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Indenes from Chalcones. 1st Step

Ph Ph

O
CF3

" "

Ph Ph

HO CF3

HCF3 (xs) / N(TMS)3 (1.5 eq) / Me4NF (0.2 eq) / DMF / - 10 °C

NO
CF3

OTMS
/ CsF(0.1 eq)

NTMSO

Ph Me

Me

CF3

O
/ CsF(0.1 eq) / DME / r.t.

/ DME / 80 °C

68 %

70 %

68 %

J.O.C. 2000, 65, 8848

Synlett 2003, 233

Angew. Chem. Int. Ed. 2003, 42, 3133

[1,2] addition exclusively

CF3
" "

CF3TMS / BU4NF (0.1 eq) / THF / 0 °C

NBnN S

CF3

O
/ t-BuOK (0.1 eq) / THF / r.t. 53 %

Org. Lett. 2000, 2, 2101

80 %

Olah, Prakash et al.



Indenes from Chalcones. 2nd Step

HO CF3

1) NaH / 0 °C

2) (CF3SO2)2O / 0 °C r.t.

100 %

BF3.Et2O / - 78 °C r.t.

CF3

CF3CF3 RNH2 / DCM / r.t.

Toluene / reflux

65 %

more conjugated

60 %

Synthesis 2004, 456



TFMB from Phenols. 1st Step

OH

CH3

PhI(OC(O)CF3)2

MeOH
75 %

O

MeO CH3

MeO CH3

F3C OH

MeO CH3

HO CF3

cis trans

CF3 ""

Mc Killop et al. Perkin Trans. 1994, 2047

O

MeO CH3

+

CF3 ""
HCF3 / t-BuOK / - 10 °C cis + trans = 75 % (cis / trans = 1.3:1)

CF3TMS / TBAF cata / 0 °C cis + trans = 88 % (cis / trans = 1:1)

J. Org. Chem. 2000, 65, 8848



TFMB from Phenols. 2nd Step

H3CO CH3

HO CF3

(cis + trans)

MsCl / NEt3
DCM

- 78 °C r.t.

CH3

CF3

OCH3

50 % (78 %)

CH3

CF3

OCH3

CH3

CF3

OTs

1) NaH / THF / 0 °C

2) TsCl / r.t. ∆∆∆∆

45 % 30 %

+

Synthesis 2004, 456

H3CO

H3C

OH

CF3

TsCl

MsClO

H3C

OMs

CF3

Cl

H3C

H3C
CF3

O
H3C

H

O

H3C

H3C CF3

O

H3C

OTs

CF3

Cl

H3C

H3C CF3

TsO

H3C CF3

H3CO



TFMB from Phenols. 2nd Step (cont’d)

H3CO CH3

HO CF3

(cis + trans)

21 % (85 %)

CF3CO2H Solvent

35 %

r.t. / 24 h

CF3

Nu

+

Synthesis 2004, 456

57 % aq. HI Solv.

r.t. / 4.5 h
F3C

I

CF3

OH

CF3

O CF3

O

75 % (11 %)

O C
H2

HO CF3

H3C

H

HH3CO CH3

HO CF3 O CF3H

H

Nu:

H - MeOH Nu:

CH3

CF3

OCH3

53 % R = H 20 %

R = Me 20 %

CF3

OR

+
1) NaH / 0 °C

2) Tf2O / - 60 °C

O C
H2

TfO CF3

H3C

Tf

H

Tf2O - TfOMe

O CF3H

Tf

Nu:



Synthesis of CF3-Enones. First Experiments

Usually :
R1 R2

O

R1 R2

HO CF3
HCF3

Base

But :
R1 NMe2

O

R1 CF3

O
HCF3

Base

Usually :

But :

R1 R2

O

R1 R2

HO CF3

R1

O

R2

R1 CF3

O

R2

R2N H

HO CF3

t-BuOK stoichio

R2N H

HO CF3

t-BuOK cata

non enolizable

R1 CF3

O NMe2
HCl aq.

J. Org. Chem. 2000, 65, 8848

J. Org. Chem. 2001, 66, 4826



Synthesis of ββββ-fluoroalkylenones

Rf N

OSiMe3

NBn
R N

Rf

NBn

O

+

(1 eq.)(1 eq.)

BF3 ; Et2O (1.2 eq.)

