
    
    

    
    

    

    
    
    
      
    
    synlett


    
    
    
    



    

      

  
    	
          
            DE
          
        
	
          EN
        
	
        
          Home
        
      
	
        Products
        	
            
              Journals
            
          
	
            
              Books
            
          
	
            
              Book Series
            
          


        

      
	
        Service
        	
            
              Library Service
            
          


        

      
	
        Help
      
	
        
          Contact
        
      
	
        
          Portal
        
      


  

  
    
    
      
        SYNLETT
      
    

    

  
    
    
      
        
          Full-text search
        

      

      	Full-text search
	Author Search
	Title Search
	DOI Search
	Metadata Search


    

    
    
    
    
  




  

  
    


  



  	
	
	
	
	
	
        
          Journal
        
        	
                More About This Journal
              
	
                Editorial Board
              
	
                Advisory Board
              
	
                Editorial Office
              
	
                German National License
              
	
                Brochure
              


      
	
        
          Authors
        
        	
                Instructions for Authors
              
	
                Submit a Manuscript
              


      
	
          
            Subscription
          
          	
                  Subscription Information & Contacts
                
	
                  Institutional Licensing
                


        
	
        
        
        
          
        
          
            Recent SYNLETT Clusters/Specials
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                Upcoming Clusters
              
	
                Functional Dyes
              
	
                Special Issue dedicated to Prof. Hisashi Yamamoto
              
	
                60 Years of the Matteson Reaction: Modern Boronate Rearrangements
              
	
                Special Section: 13th EuCheMS Organic Division Young Investigator Workshop
              
	
                Special Issue Honoring Masahiro Murakami’s Contributions to Science
              
	
                Dispersion Effects
              
	
                Chemical Synthesis and Catalysis in India – Part II
              
	
                Chemical Synthesis and Catalysis in India – Part I
              
	
                Thieme Chemistry Journals Awardees 2022
              
	
                Development and Applications of Novel Ligands/Catalysts and Mechanistic Studies on Catalysis
              
	
                Organic Chemistry in Thailand
              
	
                Organic Photoredox Catalysis in Synthesis – Honoring Prof. Shunichi Fukuzumi’s 70th Birthday
              
	
                Special Section: 12th EuCheMS Organic Division Young Investigator Workshop
              
	
                Mechanochemistry
              
	
                Modern Nickel-Catalyzed Reactions – Part I
              
	
                Modern Nickel-Catalyzed Reactions – Part II
              
	
                Perspectives on Organoheteroatom and Organometallic Chemistry
              
	
                11th Singapore International Chemistry Conference (SICC-11)
              
	
                Organic Chemistry Under Visible Light: Photolytic and Photocatalytic Organic Transformations
              


      
	
        
        
        
          
        
          
            Virtual Issues
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                20 most-cited SYNLETT articles published in 2021/2022
              
	
                Nobel Prize 2021 Collection – Ben List and David MacMillan
              
	
                Editorial Board Collection published in 2020/2021
              
	
                Virtual India Collection
              
	
                Editor's choice
              
	
                Virtual Pearl Anniversary Issue – 30 Years SYNLETT
              
	
                Late-Stage Functionalization
              
	
                Machine Learning and Artificial Intelligence in Chemical Synthesis and Catalysis
              
	
                Virtual Collection: Jhillu S. Yadav
              
	
                Design and Chemical Synthesis of Antivirals
              
	
                Thieme Chemistry Journals Awardees 2022
              
	
                Open Access Articles
              


      





    	
        
        
        
        
        
        
          
          
            
              Not Logged In
            
             
              Login
            
            
              	
                  
                    
                      
                      
                      
                      
                        Username or e-mail address: 
                        
                      

                      
                        Password:
                        
                      

                      
                        
                      

                      Forgot Access Data?
                      
