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Abstract
Aberrant Hedgehog (Hh) signaling pathway has been implicated in several types of
cancer. Cyclopamine, a plant Veratrum alkaloid natural product, is an antagonist of the
Hedgehog pathway and has shown promising anticancer activity. A 7‐membered D‐ring
semi‐synthetic analog of cyclopamine, IPI‐269609, was shown to have greater acid
stability and better aqueous solubility relative to cyclopamine while also having
equivalent biological activity in the Hedgehog pathway. Efforts to improve the biological
activity and properties of this novel D‐homo cyclopamine scaffold utilized the 3‐ketone
as a handle for synthetic manipulations. These efforts resulted in the discovery of novel
A‐ring fused heterocyclic analogs with a 10 fold improvement in biological activity
relative to cyclopamine. The synthetic transformations that resulted in this potent series
as well as the structure activity relationship of the products are reported.

Background

Results

Conclusions
Although IPI‐269609 has favorable pharmaceutical properties relative to cyclopamine,
it was only moderately potent in the Hh pathway and its A/B ring enone was
extensively metabolized in multiple species after oral administration.11 Consequently,
IPI‐269609 demonstrated modest efficacy in certain tumor xenograft models9,10 and no
efficacy in the B837Tx medulloblastoma allograft model when administered orally at
doses approaching the MTD. Further medicinal chemistry on D‐homo cyclopamine
analogs focused on improving potency and metabolic stability of IPI‐269609.

A significant improvement in potency was realized upon reduction of the enone to the
cis‐decalin A/B ring system, yet it was still prone to metabolism and rapid in vivo
clearance. A number of fused heterocyclic D‐homo cyclopamine analogs were
designed and synthesized with the aim of improving the metabolic stability while
retaining potency. Pyrazole analog 3 stood out among these analogs as a potent and
metabolically more stable analog of compound 1. As reported here, the
pharmacokinetic profile of pyrazole 3 is superior to that of IPI‐269609 in non‐rodents
and is significantly more potent than IPI‐269609. This work guided the identification of
IPI‐926 as a clinical drug candidate in cancer. In addition to the clinical investigation of
IPI‐926, studies are on‐going to fully characterize the mode of action and other
potential applications of these novel Hedgehog pathway antagonists.12

Conversion of the 3‐ketone of 1 to a 2,3‐fused heterocycle shows retention of potency
for pyrazole and isoxazole. Heterocycles with a heteroatom bound to the A‐ring C2
give considerable loss in potency, as do substitutions on C3’ of the pyrazole. The
heterocycles range in microsome stabilities, beyond the t1/2 of ketone 1 (70 min).

We previously reported the development of D‐homo cyclopamine analogue IPI‐269609 that
exhibited improved chemical stability and aqueous solubility relative to cyclopamine.8
IPI‐269609 demonstrated in vivo efficacy in several mouse xenograft models.9,10 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.

Potency

C3H10 (EC50) 200‐300 nM 13 nM

DMPK

HLM stability (T1/2) 75 min 120 min

F oral

CD‐1 mouse (5 mg/kg, PO) 79% 52%

Sprague Dawley rat (5 mg/kg, PO) 13% 34%

Beagle dog (4 mg/kg, PO) 7% 73%

Cynomolgus monkey (4 mg/kg, PO) 69% 84%

Half‐life (T1/2)

CD‐1 mouse (5 mg/kg, PO) 3.5 hr 3 hr

Sprague Dawley rat (5 mg/kg, PO) 1.7 hr 1.2 hr

Beagle dog (4 mg/kg, PO) 2.2 hr 6.8 hr

Cynomolgus monkey (4 mg/kg, PO) 2.4 hr 5.6 hr

Volume of distribution (Vd)

CD‐1 mouse (5 mg/kg, PO) 18 L/kg 9 L/kg

Sprague Dawley rat (5 mg/kg, PO) 28 L/kg 13 L/kg

Beagle dog (4 mg/kg, PO) 13.9 L/kg 6 L/kg

Cynomolgus monkey (4 mg/kg, PO) 21.3 L/kg 13 L/kg

Clearance (Cl)

