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Nucleophilic Trifluoromethylation

Initiation step using fluoride source:
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Asymmetric Trifluoromethylation dhldehydes andKetones Using Chiral Ammonium Fluoride
Catalysts

a: R3=CF;, R*=CF
R4 biR3=H, R4=CF;

0 1) catalyst 241 (10-20 mol %) F,C OH
lL 238, Toluene, -78 °C, 2-8h N S
R! "R? > R! "R?
237 2) aq. HCI 240
entry R R? cat. (mol %)  vyield (%) ee
1 Ph H 241a (20) >99 46 (R)
2 nCH g H 241b (20) >99 15
3 9-anthraldehyde 241b (10) 98 45 (R)
4 Ph Me 241b (20) 91 48
5 Ph iPr 241b (20) 87 51

Iseki, K.; Nagai, T.; Kobayashie¥tahedron Lett1994 35, 3137
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9-anthraldehyde 241c _ OOO
+ CH,Cl,, -78 °C 242
238 95% ee

Ma, J-A.; Cahard, BCChem. Rex008 108, PH.



Asymmetric Trifluoromethylation dkldehydes Usin@hiralTriaminosulfoniunCatalysts
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Ph,

;CN S [Ph3SnF,]

3
243 (10 mol %)

Ph

0

1 1) 238, Et,0, -78 °C HOXCFE"

R H 2yaq HCl

244

entry RCHO yield (%) ee (%)
a R = Ph 96 52 (S)
b R = 4-MeOC4H, 97 37
c R = 4-CF,C4H, 90 24
d R = 4-CIC4H, 93 30
¢ R = (E)-PhCH=CH 99 18
f R = C,H,, 88 10

Kuroki, Y.; Iseki, Ketrahedron Lett1999, 40, 8231.
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97%, 92%
Caron, S.; Do, N. MArpin, P.;Larivee A.Synthesi2003 19593



Trifluoromethylation Catalyzed Wyhiral AmmoniunBromides Combined withBluoride Source

@] + MesSi.CF 1) 241 / TMAF combination HOB(FFS

€20l- -

R1lI\R2 ’ ’ 2) TBAF-H,0, THF, rt R!+ " R2
237 238 240
up to 94% ee
/
HO H
U - -stackinginteractions
with arylketones;
241g

Not for arylaldehydes
andaliphaticketones.

241h
Mizuta, S.; Shibata, NAKkiti, S.; Fujimoto, H.; Nakamura; Bry, T.Org. Lett 2007, 9, 3707.

1) 241h (10 mol %)
Me3SiCF3 (2.0 equiv)

O MeJNF (20 mol %) HO. £Fs
R J\ toluene / CH,CI, = 2/1 N R §

248 249
R = Ar or CH=CHPh

Kawai, H.Tachj K.; Tokunaga, EShirg M.; Shibata, NOrg. Lett 2010, 12, 5104



Trifluoromethylation Catalyzed Wyhiral AmmoniunBromides Combined withBluoride Source

1) MesSiCF5 (2.0 equiv)

o KF (5 mol %) QH
H 241 or 259, 260 (10 mol %) OO CF,
2)HCl aq
261 262
9-90%, 2-40% ee
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Trifluoromethylation Catalyzed Wyhiral AmmoniunBromides Combined withBluoride Source

OMe

FsC Fs
o 1) 241i (x mol %) TMAF (20 mol %) OH
).l\ toluene/CH4CI, (2/1), -60 °C
Ar H + MesSiCFy > Ar F3
2) aq. HCI, THF, rt.
263 238 264
R= Ar, 50 - 70% ee
Me 3Si-CF Me CF3™ 5 p4i
TMAF Me —I‘I\I" Me
Me
. Me Br-
Me;Si-F 265 Me —I\ll" Me 266
Me
RCHO RCHO
Background Reaction Asymmetric Reaction

Kawai, H.; Mizuta, S.; Tokunaga, E.; ShibathANiorine Chen2013 152, 46.



Trifluoromethylation Catalyzed by Chiral” opr. CF3
AmmoniumPhenoxides

L
Ny
F1C l Fj

cat. 267
0 (10 mol %) F3C OSiMes
jJ\ + Me3SiCF; > A,
R1T R2 toluene-CH,Cl, (7/3) R'"R
237 238 -78°C,1h 239
entry R! R* yield (%) ee (%)
1 2-(NO,)C¢H, Me 93 71
2 4-(NO,)C4H, Me 97 73
3 3-(CN)C¢H, Me 96 71
4 3-BrC4H, Me 97 61
S 3-(MeO)C¢H, Me 90 59
6 1-naphthyl Me 91 51
7 2-naphthyl Me 95 77
8 3-pyridyl Me 90 46
9 4-pyridyl Me 93 60
10 3-(NO,)C¢H, Et 99 64

Nagao, H.; Yamane, Y.; Mukaiyam&hem. Lett2007, 36, 666.

0 267 (10 mol%) FsC OSiMes,
Mol ’ _|
o CH.Cl,, -78 °C, 1 h O
268 269

_ 90%, 60% ee
Nagao, H.; Kawano, ¥lukaiyama T. BullChem. Sodpn 2007, 80, 2406



Ar
263

Ar
2-naphthyl
1-naphthyl

Ph

4-BrC¢H,
3-BrCqH,
4-MeCgH,
4-PhC¢H,
3-MeOCgH,
3,4-0(CH,)C4¢H,
3,4-O(CH,),C4H,
4-EtSC{H,

+

TMSCF;4

238

yield (ee)
90%, 75%
88%, 60%
80%, 60%
819%, 57%
829, 51%
88%, 68%
90%, 66%
899%, 74%
929%, 81%
92%, 79%
85%, 74%

Chiral Ammonium Bromidand (PCuFCatalyze
Trifluoromethylation

1) 241j (2 mol%)
(IPr)CuF (2 mol%
Toulene, -78 °C

Br-

CF;

2) TBAF, THF, rt.

(IPr)CuCl  +

)
HO//{Fs
- Ar H

264

RyN*F-

(IPr)CuCF,

Wu, S. X.; Zeng, W.; Wang, Q.; Chen,®ig<.BiomolChem 2012 10, 9334

(IPr)CuF  +

TMSCF,4

+ TMSF

R,N*CI



Trifluoromethylation Catalyzed Wyhiral AmmoniunBromide and SodiurRhenoxide

l I ONa
ONa
‘O 270
O 1) 270 (10 mol %), 241j (10 mol %)

. 238 (2.0 equiv), Et,0, 4A MS
;

263 2) aq. HCI

entry aldehyde yield (%)
1 2-naphthaldehyde 85
2 benzaldehyde 72
3 4-methylbenzaldehyde 87
4 3-methylbenzaldehyde 88
S 4-chlorobenzaldehyde 72
6 3-chlorobenzaldehyde 95
7 4-phenylbenzaldehyde 73
8 4-methoxybenzaldehyde 87
9 piperonal 95
10 4-fluorobenzaldehyde 86
11 3-thiophenecarboxaldehyde 68

Y

ee (%)
71
56
60
58
50
56
56
41
46
57
45
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