CH2Cl2 / 50°C / 5h
R

O

R'

R

O

R'

Rf

(E only)

R'

Rf = CF3, CF3CF2, ClCF2

Rf N

NBn

R

OH

R' 0°C

50 °C

TFA

"one-pot / 2 steps"

1) BF3.Et2O / ∆∆∆∆

2) TFA / ∆∆∆∆

Simplest and shortest route to CF3-enones



Synthesis of ββββ-Fluoroalkyl Enones

Ph

O

CF3

O

CF3

O

CF3F3C

O

CF3
Ph

O

CF2CF3

O

CF2CF3

Ph

O

CF2Cl

O

CF2Cl

95% 88%

50%45%

75%

72%

65%

77%

O

CF3
O

O

CF3

O O

O

CF3

O

CF3
S

O

CF3
O

80%60%

60%65% 85%

O

CF3

15%

O

EtO

O

CF3

63%

O

CF2Cl
O

57%

O

CF2CF3
O

30%



Diels-Alder Cycloadditions

Rf

R

O

+
Rf

RO

R

O

Rf

CH2Cl2 / r.t. / 3h
or

CyH / 80°C / 1h 73-95%

CyH / 80°C / 20h

Rf

O

R

84-92%

J. Org. Chem. 2006, 71, 2735



Diels-Alder Stereoselectivity : Role of Rf

+

Rf

R

O

+
Rf

RO
R

O

Rf
CH2Cl2 / r.t. / 3h

or
CyH / 80°C / 1h

Endo Exo

Rf

R1

O

H

H H

H

nOe

hOe (H-F)

Rf

R1O

H

H

nOe

Endo
Exo

Endo / Exo : 75 / 25

R

H

H

Rf

O
Steric

repulsion

J. Org. Chem. 2006, 71, 2735.



Diels-Alder Cycloadditions

O

CF3F3C

26%

Cyclohexane / 80°C / 1h
or

CH2Cl2 / r.t. / 24h

OF3C

CF3

J. Org. Chem. 2006, 71, 2735.X-Ray Structure



Diels-Alder Cycloadditions

O Rf

O

R

OMe

Me3SiO

50°C / CH2Cl2

OMe

THF:HCl (0.1N)
4:1

Me3SiO Rf

O

R

OMe

r.t. / 24h

R

O

Rf

70-91%
(de = 11-50%)

65-86%
(de = 10-50%)

J. Org. Chem. 2006, 71, 2735

O Rf

O

R
+

3-15%



Synthetic application : Inhibitors of

Hepatitis C Virus NS3-4A Protease.

Ar
H
N

O

N
H

O

O

N
R2

O

H
N

O
H
N

O

Ar

R1

N
H

R1 CO2H

CF3

Hydrophobic

group

NR1 CO2Et

CF3

R1

O CF3

N

CO2Et
Ph

Ph
R1

O

CF3

EtO2C N
Ph

Ph



Synthesis of Proline Derivatives

R

O

CF3 R

O CF3

N

CO2Et
Ph

Ph

CO2EtNPh

Ph

CH2Cl2 / DBUcat.

CH2Cl2 / r.t.
10% HCl (12N)

N

R

CO2Et

CF3

R' R'

R'

"one-pot" / 2 steps

1) Schiff base  / DBU (10%)

2) 20% HCl (12N)

Unpublished



Synthesis of Proline Derivatives

N

CO2Et

CF3
N

CO2Et

CF3

N

CO2Et

CF3
O

N
CO2Et

CF3
O

N

CO2Et

CF3
H

1 2

3

77%

(de = 77%)

87%

(de = 74%)

71%

(de = 75%)

84%

(de = 80%)

83%

(de [1-2] > 95%)

(de [2-3] = 47%)

Unpublished



Synthesis of Proline Derivatives

Unpublished

NPh

CF3

CO2Et

Major diastereomer

O

CF3

N

OEt

O

Ph

O

CF3N
CO2Et

Ph

Ph

O

CF3

N
EtO

O
Ph

O

CF3

N

EtO2C

Ph

Ph

NPh

CF3

CO2Et

Favored
(ππππ-stacking interaction)

Minor diastereomer

Unfavored



Synthesis of Proline Derivatives

N

Ph

CO2Et

CF3 HN
CO2Et

CF3

60% (de > 95%)

NaBH3CN
AcOH / MeOH

HN

CF3

O

OEt

NaBH3CN

Steric and
electronic 
repulsion

NCBH3

Na

Favorised approach
by chelation

Ph

HN
Ph

EtO2C

CF3

H1

H2

H3A H3B

H4

hOe (H-F)

hOe (H-F)nOe
nOe

N

CF3

OH

80%

NaBH4 / MeOH
60°C



O

R CF3

Synthetic application : Synthesis of

Trifluoromethylated Cyclitols.

