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Content - Precisions
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Only enantioselective transformation

Only formation of quaternary carbon atoms

Only fluorination methods

Only electrophilic N-F fluorinating agents

Only achievements during the last 10 years will be discussed




Introduction — fluorine-containing compounds

New methods for preparation of fluorine-containing compounds are in extremely high demand in nearly every sector of chemical industry:

Solar cells industry;
Fluoro-containing markers for biological studies by NMR;

Agrochemical industry - about half of newly developed pesticides contain some type of fluorination;
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F
Fludrocortisone Fluticasone propionate Sofosbuvir
treatment of asthma HCV antiviral

Due to the fact that F is slightly larger and hydrophobic than H, its extreme electronegativity and

that F can be H-bond acceptor, introduction of C-F to replace C-H influence the properties of the drug and
can lead to modification of :

* Molecular conformation;

* Polarity;

* Acid-base properties;

* Electronic interactions.
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O
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19F magnetic resonance imaging (MRI), a superior alternative to the current diagnostic procedures using harmful ionizing radiation;

Pharmaceutical industry - fluorine is found in more than half of most-prescribed multibillion-dollar pharmaceuticals

Solithromycin
antibacterial

9

F

fluorine
18.988

4 potency
¥ PK,
b permeability
{ clearance

conformational
constraint

PET

Meanwell, N.A. J. Med. Chem. 2015, 58, 8315-8359



Introduction — fluorine-containing compounds

Fluorine and Drug Design

[A] Ezetimibe (Cholesterol lowering)

@ 0. Ring (F Oxidation Blocked
Demethylation Qopening
“— O B

(N Pheny! Oxidation N

P =

Oxidation Blocked

Demethylation

(h\/@.o Benzylic Oxidation HO
HO
SCH 48461 Ezetimibe-SCH 58235
moderate cholesterol absorption inhibitor 50 times more potent than SCH 48461
(EDgq = 2.2 mg/Kg/day) (EDgq = 0.04 mg/Kg/day)

Due to the fact that F is slightly larger and hydrophobic than H, its ext

that F can be H-bond acceptor, introduction of C-F to replace C-H infl [B] 5HT,, antagonists

can lead to modification of : pKa 10.4

* Molecular conformation; UNH

* Polarity; =

* Acid-base properties; N .- i SO

* EIeCtronIC InteraCtlons Bioavailability (F) Poor F% F=18 Hioged F =80%
(K= 0.99 nM) (Ki= 0.43 nM) (K= 0.06 nM)

Meanwell, N.A. J. Med. Chem. 2015, 58, 8315-8359



Introduction — fluorinating reagents

Three major factors prohibit chemical and biological evolution of fluorine:

1. the three richest natural sources of fluorine, the minerals fluorospar (CaF2), fluorapatite (Cas(PO4)3F), and cryolite (Na3AlIFs) are water-insoluble;

2. high oxidation potential of fluorine (-3.06 V);
3. high hydration energy of fluorine (117 kcal/mol) renders fluoride a very poor nucleophile in an aqueous/biological environment.

Manufacture Discovery
[
CH,CI
N®
DABCO [{)j R
N'g
,1_ Selectfluor™
electrolysis Pyridine ~
- F 4 ! BF, °
P
N'a
FLUORSPAR ||:
c. H-S0 AcOH
2504 > AcOF
Et,NTMS /\NfSFS
SCly, Cl
SFy, — DAST
(CH3OCH,CHo),NTMS
PRS0~ SFs
o)
cations
KF, BuyNF Deoxofluor ™
amines HF.pyridine
Et;N.3HF

Electrophilic
Fluorinating
agents

Nucleophilic
Fluorinating
agents

Sanford, G. Green Chem. 2015, 17, 2081-2086



Introduction — Electrophilic N-F fluorinating reagents

Shelf-stable electrophilic fluorinating reagents
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In 2016, the first systematic quantum mechanical calculation of fluorinating strength of N T
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Achievements before 2011

