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Presenta<on	  Plan	  	  

Ø 	  	  	  Methods	  for	  the	  Synthesis	  of	  Complex	  Organofluorine	  Compounds	  

Ø 	  	  	  Jinbo	  Hu’s	  Contribu<on	  to	  the	  Field:	  

	  	  >	  development	  of	  new	  fluorina>ng	  reagents	  and	  methods	  
	  

	  	  >	  study	  and	  understanding	  of	  the	  fluorine	  effect	  in	  organic	  chemistry	  

Ø 	  	  	  Introducing	  Fluorine	  &	  Fluoroorganic	  Compounds	  



Ø 	  	  	  Main	  natural	  sources	  of	  fluorine:	  
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Fluorine	  on	  Earth	  

CaF2	  
Fluorspar	  (or	  Fluorite)	  

Na2AlF6	  
Cryolite	  

Ca5(PO4)3F	  
Fluorapa0te	  

Ø 	  	  	  Main	  industrial	  uses	  of	  fluorine:	  

HF:	  from	  CaF2	  &	  Ca5(PO4)3F	  	   F2:	  electrolysis	  HF-‐KF	  

Al2SiO4(F,OH)2	  
Topaz	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 1–23. 
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Fluorine	  on	  Earth	  

G. Villalba, R. U. Ayres, H. Schroder, J. Ind. Ecol. 2007, 11, 85–101. 
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Fluorocarbons	  as	  Natural	  Products	  

Ø 	  	  	  19F,	  the	  most	  abundant	  halogen	  (13th	  element)	  in	  earth’s	  crust	  but:	  

	  	  >	  ca.	  3650	  naturally	  occurring	  organohalogen	  compounds	  
	  

	  	  >	  Organochlorines:	  2150	  
	  	  >	  Organobromines:	  1850	  
	  	  >	  Organoiodines:	  95	  
	  	  >	  Organofluorines:	  ca.	  30	  
	  	  

G. W. Gribble, in The Handbook of Environmental Chemistry, Part N, Organofluorines (Ed.: A.H. Neilson), Springer, Berlin, 
2002, 121–136. K. K. J. Chan, D. O’Hagan, Methods Enzymol. 2012, 516, 219–235. 
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Biosynthesis	  of	  Fluorocarbons	  

K. K. J. Chan, D. O’Hagan, Methods Enzymol. 2012, 516, 219–235. 
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Historic	  Landmarks	  

Freon	  R-‐114	   Halon	  1211	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 2-3. 
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Historic	  Landmarks	  

Fluosol,	  49mL	  O2/100	  mL	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 2–3. 
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Unique	  Proper<es	  of	  Fluorocarbons	  	  

Ø 	  	  	  Linked	  to	  the	  proper>es	  of	  fluorine:	  high(est)	  electronega<vity 	  	  

µ	  =	  1.41	  D	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 8-16. 
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Unique	  Proper<es	  of	  Perfluorocarbons	  	  

Ø 	  	  	  Physicochemical	  proper>es:	  

poly(vinylidene	  
difluoride)	  	  

PVDF	  

poly(ethylene-‐co-‐
tetrafluoroethyle

ne)	  
ETFE	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 8-16. 
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Unique	  Proper<es	  of	  Perfluorocarbons	  	  

Ø 	  	  	  Characteris>cs	  of	  the	  carbon-‐halogens	  &	  carbon-‐carbon	  bonds:	  
	  

	  	  >	  C–F	  bond	  is	  extremely	  stable	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 8-16. 

(pm) 

(pm) 
(kcal/mol) 
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Proper<es	  of	  Fluorocarbons:	  Summary	  	  

Ø 	  	  	  Proper<es:	  

	  	  >	  (bio)chemical	  inertness,	  hydrophobicity,	  non-‐flammability,	  low	  fric>on	  
	  	  	  	  	  coefficient,	  …	  

Ø 	  	  Applica<ons:	  
	  

	  	  >	  Lubricants,	  Electronics,	  Materials,	  Biomedical,	  …	  
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Direct	  C–F	  Bonds	  Forma<on	  

Ø 	  	  	  Mostly	  using	  fluorine	  gas	  F2	  or	  anhydrous	  hydrofluoric	  acid	  aHA	  (bp	  20	  °C)	  

	  	  >	  the	  “Flutec”	  process	  
	  	  	  

350	  °C	  

	  	  >	  the	  Simons	  electrochemical	  fluorina>on	  (ECF)	  process	  
	  	  	  

aHA	  solvent,	  0	  °C	  
Steel	  cathode	  (H2)	  =	  
reac0on	  vessel	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 32–33. 