CD‐1 mouse (5 mg/kg, PO) 3.6 L/hr/kg 2 L/hr/kg

Sprague Dawley rat (5 mg/kg, PO) 12.4 L/hr/kg 7.5 L/hr/kg

Beagle dog (4 mg/kg, PO) 4.7 L/hr/kg 0.6 L/hr/kg

Cynomolgus monkey (4 mg/kg, PO) 6.2 L/hr/kg 1.8 L/hr/kg
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Synthesis
Pyrazoles fused to the cis‐decalin

Thiazole, oxazole, and oxadiazole steroid alkaloids

Modifications to the 2,3‐pyrazole

ResultsFurther SAR studies led to the identification of cis‐decalone compound 1 as having a >10
fold increase in potency compared to cyclopamine and IPI‐269609. Unfortunately, this
more potent decalin 1 still presented liabilities of high lipophilicity and rapid clearance.
The ketone and the enone motifs on the A/B ring system of compound 1 and IPI‐
269609, respectively, are particularly prone to metabolic degradation. These analogs are
rapidly metabolized in vitro by reduction to C3‐alcohols, which are subsequently
glucuronidated.11 Hence, we chose to focus on modifications to the A‐ring of the more
potent decalin analog 1 as a way to improve pharmacological properties.

We considered various less reactive pharmacophores to incorporate onto the A‐ring that
could improve the metabolic stability and reduce in vivo clearance. Fusion of
heterocycles to the A‐ring of steroids has successfully provided analogs with improved
pharmacologic profiles. With this in mind, we designed and synthesized various analogs
of compound 1 having heterocycles fused onto the A‐ring.

This work describes the design and synthesis of such analogs which were expected to
shunt the metabolic fate of 1 while also retaining its improved potency. New analogs
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.

SAR summary of potency and metabolism Compound profile (IPI‐269609 and the pyrazole 3)

Manifestations of the Hedgehog pathway in cancer1‐7
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Reagents and Conditions (a) CF3COOEt, t‐BuOK, t‐BuOH, 25 ºC (b) N2H4‐H2O, EtOH,
80 ºC (c) H2, Pd/C, 25 ºC (d) DDQ, toluene, 25 ºC (e) PDC, MeOH, DMF, 25 ºC
(f) CH3NHNH2, EtOH, 80 ºC (g) MsCl, pyridine, 25 ºC (h) TsCl, pyridine, CH2Cl2, 25 ºC
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Reagents and Conditions (a) NBS, HOAc, NaOAc, wet dioxane, 25 ºC (b) CH3C(S)NH2,
EtOH, reflux (c) H2, Pd/C, 25 ºC (d) NaNO2, aq AcOH, CH2Cl2, 0 ºC (e) HONH2‐HCl, NaOAc,
EtOH, 25 ºC (f) KOH, dioxane, ethylene glycol, 120 ºC (g) HONH2‐HCl, pyridine, 120 ºC
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C3’ position very sensitive
10X loss in potency

Basic nitrogen on the 
piperidine is not required:
N-acetyl & N-sulfonyl are 
as potent but decrease 
metabolic stability

N-Me, O tolerated
Decrease metabolic stability

NSO2Me
Electron-withdrawing:

Increase metabolic stability
(but fairly sensitive to size)

3,4-regioisomer:
10X loss in potency

6-membered D-ring
is worse in every aspect:

Potency, in vitro and in vivo PK

Other epimer:
100X loss in potency

Genetic mutation
medulloblastoma

basal cell carcinoma

Pathway activation
pancreatic, gastric, SCLC,
prostate, colon, bladder

Tumor progenitor cells
SCLC, glioblastoma, 

breast, multiple myeloma, CML

Hh in 
Cancer

Rationale for heterocyclic cyclopamine analogs
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EC50 ~ 20 nM
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EC50 ~ 300 nM

cyclopamine
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Hh‐dependent cellular activity and
in vitro metabolic stability

Half-life (min)
Stability against 

human liver microsomes
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3IPI‐269609

Reagents and Conditions (a) HCOOEt, t‐BuOK, t‐BuOH, 25 ºC (b) N2H4‐H2O, EtOH, 80 ºC
(c) H2, Pd/C, 25 ºC (d) KHMDS, Et3SiCl, THF, ‐78 ºC (e) HCHO, TBAF, CH2Cl2, ‐20 ºC (f)
Dess‐Martin periodinane, CH2Cl2, 0 ºC
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