Synthesis of fluorinated chiral amines using
N-tert-butylsulfinyl imines

Fluorinated chiral amines are highly important building blocks in medicinal chemistry since fluorine decreases the
basicity of the amine functionality and, thus, improves the bioavailability of a drug molecule. Recently, stereoselective
synthesis of fluorinated chiral amines based on the use of N-tert-butylsulfinyl imines has attracted much attention
due to the high stereoselectivity, broad substrate scope and easy experimental handing. In this article, we summarize
developments in the field over the last decade, including the synthesis of trifluoromethylated, difluoromethylated,
gem-difluoromethylenated and monofluoromethylated chiral amines. Stereoselective synthesis of fluorinated chiral
amines based on the use of N-tert-butylsulfinyl imines has been accomplished by two major strategies. One is the
stereoselective addition or asymmetric reduction of fluorinated N-tert-butylsulfinyl imines and their derivatives.
The other strategy is the asymmetric addition of fluorinated reagents to N-tert-butylsulfinyl imines, the development
of which is lacking new efficient and atom-economic fluorinated reagents.

, especially chiral fluorinated
amines, are important synthetic building blocks
in drug design because of the minimal structural
changes but maximal shifts in electron distribu-
tion caused by fluorine [12]. Furthermore, the
basicity of amines (especially the B-fluorinated
amines) can be tuned by fluorine or fluoroalkyl
groups, thus increasing high bioavailability of a
target drug [3-5]. Over the past three decades,
efficient of fluorinated
amines has attracted much attention; such syn-
thetic approaches are based mainly on the use of
fluorinating reagents (e.g., diethylaminosulfur
trifluoride and the hydrogen fluoride—pyridine
complex) and fluorinated building blocks (e.g.,
fluorinated imidoyl halides and fluorinated
o-imino esters and imines) [6-8]. In this con-
text, diastereoselective synthesis of fluorinated
amines using has
become one of the most important and widely
used approaches. Although enantiopure N-rert-
butylsulfinyl imines were firstly reported by
Garcia Ruano and co-workers in 1996 [9],
their wide application in asymmetric synthesis
was initiated by Ellman’s seminal work on the
practical preparation of N-tert-butylsulfinyl
imines by condensation of optically pure N-tert-
butylsulfinamide with aldehydes or ketones
(10-18]. Furthermore, the easy recycling of the
tert-butylsulfinyl chiral auxiliary group (by
conversion back to enantiopure tert-butylsul-
finamide) greatly improves the practicality and
large-scale applications of tert-butylsulfinamide-
based amine synthesis chemistry [19]. The fact
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that the ter#-butylsulfinyl group activates the
imine functional group (for the addition of many
different classes of nucleophiles) and serves as a
powerful chiral-directing group makes it highly
attractive in the asymmetric synthesis of fluori-
nated chiral amines. In this article, we would
like to summarize the stereoselective synthesis
of fluorinated chiral amines based on the use of
Ellman’s N-tert-butylsulfinyl imines developed
during the last decade, including the synthesis
of trifluoromethylated, difluoromethylated, gemn-
difluoromethylenated and monofluoromethylated
chiral amines.

Fluorinated chiral amines from
fluorinated tert-butylsulfinyl imines &
their derivatives

One of the useful methods for asymmetric syn-
thesis of fluorinated chiral amines is based on the
use of fluorinated enantiopure terz-butylsulfinyl
imines and their derivatives as precursors [20].
It should be noted that the isolation and char-
acterization of fluorinated enantiopure terz-
butylsulfinyl imines are generally difficult due
to their susceptibility to hydrolysis [21]. Therefore,
in most cases, fluorinated tert-butylsulfinyl
imines are generated 77 situ to react with various
electrophiles [22,23].

In 2006, Lu and co-workers described the
solvent-controlled asymmetric Strecker reac-
tions with unstable trifluoromethyl sulfinimines
1, and each diastereomer (2 or 3) of the o-tri-
fluoromethyl oi-cyano amines was obtained in
good yield and with high diastereoselectivity
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9 R CFs Tmscn,-a5°C ? R TMSCN, rt

S\N/(CN : S“N/)\CF :

>'/ H DMF %/ 3 Hexane
3 1
Entry Substrate Hexane

Total yield (%) dr (2/3)

1 R =Me 69 27:1 71 1:19
2 R=Et 77 7:1 76 1:10
3 R=n-CH, 88 14:1 84 1:11
4 R=CH,Bn 92 7:1 89 1:15
5 R =Ph 85 99:1 72 1:6
6 R=p-MeCH, 87 111 69 1.7
7 R=p-MeOCH, 89 14:1 78 1:9
8 R =p-CICH, 83 8:1 71 1:6
TMSCN: Trimethylsilyl cyanide.
Data from [21].
t R, ,CFs +
(0]
SN \PO
§// N7 4 NC-g TN
"S'\CN NN
Six-membered chair-like Fujisawa’s model
model in hexane in DMF
Figure 1. Different transition state models.
0 0 0
S. H S.
>'/ /rlxl:l R-M %/S\N R-M %/ NH
FsC~ "OEt lCF Fe,CJ\R
3
4 5 6
Entry RM Solvent Product dr[(S,S):(S,R)] Yield (%)
1 /\MQBF CH2C|Z 6A 22:1 77
2 /L CH,CL, 6B 11:1 81
MgBr
3 /\/MgBr CH,Cl, 6C 5:1 98
4 X ~_MgBr  CHLCL, 6D >30:1 74
5 CH,Cl, 6E 6:1 98
MgBr
THF 6E 3.5:1 97

6
e

Data from [22].
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(Tasce 1) [21]. The authors rationalized the stere-
oselectivity using different models. The Strecker
reaction in hexane may proceed via the six-mem-
bered chair-like model and the sulfinyl group-
activated trimethyl cyanide (TMSCN) giving
the (S, Rs)-isomer 2 as the predominant product.
However, the Strecker reaction in DMF may
undertake Fujisawa’s model, in which DMF
serves not only as a polar solvent but also as a
Lewis base to active TMSCN. Therefore, (R,
Rs)-isomer 3 was obtained as the major product
(Ficure 1). Further deprotection and hydrolysis
afforded oi-trifluoromethyl a-amino acid [21].