Stochiometric reactions

Cinchona alkaloids

OSiMe;  A: DHQB/Selectfluor

combinations
(s

B: F-poly[Og-(4-vinyl-
benzoate)-DHQN]

SiMe3
DHQB/Selectfluor
combinations

Many of the most effective published enantioselective fluorination protocols require formation of a
nucleophilic chiral enolate equivalent/activated starting materials.
The catalytic generation of a chiral electrophile has proven quite challenging; usually a stoichiometric

F
~=Bn

A: 86%, 91% ee
B: 98%, 85% ee

n=1:>95%, 96% ee
n=2:>95%, 83% ee

OMe

F-poly[Og-(4-vinyl-
benzoate)-DHQN]

amount of chiral promoter is necessary to suppress the racemic background reaction

Catalytic reactions (first approaches)

Metal Catalysed, Togni, 2000

o o Selectfluor

TiClo(TADDOLato) (5 mol%)
R OEt g
J\HJ\ CH3CN, rt

Enamine catalysis, Jorgensen, 2005

Ph-3,5-(CF3),

N
o H Ph-3,5-(CF3),
(5 mol%)
H -
Ph NFSI (1.5 equiv)

toluene, 60 °C

Tertiary amine catalysts, Shibata, 2006

1
OCOR Selectfluor (1.2 equiv)

DHQB (0.1 equiv)
e ~

DCM (0.05M), rt, 1-3 days

R'= Me, Et, i-Pr, n-pent, Ph, CH,CI, OEt, CF4
R2 = Bn, Me, Et, p-MeOCgH,CH,, p-CICgH,CH,

O O
RMOEt
S F
6 examples
ee 66-90%
OH
£ NaBH, E
H _ Y H
Ph MeOH, rt Ph
78% vyield
48% ee

0]
F
“~=Bn

17% to 96% vyield
3% to 54% ee

OMeCI

Shibata, N. JACS 2000, 122, 10728-10729; Cahard, D. Synlett 2004, 0856-0860; Gouverneur, V. ACIE 2003, 42, 3291-3294; Togni, A. ACIE 2000, 39, 4359-4362; Jorgensen, K.A. ACIE, 2005,

44, 3703-3706; Shibata, N. J. Fluorine Chem. 2006, 127, 548-551
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Cinchona alkaloids

1. Fluorocyclization of indoles — 1t example of enantioselective fluorocyclization

(DHQ),PHAL (20 mol%)

R XH NFSI R R
\ K2003 _ X
N Acetone, -78 °C N H

i:{Z \RZ MeO
23 examples
X =0, NHTs, NHCOOMe 33-95% yield
52-84% ee

. . . X-ray structure
2. Fluorocyclization of prochiral polyenes

Racemic reaction R1 Asymmetric reaction
Fluorinating agent A 2 Chiral Selectfluor
NaHCO, O‘ X NaHCO,
MeNO,, 40 °C, 1h Dioxane, rt, 1h
R
X =CHj, NTs, NMs, NCs o A\l/@ 5 examples
15 examples N@7 68—99"/2 yield
52-99% yield | X F 19-73% ee
ﬁ/ Ph 20Tf
NEC) N N
F  OTf ew type of fluorinating agent

Fluorinating agent A

Syn — diastereoisomers — confirmed by NMR

Gouverneur, V. ACIE. 2011, 50, 8105-8109; ACIE. 2013, 52, 9796-9800



Primary Amine Catalysis

1. a-Fluorinations of Branched Aldehydes

Before 2015 — 2 examples with moderate yields and ee

0 (o]

HJ\r R X - HJ‘*}:
RSN or R*NH; R

R N R

R MN,E{KL 34 HNH R '-..PI
R R — R —
H)*“‘r H)%”]’ H)\(
R R
from 1° amine

RS NH
R
H)ﬁ’
Ri

Secondary amines are ineffective catalysts due to the
steric hindrance and primary amines suffers from the
formation of E and Z isomers.