OH

OHHO

HO
R

CF3

O

CF3R

R CF3

O

O

OMe

O
HO

CO2Me

O

CF3

CO2Me

R

Decarboxylation

Crotonisation Robinson
annulation



Synthesis of Cyclohexenones

R

O

CF3

O

CO2Me

DBU (10%)
CH2Cl2 / r.t.

or
Toluene / 110°C

O

CF3 O

CF3

O

CF3
O

O

CF3
O

70%

61%

55%

65%

One pot / 5 steps

domino reaction
Eur. J. Org. Chem. 2005, 3745

O

R CF3



αααα-CF3-Allylamine and allylalcohol

F3C N

OTMS

F3C OMe

OH

PG

HN PG

N PG

F3C

F3C N

OH

PG

MS 4A°
90 %

Im-TMS99 %

BF3.Et2O

DCM
TMS

F3C N PG

F3C NH2

BrR

In (1 eq.)
H2O / r.t.

62 %

H+/ H2O99 %

F3C OH

R

60 % R = H, Ph (d.e. = 80 %)

J.O.C. 2002, 67, 997

Synthesis 2005 (13), 2253

BF3(OTMS)

: N C(Ph)2 A

B

50 °C A
r.t. B

A

H2/Pd-C B

N PG

NH-Bn

Commercial



RCM from αααα-CF3-Allylamine Derivatives (1)

F3C NH

Br

J.O.C. 2003, 68, 8932

Z

( )
n

1) NaH

DMF / 0 °C r.t.

80 %

2)

F3C N

Z

( )
n CF3N

Z

n

[Ru] (1 mol %)

DCM / r.t.
( )

F3C N

Z

( )
n

NF3C

Z

91 % 91 %

NF3C

Z
21 %

F3C N

Z

H2 / Pd-C

F3C N
HH

Cl

Pipecoline analog
(neurology, obesity)

Grubbs I

Grubbs II
Ru

PCy3 Ph

Cl

Cl

NNMes Mes

Ru

PCy3

PCy3 Ph

Cl

Cl

Grubbs I Grubbs II



RCM from αααα-CF3-Allylamine Derivatives (2)

F3C NH

J.O.C. 2003, 68, 8932

Z

DMAP (0.1 eq) / Et3N

DCM / 0 °C r.t.

75 %
F3C N

Z

[Ru] (1 mol %)

DCM / 50 °C

F3C N

Z

Grubbs IIO

100 %

F3C N

Z

O

N

O

Z

F3C

C(O)Cl
( )
8

Same cond.
F3C N

Z

O

( )
8

Same cond.

Grubbs II

80 % 60 %

F3C N

Br

Z

CF3
N

Z

CO2MeMeO2C

1) NaH/ DMF/ 0 °C

2) Bu4NI cat./ r.t.

3) CH2=C(Br)CH2Br
90 °C

Pd(OAc)2 / PPh3

MeCN / 90 °C44 %

global yield : 27 %

Ag2CO3
Dimethyl
Maleate

Synlett 2005, 1027



RCM from αααα-CF3-Allylamine Derivatives (3)

F3C NH

Z

NaH / DMF / 0 °C

/ r.t.

R = H     91 %

F3C N

Z

[Ru] (5 mol %)

DCM / 50 °C

Grubbs II

75 % (R = Me)

F3C N

Z

CF3
N

Z

CO2Me

Synlett 2005, 1027

R
Br

R

R = Me   94 %

R

R = H  44 % R = Me  75 %

R CO2Me

CF3
N

Z

CO2Me

R CO2Me

38 %  (R = Me)

EE
E E

Toluene
110 °C SnCl4 (0.1 eq)

J. Fluorine Chem. 2005, 126,189

N

Z

R

O

H

H

F3C

R = H     54 %

R = Me   59 %

d.e. > 95 %
(no H-H nOe effect)

Co2(CO)8 / NMO

DCM/ THF/ r.t.



RCM from αααα-CF3-Allylalcohol Derivatives

F3C OH

Br

Synthesis 2005, 2253

( )
n

1) NaH

DMF / 0 °C r.t.

R = H  70 %

2)

F3C O

[Ru] (5 mol %)

DCM / r.t. F3C O

87 %

55 %

R

R = Ph  77 %

RR

R = H  70 %

R = Ph  72 %

O
F3C O O

( )
8

Same cond.

Grubbs II

60 %

F3C O
R = H

Grubbs II

Same cond.

F3C O O

O

H
R = Ph

d.e. > 98 %

Co2(CO)8 / NMO

DCM/ THF/ r.t.

Ph Ph

Same cond.

67 % F3C
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Indenes from Chalcones. 2nd Step

Ph Ph

HO CF3 1) NaH / 0 °C

2) TsCl / 0 °C r.t. F3C Ph

Ph Cl

F3C Ph

Ph Nu
Nu:

1) BF3.Et2O / - 78 °C

2) Nu: / - 78 °C r.t.