Later, the addition of Grignard reagents to
trifluoromethyl zerz-butylsulfinimine—ethanol
adducts was reported by Kuduk and co-workers
(TasLe 2) 22]. In these reactions, sulfinamino
acetals 4 served as stable precursors for the 77 situ
generation of imines 5, which underwent reac-
tions with Grignard reagents to afford allyltri-
fluoromethylamines 6 in good yields and with
moderate-to-excellent diastereoselectivity.

Truong and co-workers reported the synthesis
of a variety of optically enriched 1-aryl-2,2,2-tri-
fluoroethylamine analogs 7 in moderate-to-good
yields using 2-methyl-/V-(2,2,2-trifluoro-ethyli-
dene) propane-2-sulfinamide 5 as a key precursor
(TaeLe 3) 23]. The addition of phenyllithium to
imine 5 appeared to have proceeded via a non-
chelated transition-state model where phenyl-
lithiun preferably added to the imine from the
less-hindered face (derived from the most stable
conformation of the imine) to afford the major
diastereomer adduct (Ss,S)-7a [23]. It should be
pointed out that recent studies have shown that
the more stable conformation of the reacting
N-tert-butylsulfinimines is the conformation
where the N-S-O bonds are coplanar and the
S-O bond lies away from the lone pair of the
nitrogen atom [16,24-26].

Imine 5 was also subjected to the rhodium-
catalyzed 1,2-addition of aryboronic acids
affording optically enriched sulfinamides 8
in moderate-to-good yields and with good to
excellent diastereoselectivies. The sense of the
stereo-induction was explained by the nonche-
lated transition-state model, which was consis-
tent with the addition of organolithium reagents.
The chiral auxiliary group on sulfinamide 8
could be readily removed by acidic alcoholysis to
provide the corresponding trifluoroethylamine
analog 9 (TasLE 4) [27].

The application of chiral trifluoromethyl o, 3-
unsaturated N-tert-butylsulfinyl ketimines in
the asymmetric synthesis of trifluoromethylated
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Figure 2. Different transition-state
models.

allylic amines was demonstrated by Liu and co-
workers [28]. Either diastereomer of the trifluoro-
methylated allylic amines was obtained in good
yield and with excellent diastereoselectivity via
the diastereoselective reduction of chiral trifluo-
romethyl o,B-unsaturated N-tert-butylsulfinyl
ketimines 10 by diisobutylaluminium hydride
(DIBAL-H) and r-selectride, respectively
(TaeLe 5) [28]. The reversal of the diastereofacial
selectivity observed with different reducing agents
could be explained by different transition states
involved: a cyclic (closed) transition state in the
reduction of DIBAL-H and an open transition
state in the reduction of L-selectride (FiGURE 2) [28].

Chiral allylic primary amines 15 are poten-
tial dipeptide mimics, and their synthesis has
been achieved through the efficient asymmetric
reductive amination of fluoroenones 13 (TasLe
6) 29].
the same chiral nonracemic sulfinyl imine by

Both diastereomers were obtained from

using different reducing agents. Moreover, nei-
ther the fluoroolefin geometry nor the presence of

Molecular sieves
OH Toluene FsC

HoN” j< Fgc

Entry RLi

PhLi”

PhLi*

PhLis

4-MeOPhLI
4-MeSPhLi
4-FPhLi
3,5-diFPhLi"
2-MePhLi

9 Pyridin-2-yllithium

*2.5 equiv of PhLi was used.
1.1 equiv of PhLi was used.

0 N oYUl hWN -

a chiral center on the C-terminal moiety affected
the reduction selectivity [29]. The origins of differ-
ent diastereoselectivities with different reducing
agents (e.g., DIBAL-H and r-selectride) can be
depicted with similar transition states, as shown
in FIGURE 2.

The synthesis of chiral fluorinated sulfin-
amides 14 was also achieved via diastereoselective
addition of Grignard and organolithium reagents
to N-(tert-butylsulfinyl)-o-fluoroenimines 16
(TasLe 7) [30]. All organometallic reagents were
added regioselectively at the imino carbon of
o-fluoroenimines 16 to provide chiral allylamines
in excellent yields and with diastereomeric ratios
of up to 96:4. Enantiopure fluoroolefin dipep-
tide mimics could be obtained by acid-medi-
ated removal of the sulfinyl group and simple
chemical transformations.

