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Abstract

There is increasing evidence suggesting that blocking aberrant Hedgehog pathway
signaling can be a very promising and novel therapeutic avenue for the treatment of
cancer. Cyclopamine, a plant Veratrum alkaloid natural product, is an antagonist of the
Hedgehog pathway and was used as a starting point for the development of new
Hedgehog pathway antagonists. A 7‐membered D‐ring semi‐synthetic analog of
cyclopamine, IPI‐269609, was previously shown to have greater acid stability and better
aqueous solubility relative to cyclopamine. The stereoselective reduction of the enone
of IPI‐269609 to the cis‐decalone provides analogs with a 10‐fold increase in potency
relative to cyclopamine. Further synthetic manipulations of the resulting 3‐ketone
provided a novel series of analogs that potently inhibit the Hedgehog pathway.
Synthetic transformations of the 3‐ketone as well as the structure activity relationship of
the products will be reported. This work resulted in the discovery of IPI‐926, a systemic
Hedgehog antagonist currently under clinical evaluation.

Background
The hedgehog (Hh) signaling pathway (Fig. 1) 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 and has shown tumor growth inhibition in several mouse xenograft models
[9‐13]. Cyclopamine was shown to act on Smoothened (Smo), a key effector of the Hh
pathway [19].

Schematic of Hh Pathway signaling 

Synthesis of cis and trans decalone analogs

Study Design Results

Hh‐dependent Differentiation of C3H10T1/2

Conclusions
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Comparison of potency and pharmacokinetics for 
IPI‐269609 and compound 25

A/B ring cis fusion enhances potency by 10 fold

Chemistry

Parameters obtained from the concentration‐time profile after IV administration (1 mg/kg); Tlast = 24 hours in all studies

Synthesis of amines, triazoles, amides, and 
sulfonamides
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• Problematic: metabolism of enone to
saturated alcohol; significant first pass effect

• Approach: Exploration of A‐ring modification
(enone replacement)

Reagents and Conditions (a) H2, Pd/C, pyridine, 25 °C; (b) Li, NH3, THF,  t‐BuOH, ‐78 °C. 

Synthesis of alcohols, ethers, and oximes

Reagents and Conditions (a) N2H4‐H2O, K2CO3, triethylene glycol, 150 °C; (b) HONH2‐HCl,
NaOAc, wet EtOH, 25 °C; (c) CH3ONH2‐HCl, NaOAc, wet EtOH, 25 °C; (d) H2, Pd/C, 25 °C;
(e) K‐selectride®, THF, ‐78°C; (f) CeCl3∙7H2O, NaBH4, ‐78 °C; (g) Me2SO4, aq. KOH,
benzyltriethylammonium chloride, CH2Cl2, 25 °C.
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Chemistry

Reagents and Conditions (a) MsCl, Et3N, CH2Cl2, 0 °C; (b) NaN3, DMPU, 60 °C;
(c) TMS‐acetylene, toluene, reflux; (d) TBAF, THF, 50 °C; (e) H2, Pd/C, 25 °C; (f) PPh3, wet
THF, 55 °C; (g) Ac2O, pyridine, 25 °C; (h) MsCl, i‐Pr2EtN, CH2Cl2, 0 °C.
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Lead Optimization of C3‐analogs
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Potency

C3H10 (EC50) 200‐300 nM 7‐15 nM

DMPK

In vitro HLM stability (T1/2) 75 min 85 min

F oral

CD‐1 mouse (5 mg/kg, PO) 79% ~100%

Sprague Dawley rat (5 mg/kg, PO) 13% ~100%

Beagle dog (4 mg/kg, PO) 7% 50%

Cynomolgus monkey (4 mg/kg, PO) 69% 74%

Half‐life (T1/2)

CD‐1 mouse (5 mg/kg, PO) 3.5 hr 10.5 hr

Sprague Dawley rat (5 mg/kg, PO) 1.7 hr > 24  hr

Beagle dog (4 mg/kg, PO) 2.2 hr ~ 15.5 hr

Cynomolgus monkey (4 mg/kg, PO) 2.4 hr 8.2 hr

Volume of distribution (Vd)

CD‐1 mouse (5 mg/kg, PO) 18 L/kg 11 L/kg

Sprague Dawley rat (5 mg/kg, PO) 28 L/kg 30 L/kg

Beagle dog (4 mg/kg, PO) 13.9 L/kg 15.3 L/kg

Cynomolgus monkey (4 mg/kg, PO) 21.3 L/kg 9.5 L/kg

Clearance (Cl)

CD‐1 mouse (5 mg/kg, PO) 3.6 L/hr/kg 0.74 L/hr/kg

Sprague Dawley rat (5 mg/kg, PO) 12.4 L/hr/kg 0.21 L/hr/kg

Beagle dog (4 mg/kg, PO) 4.7 L/hr/kg 0.66 L/hr/kg

Cynomolgus monkey (4 mg/kg, PO) 6.2 L/hr/kg 0.9 L/hr/kg
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The cis conformation of the A/B ring system of cyclopamine analogs was found to have a
profound impact on the Hh antagonistic activity of these compounds. In addition, we
found polar substituents with an R configuration at the C3 position to be important for
maintaining potency. Compound 25 (IPI‐926), having a methyl sulfonamide group at C3
with the R configuration and the cis A/B ring system is 20‐30 fold more potent and has a
favorable pharmacokinetic profile across species relative to IPI‐269609.

Readout for 

EC50 determination

We previously reported D‐homo cyclopamine analogue IPI‐269609 as having improved
chemical stability and aqueous solubility relative to cyclopamine [20]. IPI‐269609
demonstrated in vivo efficacy in several mouse xenograft models [21,22]. However,
development of IPI‐269609 as a drug candidate was limited by its moderate potency and
the low metabolic stability of its A/B ring system.

Further SAR studies on this novel class of cyclopamine derivatives focused on improving
the potency and metabolic stability. We considered various approaches to modifying the
enone moiety of IPI‐269609, including reduction of the enone and functionalization of the
C3 position. This work describes the synthesis of reduced IPI‐269609 analogs as well as 3‐
substituted analogs that were expected to shunt the metabolic fate of IPI‐269609 while
also improving potency [23].

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.
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