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Introduction

Umpolung or polarity inversion in organic chemistry is the chemical modification
of a functional group with the aim of the reversal of polarity of that group. This
modification allows secondary reactions of this functional group that would otherwise
not be possible. The concept was introduced by D. Seebach (hence the German
word umpolung for reversed polarity) and E. J. Corey.

Cyanide-type umpolung 3-Membered rings

Carbonyl umpolung Oxidative bond formation

Amine umpolung ¢+

https://en.wikipedia.org/wiki/Umpolung
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Benzoin condensation
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Biological transamination
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Isomerization of olefins/imines

5 0.5-20 mol% QD-7

CH,Cly, rt or -20 °C

'

R2
up to 94% ee
95% yield

Deng, L. et al. J. Am. Chem. Soc. 2011, 133, 12458-124%

R

CO,CEts

1) 10 mol% cat.
O-C|C6H4CH2NH2

2) H;0*

NH,

A

R” CO,CEt,

up to 92% ee
71% vyield

Shi, Y. et al. 3. Am. Chem. Soc. 2011, 133, 12914-1291y




Catalytic enantioselective isomerization of imines

Ar Ar OMe
k 10 mol% DHQ-7f k '
N ° N N
)I\ PhMe, -30 °C /k
Ar' CF3 Ar = 4-N02C6H4 Ar' CF3
""""""" AAA

©/‘\ CF3 \O/'\C|:3 /@/kcl:e,
MeO

90% ee, 75% yield  90% ee, 76% yield 90% ee, 70% yield 90% ee, 71% yield
Ar Ar Ar Ar
NN
/©/kc /©/'\CF3 /(j/k /©/k
F
91% ee, 79% yield  88% ee, 69% yield 86% ee, 79% yield 80% ee, 81% yield

Deng, L. et al. J. Am. Chem. Soc. 2012, 134, 14334-14337.



Asymmetric isomerization of alkyl trifluoromethyl imines

Ar
Ar Ar Ar k
Q Q Q Sy
AN X AN

N N N

/'\ )\ /'\ CF3
Me CF3 Et CF; "By CF3
90% ee, 61% yield 93% ee, 66% yield 92% ee, 69% yield 91% ee, 58% yield
L L
O\j\ ©\j\
CF; CF;
94% ee, 60% yield 87% ee, 65% yield

Hydrolysis of the N-protecting group
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Asymmetric biomimetic transamination

Ar Ar
O AI'CHQNH2 kN B* I§N H30+ NH2
R CFs3 R CF
R CF 3
1 R™ 5 CFs 3 3 4
O,N Pr
7z
NH
pr N
|\ “oR
C10 N_ ~

R = CH2CH,CHa(Pr)sCgHa

Shi, Y. et al. Chem. Commun. 2013, 49, 1404-1406.
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Catalytic asymmetric H shift of trifluoromethylimines

Ar AIL
kN 10mol% C10 SN
| >
)\ PhH, 20 - 50 °C /k
R™,CFy R”, “CFy
e AL Z 2:CHA-CNCeHS o

Ar 3a: X = H, 94% ee, 99% yield
k 3b: X = 0-Cl, 94% ee, 99% yield
RN 3c: X=0-Br, 94% ee, 98% yield

3d: X = p-Me, 94% ee, 99% vyield
x-Ph 3e: X =p-Cl, 93% ee, 99% yield

CF3 3f: X = p-OMe, 94% ee, 98% vield

Ar Ar Ar
INOS TS
/\/\/'\CF3 CFs \/\/kc&
3h 94% ee, 95% vyield 3i 94% ee, 96% vyield 3j 90% ee, 95% vyield
Ar

V4
Ve

O\/\/k
CFs -~ CF

3k 90% ee, 95% vyield 3l 86% ee, 93% vyield 3m 90% ee, 99% vyield
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Further transformation of the product

Ar

k Ar

XN k
X

N
(@)
NCFs /k
Ph” CF,

O

3n 86% ee, 94% vyield 30 67% ee, 99% yield

0] NH,
1) 2-CIl-4-CN(CgH3)CHoNH,
2) 10 mol % C10

3) hydrolysis

’ CF3

81% overall yield

o
-s
e

5 mol % Pd(OAc),
8 mol % BINAP .