Fluorinated chiral amines from
nonfluorinated tert-butylsulfinimines
& fluorinated reagents

The aforementioned asymmetric synthesis of
fluorinated chiral amines was accomplished by
using fluorinated tert-butylsulfinimines and
their derivatives. However, most fluorinated zer¢-
butylsulfinimines and their derivatives were eas-
ily hydrolyzed or decomposed during work-up
and/or storage, limiting their large-scale appli-
cations. Another useful strategy for asymmetric
synthesis of fluorinated chiral amines has been
based on the stereoselective nucleophilic addition
of reagents to nonfluorinated
tert-butylsulfinimines. This direct nucleophilic

9 RLi B9
SN j< THF, -78°C FsC/\H/S\’<
7

Product 7 Yield (%) dr
7a 66 98:2
7a 42 98:2
7a 58 96:4
7b 55 97:3
7c 53 98:2
7d 50 100:1
7e 36 83:17
7f 40 99:1
7g 15 98:2

$Precomplexation of imine with AlMe, at 0°C, added to PhLi solution at -78°C.

TUnoptimized conditions.
Data from [23].
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A chemical reaction (or reaction
sequence) that introduces one
or more fluorine-bearing alkyl

group(s) into substrates
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0 ArB(OH), Q
%/S\Nl [Rh(cod)(OH).] S\NH Acidic methanolysis NHzHCI
= /\
I\CFS EtSN, CH2C|2 AI'/\CF3 Ar CF3
5 0°C,18h 8 9
Entry ArB(OH), Yield 8 (%) de Yield 9 (%)

1

©/B(OH)2 72 90 90

/J::::I/B(ornz 73 81 92
/J::::T/B(Oki 55 93 94

75 93 92
>99 83

72 91 96

/©/B(OH)2 58
B(OH),

B(OH)2 62 91 99
/©/B(OH)2 47 94 83
AcHN

/©/B(OH 49 94 84
MeOZC

10 /©/B(OH)2 66 85 67
H,COC

Data from [27].
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Figure 3. Synthesis of o-monofluoromethylated cyclic secondary
amine 32,
Data from [44].
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fluoroalkylation method was promoted by the
development of a variety of fluoroalkylation
reagents, such as Ruppert-Prakash reagent [(tri-
fluoromethyl) crimethylsilane (TMSCF,) and
fluorinated sulfones, among others.

In 2001, Prakash and co-workers reported
the first stereoselective synthesis of trifluoro-
methylated amines through nucleophilic tri-
fluoromethylation of N-tert-butylsulfimines
by using TMSCF,
Tetrabutylammonium triphenyldisilicate
(TBAT) was applied as a hydrophobic fluoride

initiator. The nucleophilic trifluoromethylation

reagent (TasLe 8) [31]

reaction can be applied to nonenolizable, enoliz-
able, aromatic and heterocyclic imines alike, and
the addition proceeded from the less hindered
Re face of the imines to give the selective Cram
products 18, which can be transformed to the
trifluoromethylated amines 19 (31].

TMSCE, is also an efficient nucleophilic triflu-
oromethylating reagent for the direct preparation
of trifluoromethylated vinical ethylenediamines
(TaeLe 9) 32]. The nucleophilic trifluoromethyl-
ation of a-amino N-tert-butylsulfinimines was
achieved with TMSCF, and afforded high yield
of the trifluoromethylated vinical ethylenedi-
amines in high stereoselectivity, particularly in
the case of imines derived from L-amino acids.
The very high diastereoselectivity observed in the
reaction suggests that both chiral centers present
in the molecule induce the incoming nucleophile
to the Re face of the imines [32]. While in the case
of imine derived from p-amino acid, despite the
fact that each chiral center directed the addition
from a different face of the imine, the major dia-
stereomer was obtained from the Re face attack
of imine, indicating that the zers-butylsulfinyl
group controlled the diasterofacial selectivity of
the reaction [32].

With TMSCEF, reagent, Prakash and co-work-
ers also developed the asymmetric synthesis of
trifluoromethylated allylic amines by highly
diastereoselective addition to of,B-unsaturated
N-tert-butylsulfinimines by using TBAT or
tetramethylammonium fluoride (TMAF) as a
fluoride initiator (TasLe 10) [33]. In this reaction,
there is no 1,4-addition product obtained and
the rationale for the high anti-Ellman prod-
ucts could be explained by Cram-Davis’s open
transition-state model [33].

Fluorinated Reformatsky reagent was also
found to readily react with N-tert-butyl-
sulfinimines. Addition of the Reformatsky
reagent 24 derived from ethyl bromodifluoro-
acetate to N-tert-butylsulfinimines produced

future science group
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B-branched o,0-difluoro-B-amino esters 25
in moderate-to-good diastereomeric ratios (dr
80:20 to 95:5) (TasLe 11) [34]. The diastereomers
were easily separated, and the resulting enantio-

pure fprote((i:ted E—amino est;c;s wer‘ed read'iclly N/S'O Reducing agent
transformed to the corresponding acid, amide | _ N +
and amine derivatives as useful building blocks FSCJ\/\ R THF Fgc/\/\R F3CMR
for medicinal chemistry applications. 10 11 (Rs, R) 12 (Rs, S)

Since 2003, difluoromethyl phenyl sulfone was | o DIBAL-H -selectride
extensively used as a versatile reagent for the selec- 11 yield (%) (dr) 12 yield (%) (dr)
tive transfer of difluoromethyl, difluoromethylene ' _
and difluoromethylidene building blocks [35-39]. Cels 99 (93:1) 99 (33:1)
In 2005, Li and Hu reported the first highly 4-MeOCH, 98 (99:1) 92 (98:2)
stereoselective and facile synthesis of o-difluo- | 4-MeCH, 97 (>99:1) 95 (98:2)
romethyl amines via nucleophilic difluorometh- 4-CICH, 98 (99:1) 88 (99:1)
ylation of N-(tert-butylsulfinyl)- aldimines with | 4 5. 1 97 (99:1) 96 (98:2)
difluoromethyl-phenyl sulfone, followed by the o ' _
convenient deprotection of both zerz-butylsul- 2-MeOCH, 97 (99:1) 96 (97:3)
finyl and phenylsulfonyl groups (TasLe 12) [40]. 3-BrCH, 93 (97:3) 90 (99:1)
The sense of diastereoselective induction can be | 1-Naphthy! 96 (99:1) 94 (99:1)
depicted by a nonchelation-controlled addition | 2-Fyry| 94 (>98:2) 97 (98:2)
step to give the Cram products 26. CHC=C 93 (> 96:4) 81(95:5)

