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Inspired by natural product, LL-Z1640-2, clinical candidate, E6201 (22) was discovered in a medicinal
chemistry effort through total synthesis. The modification on C14-position to N-alkyl substitution
showed to be potent in vitro and orally active in vivo in anti-inflammatory assays.

� 2010 Elsevier Ltd. All rights reserved.
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In our effort of developing novel anti-inflammatory agent, in-
spired by natural product, f152A1 (1), we reported that the chem-
ical modifications at C4 and C14 positions of resorcylic lactone lead
to an in vitro and iv in vivo potent analog 2 (IC50: 15 nM in vitro;
ED50: 6.5 mg/kg iv) ( Fig. 1).1–3 In the last letter we highlighted
the structure activity relationship in C14–oxygen series.3 However,
the oral bioavailability of 2 in mouse was very low (4.1%), and was
not suitable for exploring broader application outside of iv route. In
this Letter, we report the successful discovery of benzimidazole 7
and C14–N substitution analogs including the clinical candidate
E6201 (22).

Our previous investigations suggested that C14 region can tol-
erate substitutions. An imidazole group in 2 regained full potency
of the natural product.3 In addition, we found C13–halogen substi-
tution resulted in modest reduction of potency. Based on this
knowledge, we designed and synthesized analog 7, N-methylimid-
azole-fusion at C13, C14 positions to explore changes of electronic
characteristics on the aromatic ring.

The synthetic route for analog 7 is illustrated in Scheme 1. Start-
ing with readily available aromatic compound 3 (synthesized from
commercially available Methyl Orsellinate in two steps as de-
scribed in Ref.3), a six-step sequence was employed to produce
ll rights reserved.

: +1 978 837 4863.
benzimidazole intermediate 4 in 43% overall yield. Compound 4
was deprotected with TFA and re-protected with TBDPS-Cl in
89% yield for two steps. The properly protected intermediate was
brominated, displaced with thiophenol and followed by TBAF desi-
lylation to afford phenol 5 in 78% yield over three steps. Phenol 5
went through the sequential MOM-Cl protection (87% yield),
7 21, R=Me
22(E6201), R=Et

Figure 1. Structures of f152A1 and synthetic analogs 2, 7, 21 and 22 (E6201).
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Scheme 1. Synthesis of analog 7. Reagents and conditions: (a) (i) TBAF, 95%; (ii)
NO2

þ BF4
� , 80%; (iii) Tf2O, 89%; (iv) BnNHMe, 75%; (v) H2, 20% Pd(OH)2/C; (iv)

HC(OEt)3, KSF clay (85% two steps); (b) (i) TFA; (ii) TBDPSCl (89% two steps); (iii)
NBS; AlBN; (iv) PhSH, Cs2CO3; (v) TBAF (78% three steps); (c) (i) MOMCl, 87%; (ii)
KOH, 74%; (iii) TMS(CH2)2OH, Ph3P, DEAD, 100%; (iv) LiHMDS, 40%; (v) mCPBA; (vi)
Et3N; (vii) TBAF; (vii) 2-chloro-1-methylpyridinium iodode; (ix) NaOH, 55% five
steps; (x) TFA, 50% two steps.
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Figure 2. C13–14 Benzylimidazole series.

Table 1
Structures, activity and bioavailability data for selected analogs

Analog R on C14 TNF PLAP IC50 (nM) Mouse F% po

13 Et2N– 2066 —
14 Benzyl-NH– 1251 —
15 nPrNH– 26 —
16 Me2N– 437 21
17 H2N– 360 49
18 Piperazine– 351 —
19 Morpholine– 129 48
20 HO–(CH2)2–NH– 71 —
21 MeNH– 85 29
22 EtNH– 56 12

— Not tested.
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Scheme 3. Amination reaction and simplified synthetic route. Reagents: (a)
Pd2(DBA)3, Cy2NMe, 65%; (b) (i) LiHMDS, R–I (R = methyl of ethyl), 82%; (ii) TBAF,
imidazole-HCL; (iii) KHMDS, 76% for two steps; (iv) TBDMSCl, imidazole, 99%; (v)
DDQ, 98%; (vi) PCC, 81%; (vii) TFA, 96%.
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saponification (74% yield), Mitsunobu esterification (100% yield),
coupling with acyclic iodide (40% yield), MCPBA oxidation, E3N
promoted elimination, TBAF deprotection, lactone cyclization un-
der the influence of Mukaiyama’s reagent,4 basic debenzoylation
(55% yield over five steps), PCC oxidation and acidic deprotection
to furnish analog 7 in 50% yield over the final two steps.