R
from 2° amine

Jacobsen, 2015

Primary amine (20 mol%)

NFSI (1.0 equiv)
(0] TFA (20 mol%)

)J\(Fy NaHCO; (1.0 equiv)
H

Ar THF, rt, 4h

)k(

_ NaBH,

MeOH

OH

14 examples

o
Ar

Ph O Q
1 NS

NH
Ph 2

Primary amine

74-99 % yield
48-82% ee

Substituted arylpropionaldehyde derivatives undergo a-fluorination with consistent results.
a,a- dialkyl branched aldehydes afforded products with significantly lower ee.

!
Me™ -
11a @

E-11a (major) |

\ A/
A {
\{ -
way ) ,L
’|\ \l.’tzqy\ (
N\ \ ,(

Z-11a (minor)
+1.28 kcal mol™

X

The stereochemical analysis raises the possibility that enantioselectivity is dictated primarily
by the E/Z ratio of the enamine intermediates.

Jacobsen, E.N. Org.Lett 2015, 17, 2772-2775
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Primary Amine Catalysis

2. a-Fluorinations of Branched Aldehydes

lwasa
0] Primary amine (10 mol%) o OH
1 NFSI
WIS R S N LGP,
E VIF
R2 Toluene, rt, 4h R2 MeOH R2
3
NaOR. 15 examples
(5 equiv) 24-97% yield
R30H,60 °C 84-95% ee
OR® Primary amine
3 )\ﬁw
R0 OH
R2

Stereospecific process

Various a-alkyl-a-aryl aldehydes were successfully fluorinated to afford the corresponding a-fluoroaldehydes in
high yields with high ee. The reaction with a,a-dialkyl aldehydes yielded the products with worse results.

N N F
97% yield 24% yield 59% yield
92% ee 83% ee 14% ee

Iwasa, S. Chem.Sci. 2016, 7, 1388-1392



Primary Amine Catalysis

3. a-Fluorinations of acyclic ketones

|. Lewis-acid-catalyzed a metric fluorination of clic p-ketoesters ¥
¥z gym acy
LA*
o a]
) N () (e AN
RI# g DR3 B ___.-‘J“:""-\. .-Jh"‘w-.. Ft-| ¥ DR}
Rz
LA* = chiral Lewis acid
# Only when Ry =t-Bu, with high ee

Primary amine (20 mol%)

Primary amine (20 mol%)

0O O 2,4-(NO2),PhCO,H (20 mol%) o) 3,4-(NO,),PhCO,H (20 mol%) O O
u B NFSI Fluorinating agent A
R3 ¥ “XR! R3MXR1 ~R¥ 7 OXR!
R2 F CHCIj, rt, 24-36h CH3OH, rt, 24-36h F R?
25 examples X=0,NH 25 examples
55-99% yield _nPr | 20-95% yield
48-94% ee ” OF 74-94% ee
NH, N"
F OTf

Primary amine

Fluorinating agent A

88% yield
92% ee

99% yield
53% ee

95% yield
62% ee

B-ketoesters — 18 examples, high yields and ee
1,3-dicarbonyls — 1 example, good reactivity, moderate ee
B-ketoamides — 7 examples, good yields and good to moderate ee

(a) Proposed transition states

I: H-bonding Mode

?;'

H-ﬂ

N H
--"‘ D ,. !
l /‘;3'--@

F‘h

R-selective
H-bonding guided Re-facial attack

Il: Electrostatic repulsion Mode

J\@ :
\g

S-selective
Electrostatic repulsion pushed Si-facial attack

Luo, S. Chem.Sci. 2017, 8, 621-626
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Anionic Phase-Transfer Catalysis