In 2007, Liand Hu reported the diastereoselec- ¢ _ _
tive (phenylthio)difluoromethylation of N-(zert- n-Cqyy 87 (>93:1) 60 (96:4)
butylsulfinyl)aldimines with the Me SiCF,SPh CeHs(CH,), 81(>99:1) 62 (99:1)
reagent, which provides an alternative approach | Data from [28].

9 "
s. 2N )
ooy BT 0.0 >( L : R1)<R2
272" T78°C, 30 min oS O - - >( "N~ CHFSO,Ph
W THF, -78°C, 2 h H
36
a:R,=Ph,R,=CH, b:R, = 4-FCH, R,=CH, ¢ R,=4CF.CH,R,=CH, d:R, =4-CH,OCH, R, =CH,

A: dr 95:5, 93%
B: dr 99:1, 64%

e:R,=4-CHCH, R,=CH,
A: dr 95:5, 93%
B: dr 99:1, 68%

i R, - 2-pyridal, R, = CH,
A:dr87:13, 81%
B:dr 99:1, 74%

A:dr 96:4, 81%
B: dr 99:1, 65%

f.R, = 4-CICH, R, =CH,
A:dr 94:6, 77%

B: dr 98:2, 69%

j:R, =i-Pr, R, = CH,
A: dr 95:5, 81%"
B: dr 94:6, 73%’

A:dr91:9, 86%
B: dr 97:3, 60%

g: R, =2-napthyl, R, = CH,
A:dr 94:6, 72%
B: dr 99:1, 68%

kiR, =tBu, R,=CH,
A:dr 95:5, 77%"
B:dr99:1, 47%"

HN/S'O

HN/S'O

A:dr 96:4, 85%
B: dr99:1, 62%

h: R, - 2-furyl, R, = CH,
A:dr95:5, 81%

I:R, =Ph, R, =n-Bu
A:dr 91:9, 88%
B: dr 99:1, 67%

Figure 4. Diastereoselective monofluoromethylation of ketimines (35). Condition A: n-BuLi used as a base; condition B: KHMDS

used as a base.

“Determined by "°F NMR using PhCF, as internal standard.

Data from [46].
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“CHFSO,Ph

A:OpenTS

Figure 5. Different transition-state
Data from [46].

\ N " Ph
M-
0~ ~CHFSO,Ph

B: Closed TS (M=K, Lij,

for example)

models.

Dipeptide mimics

de

NH2 NH, NH, NH,
FI'\ Re Oﬁ/'\ R, Rz/I F — R2/YO
R H R NH Ry H Ry H
(@-15  Transoid (E)-15  cCisoid
T 1) Ti(OEt) 4, THF (')
Fjl\)LRz + /2 ) rgflux)‘h i HN/S\%
HoN i
R 1H3 2 7< 2) _II‘_w"_e”(iucmg agent, :f\ﬂz
R{ H 14
Fluoroenone 13 Reducing agent  Product 14 Yield (%)

(-78°C)
o DIBAL-H
Fj)J\ L-selectride
pMeopn” (4132
o DIBAL-H
/\Fj)‘\ L-selectride
Bh (2-13b
O DIBAL-H
/ij/F L-selectride
TBDPSO
(E)-13c
(o] DIBAL-H
F L-selectride
TBDPSO (2)-13d

Data from [29].
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(Ss,5,2)-14a 79
(Ss,R.2)-14a 72

(Ss,S,2)-14b 57
(Ss,R,Z)-14b 46

(Ss,S,E)-14c 60
(Ss,R,E)-14c 86

(R,Ss,S,E)-14d 61
(R,Ss,RE)-14d 62
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97
95

