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General procedure G was performed using 4-(trifluoromethylsulfone)benzoic acid and 4-chloro-3-

(pyrdin-2-yl)aniline.  The crude reaction mixture was purified by reverse phase HPLC to yield N-

(4-chloro-3-(pyridine-2-yl)phenyl)4-(trifluoromethylsulfonyl)benzamide. MS (Q1) 440.95 (M)+. 

 

Example 20 (a) N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(ethylsulfonyl)benzamide  5 
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General procedure G was performed using 4-(ethylthio)benzoic acid and 4-chloro-3-(pyridin-2-

yl)aniline to produce N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(ethylthio)benzamide. 10 

 

A solution of N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(ethylthio)benzamide (40 mg, 0.11 mmol) in 

MeOH (3 mL), cooled to 0˚ C was treated with oxone (133 mg, 0.22 mmol), and the ice bath was 

removed.  After 1h of stirring, the reaction mixture was concentrated, and the residue was 

dissolved in ethyl acetate.  The organic solution was washed with water, dried (MgSO4) and 15 

concentrated.  The crude reaction mixture was purified by reverse phase HPLC to yeild N-(4-

chloro-3-(pyridin-2-yl)phenyl)-4-(ethylsulfonyl)benzamide. MS (Q1) 401.0 (M)+ 

 

(b) N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(2-hydroxy-2-methylpropylsulfonyl)-2-

methylbenzamide 20 
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2-Chloro-5-nitroiodobenzene:   The reactor used was purged with nitrogen and kept under nitrogen 

throughout the synthesis.  Reactor was charged with USP purified water (400.0 L), agitated and 

charged with 2-chloro-5-nitroaniline (50.0 kg) and then the contents were cooled to 0 - 5 oC.  To 

the stirring reactor was charged concentrated sulfuric acid (40.0 L), maintaining the temperature at 25 
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4-chloro-3-(pyridin-2-yl)aniline:  2-(2-pyridyl)-4-nitrochlorobenzene was charged to a suitably 

sized reactor under nitrogen.  Platinum on carbon (5%, ~50% wet) (0.10 wt) was added with 

stirring, followed by tetrahydrofuran (9.68 wt).  The reactor was pressurized with nitrogen to 40psi, 

then the pressure was released.  This process was repeated two additional times.  The reactor was 

then pressurized with hydrogen to 50psi while maintaining the internal temperature at 20-26ºC.  

After the hydrogen uptake subsided (1-2 hours), the pressure was held at 50psi and the reactor was 

heated to 50ºC for 2-3 hours.  The reaction was checked by HPLC and once complete, cooled to 

30ºC.  Next, the reactor was pressurized with nitrogen to 40psi, then the pressure was released.  

This process was repeated two additional times.  To a separate tank, Celite (0.1 wt) and 

tetrahydrofuran (0.9 wt) were added.  This slurry was then transferred to the reactor and stirred for 

a minimum of 30 minutes.  The reaction mixture was filtered through a filter press and 0.2 micron 

filter, the cake was washed with tetrahydrofuran (2.2 wt) and all the organics were combined.  

Thiol silica gel (0.05 wt) was charged to the reactor and stirred for at least 30 minutes.  This 

mixture was then filtered through a filter press into an adjacent, nitrogen purged, reactor.  The filter 

cake was washed with tetrahyrdofuran (2.2 wt) and the wash was added back to the reactor.  With 

stirring, heptanes (6.8 wt) were added to the reactor and the contents were heated to reflux under 

vacuum.  Approximately two thirds of the solvent was removed by vacuum distillation.  The 

reactor was cooled to 20-26ºC and stirred for 2-3 hours.  The reactor contents were centrifuged and 

washed with heptanes (1.0 wt) and dried in a vacuum oven at 20-25ºC until a constant weight of  4-

chloro-3-(pyridin-2-yl)aniline was obtained (typical yield ~80%). 

 

N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(2-hydroxy-2-methylpropylsulfonyl)-2-methylbenzamide - 

Tetrahydrofuran (10.24 wt) was charged to a suitably sized reactor under nitrogen.  While stirring, 

4-(2-hydroxy-2-methylpropylsulfonyl)-2-methylbenzoic acid (1.265 wt) and 2-chloro-4,6-

dimethoxy-1,3,5-triazine (0.815 wt) were added and stirred until dissolved.  4-methylmorpholine 

(0.564 wt) was slowly charged to the reactor while maintaining the internal temperature at ≤ 30ºC.  

The mixture was allowed to stir at room temperature for at least 30 minutes then sampled by TLC.  

