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a b s t r a c t

Two series of fused tricyclic indoles were identified as potent and selective S1P1 agonists. In vivo these
agonists produced a significant reduction in circulating lymphocytes which translated into robust efficacy
in several rodent models of autoimmune disease. Importantly, these agonists were devoid of any activity
at the S1P3 receptor in vitro, and correspondingly did not produce S1P3 mediated bradycardia in telem-
eterized rat.

� 2012 Elsevier Ltd. All rights reserved.

Fingolimod (1) is a potent immunosuppressant that was identi-
fied during a medicinal chemistry campaign aimed at dialing out
the GI side effect profile associated with the secondary fungal
metabolite ISP-1 (2, Fig. 1).1 In vivo, (1) is phosphorylated to the
(S)-isomeric mono-phosphate (3) which is an agonist at four of
the five sphingosine-1-phosphate receptors (S1P1, S1P3–5).2 The
S1P/S1P1 axis regulates the egress of lymphocytes from peripheral

lymphoid tissue and (3) prevents this trafficking via sustained
receptor internalization accompanied by proteasomal degrada-
tion.3 Impaired lymphocyte trafficking reduces the circulation of
auto-reactive immune cells, which has been found to slow the pro-
gression of disease in multiple sclerosis patients.4 Fingolimod also
may be acting directly on astrocytes to reduce inflammation in the
CNS of these patients. S1P1 expression in central MS lesions is dra-
matically increased, and mouse neural S1P1 knockouts phenotypi-
cally show reduced disease severity, astrogliosis, demyelination
and axonal loss when compared to their wild type littermates.5

The precise role of the other S1P subtypes in the amelioration of
disease is less well understood, although (1) may be acting on
the S1P5 and S1P3 receptors expressed centrally on oligodendro-
cytes and astrocytes.3

Over the last decade, medicinal chemistry efforts have focused
on identifying alternative agents with improved selectivity. Partic-
ular emphasis has been placed on the cardiac expressed S1P3

receptor that is associated with bradycardia in rodents.6 However,
human trials of the S1P3-sparing agonist BAF312, suggests that the
transient effect on heart rate may not be attributable to S1P3 acti-
vation in humans.7 More recently, researchers have sought ago-
nists with improved pharmacokinetic profiles given the long
half-life of (1) in humans (T1/2 = 8 days).8 These efforts have also
centered around developing non pro-drug agonists that can pene-
trate the CNS and act directly on astrocytes.9 Development of
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agonists for other autoimmune indications such as psoriasis
(Ponesimod),10 polymyositis (BAF312),11 and ulcerative colitis
(KRP-203)12 is also underway.

As part of our effort to identify superior S1P1 agonists, we have
expanded upon an early series of 3-(indolin-2-yl)propanoic acids
(4, Fig. 2)13 and herein disclose two fused tricyclic indole S1P1

chemotypes (5, 6).

The cyclopenta[b]indole ring system (8) was prepared via a
palladium mediated cyclization utilizing aniline 7 and ethyl
2-(2-oxocyclopentyl)acetate as coupling partners (Scheme 1). Sub-
sequent hydroxy-amidine formation (9), and treatment with an
activated benzoic acid afforded the 5-phenyl-1,2,4-oxadiazole mo-
tif (10). Ester saponification was typically performed using LiOH,
however, compound 17 (Table 1) required a milder procedure
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Figure 2. Cyclopenta[b]indole and Pyrrolo[1,2-a]indole S1P1 agonists.
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Figure 1. Fingolimod origin and mechanism.
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Scheme 1. Cyclopenta[b]indole synthesis. (a) Ethyl 2-(2-oxocyclopentyl)acetate, PPTS, Si(OEt)4 then Pd(OAc)2, DIEA (b) 50% aq hydroxylamine, EtOH (c) ArCOCl, Et3N or
ArCO2H, CDI (d) NaOH or LiBr, Et3N, MeCN, water.
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