The use of chiral cation salts as phase-transfer catalysts for AJ@_CI
anionic reagents has enabled a vast set of enantioselective NaHCO //N@7
transformations. 3 2*<O\Pio@ F ©
0" "O Na 2BF4  salt methathesis
2NaBF,
To overcome the problem of background reaction of electrophilic Na,CO;

fluorinating agent and starting material — Toste decided to keep low

: - o : : ,—Cl
the concentration of electrophilic fluorine in organic solution by o. o «—O. O NO® 0w _O—u
*, N N2 N
applying anionic phase —transfer catalysis (O/P\OH (o/P\o@ éN@ @o/P\OD

chiral ion pair

Soluble in the nonpolar solvents

1. Lipophilic backbone phase —transfer catalyst
2. Bulky, chiral phosphonic acid
3. Selectfluor is not soluble in nonpolar solvents

electrophilic
DP fluorination SM

Toste, F.D. Science 2011, 334, 1681-1684 14



Anionic Phase-Transfer Catalysis

1. Fluorocyclization of olefins

Z Phophoric acid (10 mol%) Br
TR Selectfluor (1.5 equiv)

Q\O/ X Na,COj (1.25 equiv) X
[.’ NH CeHsF/hexane (1/1), rt, 24h [ N
] ] 1

~_ -

Phophoric acid (10 mol%)
Selectfluor (1.5 equiv)

‘ O Na,COj (1.25 equiv) WF

o) — - o

' B
7\ JR O NH CgHsF/hexane (1/1), rt, 24h %@’ '
N

67-95% yield
>20:1 dr, 79-96% ee

Z

100

X 90 74
R o Phophoric acid (10 mgl%) R 80 //
Selectfluor (1.1 equiv) F. //
A Na,COs (1.1 equiv) A 0 70
2L0U3 (1. _ | 'g 6 //‘
S CeHsF/hexane (1/1), rt, 24h s N 3. - - 0008 + 0.5505%
S § . / /' RZ=0.99707
Selectfluor R = CH,CH,0TBS, X =Cl: 59% yield, 15:1 dr, 89% ee = 30 /?’/
(1.1 equiv) R = CHj, X =Br: 69% yield, >20:1 dr, 90% ee 20
MeCN i
10
complex mixture 0
0 20 40 60 80 100

% ee catalyst

A nonlinear effect was observed, supporting a pathway in which both BF,
anions are exchanged for chiral phosphates before the reaction with substrate.

Phosphoric acid

Toste, F.D. Science 2011, 334, 1681-1684 15



Anionic Phase-Transfer Catalysis

2. Fluorination of Enamides

_# Enantioselective fluorination of ketones and aldehydes
Asymmetric synthesis of B-fluoroamine

N Desymmetrization of fluoro-containing compounds

Entry Substrate 1 Ry R> Product % yield 22  %ee 2"
Phosphoric acid (5 mol%)
NBz Selectfluor NBz 1 NHBz H Me 2d 88 9%
T\ , Na,CO, B F 2d / R, H Allyl 2e 80 96
RS T R PTG S R2 R= | 2 99
S Tol i, 2 d Soy - ° N " o . ;
oluene, rt, 2 days S n 4¢ 6-OMe Me 2g 94 92
5 H Me 2h 66 96
Phosphoric acid gdf H Ph 2 79 90
7 Bn 2j 84 98
NHBz
8 = 5-OMe Bn 2k 68 96
99 Ri | Rz 5-F Bn 21 75 94
109 5-Cl Bn 2m 85 93
11 H (3-OMe)Bn 2n 83 98
1. anion pair with the NHBz NHBz

Selectfluor reagent Ph Ph

12h - “F 20 58 87

2. activating the enamide

disfavored through hydrogen bonding

Toste, F.D. JACS 2012, 134, 8376-8379
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Anionic Phase-Transfer Catalysis