                        Register Now
                      
                      
                        OpenAthens/Shibboleth Login
                      
                    

                  
                


            

          
        
        

        

      
	
        
        
          Shopping Cart
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      [image: ]
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2008
                

              

              	
                      
                      
                      
                      
                        2024
                      
                    
	
                      
                      
                      
                      
                        2023
                      
                    
	
                      
                      
                      
                      
                        2022
                      
                    
	
                      
                      
                      
                      
                        2021
                      
                    
	
                      
                      
                      
                      
                        2020
                      
                    
	
                      
                      
                      
                      
                        2019
                      
                    
	
                      
                      
                      
                      
                        2018
                      
                    
	
                      
                      
                      
                      
                        2017
                      
                    
	
                      
                      
                      
                      
                        2016
                      
                    
	
                      
                      
                      
                      
                        2015
                      
                    
	
                      
                      
                      
                      
                        2014
                      
                    
	
                      
                      
                      
                      
                        2013
                      
                    
	
                      
                      
                      
                      
                        2012
                      
                    
	
                      
                      
                      
                      
                        2011
                      
                    
	
                      
                      
                      
                      
                        2010
                      
                    
	
                      
                      
                      
                      
                        2009
                      
                    
	
                      
                      
                      
                      
                        2008
                      
                    
	
                      
                      
                      
                      
                        2007
                      
                    
	
                      
                      
                      
                      
                        2006
                      
                    
	
                      
                      
                      
                      
                        2005
                      
                    
	
                      
                      
                      
                      
                        2004
                      
                    
	
                      
                      
                      
                      
                        2003
                      
                    
	
                      
                      
                      
                      
                        2002
                      
                    
	
                      
                      
                      
                      
                        2001
                      
                    
	
                      
                      
                      
                      
                        2000
                      
                    
	
                      
                      
                      
                      
                        1999
                      
                    
	
                      
                      
                      
                      
                        1998
                      
                    
	
                      
                      
                      
                      
                        1997
                      
                    
	
                      
                      
                      
                      
                        1996
                      
                    
	
                      
                      
                      
                      
                        1995
                      
                    
	
                      
                      
                      
                      
                        1994
                      
                    
	
                      
                      
                      
                      
                        1993
                      
                    
	
                      
                      
                      
                      
                        1992
                      
                    
	
                      
                      
                      
                      
                        1991
                      
                    
	
                      
                      
                      
                      
                        1990
                      
                    
	
                      
                      
                      
                      
                        1989
                      
                    


            

          

          
          
          
            Issues
            

          

        


        	
                Table of Contents
              
	
            
              
                Current Issue
              
            
          
	
                Articles by Category
              
	
              
                Free Sample Issue (01/2024)
              
            


      
    

    
    
      

  
  
    
      
      
    
    
      
        
        
      

    
  



    
    
    

    

    

    
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
          
            
          
          
          
        
      
    
      
    
      
        
          
  
          
            
          
  
          
            
              
              
                Related E-Products
              
            

            
              	
                      
                        

                        
                          Science of Synthesis
                        

                       
                      
                    
	
                      
                        

                        
                          Pharmaceutical Substances
                        

                       
                      
                    


            

          

        
      
    
      
        
          
            
              Related Journals
            

            
              	
                      
                        

                        
                          SYNTHESIS
                        

                      
                    
	
                      
                        

                        
                          SYNFACTS
                        

                      
                    
	
                      
                        

                        
                          SynOpen
                        

                      
                    
	
                      
                        

                        
                          Organic Materials
                        

                      
                    
	
                      
                        

                        
                          Planta Medica
                        

                      
                    
	
                      
                        

                        
                          Planta Medica International Open
                        

                      
                    
	
                      
                        

                        
                          Drug Research
                        

                      
                    


            

          

        
      
    
      
        
          
            
              Related Books
            

            
              	
                      
                        

                        
                          SoS C-1 Building Blocks in Organic Synthesis
                        

                      
                    
	
                      
                        

                        
                          SoS Multicomponent Reactions
                        

                      
                    
	
                      
                        

                        
                          SoS Cross Coupling and Heck-Type Reactions
                        

                      
                    
	
                      
                        

                        
                          SoS Asymmetric Organocatalysis
                        

                      
                    
	
                      
                        

                        
                          SoS Water in Organic Synthesis
                        

                      
                    
	
                      
                        

                        
                          SoS Stereoselective Synthesis
                        

                      
                    
	
                      
                        

                        
                          Protecting Groups
                        

                      
                    
	
                      
                        