Cs,CO5 N e,

94% ee, 91% yield
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Enantioselective isomerization of trifluoromethyl imines

;. 0°
AL n OP{R
QD-9¢c, PhMe k : :
N > N 3 N2 or
J\ 10 mol% K,CO4 )\ PONg
R CF3 Ar = 4"NOZCGH4 R CF3 : QD-9c O'Bu
Ph
1000 - 5000 TON/24 h up to 96% ee
99% yield

Deng, L. et al. J. Am. Chem. Soc. 2016, 138, 12297-12302.
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Working hypotheses

Intramolecular protonation

>

A
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Me

CF3
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Catalytic asymmetric umpolung reactions of imines

----------------------------------------------------------------------------------------------

Carbon

| bldRintiiten

= — :
| T oy .
. G-C bond formation 64 5(80-94%ee) ) :

Deng, L. et al. Nature 2015, 523, 445-450.
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Experiments with chiral base catalysts

Ar ©Ar 7 n Ar CHO Ar
( e L
B PhM N
N ase, e "'.N 8a N CHO N + N
J\ .16h )\86 HsC )\ )l\
H,;C CF3 HsC CF3 FsC H;C CF3 HsC CF3
1A L 3A . 9Aa 4A 10Aa
OMe OMe Et
?]
PHN =
Sl
QD-11 Qp-12
Conv. (%)  9/4 Conv. (%)  9/4 Conv. (%)  9/4
84 0/100 32 0/100 9 0/100

Conditions: rt, 10 mol% catalyst, 16 h.
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Experiments with chiral base catalysts

R'=
C-14
C-13 Conv. (%) 9/4;9M0 d.r.of 9 eeof 9 (%)
18 11/89; ND ND ND rt
Conv. (%) 9/4;9M10 d.r.of 9 eeof 9 (%) 58 37/63;>95/5 82/18 39 -20°C
41 2/98; ND ND ND
1
(VA VoVl
FsC CF3 MeO OMe
C-15 C-16
Conv. (% 9/4; 9/10 d.r.of 9 f9 (% Conv. (%) 9/4;9/10 dr.of9 eeof 9 (%)
On%/4( ° 36/64; >95/5 r6;)/33 o ‘?8 (%) 84 34/66; >95/5 76/24 40
’ 41 32/68; >95/5 74/26 39 (1.0 mol% Cat.)
|
[VaVa Vol
Ph Ph Ph
C-17 c-18
Conv. (%) 9/4;9/M10 d.r.of9 eeof9 (%) Conv. (%) 9/4;9/110 d.r.of9 eeof 9 (%)
14 67/33; >95/5 87/13 68 40 74/26; >95/5 86/14 77

Conditions: 10 mol% catalyst, 10 mol% KOH ,,, 16 h.
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Experiments with chiral base catalysts

S|
FsC Q O O CF;
CFs CFs
C-19

Conv. (%) 9/4;9/10 d.r.of 9 ee of 9 (%)
39 45/55; >95/5 96/4 55

1
[VaVaVo

Ph Ph
OMe
C-21a

Conv. (%) 9/4;9/10 d.r.of 9 eeof 9 (%)
88 94/6; >95/5 91/9 91

~Ae

C-20

Conv. (%) 9/4;9/10 d.r.of 9 ee of 9 (%)
66 68/32; >95/5 91/9 85

MeO OMe

Ph Ph

OTBS
C-21b

Conv. (%) 9/4;9/10 d.r.of 9 ee of 9 (%)
99 99/1; >95/5  93/7 96
97 99/1; >95/5  93/7 95 (0.2 mol% Cat.)

19



Substrate scope

Ar
. NH  CH,OH
AL ?bznToc:;fféﬁ(bﬁ Al\N CHO A\LN CQ)HA; S RF;C = el Alkyl
N+ CHO 2l ' )
R11J\CF3 ) . Z?iﬂi’.rllzg:cim Fl{;s:C)\; R1J\CF3 Re R™” CF, \—>;; :Z‘TH" R““f\sz Z:ZOH
9 4 10 ) FsC R'= Aryl
or Alkeny!
Entry R1 Conv. (%) Dr of 9 Yield (%) Ee (%)
1 CH, 99 93/7 81 (22Aa) 95
2 C,H: 97 91/9 84 (22Ba) 94
3 C,Hqg 98 91/9 83 (22Ca) 96
4 BrC,Hg 99 91/9 75 (22Da) 96
5 BnOCH, 94 91/9 72 (22Ea) 96
6 CyCH, 98 93/7 54 (22Fa) 95

R? = Me; 9/4, 9/10 : >95/5
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Substrate scope

Entry R2 (R1=Me) Conv. (%) 9/4; 9/10 Yield (%) Ee (%)
7 C,H 99 89/11; >95/5 64 (22Ab) 95
8 CeHys 93 86/14; >95/5 51 (22Ac) 96
9 Ph 93 >05/5; 68/32; 51 (22Ad) 91