Ø 	  	  	  Mainly	  in	  ra<onal	  drug	  design:	  

	  	  >	  Generally	  increased	  lipophilicity	  
	  	  >	  Hydrogen	  bonding	  (19F	  =	  HBA)	  
	  	  >	  Stereoelectronic	  effects	  
	  	  >	  Metabolic	  stabilisa>on	  
	  	  >	  18F	  labelling	  
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Complex	  Organofluorine	  Compounds	  	  

[18F] !"+
[18O]

2 #

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 237–270. 

±	  2	  kcal/mol	  

t1/2	  =	  120	  min	  
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Ø 	  	  	  Nucleophilic	  fluorina<on	  

	  	  >	  Hydroxyl	  group	  displacement	  

C–F	  Bonds	  Forma<on	  	  

NN

F F
SF4 N

SF3
N

O

SF3
N

O

SF3

O

DFI DAST MOST BASTSulfur
Tetrafluoride

J. A. Wilkinson, Chem. Rev. 1992, 92, 505–519. 
C. M. Marson, R. C. Melling, Chem. Commun. 1998, 1223–1224. 
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Direct	  C–F	  Bonds	  Forma<on	  

Ø 	  	  	  Nucleophilic	  fluorina<on	  

	  	  >	  Carbonyls	  into	  gem-‐Difluoromethylene	  

	  	  >	  Carboxyl	  into	  Trifluoromethyl	  

W. J. Middleton, J. Org. Chem. 1975, 40, 574–578. 
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Direct	  C–F	  Bonds	  Forma<on	  

Ø 	  	  	  Nucleophilic	  fluorina<on	  
	  

	  	  >	  Xenon	  difluoride	  

A:	  cat.	  SiF4	  

M. A. Tius, Tetrahedron 1995, 51, 6605–6634. 
M. Tamura, T. Takagi, H.-D. Quan, A. Sekiya, J. Fluorine Chem. 1999, 98, 163–166.	  
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Direct	  C–F	  Bonds	  Forma<on	  

Ø 	  	  	  Electrophilic	  fluorina<on	  
	  

	  	  >	  “NF”-‐Reagents	  (from	  F2/N2)	  

T. Umemoto, S. Fukami, G. Tomizawa, K. Harasawa, K. Kawada, K. Tomita, J. Am. Chem. Soc. 1990, 112, 8563–8575. 
S. D. Taylor, C. C. Kotoris, G. Hum, Tetrahedron 1999, 55, 12431–12477. 
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Direct	  C–F	  Bonds	  Forma<on	  

Ø 	  	  	  Electrophilic	  fluorina<on	  

	  	  >	  “NF”-‐Reagents,	  examples	  

T. Umemoto, S. Fukami, G. Tomizawa, K. Harasawa, K. Kawada, K. Tomita, J. Am. Chem. Soc. 1990, 112, 8563–8575. 
N. Shibata, E. Suzuki, Y. Takeuchi, J. Am. Chem. Soc. 2000, 122, 10728–10729. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Electrophilic	  trifluoromethyla<on	  

	  	  >	  Umemoto	  reagents	  
	  

N. Shibata, A. Matsnev, D. Cahard, Beilstein J. Org. Chem. 2010, 6, 1–19. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Electrophilic	  trifluoromethyla<on	  

	  	  >	  Togni	  reagent	  
	  

I. Kieltsch, P. Eisenberger, A. Togni, Angew. Chem. Int. Ed. Engl. 2007, 46, 754–757. 



22	  

Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Electrophilic	  trifluoromethyla<on	  

	  	  >	  Togni	  reagent	  &	  ZnX2	  
	  

R. Koller, K. Stanek, D. Stolz, R. Aardoom, K. Niedermann, A. Togni, Angew. Chem. Int. Ed. Engl. 2009, 48, 4332–4336. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Radical	  processes	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 91–102. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Radical	  processes	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 91–102. 
W. R. Dolbier, Chem. Rev. 1996, 96, 1557–1584. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Radical	  processes	  

D. Cantacuzène, C. Wakselman, R. Dorme, J. Chem. Soc., Perkin Trans. 1 1977, 1365. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Nucleophilic	  processes	  
	  

	  	  >	  Fluorinated	  Carbanions:	  Metallic	  Compounds	  

P. Kirsch, in Modern Fluoroorganic Chemistry, Wiley-VCH, 2005, 91–102. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Nucleophilic	  processes	  

	  	  >	  Fluorinated	  Carbanions:	  Halogen-‐Metal	  Exchange	  &	  Transmetalla>on	  

D. M. Wiemers, D. J. Burton, J. Am. Chem. Soc. 1986, 108, 832–834. 
A. Solladie-Cavallo, J. Suffert, Tetrahedron Lett. 1984, 25, 1897–1900. 
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Nucleophilic	  processes	  

	  	  >	  Fluorinated	  Carbanions:	  Deprotona>on	  

C
F
F

F
C
F

F
+ F-

B. R. Langlois, T. Billard, Synthesis 2003, 185–194. 
G. K. S. Prakash, J. Hu, G. A. Olah, J. Org. Chem. 2003, 68, 4457–4463. 

