplementary Fig. S1A).
The trans-isomer 7 was found to be approximately 50-fold less po-
tent (IC50 = 349 nM) than the parent cis-isomer (Fig. 4). We
hypothesized that the cis-to-trans isomerization of the enone takes
place via Michael addition/elimination and that glutathione (GSH)
and glutathione transferase (GST) in biological fluid are responsible
for the isomerization. Indeed, we found that the enone is unstable
in the presence of GSH in PBS (Supplementary Fig. S1A) and the
deactivation process is accelerated with the combined use of GST
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Figure 2. Stability of f152A1 in PBS, mouse blood and plasma. See Ref. 11 in
Supplementary data notes.

Figure 4. Selected examples for the enone modification. TNF/PLAP and Actin/PLAP
were employed to assess potency and specificity. Their experimental protocols are
given in note 12 in Supplemental data. Stability test (2 h at 37 �C) was conducted
with use of mouse plasma, with the amount (%) of non-metabolized parent
compound being indicated (see note 13).

Figure 3. Key fragments and bond formations: Three key fragments A–C with
various protecting groups were used. Assembly of these fragments involve in
general: Disconnection a: macrolactonization at the final assembly stages using the
standard Yamaguchi or Mukiyama protocols; Disconnection b: C3–C6 acetylene or
its equivalent were coupled with C7–C11 aldehyde, to give the C5–C6 cis-olefin;
Disconnection b’: Alternative route for modification on C5 or C6-enone, C3–C7
fragment with cis-C5–C6 olefinic configuration could be coupled with an acetylene
to provide the C3–C11 acyclic fragment for assembly; Disconnection c: a aromatic
benzylic selenide could be coupled with alkyl iodide C3–C11 or C7–C11, to form
C11–C12 trans-olefin. Analog synthesis used these synthetic routes or variation of
Ref. 9.

Figure 1. Structure of f152A1 (LL-Z1640-2), closely related natural products2,3 and
ER-803064.

Table 1
Mouse PK data of selected compounds

PK parameter iv dosing 1 (f152A1)a 15 (ER-803064)b

CL (L/kg/h) 42.6 5.51
VDss (L/kg) 3.3 1.69
t/2 (h) 0.05 3.44
AUC/Dose (ng h/mL/kg) 23.8 181.35

a Plasma level of f152A1 was only detected at two of the earliest time points after
intravenous administration (3 mg/kg) to BALB/c mice. Oral administration of
f152A1 resulted in no detectable plasma level.

b ER-803064 showed 9% oral BA, results not shown.
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and GSH (Supplementary Fig. S1B). Based upon these results, we
concluded that an enzymatic process catalyzed by GST is the main
cause for metabolic instability of f152A1 in vivo. Therefore, we first
focused to find a lead compound that would maintain the inhibi-
tory activities with an improved metabolic stability. To achieve this
goal, we planned to take two different approaches: (1) to search for
a metabolically stable pharmacophore equivalent to the cis-enone
and (2) to prevent or suppress cis-to-trans isomerization of the en-
one in biological systems.

In order to carry out these approaches, we had to assure an ac-
cess to properly modified analogs of 1 and decided to rely on total
synthesis. At the start of this medicinal chemistry effort, there was
no reported total synthesis of f152A1.7,8 Through retro synthetic
analysis, we divided f152A1 into three segments, A, B and C
(Fig. 3) and developed efficient and flexible syntheses. Three syn-
thetic routes are outlined in Supplementary data (Schemes 1–4).



Figure 5. Representative examples for the C3–C4 modification.

Figure 6. Trajectory model of 11 and proposed 15.10
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With the developed synthetic routes, we synthesized dozens
analogs bearing the enone replacements (Fig. 4 and Supplementary
Table S1). Overall the integrity of the enone is critical for biologic
activity. Replacing the enone, with cyclopropyl, analogs 6, or sub-
stitution on the enone with larger size substuents, a-methyl 7, b-
methyl 8 or a-iodide 9, proved to be detrimental. However, the
C6-fluoro enone analog, 10 retained good potency (TNF-PLAP,
IC50 = 36 nM), while maintaining low level actin-PLAP activity. 10
also afforded some stability improvements (�8% remaining vs
�2% of f152A1). In this fluoro-enone series, the potency of
(8R,9R) diol-epimers 23 (Supplementary Table S1) were reduced,
suggesting importance of these hydroxyl groups in binding and
bioactivity.