Dr of 9 > 95/5

Entry R (R2 = H) Conv. (%) 9/4; 9/10 Yield (%) Ee (%)
10 CH, 95 >05/5; >95/5 89 (22A€) 92
11 C,Hs 99 >95/5; >95/5 82 (22Be) 91
12 BrC,Hg 97 >05/5; >95/5 84 (22De) 91
13 CyCH, 99 >05/5; >95/5 90 (22Fe) 92
14 Ph 99 94/6; >95/5 71 (23Ga) 94
15 p-MeOCH, 94 92/8;>95/5 67 (23He) 94
16 p-CF,CcH, 99 88/12; >95/5 78 (23le) 92
17 CeH,CHCH 99 >95/5; >95/5 90 (23Je) 93
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Gram-scale reaction and synthetic applications

A Ar Ar
' 0.01 mol% C-21b L§ L\
25 mol% KOH N CHO X itric aci
N . /\/CHO mol% (aq; + N 1) Citric aC|d= [ o
J\ PhMe, 0 °C HaC™"} 2) NaBH, H3CF cE: N o°
HaC CFs Ar=4-NO,CeHs  F,C g H3C CF; 3)HCI ST
24Aa-HCI
(6.0 mn‘:é\l 1.59) 8a 9Aa A 62% yield, 96% ee
' T 9Aa/4A = 96/4, 9Aa/10Aa >95/5

d.r. of 9Aa =93/7, 93% ee.

Ar

HN/J NH,
1) NaBH, 10%PdC )\/\/OH
, Y gl “‘
H3C““")\_/\/OH cyclohexene HsC :

2) HOAc
) 6 h, 94% yield  F3C

22Aa 23Aa
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Asymmetric umpolung reaction of imines with MBH carbonates

OBoc O OBoc
F3C\|(R OBoc ! —
Lhiratohosphi
N + CmR’ >
( -CO,, fBu,oﬂ
Dh D
Ar 4 Ph3i5J 2 ’

up to 91% yield, 99% ee

Zhang, J. et al. Angew. Chem. Int. Ed. 2016, 55, 13316-13320.
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Reaction optimization--chiral phosphine catalysts

Ar

OBoc

/K k’(cm

Ar

10 mol% cat K

> SN CFs
PhMe, rt, 8 h {
Ar = 4-NO2C6H4 Ph COZR

Ph,P.
"By
R
(S, Rs)

R yield (%) ee (%)
H 61 62
Ph 67 60
p-MeOCgH4 62 57
p-PhCgHy4 65 62
2-naphthalenyl 68 58
9-anthracenyl 72 75
3,5(Bu),CgH; 67 55
3,5(Ph),CeHs 71 60

CF3
Ph,P.
N N CF3
H H
Ar

(S)-P9, Ar = anthracenyl
(70% yield, 42% ee)

saars

CF3
(S)-P10, Ar = anthracenyl
(78% yield, 81% ee)
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Reaction optimization

Entry @ R Solvent Yield (%) ° Ee (%) ©
1 Me (2a) PhMe 78 81
2 Et (2b) PhMe 74 92
3 Bn (2c) PhMe 77 80
4 Pr (2d) PhMe 75 96
[ 5 ‘Bu (2e) PhMe 85 98 ]
6 Bu (2€) THF 78 95
7 Bu (2€) DCM 84 95
8 Bu (2€) Et,0 79 94
9d Bu (2€) PhMe 82 99
10 e Bu (B) PhMe 73 97

[a] Unless otherwise specified, 1a (0.2 mmol), 2 (0.3 mmol), catalyst (0.02 mmol), solvent
(2 mL), RT. [b] Yield of isolated product. [c] Determined by HPLC analysis using a chiral
stationary phase. [d] 0 °C. [e] 5.0 mol% catalyst, 24 h.
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Substrate scope--aryl trifluoromethyl imines

Ar Ar
k OBoc |\
N 10 mol% (S)-P10
| + CO,'Bu ) > SN §CF3
.//L\ PhMe, rt, 8 h N
Ar CF3 Ar=4-NO,CgH,  Ar CO,'Bu
la-k 2e 5

CO,'Bu

85% yield, 98% ee 91% yield, 95% ee 90% yield, 93% ee
78% yield, 97% ee (5 mmol)

82% yield, 96% ee 88% yield, 99% ee 90% yield, 95% ee
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Substrate scope--aryl trifluoromethyl imines

MeO
80% vyield, 93% ee 78% yield, 95% ee 85% yield, 94% ee

MeO

CO,'Bu CO,'Bu

5le
80% vyield, 95% ee 82% yield, 94% ee 70% yield, 96% ee




Substrate scope--alkyl trifluoromethyl imines

Ar

Ar
k OBoc k

10 mol% (S)-P10 X
V.