                        
                          Spectroscopic Methods in Organic Chemistry
                        

                      
                    
	
                      
                        

                        
                          More from Thieme Chemistry
                        

                      
                    


            

          

        
      
    
      
    
      
    
      
    
      
    
      
    
      
    
  

    
  

  
  
  






  
  

  
    

  
  
    
      
      
    
    
      
      
    
  



    


  

    

    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    

    
    
    

    
      
        
          Subscribe to RSS

          Please copy the URL and add it into your RSS Feed Reader.

          
          https://www.thieme-connect.de/rss/thieme/en/10.1055-s-00000083.xml
        

      

    

    

    

    
      
        [bookmark: saveLink]
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Synlett  2008(20): 3216-3220  
DOI: 10.1055/s-0028-1087364

LETTER

© Georg Thieme Verlag
Stuttgart ˙ New York
Efficient and Scalable Synthesis
of 3,5,7-Trisubstituted 1H-Indazoles
as Potent IKK2 Inhibitors

Xichen Lin*a, Jakob Busch-Petersena, Jianghe Denga, Christine Edwardsb, Zhaoguo Zhangc, Jeffrey K. Kernsa

a Respiratory Center of Excellent Drug Discovery, GlaxoSmithKline, 709 Swedeland Road, King
of Prussia, PA 19406, USA
Fax: +1(610)2704451; e-Mail: Xichen.2.Lin@gsk.com; 
b Argenta Discovery Ltd. , 8/9
Spire Green Centre, Flex Meadow, Harlow, Essex CM19 5TR, UK
c School of Chemistry and Chemical Engineering, Shanghai Jiaotong University, 800 Dongchuan
Road, Shanghai 200240, P. R. of China



Further Information


Publication History


	
        Received
      11 March 2008


Publication Date:
24 November 2008 (online)












	
Abstract

	
Full Text

	
References




 

[image: SFX Search]

 Buy Article Permissions and Reprints All articles of this category



[image: ]


Abstract

Efficient and scalable chemical approaches to 3,5,7-trisubstituted
1H-indazoles were developed and applied to the synthesis of 1,1-dimethylethyl
4-[7-(aminocarbonyl)-5-bromo-1H-indazol-3-yl]-1-piperidinecarboxylate,
a key intermediate for 3,5,7-trisubstituted 1H-indazole,
which was identified as a potent IKK2 inhibitor. The sequence allows
for a scalable preparation of the target compound in eight steps
and proceeds in 40% overall yield from readily available
starting material.
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[bookmark: RS02308ST-8]8  
            
Procedure for the
Preparation of Compound 7
            

To a solution of tetramethylpiperidine
(31.9 mL, 0.19 mol) in THF (250 mL) at -20 ˚C
was added n-BuLi in hexane (90 mL, 2.1
M, 0.19 mol) dropwise over 0.5 h. The reaction was stirred at -10 ˚C
for 1 h, and then cooled to -70 ˚C. Then, Et2Zn
(240 mL, 0.88 M in hexane, 0.21 mol) was added, and the resulting
solution was warmed to 0 ˚C over 0.5 h and stirred at the
temperature for 2 h. The solution was then recooled to -70 ˚C.
2-Fluoro-5-bromobenzonitrile (36.7g, 0.18 mol) in THF (100 mL) was
then added, and the resulting solution was stirred at -70 ˚C
for 0.5 h. The reaction mixture was warmed to -30 ˚C
and stirred for 5 h. The solution was then re-cooled to -70 ˚C
and iodine 
(162.6 g, 0.63 mol) in THF (300 mL) was added.
The reaction was left to warm to r.t. and stirred overnight. The reaction
was quenched with NaHSO3 (sat. 35 mL) and filtered. The
solvent was removed in vacuo and the resulting residue was re-dissolved
with EtOAc. The organic layer was washed with NaHSO3 (sat.),
brine, and dried over MgSO4. The solvent was removed
and the solid was recrystallized from EtOAc-PE to provide
the desired compound 7 (44.9 g, 75%). ¹H
NMR (400 MHz, CDCl3): δ = 8.13 (dd,
1 H, J = 4.8,
2.0 Hz), 7.74 (dd, 1 H, J = 4.8,
2.0 Hz).
[bookmark: RS02308ST-9]9  
            