Once all of the 4-(2-hydroxy-2-methylpropylsulfonyl)-2-methylbenzoic acid was consumed, 4-

chloro-3-(pyridin-2-yl)aniline (1.0 wt) was added.  The reactor was heated to 50ºC and stirred for 

at least 6 hours, at which time the reaction was sampled by HPLC.  Once the reaction was complete 

by HPLC, a sodium bicarbonate solution (sodium bicarbonate (0.506 wt) and USP purified water 

(24.8 wt), stirred until all solids were dissolved) was added to the reaction.  The reaction mixture 

was heated to reflux (~70ºC) and solvent (5.7 wt.) was distilled from the reactor.  The reactor was 

cooled to    30ºC and stirred for at least 20 hours.  The reactor contents were centrifuged, washed 

with USP purified water (3.47 wt) and dried in a vacuum oven at 45 ºC until a constant weight of 

crude N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(2-hydroxy-2-methylpropylsulfonyl)-2-

methylbenzamide was obtained (typical yield ~90%). 
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Methyl isobutyl ketone (20.0 wt) was charged to a suitably sized reactor under nitrogen.  While 

stirring, crude N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(2-hydroxy-2-methylpropylsulfonyl)-2-

methylbenzamide (1.0 wt) was added and the reactor was heated to 60 ºC and stirred for at least 

one hour.  The solution was polish filtered through a filter press into an adjacent, nitrogen purged, 

reactor and the cake was washed with methyl isobutyl ketone (2.56 wt.).  The filtered solution was 

then heated to reflux (~115 ºC) and distilled to remove ~2/3 of the solvent (~14.5 wt).  The reactor 

was cooled to 100 ºC and stirred for at least 15 minutes.  The reactor was then cooled to 80 ºC and 

the tip speed of the agitator was set to 2.0 m/s.  A seed slurry was prepared by mixing N-(4-chloro-

3-(pyridin-2-yl)phenyl)-4-(2-hydroxy-2-methylpropylsulfonyl)-2-methylbenzamide Form A (0.001 

wt) and methyl isobutyl ketone (0.008 wt).  This seed slurry was added to the reactor at 80 ºC and 

stirred for at least 2.5 hours.  The bath temperature was set to 70 ºC and the contents were stirred 

until the internal temperature reached 70 ºC.  The bath temperature was set to 50 ºC and the 

contents were stirred until the internal temperature reached 50 ºC. The bath temperature was set to 

25 ºC and the contents were stirred until the internal temperature reached 15-30 ºC.  Once this 

temperature was obtained, the mixture was stirred for at least 12 hours.  In a separate tank, a 

solution was prepared by charging methyl isobutyl ketone (3.0 wt) and heptanes (2.6 wt).  The 

reactor contents were centrifuged, washed with the methyl isobutyl ketone/heptanes mixture (all) 

and dried in a vacuum oven at 60 ºC until a constant weight of purified N-(4-chloro-3-(pyridin-2-

yl)phenyl)-4-(2-hydroxy-2-methylpropylsulfonyl)-2-methylbenzamide was obtained.  The solids 

were milled using a Fitzmill grinder utilizing an 18 mesh screen, hammers forward on low speed.  

(typical yield ~80%). 

 

Example 21 2-chloro-N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-((dimethylamino)methyl) 

benzamide 

 

General procedure G was used to couple 4-(BOC-aminomethyl)-2-chloro-benzoic acid and 

4-chloro-3-(pyridin-2-yl)aniline to yield 2-chloro-N-(4-chloro-3-(pyridin-2-yl)-phenyl)-4-

(BOC-  
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What is claimed is: 
 

1. A compound of the formula: 

2. A composition comprising a compound of claim 1 and a pharmaceutically 

acceptable carrier. 

3. Use of a compound of claim 1 or a composition of claim 2 in the manufacture of 

a medicament for treatment of cancer in a mammal. 

4. Use of claim 3, wherein the cancer is associated with aberrant hedgehog 

signaling. 

5. Use of claim 3, wherein the cancer is selected from the group consisting of a 

basal cell carcinoma, a medullablastoma, a pancreatic adenocarcinoma, a small-

cell lung carcinoma, a breast carcinoma, a rhabdomyosarcoma, oesophageal 

cancer, stomach cancer and biliary tract cancer. 

6. Use of claim 3, wherein the cancer is selected from the group consisting of a 

neuroectodermal cancer, a meningioma, a hemangioma, a glioblastoma, a 

squamous lung carcinoma, a non-small cell lung carcinoma, a chondrosarcoma, 

a renal carcinoma, a thyroid carcinoma, a solid colon tumor, a lung tumor, a 

pancreatic tumor, an ovarian tumor, a breast tumor and a glioma tumor. 

 



7. Use of a compound of claim 1 or a composition of claim 2 in the manufacture of 

a medicament for inhibiting angiogenesis in a mammal. 

8. Use of a compound of claim 1 or a composition of claim 2 in the manufacture of 

a medicament for inhibiting hedgehog pathway signaling in a cell. 

9. Use of a compound of claim 1 or a composition of claim 2 in the manufacture of 

a medicament for treatment of macular degeneration, wet age-related macular 

degeneration, an inflammatory/immune disease, Crohn's disease, inflammatory 

bowel disease, Sjogren's syndrome, asthma, organ transplant rejection, systemic 

lupus erythmatoses, rheumatoid arthritis, psoriatic arthritis, psoriasis or multiple 

sclerosis or achievement of a depilatory effect.  
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