Me3Si–CF3	  /	  F–	  
“Ruppert-‐Prakash”	  
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Fluorinated	  Building	  Blocks	  

Ø 	  	  	  Nucleophilic	  processes	  

	  	  >	  Fluorinated	  Carbanions:	  Ruppert-‐Prakash	  reagent	  
	  

G.K.	  Surya	  Prakash	  	  G.A.	  Olah	  

G. S. Prakash, R. Krishnamurti, G. A. Olah, J. Am. Chem. Soc. 1989, 111, 393–395. 
G. K. S. Prakash, A. K. Yudin, Chem. Rev. 1997, 97, 757–786. 



30	  J. Hu, Angew. Chem. Int. Ed. 2012, 51, 6818. 
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Nucleophilic	  Fluoroalkyla<on	  

Ø 	  	  	  –CF3	  addi<on	  regarded	  as	  solved:	  TMS–CF3	  /	  F–	  
	  

	  	  >	  Approach	  not	  efficient	  with	  –CHF2	  or	  –CH2F	  
	  

T. Hagiwara, T. Fuchikami, Synlett 1995, 717–718. 
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Nucleophilic	  Fluoroalkyla<on	  

Ø 	  	  	  Removable	  Ac<va<on	  Group	  (RAG)	  
	  

	  	  >	  Sulfone	  func>onality:	  work	  done	  with	  Prakash	  &	  Olah	  

G. K. S. Prakash, J. Hu, G. A. Olah, J. Org. Chem. 2003, 68, 4457–4463. 
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Nucleophilic	  Fluoroalkyla<on	  

Ø 	  	  	  Removable	  Ac<va<on	  Group	  (RAG)	  
	  

	  	  >	  Sulfone	  func>onality:	  seminal	  example	  by	  Stahly	  

G. P. Stahly, J. Fluorine Chem. 1989, 43, 53–66. 

PhSO2CHF2 + PhCHO
50% NaOH

CH2Cl2
Aliquat 336

OH
SO2Ph

F F

90%

Aliquat	  336	  or	  Starks’	  catalyst	  
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Nucleophilic	  Fluoroalkyla<on	  

Ø 	  	  	  Sulfone	  Reagents:	  Structure-‐Reac>vity	  Rela>onship	  

C. Ni, Y. Li, J. Hu, J. Org. Chem. 2006, 71, 6829–6833. 

	  	  >	  The	  more	  Fluorine	  atoms,	  the	  more	  difficult	  is	  the	  transforma>on	  
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The	  «	  Nega<ve	  Fluorine	  Effect	  »	  

C. Ni, J. Hu, Synlett 2011, 770–782. 
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Modula<ng	  the	  Fluoroalkyla<on	  Reac<ons	  

W. Zhang, C. Ni, J. Hu, Top. Curr. Chem. 2012, 308, 25–44. 
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Ø 	  	  	  Influence	  of	  the	  Number	  of	  Fluorine	  Atoms	  
	  

	  	  >	  HSAB	  study	  
	  

C. Ni, L. Zhang, J. Hu, J. Org. Chem. 2008, 73, 5699–5713. 

Method	  A:	  Changing	  the	  Number	  of	  19F	  
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Ø 	  	  	  Influence	  of	  the	  Number	  of	  Fluorine	  Atoms	  
	  

	  	  >	  2	  Fluorine	  atoms,	  the	  PhSO2CF2H	  reagent	  

C. Ni, J. Liu, L. Zhang, J. Hu, Angew. Chem. Int. Ed. 2007, 46, 786–789. G. K. S. Prakash, J. Hu, Y. Wang, G. A. Olah, 
Org. Lett. 2004, 6, 4315–4317. G. K. S. Prakash, J. Hu, Y. Wang, G. A. Olah, Angew. Chem. Int. Ed. Engl. 2004, 116, 
5315–5318. G. K. Surya Prakash, J. Hu, Y. Wang, G. A. Olah, Eur. J. Org. Chem. 2005, 2218–2223. Y. Li, J. Hu, Angew. 
Chem. Int. Ed. Engl. 2005, 44, 5882–5886. 