3. Dearomatization of phenols (b) e
O-H
Direct asymmetric dearomatization through discrimination between the enantiotopic faces of the arene ::\I 118 I:ff
R O/ 7
v
OH Phosphoric acid (5 mol%) QP
R' Selectfluor m /Z ._;* |
Na,COs /=1 Qe .e,:;’““/ﬁ,‘i’_ﬂ‘q~
. I P | N
R R Toluene, rt, 2 days | s IE}-"’ \____.—\-’E] Cl
R3 | o
18 examples B
28-81% yield
79-97% ee Interaction of non-symmetrical phenaol
. . . i . . with catalyst may allow face-selective
4. Aminofluorination: 1,4-Addition to Conjugated Dienes fluorinative dearomatization
A
| —R
1 Phosphoric acid (5 mol%
Ry” = P Sel|ectfl|uc§r ) So Phosphoric acid
PR Na3PO4
nos N N~ ~O .
A H CF4-Ph, rt, 36h
R X X-ray structure
_ 65-97% yield
E-isomer >5.5:1dr
73-96% ee
Phosphoric acid (5 mol%)
Selectfluor
_ NagPO4 N =) Stepwise process
Z - isomer no reaction -
CF3-Ph, rt, 36h

A'3_strain in TS

Toste, F.D. JACS 2013, 135, 1268-1271; ACIE 2013, 52, 7724-7727



Anionic Phase-Transfer Catalysis

5. Fluorination of a-Branched Cyclohexanones Enabled by a Combination of Chiral Anion Phase-Transfer Catalysis and
Enamine Catalysis

cat.« Co 0 *Na

o]
J'\/H + /ff cat Rtz Jkra Phosphoric acid (5 mol%)
2BF, Non-polar wlvent O Amine catalyst (20 mol%) 0]

R Selectfluor WR
/%/’ RiNH; &/ Na,COs F
. X Toluene, rt, 2 days X
1-_

. ) . 17 examples
\ R namine R equiv 48-86% yield

R Catalysis Cycl R
atalysis Cycle I Excess 77_94% ee

Phosphoric acid

0 C o
e @?’l‘: N?C| _‘\.‘D _a‘@ O
o F F R
|n---~P-<--||0 - O/

MeQ
If RyNHy is \t a

rima = _f NH3 S}
a:nnoar:md R N’H[\\\ \l—l _ 3 ol
derhvalive AR 2i, with A12 2k, with A13 _ _
”1'““’9‘" Sond 31% (62%) yield, 32% (63%) yield, Amino acid catalyst
Chiral lon Pair / 89% ee 92% ee
(soluble) ﬂ/—CI Cl CU-L.. =

0.,.0
0..20 N~ o7 “‘o) :[N ocp‘“o

|
0 o) \( 0 ~ 0 //nBu
oo F @ | “F F
F F
2 NaBF L7 o5 Na,CO;

,_m 2n, with A13 20, with A12 2p, with A12 2q, with A12
SE'ET“,L';°r 26% (52%) yield, 35% (70%) yield, 43% (86%) yield, 39% (77%) yield,
(nsoluie) /"7 ° "5 NaHCO, 86% ee 85% ee 78% ee 77% ee

F 2BFs 2. Chiral Anion Phase-Transfer Catalysis Cycle

Toste, F.D. JACS 2014, 136, 5225-5228



Anionic Phase-Transfer Catalysis

6. Fluocyclization with dicarboxylic chiral acids

Enantioselective fluorocyclization of allylic amides

Ar?
o R— o) JQ
Ar ’," / — NJ\A 2 13 examples
H O~ R H r 48-87% yield
Cr’/ Dicarboxylic acid (10 mol%) 81-94% ee
|: 0,C Selectfluor
GDA N Na3PO4 _
o a2 PRl A
+a ?
Ar Clv \/ ‘\/ -...:‘7 )J\ O)QN 6 examples
17 2 .
, Ar /\ﬁ” Ar 1 44-80% yield
Phase-transfer activity Forming two ionic pairs between R Ar “F 86-99% ee
mono-anion < formal di-anion the designed catalyst and Selectfluor R >2.2:1dr

O O Mosher’s ester method
The designed catalysts are conformationally flexible, but the two-point ionic pairing OO O ~_© OO

of the catalyst with Selectfluor would form a well-defined chiral environment. ! i coo° “ooc l O