Procedure of the
Preparation of Compound 8
            

To a solution of iodide 7 (45 g, 0.138 mol) in THF (100 mL) was
added i-PrMgBr (1.19 M in THF, 143 mL)
at -60 ˚C in 0.5 h. The reaction mixture was stirred
at -60 ˚C for 2 h. Meanwhile, a suspension of
anhyd CeCl3 (40.8 g, 0.17 mol) in THF (500 mL) was stirred
vigorously for 2 h at r.t. until it became a milky white suspension
mixture and then cooled to -60 ˚C. To the CeCl3 suspension
was added the above-mentioned Grignard reagent and the mixture was
stirred at 
-60 ˚C for 0.5 h and -40 ˚C
for 0.5 h. The resulting mixture was recooled to -60 ˚C
and N-Boc-4-formylpiperidine (35.3 g,
0.17 mol) in THF (150 mL) was added via cannula. The reaction was
warmed slowly to r.t. and stirred overnight. The reaction was quenched
with NaHCO3 (sat.) and dried over Na2SO4.
The solution was removed, and the residue was purified by column
chromatography with EtOAc-hexane (1:1) to provide the desired
product 8 (30 g, 53%). ¹H
NMR (400 MHz, CDCl3): δ = 7.88 (dd,
1 H, J = 6.4,
2.8 Hz), 7.64 (dd, 1 H, J = 6.4,
2.8 Hz), 4.83 (s, 1 H), 4.23-4.00 (m, 2 H), 2.71-2.50
(m, 3 H), 1.80-1.67 (m, 2 H), 1.39 (s, 9 H), 1.38-1.25
(m, 2 H).
[bookmark: RS02308ST-16]16  Compound 22 (200g,
0.63 mol), Pd/C (10%, 20 g) in EtOH (1 L) was
sealed in an autoclave. The reaction proceeded under H2 (50
psi) overnight. The solution was filtered through Celite and concentrated.
The residue was purified by column chromatography to provide the
aniline 23 (133 g, 73%). ¹H
NMR (400 MHz, CDCl3): δ = 7.12-7.08
(m, 1 H), 7.07-6.95 (m, 1 H), 6.82-6.68 (m, 2
H), 4.19-3.99 (m, 2 H), 2.73-2.55 (m, 2 H), 2.51-2.41
(m, 2 H), 1.82-1.58 (m, 3 H), 1.47 (s, 9 H), 1.26-1.07
(m, 2 H). LCMS [MH+]: t
            R = 291.4, 1.81
min.
[bookmark: RS02308ST-17]17  To a solution of aniline 23 (763 g, 2.67 mol) in CH2Cl2 

