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Indenes from Chalcones. 1 Step

0 "o "
CE HO CF;
PhMPh Co- ph)%ph

[1,2] addition exclusively

/~ CF,TMS / BU,NF (0.1 eq) / THF / 0 °C 80 %
Olah, Prakash et al.
HCF; (xs) / N(TMS); (1.5 eq) / Me,NF (0.2 eq) / DMF /-10°C 68 %
J.0.C. 2000, 65, 8848
/. OTMS
O N  /CsF(0.1eq)/DME/80°C 70 %
" " ___/ CF
© C F3 < 3 Synlett 2003, 233
/[
BnN N-S /tBuOK (0.1 eq) / THF / r.t. 53 %
—  CF; Org. Lett. 2000, 2, 2101
Ph  Me
.
TMSO  N-Me / CsF(0.1 eq) / DME / r.t. 68 %
\_ (o) Angew. Chem. Int. Ed. 2003, 42, 3133

CF;



Indenes from Chalcones. 2" Step

1) NaH / 0 °C

HO CF, 2) (CF,80,),0/0°C—~rt. [ CF3 |
/ 100 % \ m
O \ BF;Et,0/-78°C—~rdt. / ® ©

65 %

RNH, /DCM / r.t. CF;
TN
\ Toluene / reflux / </:\>

more conjugated Synthesis 2004, 456




TFMB from Phenols. 1 Step

OH O
Phli(OC(O)CF3),
-

MeOH
75 %

Mc Killop et al. Perkin Trans. 1994, 2047

HO CF;  FsC, OH

n @ CF3 n
- -

MeO  “CH, MeO CH; MeO” CH,
cis trans

"o ) HCF; / tBuOK/-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. 2" Step

i i HO, CFs  ycine, [ °
, _INaHITHF [0 °C DCM
OCH, OTe 2 TsClrt=A -78 °C - r.t. OCH,
CH CH

H;CO ;’c H3 CH,
+
45 % 30 % (cis + trans) 50 % (78 %)
o Synthesis 2004, 456
Cl

H3C’O@£5Ms MsCl H3C0©0H

H3C CF3 H3C CF3
l lTsCI

H

H,C.@ c® M\
70 (o

-0 oT
CFs3 s @ )
H,C H,C CF;

l \ .
-0,
”3°@°F3 ) H3C7 CFy —> ”3°@°F3
H,C

H,CO TsO



TFMB from Phenols. 2" Step (cont’d)

CF3

2) T,0 /- 60 °C

CF5C0,H Solvent
CF, CF; HO CF3/ rt./24h i? i?
@\ . i? INaHI0°C
OCHj,
CH;

21 %(85% 75 % (11 %
H3CO ”,CH?\W % aq. Hl Sol
cis + trans o v
53 % R=H 20% ( ) Li145h F3C©j|
R=Me 20 % 35 %

CF; Synthesis 2004, 456




Synthesis of CF ;-Enones. First Experiments

O - HO CF;
HCF; ></\
Usually : R1MR2 Base> R!” N g2
(@) (@) NMe2 (@)

HCF; HCl a )v
: = > M q. =
But: o NMe, Base R! CF, > R! CF,

J. Org. Chem. 2000, 65, 8848

0O HOLFs HO CF
Ueual RNTH 3
sually :
y R'” "R? tBuOK stoichio R'~ “R2
non enolizable
0 HO CF 0
X
_ )K/RZ RoN H
But : R1 R1 = CF3
t-BuOK cata )
R

J. Org. Chem. 2001, 66, 4826



Synthesis of [(-fluoroalkylenones

R)JVR, . RfAN/\ BFs ; E,0 (1.2 eq) RMN/\

QNB" CH,Cl, / 50°C / 5h ,
R NBn
(1eq.) (1eq.) b

. ~  OH 7 py
A R& R 0°C
\ S TFA|
oot > P
Rf” >N 50 °C
K/NBn Y
"one-pot / 2 steps" O

