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Background

The hedgehog (Hh) signaling pathway is important in tissue growth and differentiation and
plays a pivotal role in embryogenesis as well as tissue homeostasis [1]. Over the last decade,
there have been an increasing number of reports documenting the implication of the Hh
pathway in human diseases, such as cancers [2-15]. Cyclopamine, a steroidal alkaloid
isolated from Veratrum californicum [16-18], is a potent antagonist of the Hh pathway that
has shown tumor growth inhibitory effect in several mouse xenograft models [9-13].
Cyclopamine was shown to act on Smoothened (Smo), a key effector of the Hh pathway
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(A) In the absence of ligana, wnich 1s typical for most cells in adulthood; (B] In several
types of cancers, the pathway is activated by the presence of ligand and/or loss-of-
function of Ptch and/or gain-of-function of Smo. Cyclopamine blocks the Hh pathway by
inhibiting wild-type Smo.
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We previously reported the development of D-homo cyclopamine analogue IPI-269609 that
exhibited improved chemical stability and aqueous solubility relative to cyclopamine [zo]
IPI-269609 demonstrated in vivo efficacy in several mouse xenograft models [21-:
However, development of IPI-269609 as a drug candidate was limited by its muderate
potency and the low metabolic stability of its A/B ring system.

Further SAR studles ed tothe identifcation of cs-decalone compound 1 s having 3 10 fold
increase in potency compared mine and |P-269605.  Unfortunately ths more
potent decalin 1 stil presented sbihes of Mg rapid clearance. The ketone
and the enone motifs on the A/B ring system of compound 1 e 1PI-269609, respectively,
are particularly prone to metabolic degradation. These analogs are rapidly metabolized in
vitro by reduction to a C3-alcohol, which are subsequently glucuronidated (23]. Hence, we
chose to focus on modifcations to the A ing of the more potent decaln analog 1 a5 2 way
rove pharmacological proper
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We considered various less reactive pharmacophores to Incorporate o the Aing that
could improve the metabol reduce in vivo clearance. We designed and
Conthesed varioss analogs. of corpound 1 with aciams. of sarious. fingaes 54
replacements for the A-ring. This work describes the synthesis of lactam analogs that were
expected to shunt the metabolic fate of 1 while also retaining its improved potency.

New analogues were evaluated for their ability to inhibit the hedgehog pathway using

oxysterol-dependent differentiation of C3H10T1/2 cells, as well as for their in vitro metabolic
stability in human liver microsomes.

Reagents and Conditions (a) Cbz-OBt, Et;N, DMAP, EtOAc, 40 °C; (b) Et,Zn,
(ArO),P(OJOH, CH,l,, DCM, 27 °C; (c) MsOH, -45 °C; (d) H, Pd/C, toluene/IPA;
(&) Al(Ot-Bul,, toluene/MEK, 75 °C; (f) H,, Pd/C, pyridine.

Reagents and Conditions: (a) NaOH, MeOH/H,O/THF, 55 °C; (b) Al(Ot-Bu),,
toluene/MEK, 75 °C; (¢) KMnO,, NalO,, Na,CO,, t-BuOH/H,0, 80 °C; (d) TMSCHN, in
hexanes, toluene/MeOH; (e) NaCNBH;, NH,OAc, MeOH, 50 °C; (f) BFy-OEt,
DCM, -78 °C; (g) H,, Pd/C, EtOAc.
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Comparison of potency and pharmacokinetics for
1PI-269609 and compound 15

Synthesis of 7-member ring lactam mixture |

Proposed mechanism for the formation of compound 4

| Study design

Proposed structure modifications
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|A/B ring geometry; cis > trans (10x)
Ring size 7 > 6 (10x)

Relative potency (EC50) against C3H10 differentiation assay

[Reagents and Conditions: (a) HONH,-HCI, NaOAc, EtOH, 25 °C; (b) MsCl, pyri
(<) Hy, Pd/C, EtOAC.

The unselective Beckmann rearrangement led to an unseparable mixture of
regiolsomers. A new synthetic approach to compound 15 was elaborated. The geometry of the AB ring is very important to preserve the potency. Substitution on

the nitrogen of the A or F ring are usually tolerated to retain potency (basic nitrogen on
the F ring is not necessary), but these substituted compounds are less metabolically
stabile. Finally the spatial positioning of the lactam plays an important role; the
7-membered favored.

Planned A ring modifications of compound 1
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HLM stability (T, ;) 65 min
Foral
€D-1mouse (5 mg/kg, PO) 79% ~100%
Sprague Dawley rat (5 mg/kg, PO) 13% ~100%
Beagle dog (4 mg/kg, PO) 7% 97%
Cynomolgus monkey (4 mg/kg, PO) 69% ~100%
e Half-life (T, ;)
BR
€D-1mouse (5 mg/kg, PO) 35hr 3hr
Reagents and Conditions: (a) CbzCl, Et;N, 2-MeTHF; (b) HCOOEt, t-BuOK, t-BuOH,
25 °C; (c) DDQ, toluene, 25 °C; (d) (PPh,);RACI, toluene, 80 °C; (€) HONH,-HCI, NaOAc, Sprague Dawley rat (5 mg/kg, PO) 17hr S5.4hr
EtOH, 25 °C; (f) MsCl, pyridine, 5 °C; (g) HCl, MeOH, toluene, 60 °C; (h) KHWDS, CHl, Beagle dog (4 mg/kg, PO) 22hr 6.5hr
THF, -78 °C to 25 °C; (i) H,, Pd/C, alcohol; (j) MsCl, Et;N, DCM.
Cynomolgus monkey (4 mg/kg, PO) 24hr 38hr
Volume of distribution (V)
Results
CD-1mouse (5 mg/kg, PO) 18L/kg 21/kg
SAR: Relative potency Sprague Dawley rat (5 me/kg, PO) 8Lk 491/kg
Beagle dog (4 mg/kg, PO) 139 l/kg 3.0L/kg
Cynomolgus monkey (4 mg/ke, PO) 213 U/kg 43U/ke
Clearance (Cl)
CD-1mouse (5 mg/kg, PO) 3.6L/hr/kg 0.5 L/hr/kg
Sprague Dawley rat (5 mg/kg, PO) 12.4 L/hr/kg 0.63 L/hr/kg
Beagle dog (4 mg/kg, PO) 4.7 /hr/kg 0.33 L/hr/kg
Cynomolgus monkey (4 mg/kg, PO) 6.2 L/hr/kg 0.8 L/hr/kg

Conclusions

A number of A-ring lactam cyclopamine derivatives were designed and synthesized with
the aim of improving the metabolic stability while retaining potency. The previously
observed increase in potency of cyclopamine analogs upon introduction of the cis A/8
ring system was also observed in this series. The size of the A ring lactam and the
orentation of the amide in the ring were found to be Important for optimal Hh
antagonistic activity. Compound 14, g a 7-membered ring lactam and the cis A/B
ing System proved to be the best comination of potancy and optimal pharmacokinelic
profile.Lactam analog 14 stood out among these analogs as a potent and metabolically
more stable analog of cis decalin 1. As reported here, the pharmacokinetic profile of
lactam 14 is superior to that of IPI-269609 across most species evaluated and is
significantly more po!en! !han 1P1-269609.
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