9%
94

96
98

96
91

for the preparation of optically pure o-difluo-
romethyl amines (TasLe 13) [41]. Nucleophilic
(phenylthio)difluoromethylation of N-(tert-
butylsulfinyl)imines afforded the corresponding
products in good yields and with high diaste-
reoselectivity. The PhSCF,-containing sulfin-
amides obtained could be further transformed
into chiral 2,4-trans-disubstituted 3,3-difluoro-
pyrrolidines through an intramolecular radical
cyclization methodology [41].
o-monofluoromethyl amines have been
extensively used as important building blocks
in the design of many anticholinergic, anti-
emetric, antispastic drugs and enzyme inhibi-
tors, given the fact that the fluorine atom lowers
the basicity of amine functionality, decreases
acute toxicity and increases the metabolic
stability of a target drug [42.43]. The unprec-
edented nucleophilic monofluoromethylation
of N-(tert-butylsulfinyl)imines using fluoro-
methyl phenyl sulfone was shown to be a highly
stereoselective and convenient method for the
synthesis of enantiopure oi-monofluoromethyl
amines (TaeLe 14) 44]. The same methodology
could also be used to synthesize homochiral
o-monofluoromethylated cyclic secondary
amine 32 by using tosylate-bearing N-tert-
butylsulfinylimine 31 (Ficure 3) [44].
PhSO,CF,H and PhSO,CH,F were robust
nucleophilic di- and mono-fluoromethylating
agents, the application of which was extended
to the highly diastereoselective synthesis of
homochiral o-difluoromethylated and ¢t-mono-
fluoromethylated vicinal ethylenediamines
through direct nucleophilic di- and mono-
fluoromethylation of o-amino N-fert-butyl-
sulfinimines 20 (TasLes 15 & 16) [45]. The excellent
diastereoselectivity observed in the fluoroalkyl-
ation of imines 20 derived from the correspond-
ing (§)-amino aldehyde indicated that both the
tert-butylsulfinyl group and the dibenzylamino
group induced the nucleophilic addition from
the Re face of imines and the stereochemistry of
the reactions was nonchelation controlled. The
difluoromethylation of imine 20 derived from
(R)-amino aldehyde gave the desired product
with 95:5 diastereomeric ratio, which suggests
that the tert-butylsulfinyl group (instead of
the dibenzylamino group) dominated the ste-
reochemical outcome of the addition products.
Interestingly, moderate stereoselectivies (1.5:1 to
3.3:1) were observed in the case of monofluoro-
methylation of imines 20 during the formation
of another neighboring stereogenic center (the
fluorine-bearing carbon) (TasLes 15 & 16) [45].

future science group
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(@)
v
.S
NI 7< R,M, toluene HN 7<
Fh/\)\H R1/\/LR2
F F
16

(Ss, S)-14

(Ss, R)-14

Yield (%) dr

Substrate 16 R,M T(°C) Time (h) Additive
0 PhMgBr 30 2 95
N/Sj< PhLi 78 3 95
| MeMgBr 0 0.75 AlMe, 82
N H MelLi 78 5 %
MeO F i-PrMgCl 0 07 60
i-PrLi 78 1 98
i-BuMgBr 0 0.7 27
BnMgCl 0 1 94
AllyMgBr 0 1 82
VinyIMgBr 0 0.5 95
0 PhMgBr 0 1.5 90
N,s\’< PhLi 78 12 83
| MeMgBr 0 2.5 AlMe, 84
TBDPSOW)\H -PMgCl 0 0.75 41
F i-PrLi 78 1 91
i-BuMgBr 0 0.5 36
BnMgCl 0 15 90
AllyMgBr 0 0.75 91
VinyIMgBr 0 0.75 98
Data from [30].
H
R%&“N
i o o
( ///

©=——CF,

Figure 6. Different transition-state models.
Data from [47).

F.C

o\\% OQ)L

|
TMSCF, ( Beq
TMAF (6 eq)
\\CF

HN

O/s » o/s "

Figure 7. Synthesis of bistrifluoromethylated diamine (42).

Data from [48].
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10:90
67:33
6:94
45:55
30:70
60:40
30:70
30:70
4:96
33:67
14:86
65:35
10:90
49:51
67:33
30:70
43:57
8:92
35:65
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Table 8. Nucleophilic trifluoromethylation of sulfinylimines 17.

2\ )H\ TMSCF3, TBAT g\ /?\Fa HoimeoH e

N” "R 2/ NT R Cl HN" R

17 18 19
R Yield (%) dr
Ph 80 97:3
4-BrC H, 90 >99:1
4-CICH, 95 >99:1
4-CF,CH, 84 95:5
2-pyridyl 95 99:1
3-pyridyl 92 99:1
2-furyl 85 97:3
2-naphthyl 83 96:4
9-anthryl 90 99:1
Cyclohexyl 88 99:1
t-Bu 75 99:1
CH,CH,Ph 84 90:10

Data from [31].

Table 9. Nucleophilic trifluoromethylation of a-amino N-tert-butylsulfinimines 20.

0 CFs
5. /)ﬁ’Nan TMSCF3, TMAF >( /YNBng
>r 20 R
Product 21 Yield (%) dr
CF3 86 >99:1
NBn2
>( N
C_} 85 >99:1
~_NB
>‘/ N N2
(_; 81 >99:1
s\ ~_NBn,
H CH,Ph
O CFs 60 >80:20
S. 2 ‘\\NBn2
'
CHzPh
0 CF 66 >99:1
S. ~_NBn,
>( N
CH(CHs),
c_; 71 >99:1
2 NBn2
>( N
CH,CH(CHg),
79 >99:1

X'm

Data from [32].
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Table 10. Nucleophilic trifluoromethylation of o,B-unsaturated N-tert-butylsulfinimines 22.

O CF; R'

C‘) i R TMSCF !
3
>rS\N/)\%\H3 >(S\N/\2\R3
1
2 R

TBAT or TMAF H R
23

Product 23 Yield (%) dr
Q CF H 55 90:10*

(? C?2F3 H 73 >99:1"
0 9F3 H 76 92:8"
0 9F3 H 50 98:2"
Q (?'JF3 Ph 62 >99:1"

(‘) CF3 Ph 82 90:10*
>‘/S\H = H
(CH2)4CH3
Q CF3 Ph 75 92:8F
S A~
TN H
(CH2)sCH3
(? CF3 Ph 62 93:7*
S. -
Ph
“TBAT as the fluoride source.

*TMAF as the fluoride source.
Data from [33].