1) BF3.Et,0 / A _ R)J\%Rf
2) TFA/ A

Rf — CF3, CF3CF2, ClCF2

Simplest and shortest route to CF;-enones



Synthesis of -Fluoroalkyl Enones

o o) o o)
)OK/A Z>cF; O - ZcF, ZCcF
Ph CF, \ 3\ | 3

95% 88% 60% 80% 15%
o i = i = i = i
| CF; WCF3 CF3 EtOjHK/\ CF,
65% O 0% 6o 85% ° 63%
. ) ]
1§ FCNTYTCR A T
o 45% 50% 77% 72%

(o)
(o) o) Q
\0 | Z 7 CF,Cl WCFZC% 2 @ACFZCH

S7% 30% 65% 5%



RJ\/\ Rf

Diels-Alder Cycloadditions

Rf
/ CHZCIZ/rt / 3h e

CyH/80 C/1h 73-95%

\ CyH /80°C / 20h H\
I " AL

84-92%

J. Org. Chem. 2006, 71, 2735



Diels-Alder Stereoselectivity : Role of Rf

)v . @ CHchZIrtI3h M b
Rf

CyH / 80°C / 1h

Endo

Endo/Exo: 75/ 25

H

_? Steric
repulsion

hOe (H-F)

Ex
Endo °
J. Org. Chem. 2006, 71, 2735.



Diels-Alder Cycloadditions

i )
Cyclohexane / 80°C / 1h

or
CH,CI, /r.t. / 24h 26%

P«

&
No—dl o

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

&




Diels-Alder Cycloadditions

OMe
OMe O
0 “ SR
Me3SiO
R)v\Rf > Me;SiO Rf
50°C / CH,Cl,
70-91%
(de = 11-50%)
O OMe O
,\JKR %@:Jk THF:HCI (0.1N)
R .
Q 41
+ -
0 Rf ® Rf rt. / 24h
3-15% 65-86%
1 (de =10-50%)

J. Org. Chem. 2006, 71, 2735



Synthetic application : Inhibitors of
Hepatitis C Virus NS3-4A Protease.

Hydrophobic
\/ R
O

group
e P

/FSiF?’ R1)v\CF
RSy~ TCOEt —— RHU\(N_ﬁ/Ph — Ph

CO,Et Et0,C~ "N=<




Synthesis of Proline Derivatives

O O Ck; Ph
- N::<
R™ NZ O CF, R o
Ph__N._CO,Et ,
R' Y R COzEt
Ph
CH,Cl, / 1t.

10% HCI (12N)

"one-pot" / 2 steps

Y

CO,Et

N
1) Schiff base / DBU (10%) /

R "ICF,
2) 20% HCI (12N) !,

Unpublished



Synthesis of Proline Derivatives

CO,Et

N
| )nCFs

77%
(de = 770/0)

CO,Et
N
/

0
) CF3

1%
(de = 75(yo)

CO,Et

[
LIy e

(de = 74%)

CO,Et

.|I(:F3

(de = 80%)

83%
(de [1-2] > 95%)
(de [2-3] = 47%)

Unpublished



Synthesis of Proline Derivatives

O
> O
I | CF,
CF, _______ pnMh /Cg
x @ o) Ph)\\N "'CF, Ph™ ~\~ 'CO.Et
N CO,Et
OEt Major diastereomer
Favored
(n-stacking interaction)
O o)
Ph CF;
EtOZC I’/CF3 —_— “
N=C
Ph

Minor diastereomer

Unfavored Unpublished



Synthesis of Proline Derivatives

OH
N
[,
NaBH, / MeOH '""CF3
. ke — 80%

CO,Et

NaBH;CN

AcOH / MeOH @ -

N
/O,, CO,Et
Ph ‘CF3 T Hlj

Favorised approach
by chelation

Ph
CF, Steric and
electronic

NaBH;CN g
repulsion

hOe (H-F)

7,

2
CF;

"3\) Oe (H-F)
nOe




Synthetic application : Synthesis of
Trifluoromethylated Cyclitols.