In the second approach, we synthesized analogs with modified
patterns of the C3–C4 substitution. Among them, C3–C4 fused
Figure 7. First synthesis of 15 (ER-803064). Reagents: (a) (1) LiHMDS, THF/HMPA; (2) mC
(two steps); (4) TBAF, 68%; (5) Cl3PhCOCl, DMAP, toluene, 62%; (6) base, quantitative;
Scheme 1.
cyclopentane (3S,4S)-11, (3R,4R)-12, and C4(S)-OMe 13 showed
considerable improvement in metabolic stability, with maintaining
decent bio-activities (Fig. 5); for example, (3S,4S)-11 showed a dra-
matic improvement in mouse plasma stability over f152A1 (1)
(Fig. 5). Interestingly, the (3S,4S)-configuration was found to be
essential to maintain a potency in bioactivity (additional data in
Supplementary Table S2).

Using the AMBER program (version 3.0, revision A), molecular dy-
namic calculations were performed on f152A1, resulting in two
low-energy conformers. Based on these conformers, we advanced
a possible rationale to explain the observed, improved metabolic
stability of 11 over 1. As discussed earlier, the metabolic inactiva-
tion likely takes place via Michael addition/elimination. In both
low-energy conformers, the cis-enone presents a clear convex face
for a Michael donor to approach (see Supplementary Fig. S1B).
Interestingly, the Bürgi-Dunitz trajectory for a nucleophile to ap-
proach from the convex face to the cis-enone is blocked by one
of the methylene present in the cyclopentane ring (Fig. 6). This
rationale immediately suggested the possibility that the metabolic
stabilization should be observed for C4 (S)-methyl analog 15
(Fig. 6). Interestingly, a replacement of the cyclopentane ring in
PBA; (3) TEA; (4) base; (5) oxidation; (b) (1) n-BuLi, 78%; (2) lindlar, H2; (3) BzCl, 94%
(7) oxidation, quantitative; (8) HF, 86%. For fragment A, G, J, see Supplementary
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Figure 8. Effects of ER-803064 and f152A1 on LPS-induced IL-6 Production in Mice
(for detailed description see Supplementary data note 14).
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11 with C4 (S)-Me group should result in a release in ring-strain of
the macrolactone ring, thereby making 15 a mimic conformation-
ally closer to the parent f152A1.

With these predictions, we synthesized analog 15 (Fig. 7). To
our delight, 15 (ER-803064) indeed restored the potency
(IC50 = 136 nM), with the excellent metabolic stability (>80% in
2 h vs �2% for f152A1). Further expanding SAR on C4 substitutions,
it showed that C4 (S)-Me analog was the most potent among the
series (Table S4). With all these properties, 15 (ER-803064) now
serves us as the new lead for further optimization and also as the
pharmacological benchmark.

In comparison to f152A1, mouse PK parameters of ER-803064
were then studied, thereby demonstrating clear improvements;
in particular, clearance improved from 42.6 L h/kg to 5.51. The
overall exposure increased approximately six-fold, normalized by
dose (Table 1). Although ER-803064 lost in vitro potency by nearly
10-fold in suppression of LPS-stimulated cytokine production from
macrophages, the short term LPS challenge in vivo model showed
much stronger suppression of cytokine production (IL-6) in mice
than f152A1 (1) at similar dosing (Fig. 8).14

In conclusion, our medicinal chemistry study has led to the dis-
covery of ER-803064 (15), a serum- and plasma-stable resorcylic
acid analog of ER-803064 (1). Addition of the (S)-Me group at C4
has resulted in a dramatic improvement in metabolic stability with
retention of bioactivity. Based on these findings, we make efforts
for development of an optimum drug candidate.
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