(10
L) was added NBS (935 g, 5.25 mol) portionwise. The solution was
stirred at r.t. until TLC indicated the reaction was complete. The
solvent was evaporated in vacuo and the residue was re-dissolved
in hexane-Et2O (4 L, 1:1). The resulting solution
was passed through a silica plug, washed with hexane-Et2O
mixture and concentrated to provide the desired product 24 (1181 g, 98%). ¹H
NMR (400 MHz, CDCl3): δ = 7.44 (d,
1 H, J = 2.4
Hz), 7.04 (d, 1 H, J = 2.4 Hz),
4.30-4.00 (br m, 4 H), 2.67-2.61 (m, 2 H), 2.44-2.41 (m,
2 H), 1.73-1.61 (m, 3 H), 1.47 (s, 9 H), 1.20-1.16
(m, 
2 H). LCMS [MH+ - Boc]: t
            R = 346.8, 2.97
min.
[bookmark: RS02308ST-18]18  To a solution of compound 24 (500 g, 1.12 mol) in 2.8 L of AcOH (certified
A.C.S. plus, Fisher) was added NaNO2 (2.26
mol, 97+%, Acros) portionwise at 20-30 ˚C.
The reaction mixture was stirred at r.t. for 30 min. The NaOH solution
was added to adjust the solution pH to 10, and the solution was
partitioned between EtOAc (4 L) and H2O (5.5 L). The
layers were separated, and the aqueous phase was extracted with
EtOAc. The combined organic extracts were washed with brine, dried
over MgSO4, and evaporated. The crude was filtered through
a silica plug to provide the cyclization product 25 as
a brown-yellow solid (360 g, 70%). The compound was used
toward next step without further purification. ¹H
NMR (400 MHz, CDCl3): δ = 7.85 (d,
1 H, J = 1.6
Hz), 7.66 (d, 1 H, J = 1.6
Hz), 4.34-4.18 (m, 2 H), 3.34-3.10 (m, 1 H), 3.02-2.88
(m, 2 H), 2.05-1.84 (m, 4 H), 1.51 (s, 9 H). LCMS [MH+]: t
            R = 457.8, 459.8,
2.64 min.
[bookmark: RS02308ST-20]20  To a solution of indazole 25 (323 g, 0.703 mol) in 5.4 L of CH2Cl2 were
added Boc2O (242 mL, 1.06 mol), DMAP (26.6 g, 0.218 mol),
and Hünig’s base (133 mL). The resulting solution
was stirred at r.t. overnight and purified by filtering through
silica plug to provide the N-1 Boc-protected product
(348 g, 88%). The product was used without further purification.
To a solution of N-Boc indazole (348
g, 0.622 mol) in 5 L anhyd Et2O at -78 ˚C
was added 248 mL of n-BuLi (2.5 M in
hexanes, 0.62 mol) dropwise under N2. The reaction mixture
was stirred for 30 min at -78 ˚C, and CO2 was
bubbled through until the temperature stop rising and began to fall.
The reaction was warmed to r.t., and 5 L of H2O were
added. Then, NaOH (1 N) was added to adjust the pH to 12. The layer
was separated and the aqueous layer was washed with Et2O.
The resulting aqueous layer was heated to 90 ˚C until TLC
indicated that conversion to the desired de-Boc product was complete.
The suspension was filtered out though Celite pad. The filtrate
was cooled to r.t. and HCl (1 N) solution was added to adjust the
pH to 3-5. The precipitate was filtered and dried over
MgSO4. The desired carboxylic acid 26 was
obtained without further purification (187 g, 71%). ¹H
NMR (400 MHz, CDCl3): δ = 8.34 (d,
1 H, J = 1.6
Hz), 8.17 (d, 1 H, J = 1.6
Hz), 4.42-4.36 (m, 2 H), 3.33-3.30 (m, 1 H), 3.01-2.86
(m, 2 H), 2.24-2.17 (m, 2 H), 2.02-1.87 (m, 2
H) 1.56 (s, 9 H). LCMS [MH+ - Boc]: t
            R = 324.2, 2.40
min. HRMS: m/z calcd for C18H22BrN3O4: 424.0872 [MH+];
found: 424.0863.
[bookmark: RS02308ST-21]21  To a suspension of acid 26 (187 g, 0.44 mol) in 3 L of CH2Cl2 was
added EDC˙HCl (228 g, 1.19 mol) and HOBt˙H2O
(80 g, 0.53 mol). After the reaction mixture became clear, 240 mL
of concentrated NH4OH was added dropwise. The reaction
mixture was stirred overnight at r.t. The precipitate was filtered,
washed with CH2Cl2, and H2O. The
resulting solid was stirred in a combination solution of NaHCO3 and
Na2CO3 for 2 h. The solid was filtered, washed with
H2O, and dried to provide the desired amide 4 (84 g, 45%). Extra product (69
g, 37%) was obtained by purifying the filtrate with column
chromatography (EtOAc-hexane). ¹H NMR
(400 MHz, CDCl3): δ = 8.24 (d, 1 H, J = 1.6 Hz), 8.07
(d, 1 H, J = 1.6
Hz), 4.06-4.00 (m, 2 H), 3.33-3.30 (m, 1 H), 3.01-2.86
(m, 2 H), 1.99-1.89 (m, 2 H), 1.71-1.59 (m, 2
H), 1.43 (s, 9 H). LCMS [MH+]: t
            R = 423.0, 2.45
min. HRMS: m/z calcd for C18H23BrN4O3:
423.1032 [MH+]; found: 423.1030.
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