Nu: = C8H17SH (A: 61 %, B: 100 %), PhCH2OH (A: 40 %), NaN3 (B: 22 %)

Route A

Route B

OY

PhF3C

Ph

H
H

H Ph

F3C

Ph
H

+

OY

CF3Ph
H

H

Ph H Ph
H

+F3C

Ph

PhF3C

Ph

H
H

+

CF3Ph

H

Ph
H

+

favored

disfavored

Ph Ph

HO CF3 1) NaH / 0 °C

2) TFAA / 0 °C r.t. F3C Ph

Ph OC(O)CF3

36 %

Synthesis 2004, 456



TFMB from Phenols. 2nd Step (cont’d)

H3CO

H3C

OH

CF3

H3C CF3

TsO

H3C CF3

Cl

CF3

H3C

H3CO

CF3

Cl

H3C

Cl

Synthesis 2004, 456

TsCl

MsCl

O

H3C

OMs

CF3

Cl

H3C

H3C
CF3

O
H3C

H

H3C CF3

H3CO

O

H3C

H3C CF3

O

H3C

O

CF3

Cl

H3C

ClMe2N

O

H3C

OTs

CF3

Cl

H3C

Cl H

Cl

Cl NMe2

Cl



R

O

CF3

NH2

YH

+
MS 4Е

CH2Cl2 / t.a.

Y = NH, S

Y

N

CF3

R

N

H
N

CF3

O
N

H
N

CF3

86% 50%

N

H
N

CF3

85%

N

H
N

CF3

N

H
N

CF3

O
76% 63%

N

S
CF3

O

N

S
CF3

40% 46%

N

S
CF3

63%

N

S
CF3

N

S
CF3

O

59% 75%

N N

H
N

CF3

N N

H
N

CF3

N

H
N

CF3

N

H
N

CF3

O

N

H
N

CF3

30% 

(Regio: 95:5)

47% 

(Regio: 80:20)

89% 

(de=15%)

42% 

(de=80%)

70% 

(de=32%)

Benzo-diazepines or Benzothiazepines



Friedel-Crafts Like (or Michael) Reactions

Ph

O

Rf

HetArH
Lewis Acid (10%)

CH2Cl2 / r.t.
Ph

O

HetAr

Rf

Ph

O CF3

O
Ph

O CF2Cl

O
Ph

O CF2CF3

O Ph

O CF3

O

Ph

O CF2Cl

O Ph

O CF2CF3

O

Ph

O CF3
Me
N

Ph

O
CF2Cl

Me
N

Ph

O
CF2CF3

Me
N Ph

O CF3

NBn

Ph

O CF2Cl

NBn

Ph

O
CF2CF3

NBn

84% 87%

81%

90% 67% 76% 60%

75% 65%

85% 87% 91%

Lewis Acid :BF3;Et2O / TiCl4 / SnCl4 / Cu(OTf)2 / In(OTf)3



Synthesis of Warfarin Analogs

R

O

Rf
+

O

OH

O

DBU

CH2Cl2 / r.t.
O

OH

O

Rf

R

O

O

OH

O

CF3

Ph

O

O

OH

O

CF2Cl

Ph

O

O

OH

O

CF2CF3

Ph

O

O

OH

O

CF3 O

O

O

OH

O

CF2Cl

O

O

O

OH

O

CF2CF3
O

O

83% 35% 93%

74% 89% 71%



Conclusion

Rf N

OSiMe3

NBn
R

O

Rf

Rf

R

OR1

R2

R3

R4

Diels-Alder

NR CO2Et

Rf

One pot / 2 steps
process

O

RfR

5 steps
domino reaction

Friedel-Crafts

R

O

HetAr

Rf

O

OH

O

R

Rf O

Warfarin analogs

Rf OH

OH



HOMO / LUMO Energy Level

E
(eV)

HOMO
-9.0794

LUMO
-1.0966

Ph

O

CF3

LUMO
-0.4529

Ph

O

CH3

Semi-empirical calculations (AM1)



Double Process

Ph

O

CF3 CH2Cl2 / r.t.
+

O

1 йq. 1 йq.

Ph

O CF3

OBF3;Et2O (0.1 eq.)

(90%)

Ph

O

CF3 CH2Cl2 / r.t.
+

O

2 йq. 1 йq.

Ph

O CF3

OTiCl4 (2 eq.)

(43%)

CF3
O

Ph



Synthetic application : Synthesis of

Fluorinated analogs of Warfarin.

O

OH

O

Ph O

Warfarin (Coumadin™)

Anticoagulants