Table 11. Diastereoselective addition of 24 to chiral sulfinimines 17.
Brzn.__CO,Et

? M 24 ¢ 89
>(S\N/ R FF XS\NYJ\OB
THF H FF

25
Substrate Product Yield (%) dr
R = i-C,H, (17a) 25a 51 81:19
R =n-C,H, (17b) 25b 55 80:20
R =Ph (17¢) 25c 82 90:10
R=cCH, (17d) 25d 81 87:13
R = 2-thiazolyl (17e) 25e 58 95:5
Data from [34].

fsg
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Table 12. Stereoselective (phenylsulfonyl)difluoromethylation of chiral sulfinylimines 17.

Q@ H LHMDS Q CRsOopPn  CFA
$. A+ PhsOCRH S A Cl N R
%/ N" R THF, -78°C %/ N" R ¥
H 99% ee
17 26 27
R Yield (%) dr
Ph 95 >99:1
4-MeOC6H4 96 >99:1
4-CIC6H4 95 >99:1
2-naphthyl 98 >99:1
2-furyl 90 >99:1
Et 95 >99:1
i-Pr 94 >99:1
t-Bu 85 >99:1

Data from [40].

Table 13. Stereoselective (phenylthio)difluoromethylation of sulfinylimines 17.

Q@ M Tmscr,sph, TBAT Q CFSPh S
S\N/)\F{ DMF, -40 to -20°C %/ SvR ll—)
%/ ’ H R °'N
17 28 29 ;
R Yield (%) dr
Ph 75 >99:1
4-MeOC6H4 85 >98:2
4-CIC6H4 89 >99:1
2-naphthyl 85 >98:2
2-furyl 72 >98:2
iPr 75 >99:1
cC6H11 74 >99:1
n-Pr 30 >99:1
t-Bu 71 >99:1
Y 58 299:1

NBn,

Data from [41].

Table 14. Facile synthesis of c-monofluoromethyl amines 30.

+
Q )H\ a) PhSO,CH,F, LHMDS, THF )N:'BC'
>(S\N/ R b) Na(Hg), Na,HPO,, MeOH FH,C R
c) HCI (dioxane), MeOH
17 30

R Yield (%) dr
Ph 77 99:1
4-MeOC.H, 76 99:1
4-CICH, 73 99:1
2-naphthyl 74 99:1
4-Me,NC,H, 75 98:2
2-furyl 71 99:1
t-Bu 73 99:1
i-Pr 70 99:1
n-Pr 70 99:1
CH,CHMe, 74 99:1

Data from [44].
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o o  CF,S0,Ph
B /S\N4\rNBn2 PhSOCFH - NBn,
! NaHMDS, THF tBu H/\r
R -78°C R
20 33
Product Yield (%) dr
O CF,S0,Ph 80 >99:1
| H
tBu/S\N /\rNan
H
CH,Ph
0 CF,SO,Ph 83 >99:1
By .S N /-ﬁ’NBnZ
CH,CH(CH,),
O  CFSOPh 74 >99:1
’Bu/S\N NBn,
CH(CH,),
O  CF,S0,Ph 85 95:5
| -
’Bu/S\N ‘\\NBn2
H CH,Ph
O  CFSOPh 73 >99:1
'Bu/S N /'\rNBn2
Ho ey
0 CF,SO,Ph 83 >99:1
’Bu/S\N - NBn,
CH(CH,)CH,CH,
O  CFSOPh 95 >99:1
S. _~_ ,NBn
Bu” N /\( 2
H CH,

Data from [45].

Although the stereoselective fluoroalkylations
of N-tert-butylsulfinyl aldimines have been suc-
cessfully accomplished to afford chiral o--fluoroal-
kyl amines (as mentioned above), the efficientand
stereoselective synthesis of o-fluoroalkyl tertiary
carbinamines by nucleophilic fluoroalkylation
of ketimines is more difficult. The first highly
diastereoselective synthesis of a,0-dibranched
monofluoromethyl amines was achieved by Hu
and co-workers via monofluoromethylation of
N-tert-butylsulfinyl ketimines using the pre-
generated fluoro(phenylsulfonyl)methyl anion
(Ficure 4) [46]. The pregeneration of PhSO,CHF
anion from the PhSO,CH,F and a base played
a key role in the reaction, and the thermal sta-
bility, good nucleophilicity and relatively weak

fsg

future science group

basicity of the PhSO,CHF- anion accounted for
the overall chemical outcome of the reaction.
The stereocontrol mode of the current diastereo-
selective monofluoromethylation of ketimines
was opposite to the other known nucleophilic
fluoroalkylation of N-tert-butylsulfinyl aldimines
(Ficure 5A), which suggests that a cyclic six-mem-
bered (closed) transition state is involved in the
reaction (FiGURE 5B) [46].
N-tert-butylsulfinimines were also subjected
to the 1,2-additions of trifluoromethylacetylide
(prepared from lithium diisopropylamide [LDA]
and the 2-bromo-3,3,3-trifluoropropene, i situ)
to give homochiral trifluoromethylated propar-
gylamines [47]. In the case of N-tert-butylsulfinyl
aldimines (TaeLe 17), the diastereoselectivity

www.future-science.com
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Table 16. Monofluoromethylation of o-amino N-tert- The electron-withdrawing trifluoromethyl group
butylsulfinimines 20. greatly reduces the donating ability of the electron