Dicarboxylic acid

Hamashima, Y. JACS 2018, 140, 2785-2788 19



Planar-chiral nucleophilic catalysis

1. a-Fluorination of Ketenes

F
O Planar-chiral nucleophilic catalyst (3 mol%) F F 0
“Cs_R CsF50-Na (1.0 equiv)
Y FN(SO,Ph), F o Ny
Ar 1.0 equiv THF, -78 °C £ R Ar

<N> 11 examples
P 86-98% vyield
=N 78-99% ee

Planar-chiral nucleophilic catalyst
(-)-PPY

-PPY* ®
+) N(SOPh), {7 5
Bn 4 2 3&9’@—@,
o=c — &Sy -
=<Ph THF ‘ N= (Q?
F
-78°C ozk,< G
FN(SO,Ph)» (MesCs)Fe N &
Ph Bn :
(+)-5 S :
95% yield e
N-acylated

intermediate

entry  Ar R ee (%) yield (%)P
1 Ph Et 99 98
2 Ph Me 98 92
3 Ph i-Bu 95 95
4 Ph Bn 78 96
5¢ Ph cyclopentyl 80 84
6  4-CICgH, Et 97 86
7 4-MeCgH, Et 97 92
8  4-(OMe)CeH, Et 97 91
9  3-MeCgH, Et 97 97
10 2-naphthyl Et 94 89
11 3-thiophenyl  i-Bu 98 94

NaN(SO,Ph), O

CgFs0O /LS(

+«_.R2 alvet O\C )
catalys = R
F R Y
H1
CGFEDNB
O

.:)

o
© @, JJ\;( R? @
N(SO,Ph), catalyst . cat aly;t* )%I/ R2
3 2 R

=

FN(SO,Ph),

Fu, G.C. JACS 2014, 136, 8899-8902

20



Transition-metal catalyzed transformations

1. Dyotropic rearrengement with Pd(IV)

ArB(OH), (2 equiv)

Pd(AdCO,),
ligand
Selectfluor
Nach3 Ar
[><CONHR AdCOOH \E>/F
R’ DCE, 50 C, Ar / “CONHR
R
F 26 examples
F 27-72% yield
F | N 74-95% ee
Z 0]
N" i Ph
N
Ph
Ligand
0
MeO MeO MeO
F O F F F
/" “CONHPh “CONHPh /" “CONHPh /" “CONHPh
Ph <i;> Me OMe
o]
70% yield 51% yield 27% yield 26% yield
92% ee 89% ee 95% ee 80% ee

Ar

d ,—Cl F
D<CONHR N= PdX,
+ ArBH(OH), + 2B~ —>
R [J\‘\ *  chiral ligand 7 CONHR
1 3 2

ArPd''X l Step 1 Step 5

HPdX

(1) the B-hydride elimination of intermediates A and B to alkene 5;
(2) the premature oxidation of Pd(ii) intermediate A;
(3) C(sp3)-F reductive elimination of Pd(iv) species C (isolated).

The whole catalytic process would create three stereocentres including
one quaternary C—F bond from a prochiral substrate, the whole sequence

would be diastereoselective if the initial carbopalladation be effectively directed.

Zhu, J. Nat.Chem. 2021, 13, 671-676
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Transition-metal catalyzed transformations

. . . . . 0 PA(MeCN),(BF ), (10%), [F*] (2.25 equiv) ~0
2. Transient directing group arylfluorination ArB(OH), (467 equiv). AP (1.0 equiv) _ F
\ TDG (50 mol%), H,O (3.0 equiv) 2\
R DCM/MeCN (2:1), Ny, 35 °C, 16 h A TSR

ArB(OH), (4.67 equiv)
0 Pd(MeCN)4((BF4), (10 mol%)
I Fluorinating agent (2.25 equiv)
N TDG (50 mol%)

Design of
experiments (DoE)

DCM/MeCN, N,, 35 C

- Potential oxidation of aldehyde;
Homocoupling of boronic acid;
- Interactions of F(+) with TDG.