N
I + COztBU N §CF3
)\ R PhMe, rt, 8 h g
Alkyl CF3 Ar = 4-NO,CgH, Alkyl CO,'Bu

1m-t 2e-g 5
Ar Ar t
N N N
Me CO,Bu Et CO,Bu "Hex CO,Bu
5me 5ne 50e
90% vyield, 98% ee 86% vyield, 97% ee 89% vyield, 96% ee

85% vyield, 98% ee (5.0 mmol)

COZtBU

83% vyield, 91% ee 81% vyield, 90% ee 85% yield, 96% ee
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Substrate scope--alkyl trifluoromethyl imines

5se
90% vyield, 99% ee

7 Tt CO,Bu

Sve
79% vyield, 96% ee

Ste
82% yield, 98% ee

Ar

N
Cl N
CO,Bu

4

Swe
81% yield, 96% ee

73% yield, 91% ee
Ar

N CO,R?

)l\ R'
Me CF3
5mf: R' = Me, R? = 1Bu, 51% vyield
5:1d.r.,, 73% ee, 94% ee
5mg: R' = Ph, R? = Et, 47% vyield
2:1d.r., 97% ee, 60% ee
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Further transformations of the products

1 M HCI, THF, rt

R CO,'Bu

6ae, 92% vyield, 97% ee
6me,90% yield, 98% ee

>

KM
R CO,'Bu

Ar = 4-N02C6H4

5ae, R = Ph, 97% ee
5me, R = Me, 98% ee

CF3COOH, EDC
DCM, rt R
> n,

F3C

Iz

Tae, 78% vyield, 95% ee
7me, 74% yield, 98% ee
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The NH-effect study and the chirality induction model

k OBoc
N 10 mol% (S)-P11
| N CO,'Bu 0 S)
/k PhMe, rt, 8 h
Ph CF3 Ar = 4-N02C6H4
la 2e

FsC

FsC

@
O,N

AL
Ph CO,'Bu
5ae

33% yield, 55% ee

e

N
|
H

Ph

A

CF3

(0]

(0]

N

induction model
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Summary

Deng’s work

(" Ar Ar OMe
k 10 mol% DHQ-7f I\
N Q > \\N
J\ PhMe, -30 °C )\
\Ar' CF3 Ar = 4-N02C6H4 Ar' CF3
Shi’'s work
-
Ar Ar

.

S,
A

R

10 mol % C10 k
o o A
PhH, 20 - 50°C

CF, Ar=2-Cl-4-CNCgHj R/'\

N

CF3

R = CHoCH,CH,('Pr)3CeH,

J
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Summary

Deng’s work first example of C-C bond formation

Zhang’'s work  second example of C-C bond formation
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Introduction

The presence of fluorine in organic molecules of pharmaceutical and
agrochemical importance has had a beneficial yet unique impact on the
bioactivities of the molecules, and led to a rapidly increasing demand for
developing novel methodology to efficiently synthesize organofluorine
compounds. Among fluorinated compounds, chiral trifluoromethyl amines
were widely found as the key structural subunits in many biologically
interesting compounds, and were recognized to improve lipophilicity and
metabolic stability over that of the corresponding methyl amines. (X}& %
e EELHITNA)

In light of their importance, various powerful strategies for the synthesis of
chiral trifluoromethyl amines have been developed in the past years. The
strategy which takes advantage of the inherent electrophilicity of prochiral
trifluoromethyl imines and their reaction with various nucleophiles has
received much attention and several elegant reactions have been reported.
For example, the groups of Hoveyda, Ye, and Huang disclosed highly
enantioselective nucleophilic additions to trifluoromethyl ketimines
catalyzed by chiral metal or organic catalysts. GEE KRBT —&RFA MK
TERBEFHEE =R A ERLEY)
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Introduction

Although these methods are effective, they are often hampered by the
multistep preparation of the reactants as well as the narrow range of
products, that is, only aromatic trifluoromethyl amines could be
obtained. ( B QI X L& 7 EF A K — H SR [E D Consequently, the
development of novel and general method for enantioenriched
trifluoromethyl amines bearing a chiral tertiary stereocenter is still

highly desirable. & f&— L8 77 iE K4 E %)
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Summary

In summary, we have developed a new method for asymmetric
synthesis of enantioenriched trifluoromethyl amines with a chiral
tertiary stereocenter by a highly effective and enantioselective
phosphine-catalyzed umpolung addition of trifluoromethyl imines to
MBH carbonates under mild reaction conditions. The salient features
for this transformation include general substrate scope, mild reaction
conditions, good vyields, high enantioselectivity, ease of scale-up to
gram scale, and easy conversion into valuable chiral y-trifluoromethyl
amines, a-methylene esters, and a-methylene y-lactams. GZJ5 IR
&) Further studies, including the application of this new type of chiral
phosphine to other related reactions, and the metal-catalyzed
asymmetric umpolung coupling reaction of trifluoromethyl ketimines are
underway, and will be reported in due course.
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