O OH

4
<\
R CF HO CF,

3 R

u Decarboxylation

o o
COzMe COzMe R)k/\CF3
—7 — > o o
R C

F3  Crotonisation R CF3 Robi
obinson
annulation )J\/U\OMe



Synthesis of Cyclohexenones

O
)JVCOZMe
)J\/\
F3 DBU (10%)
CH2C|2 [ r.t. R CF3
or
Toluene / 110°C One pot / 5 steps

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

o)

OO

61%




a-CF -Allylamine and allylalcohol

OTMS - -
5536'320 ® kTMs
N=-PG - /~=N=PG r
50 °c A F,C 62 %
B e
99 % | Im-TMS i BF3(OTMS) |
=
OH N=PG: N=C(Ph), A
NH-B B F.C~ "N=PG
F.C~ N=PG " :
H*/H,0 A
0 2
90¢, | HN=-PG %9 /"l H,/Pd-C B
MS 4A
R,
OH R~ Br /E\
'
F3C”° OMe In (1eq.) F;C® OH
H20 [ r.t

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



RCM from o-CF ;-Allylamine Derivatives (1)

1) NaH
Br
2) Z 4 [Rul (1 mol %)
F,C NH DMF / 0°C->rt F5C | n DCM /r.t.
7 80 %

Mes—N_ _N— Mes

o Grubbs | guRu=\
) PCy; Ph
n
/

Grubbs Il e, L,
. A% M% 21 % “pey, P
Y
Grubbs | Grubbs Il
O Hy /Pd-C - O Pipecoline analog
F.C~ N F,C” N (neurology, obesity)
i H® H

C|6 J.0.C. 2003, 68, 8932



RCM from oa-CF ;-Allylamine Derivatives (2)

DMAP (0.1 eq) /Et:N ﬁ £ (1 mol %)
F3C NH DCM/0°C—r.t.

i 75 % DCM /50 °C
100 %
C(O)CI
Same cond. Same cond
80 % 60 %
1) NaH/ DMF/ 0 °C
2) BuyNI cat./ r.t. -
3) CH,=C(Br)CH,Br Z CF;
90 °C _ _ N
| Pd(OAC)Z / PPh3 Dimethyl
o BTT Ag,CO; . Maleate
0 o
44 % fc . MeCN /90 °C F5C t}l
3 ) i z MeO,C  CO,Me

global yield : 27 %



RCM from oa-CF ;-Allylamine Derivatives (3)

R
NaH / DMF /0 °C ” [Rul (5 mol %) X" "R
> Grubbs I >
R——
FsC” "NH Br /™ FsC” N pcm/socc P3¢ N
Z Z Z
R=H 91% R=H 44% R=Me 75%
R=Me 94%
C0,(CO)g / NMO Toluene E E
DCM/ THF/ r.t. E——E 110°C SnCl, (0.1 eq)
Y
Z CF; Z CF;
N N
R C02MG R C02MG
R=H 54%) de.>95% CO.Me CO;Me
R=Me 59 %] (no H-H nOe effect) 75 % (R = Me) 38 % (R=Me)

Synlett 2005, 1027 J. Fluorine Chem. 2005, 126,189



RCM from a-CF ;-Allylalcohol Derivatives

1) NaH .
2 /\WBr f J/ (5 mol %)

DMF/0°C—>rt F,C DCM/r.t.