lone pairs on the nitrogen atoms, thus decreas-

CFHSO,Ph . .. . . .
Q PhSO,CH,F Q = > ing the basicity of the amine and increasing the
S PN BN A8 o B idity of th di ium sal
tBu N /\r NaHMDS, THE  tBu N /\r acidity of the corresponding ammonium salts.
R -78°C H g
20 34 Future perspective
Product Yield (%) dr Isomeric Significant progress has been made in the deve!—
ratio opment of stereocontrolled synthesis of fluori-
nated chiral amines, the majority of which have
(e} CHFSO,Ph 99 >99:1 1.5:1 . . e .
i = 2 been accomplished based on chiral auxiliaries,
’Bu/S\N NBn, especially on Ellman’s N-tert-butylsulfinyl
H CH,Ph imi'nes. These synt.hetic methodologies provide
a simple and efficient way to get access to a
CI) (:)HFSOZPh 97 >99:1 2.2:1 variety of structurally diverse fluorinated chiral
_S. -~ NBn amines, which are highly useful for developments
zB u N /\r 2 . - . .
in medicinal chemistry. As discussed above,
CH,CH(CH,) fluorinated chiral amines have been designed as
o) CHFSO,Ph 87 >99:1 3.3 potential peptidomimetics (TasLE 6) [29], tl‘ipep-
é E NBn tides [34] and 2-oxa-1-imidazolidinyl derivatives
Bu” N 2 (32], among others [1-8]. It should be noted thar,
H CH(CH,), although catalytic enantioselective monofluoro-
methylation of in situ-generated imines (from
Data from [45].

o-amido sulfones) under the combination of
could be tuned by the use of a polar or nonpolar  fluorobis(phenylsulfonyl)methane chemistry
solvent (Fiure 6); while the addition of trifluoro- ~ with a Mannich-type reaction was recently
methylacetylide to IV-tert-butylsulfinyl ketimines  reported [49], the enantioselective synthesis of
and the subsequent significant improvement of  tri- and di-fluoromethylated chiral amines via
the diastereoselectivity was achieved through the  nucleophilic fluoroalkylation still remains a
use of AlMe, as an adductive (Taece 18) [47]. challenging task. Considerable attention should
The bis(trifluoromethylation) of imine 40 be focused on the organocatalytic or metallo-
with TMSCF, (using TMAF as initiator) was  catalytic enantioselective synthesis of fluorinated
also found to be successful, and both trifluoro-  chiral amines in the coming years.
methyl groups were added to the S7 face of the
imine E-bonds, giving (S,S5)-N,N-(IR,IR')- Acknowledgements
1,1"-(anthracene-9,10-diyl)-bis(2,2,2-trifluoro-  The authors would like to thank the National Natural
ethane-1,1-diyl)-bis(2-methylpropane-2-sul-  Science Foundation of China (20825209, 20832008,
finamide) (41) as a single isomer (FIGure 7) [48].  20772144) and the Chinese Academy of Sciences
Hydrolysis of 41 followed by neutralization  (Hundreds-Talent Program and Knowledge Innovation
afforded bis(trifluoromethylated) diamine 42.  Program) for their financial support of this work.

Table 17. 1,2-addition of lithium trifluoromethylacetylide to aldimines 17.

H R R _H
S ] u—=—cF o e s e

>‘/ N R solvent H 8 H 8

17 37 38
R In toluene In THF

Yield (%) dr (37/38) Yield (%) dr (37/38)

Et 79 86:14 69 7:93
iPr 85 87:13 72 8:92
Pr 76 91:9 67 6:94
iBu 85 99:1 76 11:89
Data from [47].
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Table 18. 1,2-Addition of lithium trifluoromethylacetylide to

ketimines 35.

Li ———

CF

3

Me Al, toluene

R Yield (%)
iPr 88
iBu 83
Et 69
Ph 31

Data from [47].

39

dr
94:6
93:7
>99:1
>99:1

Executive summary

by two major strategies.

= The stereoselective synthesis of fluorinated chiral amines based on the use of Ellman’s N-tert-butylsulfinyl imines has been accomplished

= One is the stereoselective addition or asymmetric reduction of fluorinated tert-butylsulfinimines and their derivatives. The unstability of
fluorinated tert-butylsulfinimines limits the scope of their applications.
= The other strategy is the asymmetric addition of fluorinated reagents to tert-butylsulfinyl imines, the development of which is lacking
new efficent and atom-economic fluorinated reagents.
= These highly useful synthetic methodologies provide powerful tools for the synthesis of optically pure fluorinated amines, amino acids
and peptides, and promise to find many applications in the future for medicinal chemistry.
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For reprint orders, please contact reprints@future-science.com CORRIGENDUM

Following the publication of the Mini-Review by Jinbo Hu et al. ‘Synthesis of fluorinated chiral amines using N-tert-butylsulfinyl imines,
published in the August 2009 issue of Future Medicinal Chemistry (Future Med. Chem. 1[5], 875—-888 [2009]), it has been brought to our
attention that:

e The footnote of Table | was incorrectly printed as: TMSCN: Trimethyl cyanide. Data from [15]. This should have read:
TMSCN: Trimethylsilyl cyanide. Data from [21].

e Asentence on page 877 was incorrectly printed as:

“Chiral allylic primary amines 15 are potential dipeptide mimics, and their synthesis has been achieved through the efficient
asymmetric reductive amination of fluoroenones 13 (FiGure 2) [29].”
This should have read:
“Chiral allylic primary amines 15 are potential dipeptide mimics, and their synthesis has been achieved through the efficient
asymmetric reductive amination of fluoroenones 13 (TasLe 6) [29].”

e Table 3 was incorrectly printed as:

Table 3. Diastereoselective 1,2-addition of aryllithium reagents to imine 5.