R' = H, 29 examples
91-99% ee

Y C W\ v W N
Ph Ph' Y pn Ph' OTs Ph OAc Ph
33% yield 75% vyield 55% yield 60% yield 66% vyield 53% vyield 42% yield
93%ee 95% ee 93% ee 96% ee 95% ee 93% ee 90% ee
from E-somer from Z-isomer
B t-Bu ]+
': NR2
\ -
| NH2 \‘\\O
o N .
NG t-Bu
F BF4 (@)
inati TDG -
Fluorinating agent A TDG-stabilized Pd

HO

condensation hydrolysis
NH,
RoN
2 \[('\ +Bu
tBu © tBu
N J\( NRy N )\( NR,
\ (6] oF (0]
R' ArY TR
X—B(OH), Ar—B(OH),
LaPdAr  transmetalation LyPd"
coordination/ reductive
complexation elimination
+TDG
-TDG

t-Bu + t-Bu *
\ NR, | 1F < NR, |

TDG-Pd"

=<N_ _O =N \FJ -0
/Pd\ A off-cycle ~x
\ r species
R AN TR
migratory oxidation

insertion to PdA(IV)

tBu —| *
) NR,
N__ _O

~N
PasL [F]
w Rv

Ar

Engle, K.M JACS. 2021, 143, 8962-8969
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Conclusion

* Enantioselective formation of carbon-fluorine bond has become a field of great interest, due to the
beneficial pharmarcokinetic properties that judiciously placed fluorine atoms can confer.

* Even though many methods have been discovered to perform such transformation with high
enantioselectivity, still number catalytic transformations are still limited, especcialy in case of formation

of quaternary center.
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Thank you for your attention




Synthesis of chiral Selectfluor

2. Fluorocyclization of prochiral polyenes

e

N }
£ 2TiO
(2R,3R)-6a

(25.35)-6b

NH,

BHa-THF (4 equiv),
| THF (reflux) then pp
DMF (reflux), 5 h

CICH,COCI (4 equiv)
Et;N (6 equiv)
ph/'\l/ Ph- DMAP (5 mol %)

HNJ\/C

NH, CH,Cl,

- Ph
Ph/'\r

98% HNj]/\m

O MeQTTf (0.9 equiv),
Method 1: CH.Cl,, -78 °C to RTl
Fo/No, MeCN, =35 °C Me 97% Me
Method 2: thﬁj _Method 1 (97%) thﬂh\'}
N-fluoro-pentachloropyridinium ! - Method 2 (> 95%) N
triflate {1 equiv), pnF 2TIO Ph Tio
NaHCOj; (2 equiv), MeCN, 1h, RT (2R,3R)-6a (2R,3R)-8a

Scheme 3. Chiral reagents (2R,3R)-6a, (25,3S)-6b, and (25,3S)-6c.
DMAP = 4-(dimethylamino) pyridine, DMF = N,N-dimethylformamide,
THF =tetrahydrofuran.

Gouverneur, V. ACIE. 2013, 52, 9796-9800
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Primary Amine Catalysis

1. a-Fluorinations of Branched Aldehydes

lwasa
0] Primary amine (10 mol%) o OH
1 NFSI
WIS R > e e Lw
"1y y
R2 Toluene, rt, 4h R2 F MeOH R2 F
3
NaOR. 15 examples
(5 equiv) 24-97% yield
R30H,60 °C 84-95% ee
OR3
R1
3
R O)\ﬁOH
R2

Primary amine

Various a-alkyl-a-aryl aldehydes were successfully fluorinated to afford the corresponding a-fluoroaldehydes in

high yields with high ee.
The reaction with a, a-dialkyl aldehydes yielded the products with worse results.

base

Sn2-type ring-opening
with MeO~

y

Iwasa, S. Chem.Sci. 2016, 7, 1388-1392
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