R=H 70 % R=H 70 %
R=Ph 77 % R=Ph 72 %

R, |
Same cond Same cond
FsC” "OH 55 % 60 %
R =Ph H
-
Same cond DCM/ THF/ r.t.
87 % 67 %

d.e.>98 %
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Indenes from Chalcones. 2" Step

HO CF; 1) NaH /0 °C Ph CI Nu: Ph Nu
Ph” " Ph 2) TsCI/0°C-rt. F3C)\/kPh Route A F:C~ > Ph
Route B 1) BF5.Et,0 /- 78 °C /

2) Nu:/-78 °C—r.t.
Nu: = CgH47SH (A: 61 %, B: 100 %), PhCH,0OH (A: 40 %), NaN; (B: 22 %)

HQ CF3 1) NaH / 0 °C Ph OC(O)CF;

P~ Iy F3C)\/kPh

Ph 2)TFAA/0°C—rt
36 %

Synthesis 2004, 456

.Ph

o :2\ e -~ Hﬁ H

FsCPh F3C*Ph
favored

Ph CFg .Ph Ph Ph., H Ph
H F,;C
oy

dlsfavored



TFMB from Phenols. 2" Step (cont’d)

®
_ MsCl H3CO®°H CI”>NMe,
H3C‘\ CF3 CI@
lTsCI
© S) Me,N._ _Cl
ci® /7 ~ ci® /N ~ N\ e N
H3C’O®OMS H3C’O®OTS H3C/O@go
H;C CF3 H;C CF; H,C CF;
i / | CIOJi

® cI®

H;C.@
> H3C O H3C
CF; S CF; N CF;
H1C H1C H;CO

Synthesis 2004, 456



Benzo-diazepines or Benzothiazepines

0 NH, N/
R O G
R CF3 YH  CH,Cl,/t.a. v
CF;

Y=NH,S

'ﬁ' CF; H CF, H CF, H CF,
: :N/ : :N/
86%
S CF,
40%

H CFs
(X
N N= NN .
30% 47% OQ 89% 2%

(Regio: 95:5) (Regio: 80:20) (de=15%) (de=80%) (de=32%)



Friedel-Crafts Like (or Michael) Reactions

O HetArH O Rf
Lewis Acid (10%
Ph)v\Rf (10%) > PhMHetAr
CH2CI2/r.t.

Lewis Acid :BF;;Et,O / TiCl, / SnCl, / Cu(OTf), / In(OTf),

O Ck; CF,Cl CFZCF3
PW)LV/kT:f> /m\/L\[;> /m\/L\[;{:>
| /
90% 67% 76% 60%

2C| CFZCF?» CF,Cl

M
Ne Ph Ne
\ |\
75% 65% 84% 87%
Me

81% 85% 87% 91% NBn



Synthesis of Warfarin Analogs

OH Rf

OH
0 X DBU N
RMRf * CH.CL/rt
0~ Y0 2¥2t o0~ Yo

CF2C| CF2CF3
OH CF; O OH O OH O
~ Ph X Ph X
0~ 0 0”0 0~ 0
83% 35% 93%
CFCl CF,CF4
OH CF; O OH O OH o)
X O A O AN
| |

O



Conclusion

O Rf R

RM HetAr R, Rf
Friedel-Crafts Diels-Alder D\
N CO,Et

One pot / 2 steps
process

domino reaction

R Rf
OH OH Rf O
Rf~ “OH N R
O~ ™0

Warfarin analogs



HOMO / LUMO Energy Level

E LUMO 0.4529
(eV) 0O '

Ph)v\CH

3

LUMO

-1.0966

Ph)J\/\CF

HOMO
-9.0794

Semi-empirical calculations (AM1)



Double Process

O O CF3
Ph)J\/\CF;g * ( ) > Ph
0 CH.,Cl, / r.t. |\
1 nq. 1 nq. (90%)
T o 1) P
TiCl, (2 eq.) CF3
% + / \ 4 » Ph O
Ph CF3 0O CH,Cl, / .. |/ P

2 1q. 1. (43%)



Synthetic application : Synthesis of
Fluorinated analogs of Warfarin.

OH
I
O 0
Warfarin (Coumadin™)
Anticoagulants