,(é) j)\H Molecular sieves (é) RLi B (é)
HoN j<+ FsC~ “OH Toluene FaC N j< THF, -78°C Fsc/\H/ \’/\

5 7
Entry RLi Product 7 Yield (%) dr
1 RLi Ta 66 98:2
2 PhLi® 7a 42 98:2
3 PhLi* Ta 58 96:4
4 4-MeOPhLI 7b 55 97:3
5 4-MeSPhLi Tc 53 98:2
6 4-FPhLi 7d 50 100:1
7 3,5-diFPhLi® Te 36 83:17
8 2-MePhLi 7f 40 99:1
9 Pyridin-2-yllithium g 15 98:2
*2.5 equiv of PhLi was used.
*1.1 equiv of PhLi was used.
$Precomplexation of imine with AlMe, at 0°C, added to PhLi solution at -78°C. Unoptimized conditions.
Data from [23].

This should have read:

Table 3. Diastereoselective 1,2-addition of aryllithium reagents to imine 5.

/2 i‘ Molecular sieves (é) RLi B (s"),
HzN j<+ FsC” “OH Toluene FaC SN” W< THF, -78°C F3C/\H’ \’4
5 7
Entry RLi Product 7 Yield (%) dr
1 PhLI* 7a 66 98:2
2 PhLi* 7a 42 98:2
3 PhLi® 7a 58 96:4
4 4-MeOPhLi 7b 55 97:3
5 4-MeSPhLi 7c 53 98:2
6 4-FPhLi 7d 50 100:1
7 3,5-diFPhLi" 7e 36 83:17
8 2-MePhlLi 7f 40 99:1
9 Pyridin-2-yllithium 7g 15 98:2
“2.5 equiv of PhLi was used.
1.1 equiv of PhLi was used.
$Precomplexation of imine with AlMe, at 0°C, added to PhLi solution at -78°C.
TUnoptimized conditions.
Data from [23].
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CORRIGENDUM

* Table 4 row 10 was incorrectly printed as:

Table 4. Rhodium-catalyzed diastereoselective 1,2-addition of

arylboronic acids to imine 5.

o] ArB(OH), 0
>(S\N| [Rh(cod)(OH),] >(S\NH Acidic methanolysis IEIHQ'HCI
X PN
kCFs EtsN, CH20|2 Ar/\CFa Ar CF3
5 0°C,18 h 8 9
Entry ArB(OH), Yield 8 (%) de Yield 9 (%)

10 /©/B(OH)2 66 85 86
H3COC

Data from [27].

This should have read:

Table 4. Rhodium-catalyzed diastereoselective 1,2-addition of

arylboronic acids to imine 5.

0 ArB(OH), ©
>(S\N| [Rh(cod)(OH).] >(S\NH Acidic methanolysis NHzHCI
=4 /\
kCFs EtsN, CH20|2 Ar/\CF3 Ar CF3
5 0°C,18h 8 9
Entry ArB(OH), Yield 8 (%) de Yield 9 (%)

10 /©/B(OH)2 66 85 67
H3COC

Data from [27].

* Table 5 row 10 was incorrectly printed as:

Table 5. Diastereoselective reduction of 10 with DIBAL-H and

1-selectride.

R DIBAL-H -selectride
11 yield (%) (dr) 12 yield (%) (dr)
93 (> 96:4) 81 (95:5)

Data from [21].

This should have read:

Table 5. Diastereoselective reduction of 10 with DIBAL-H and

1-selectride.
R DIBAL-H -selectride

11 yield (%) (dr) 12 yield (%) (dr)
CH,C=C 93 (> 96:4) 81 (95:5)

Data from [28].

* The footnote of Figure 4 should have read: “Figure 4. Diastereoselective monofluoromethylation of ketimines (35). Condition A:
n-BuLi used as a base; condition B: KHMDS used as a base. "Determined by '?F NMR using PhCF, as internal standard. Data from [46].”
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CORRIGENDUM

* A sentence on page 885-886 was incorrectly printed as:

“In the case of N-tert-butylsulfinyl aldimines, the diastereoselectivity could be tuned by the use of a polar or nonpolar solvent
(FiGures 6 & 7); while the addition of trifluoromethylacetylide to N-zert-butylsulfinyl ketimines and the subsequent significant improve-
ment of the diastereoselectivity was achieved through the use of AlMe3 as an adductive (TasLe 18) [47].”

This should have read:

“In the case of N-tert-butylsulfinyl aldimines (TasLe 17), the diastereoselectivity could be tuned by the use of a polar or nonpolar
solvent (Ficure 6); while the addition of trifluoromethylacetylide to N-tert-butylsulfinyl ketimines and the subsequent significant
improvement of the diastereoselectivity was achieved through the use of AlMea as an adductive (TasLe 18) [47].”

* Table I3 was incorrectly printed. It should have read:

Table 13. Stereoselective (phenylthio)difluoromethylation of sulfinylimines 17.

Q@ M Tumscr,spn, TBAT § COFeSPh F e

S‘N/)\R DMF, -40 to -20°C >( Sy SR T b
> , y Ay

17 28 29

R Yield (%) dr
Ph 75 >99:1
4-MeOC6H4 85 >98:2
4-CICeH4 89 >99:1
2-naphthyl 85 >98:2
2-furyl 72 >98:2
iPr 75 >99:1
c-C6H11 74 >99:1
n-Pr 30 >99:1
t-Bu 71 >99:1
mnz 58 >99:1
Data from [41].

The authors and editors of Future Medicinal Chemistry would like to sincerely apologize for any inconvenience or confusion this may have
caused our readers.
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