Analog 7 was potent (IC50: 23 nM in vitro) and had impressive
oral bioavailability in mouse (49%). With this encouraging result,
we further expanded to a limited set of substitution on benzimid-
azole. Analogs 8 and 9 showed slight loss of potency (IC50: 108 and
43 nM, respectively, Fig. 2). Encouraged by the SAR of C14–O series,
represented by 2, we turned our focus to analogs with simple N-
substituted side chains at C14 position. From advanced intermedi-
ate 10, Buchwald chemistry was employed to transform O-substi-
tution at C14 into N-substituent (Scheme 2).3 From intermediates
11 and 12, dozens of analogs bearing N-substitution at C14 were
prepared.5
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Scheme 2. Introducing N-substitution at C14 position. Reagents: (a) (i) Tf2O, Et3N; (ii) p
imine, Pd(OAc)2, BINAP; (iii) NH2OH�HCL, NaOAc, 93% for three steps.
Among the C14-substituted analogs, both the di-N-substituted
compounds (16 and 19) and the unsubstituted amino analog (17)
showed excellent oral bioavailability in mice but their potencies
were lower than compound 7 (Table 1). Mono-substituted analogs
with large R group (14, R = Benzyl) showed no improvement either.
However, methyl substituted analog 21 demonstrated excellent
bioavailability in mice (29%) and good in vitro potency
(IC50 = 85 nM). The ethyl analog, 22, showed similar potency as
21 and its oral bioavailability in mice was acceptable.

With this success, we decided to evaluate 21 and 22 in various
inflammatory animal models. The synthetic route described above
was flexible for diverse analog synthesis in small scale. However,
the employment of selenium chemistry and long synthetic se-
quence (17 steps) presented significant challenge for larger scale
synthesis, which was necessary for in vivo studies. In order to sup-
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iperazine, Pd(OAc)2, BINAP, 21% for two steps; (b) (i) Tf2O, Et3N; (ii) benzophenone



Table 2
In vivo effects of selected analogs and reference drugs on short-term arthritis

Analogs Anti-arthritis (ED50,
mg/kg)

Tolerated dose (TD;
mg/kg)

Ratio (ED50/
TD)

7 5 <5 1
8 10 <10 1
9 10 <10 1

16 15 �60 4
21 5 >30 6
22 5–10 >30 3–6
Indomethacin 1 3 3
Prednisolone 3 10 3

Figure 3. Analog 21 CAIA efficacy results by oral dosing.9
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ply large amount of 21 and 22, a simplified route featuring selec-
tive Buchwald–Hartwig amination reaction and Heck reaction
were developed.6,7 Careful survey of conditions for Buchwald–Har-
twig amination reactions revealed that ditriflate 23 could be selec-
tively aminated when P(t-Bu)3 was used as the Pd ligand (Scheme
3). We found that all the amination took place at C14 position and
no undesired regio-isomer was observed. Desired amide 24 was
produced in 62% isolated yield from ditriflate 23. The coupling of
triflate 24 and acyclic olefin 25 proceeded smoothly under modi-
fied Heck conditions (65% yield after purification), which success-
fully replaced the selenium chemistry and the synthetic sequence
was shortened to nine steps from ditriflate 23 with an overall yield
of 19% (83% average yield for each step).

Using the new synthetic route, sufficient quantities of analogs
21, 22 and other analogs were produced for detailed biological
evaluation. In a collagen antibody induced arthritis model (CAIA)
in mice, a selected group of analogs were evaluated (Table 2). A
representative dosing and responses in the CAIA model were
shown in Figure 3. In this case, 21 showed potent effect with the
ED50 of �5 mg/kg by oral dosing, QD � 2. Overall, 21 and 22
showed good anti-inflammatory effects and wider therapeutic
windows in in vivo model of arthritis with ED50 around 5–10 mg/
kg (Table 2). Additional in vivo models will be reported separately.8

Based on overall profile, 22 was chosen as our clinical candidate,
and named E6201.8,9
In conclusion, our medicinal chemistry efforts have led to the
discovery of E6201 (22), a fully synthetic analog of f152A1 (1) with
desirable in vitro and in vivo pharmacological properties.8–10

Development of practical synthetic routes afforded SAR investiga-
tion and detailed biological evaluation. E6201 entered clinical trial.
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