Method	  A:	  Changing	  the	  Number	  of	  19F	  
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Ø 	  	  	  PhSO2CF2H	  
	  

	  	  >	  Addi>on	  to	  aldehydes,	  t-‐BuOK	  as	  a	  base.	  
	  

G. K. S. Prakash, J. Hu, T. Mathew, G. A. Olah, Angew. Chem. Int. Ed. Engl. 2003, 42, 5216–5219. 

S
CF2H

O O

Method	  A:	  Changing	  the	  Number	  of	  19F	  
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Ø 	  	  	  Influence	  of	  the	  Number	  of	  Fluorine	  Atoms	  
	  

	  	  >	  1	  Fluorine	  atom,	  the	  more	  reac>ve	  PhSO2CFH2	  reagent	  

J. Liu, Y. Li, J. Hu, J. Org. Chem. 2007, 72, 3119–3121. Y. Li, C. Ni, J. Liu, L. Zhang, J. Zheng, L. Zhu, J. Hu, Org. Lett. 
2006, 8, 1693–1696. J. Liu, L. Zhang, J. Hu, Org. Lett. 2008, 10, 5377–5380. 

Method	  A:	  Changing	  the	  Number	  of	  19F	  



Ø 	  	  	  PhSO2CFH2	  
	  

	  	  >	  Addi>on	  N-‐tert-‐Butylsulfinyl	  Ke>mines	  	  	  

41	  J. Liu, L. Zhang, J. Hu, Org. Lett. 2008, 10, 5377–5380. 

S
CFH2

O O

Method	  A:	  Changing	  the	  Number	  of	  19F	  
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Method	  B:	  Changing	  the	  Neighboring	  Groups	  

W. Zhang, C. Ni, J. Hu, Top. Curr. Chem. 2012, 308, 25–44. 
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Method	  B:	  Changing	  the	  Neighboring	  Groups	  

Ø 	  	  	  PhSO(NTs)CF2H	  
	  

	  	  >	  EWG-‐ability	  maintained,	  bemer	  LG-‐ability	  	  
	  

Ø 	  	  	  PhSO(NTBS)CF2H	  
	  

	  	  >	  From	  electrophilic	  to	  nucleophilic	  
	  

50-‐90%	  

90%	  
>	  98%	  ee	  

W. Zhang, F. Wang, J. Hu, Org. Lett. 2009, 11, 2109–2112. 
X. Shen, W. Zhang, C. Ni, Y. Gu, J. Hu, J. Am. Chem. Soc. 2012, 134, 16999–17002. 
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Method	  B:	  Changing	  the	  Neighboring	  Groups	  

Ø 	  	  	  Het–SO2CF2H	  

Y. Zhao, W. Huang, L. Zhu, J. Hu, Org. Lett. 2010, 12, 1444–1447. 
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Method	  C:	  Influence	  of	  the	  Metal	  

Ø 	  	  	  Influence	  of	  the	  Ca<on	  in	  Base-‐promoted	  reac<on	  

DBU,	  TEA,	  t-‐BuOK	  

Shibata	  &	  co-‐workers	  

Hu	  et	  al.	  

T. Furukawa et al. Angew. Chem. Int. Ed. 2010, 49, 1642–1647.  
X. Shen, L. Zhang, Y. Zhao, L. Zhu, G. Li, J. Hu, Angew. Chem. Int. Ed. 2011, 50, 2588–2592. 
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Method	  C:	  Influence	  of	  the	  Metal	  

Ø 	  	  	  Organocopper	  Compounds	  	  

0-‐25	  °C	  

J. Zhu, F. Wang, W. Huang, Y. Zhao, W. Ye, J. Hu, Synlett 2011, 899–902. 
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Method	  D:	  Forma<on	  of	  Carbene	  Species	  

Ø 	  	  	  Taking	  Advantage	  of	  the	  Fluoro-‐anion	  Unstability	  

(THF	  ,	  RT)	  

13	  examples	  
80-‐90%	  
>	  90%	  ee	  

X. Shen, W. Zhang, L. Zhang, T. Luo, X. Wan, Y. Gu, J. Hu, Angew. Chem. Int. Ed. 2012, 51, 6966–6970. 



48	  

Prof.	  Dr.	  Jinbo	  Hu	  

Ø 	  	  	  71	  ar>cles,	  last	  accepted	  12.2013	  

Ø 	  	  	  Deep	  systema>c	  inves>ga>on	  of	  arylsulfones	  as	  fluoroalkyl	  sources	  

S
CF2H

O O

Aromatic Ring

Substituent

Fluorine order

Ø 	  	  	  Currently	  focusing	  on:	  

>	  Carbene/Cyclopropana>on	  
	  
>	  Stereoselec>ve	  transforma>on	  


