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Outline �

n   Ph. D. work 

 1. Deoxyfluorination of Catechols 

 2. Fluorination-Rearrangement  

    One-pot Reaction 

 3. Synthesis of Fluorinated Bioactive compounds 

n   Current work 
 Discovery for Antagonists of the Nuclear 
 Androgen Receptor 

2	



Fluorine in Human Life �

F	
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Fluorine in Pharmaceuticals �
n Potency	  ↑ 
n pKa ↓ 
n Permeability ↑ 
n Clearance ↓ 
n Conformational constraint 
n PET	

J. Med. Chem. 2015, 58, 8315−8359	

30%	  

Pharmaceu5cals	
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u Structural Classification of Fluorine-containing medicines �

Farumashia 2014, 1, 14-18. �
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Fluorine in Pharmaceuticals �



Electrophilic fluorination�

Halex reaction�

G. C. Finger, C. W. Kruse 
 J. Am. Chem. Soc., 1956, 78, 6034–6037. �

R. E. Banks, S. N. Mohialdin-Khaffaf, G. S. Lal, l. Sharifa, R. G. Syvretb 
J. Chem. Soc., chem. comm. 1992,  595–596. �
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Balz-Schiemann reaction�

Conventional Aromatic Fluorination �

G. Balz, G. Schiemann, 
Ber. Dtsch. Chem. Ges. 1927, 60, 1186 – 1190 �



Late-stage Fluorination�

F� F� F� F�

Building Block Approach (Classical approach) �

Late-Stage Fluorination (Current approach)�

F�

ü  Chemo- and stereoselective fluorination of  
     complex molecules 

Easily access to various fluorinated 
analogs ! 
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Deoxyfluorination of Phenols �
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Deoxyfluorination of Catechols �

	  	  	  	  	  	  	  	  Org.	  Le(.	  2011,	  13,	  2714-‐2717.	
9	



One-pot Fluorination-Rearrangement Reaction�

10	
Synlett 2012, 23, 1978-1984.	



Oxidative Cyclization�

11	Synlett 2012, 23, 1978-1984.	



One-pot Fluorination-Rearrangement Reaction�
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Deoxyfluorination of Catechols �
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Synlett 2012, 23, 1978-1984.	

Regiocomplementary Synthesis of 
       Fluorinated Bridged Biphenyls �
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Antimitotic drugs �

a | A few molecules of vinblastine 
bound to high-affinity sites at the 
microtubule plus end suffice to 
suppress microtubule dynamics. 
b | Colchicine forms complexes 
w i t h t u b u l i n d i m e r s a n d 
copolymerizes into the 
microtubule lattice, suppressing 
microtubule dynamics. 
c | A microtubule cut away to 
show the interior surface is 
shown. Paclitaxel binds along 
the interior surface of the 
microtubule, suppressing its 
dynamics. 

Nat. Rev. Cancer 2010, 10, 194–204	
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SAR studies of Allocolchicinoids �

Zone A: 
Essential for activities �

Zone C: 
Possible enhancement of 

the activities �

Zone B: 
Regulate dihedral angle 

between A-ring and C-ring�

ü  Novel fluorinated analogs 
ü  Known bioactive allocolchicinoids	
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1)	  Bioorg.	  Chem.	  2010,	  38,	  149–158	  
2)	  Bioorg.	  Med.	  Chem.	  Le(.	  2012,	  22,	  3776–3780	  
3)	  J.	  Med.	  Chem.	  2015,	  58,	  692–704	



Optimization of Oxidative Cyclization �
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Synthesis of 6-7-6 Tricyclic Compounds 
       Possessing a Fluoro 

Group �
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Conversion to Fluorinated Derivatives �
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Synthesis of N-acetylcolchinol, NSC 51046 and Related 
Oxygen-Substituted Derivatives �
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Cytotoxic activities against DU145 and Panc 1 
cells�
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Conclusion�

22	



Acknowledgements �
Osaka	  University	  
Ø  	  	  Prof.	  Shuji	  Akai	  (SyntheJc	  Medicinal	  Chemistry)	  

Ø  	  	  Mr.	  Kazunori	  Furutsu	  
Ø  	  	  Mr.	  Kazuyuki	  Saito	  
Ø  	  	  Akai	  group	  members	  past	  and	  present	  
	  	  
Ø  Prof.	  Kazutake	  Tsujikawa	  (Molecular	  and	  Cellular	  Physiology)	  

Ø  Dr.	  Yuko	  Ueda	  	  
Ø  Prof.	  Yoon-‐Jeong	  Kim	  (Office	  for	  University-‐Industry	  CollabolaJon)	  

Ø  Dr.	  Yasue	  Matsunaga	  
Ø  Prof.	  Zen-‐ichi	  Terashita	  (Pla^orm	  for	  Drug	  Diacovery,	  InformaJcs,and	  	  	  

Structual	  Life	  Science)	  

University	  of	  Shizuoka	  
Ø  	  	  Dr.	  Hiroyuki	  Nemoto	  
Ø  	  	  Mr.	  Takafumi	  Ide	   23	



University of Shizuoka	

Mt. Fuji (the highest mountain in Japan) 
↓↓↓↓↓↓	

24	

Acknowledgements �



Osaka University	

25	

Acknowledgements �



Outline �

n   Ph. D. work 

  

n  Discovery for Antagonists of the Nuclear 

Androgen Receptor (Current work) 

•  Background 

•  Synthesis of JJ-450 

•  Synthesis of Analogs 

•  Scale-up Synthesis of JJ-450 
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Prostate Cancer�

27	

Ø  Percent surviving 5 years: 98.9 % (2006 - 2012) 

Ø  2nd most deadly cancer type in men in the U.S. 

Ø  30,000 patients are dead each year in the U.S. 

1) Cancer statistics, 2014. Ca Cancer J. Clin. 2014, 64, 9−29 
2)	  SEER	  Stat	  Fact	  Sheets:	  Prostate	  Cancer.	  hep://seer.cancer.gov/	  sta^acts/html/prost.html.	



Mechanism of Prostate Cancer�

Testicl
e	

Testosterone	

Adrenal	

Dehydroepiandrosterone 
(DHEA) 

Androstenedione	

Prostate cells	

Dihydrotestosterone (DHT)	

DHT receptor complex	

Progression of cell proliferation	

Anti-androgen drugs	

Surgery 
or 

Drugs	
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Castration-Resistant Prostate Cancer (CRPC)�

Nature 2013, 10, 90-98	

u Adaptation medel	

Androgen-‐dependent	  
prostate	  cancer	  cells	  	  

AcquisiJon	  of	  
geneJc/epigeneJc	  events	  	  

Clonal	  expansion	  of	  
resistant	  cells	  	  

u Selection medel	

Killing	  of	  	  
sensiJve	  cancer	  cells	  	  	  

Co-‐exisJng	  heterogeneous	  
prostate	  cancer	  cells	  	  

ProliferaJon	  and	  
differenJaJon	  of	  
resistant	  cells	  	  

CastraJon-‐resistant	  
prostate	  cancer	  	  

CastraJon-‐resistant	  
prostate	  cancer	  	  
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Current treatment for CRPC �
•  Enzalutamide (MDV3100) and 

bicalutamide are androgen receptor 
(AR) antagonists that are currently 
used as treatments for CRPC and 
can extend the lifespan of patients 
for only 3−5 months. 

•  There are no known therapies that 
decisively inhibit nuclear localized AR 
in CRPC cells.	

Discovery of a novel series of small molecules 
identified by their ability to reduce the nuclear level of 
AR and, subsequently, AR activity.	

Our goal is 
…	
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Science 2009, 324, 787−790.	



Prostate Cancer�

JJ-450 
EC50 = 1.7±0.2 (µM)	

Zone	  1:	  The	  ortho-‐subsJtuent	  on	  the	  phenyl	  ring	  was	  important	  for	  acJvity.	  
Zone	  2:	  The	  sterically	  encumbered	  2,6-‐dimethylpiperazine	  proved	  superior	  to	  flexible	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  unsubsJtuted,	  and	  bridged	  analogues.	  
Zone	  3:	  A	  carbonyl	  group	  was	  not	  required,	  and	  a	  sulfonamide	  and	  even	  the	  reduced	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  amine	  were	  well	  tolerated.	  
Zone	  4:	  Thioether	  oxidaJon	  reduced	  acJvity,	  and	  only	  the	  cis-‐cyclopropane	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  significantly	  improved	  the	  EC50.	  
Zone	  5:	  Limited	  subsJtuJons	  were	  performed.	
ACS Med. Chem. Lett. 2016, 7, 785−790	

EC50 = 7.3±2.5 (µM)	
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Synthesis of JJ-450 �
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Permitted Concentrations of Elemental 
Impurities for Option 1 �

International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human use (ICH) Harmonised Guideline, 
dated 16 Dec. 2014 	

Option 1: Common permitted concentration limits of elements across drug product components for 
drug products with daily intakes of not more than 10 grams	
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Optimization of Hydrogenation �
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Optimization of Recrystallization�

heps://www.organicdivision.org/orig/organic_solvents.html	
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Metabolism test�

Our goal 
Ø Decrease metabolism 
… 
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l  Attach electron withdrowing  groups on 
the benzene rings 

l  Block sites of metabolism with                                       
fluorine substitutions 



Synthesis of Piperazine 
derevatives�

u Synthetic strategy for various analogs	
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Synthesis of Analogs �
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Synthesis of Analogs �
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Large-scale Synthesis�
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I.  Set up reaction 
①  Magnetic stirrer bar → Overhead stirrer 

Magnetic stir bars do not mix large, thick 
mixtures well, and overhead stirring is 
more consistent when scaling up from 
one level to the next. 

②  Syringe → Equal-dropping funnel 
Temperature control is critical for safely 
performing scale-up reactions. 

       (Monitor the Internal reaction 
       temperature Carefully!) 
③  Oil (aluminum beads) bat 

→ Heating Mantle 

1	

2	

2	

3	

heps://www.drs.illinois.edu/SafetyLibrary/ScaleUpReacJonSafety	



Large-scale Synthesis�
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3.  Purification 
l  Column chromatography 

ü  Use quite a bit of solvents (~ 10 L for 200 g of  
     crude product ) 
ü  Take long time 
ü  Use a lot of Silica gel 
 
 

l  Recrystallization 
l  Extraction 
l  Trituration 
l  Wash 

To avoid the above matters …	



Large-scale Synthesis�
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Future works �
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•  Chiral resolution	

•  Chiral building block approach	



Future works �
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•  Functionalization of the cyclopropane ring (Serene)	

•  Synthesis of ortho-disubstituted analogues	



Conclusion�
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l  Improve hydrogenation by not using Lindlar’s catalyst 

l Development of the recrystallization condition of JJ-450 

l Development of the practical approach for the analog synthesis 

l Modification of the synthetic protocol for scale-up synthesis  
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