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Selected Fluorination Methodologies (Jan—Jun 2015)

Ir[dF(CF3)ppylo(dtbbpy)PFg (1 mol%)
Selectfluor (2-3 equiv)

o) Na,HPO, (2 equiv)
> R-F
R)J\OH CH3CN/H,0
rt, 34 W blue LEDs, 1-15 h R = aliphatic
70-99%

MacMillan, D. W. C. J. Am. Chem. Soc. 2015, 137, 5654.

N OH  phenoFiuorMix N F
I > R
KX/ toluene KX/
110 °C, 24 h
X=C,N

] , R = EDG, EWG

P /—\ o CI@ fused rings
PhenoFluorMix = QN\(%ﬁ . CsF 42-99%

ipr Cl ipr

Ritter, T. Org. Lett. 2015, 17,P544.
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[Mn(tmp)]CI (2.5 mol%)
PhIO (3.3 equiv)
O EtsN<3HF (1.2 equiv)

M

> R-F
R™ DOH DCE, 45 °C, 45min-1.5h

R = alkyl, aryl
benzyl
15-74%

Groves, J. T. Angew. Chem. Int. Ed. 2015, 54, 5241.
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Selected Fluorination Methodologies (Jan—Jun 2015)

o) iPr\
N

F+:<I
N

e Pr
in situ l
O .

@/IPI’ F@

_N

N—/

X X MeO iPr’ A F
R - : RO -
v 25°C, 16 h, DMF v

Y =CorN 27-99%
X =Cl or NO,

Sanford, M. S. Org. Lett. 2015, 17, 1866.
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NFSI (1 equiv)
catalyst (20 mol%)

0] TFA (20 mol%) . (@)

HJ\(R1 NaHCO; (1 equw)> HJ\( R,

THF, 0.3 M “F
Rz 4h,23°C R>

Ph O R4 = methyl, ethyl
e R, = aryl, benzyl

catalyst = ” 48-99% ee

Bh NH; 24-99%

Jacobsen, E. N. Org. Lett. 2015, 17, 2772.

L (10 mol%) 5 H F
SelectFluor (1.5 equiv) .
) > F

Ag,COs (2 equiv) H O . CF
1,4-dioxane (0.067 M) 9
115 °C, air, 15 h F

R = aryl, alkyl, alkynyl

d.r. > 20:1

25-87%

O Me
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Selected Fluorination Methodologies (Jan—Jun 2015)

AgNO3 (10 mol%)

R, ﬁ OH Selectfluor (2 equiv)= F;UJ\
R3 R

CH5CI,/H,0 R3 R4
rt, 24 h
*Also Fe(acac); as catalyst. R, = alkyl, aryl, benzyl
Ro 3 = H, alkyl, aryl, benzyl
74-99%

Loh, T.-P. Org. Biomol. Chem. 2015, 13, 5105.

TCB =

X foln Ag(l) o6 = O Rs
OH SelectFluor 2
< />_R2 or A - or R)J\/\(F

Rs e
R =H, aryl, alkyl
ring expansion
32-83%

_ Zhu, C. J. Am. Chem. Soc. 2015, 137, 3490.
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cat. TCB (10 mol%) F O
Selectfluor (2.2 equiv) Rz)\/u\ R4
MeCN, hv
NC CN R4 = alkyl
Iji R, = alkyl, cycloalkyl
NC CN aryl, benzyl
28-85%

Lectka, T. Chem. Eur. J. 2015, 21, 8060.
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Previous Work from the Shi Group

o Pd(OAc), (10 mol%) Revg o
R N~ .
! LoH R4OH:m-xylene (1:1) R1Mﬂ
2 Ny, 90 °C, 24 h Rz
R4 = H, alkyl
R, = H, alkyl, aryl, benzyl, heteroatom
R3 = aliphatic, deuterated
19-90%
Chem. Sci. 2013, 4, 4187.
Pd(OAc), (10 mol%)
0] CuF, (1.5 equiv) 0]
PhthN,, _PIP DMPU (5 equiv) PhthN,, _PIP
’ N + Arl ’ N
H acetone, N, H
H  H (1.5 equiv) 100°C, 24 h Arm H
35-89% (mono/di 25-30:1)
Pd(OACc), (10 mol%)
0 K,CO3 (2.5 equiv) A o
_PIP Arl  PivOH (0.2 equiv) r
R/\)kN +  or A pip
120 °C, 24 h
23-90%
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Chem. Commun. 2014, 50, 8353.
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\ AN
NH
N7 ?
PIP-NH,

Pd(OAc), (10 mol%)

NalOj3 (2 equiv) PhthN, )

Ac,0 (10 equiv) )j//

MeCN, N, N,

70°C,48h Ar PP
46-86%

Angew. Chem. Int. Ed. 2013, 52, 13588.
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Previous Work from the Shi Group

o o o) o)
PIP PIP
_PIP . N -
R N N R N—PIP R o N NiCl,e6H,0 (10 mol%) Ry H
i | /
Y Cu(OAC),, H,0, Sg Z~s " BINOL (20 mol%) Zsar
Ag,0, TBAI, CH,Cl, ArS-SAr -
or 7 or o 2 equiv KTFA, DMSO o
90 °C, air, 18 h :
0 ar o 0 140 °C, 8 h o
PIP PIP
_PIP X N - N g
T N R-Het N—PIP RM et ﬁ RoHet H
RTHet H — S/ | e | /
= H H SAr
1 2_990A) 44'950/0
Org. Lett. 2014, 16, 5644. Chem. Commun. 2015, 51, 4069.
o)
AN PP
(@) R H
N N PP = ; s
Ry H AgNO; (4 equiv) 2
Z >4 /<=2 CuOAc (0.4 equiv) .
or + HO /i \\ . ArS-SAr - o SEas
) Li,CO3, DMF o)
9 O 100 °C, 24 h PIP
Ny PIP R N
R+H5t H S HS
H [\
7
\\:\\ /\)
31-83%
- PIP-NH, is available via Sigma-Aldrich (500 mg for $50).
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Reaction Conditions Optimization

H O Pd(OAc), (x mol%) F O
: _pIp "F"reagent (1.05 equiv.) : _PIP
mhﬂ solvent, N, 80 °C, 24 h m:ﬁ
1a 2a
entry Pd(OAc), “F”reagent solvent yield (%)? rsm (%)P

1 10 mol%  Selectfluor MeCN 8 15
2 10 mol%  Selectfluor Toluene 22 51
3 10 mol%  Selectfluor DCM 28 40
4 10 mol%  Selectfluor DCM/MeCN (30:1) 51 12
5 10 mol%  Selectfluor DCM/i-PrCN (30:1) 64 15
6 6 mol%  Selectfluor DCM/i-PrCN (30:1) 73 (65)° 21
7 2 mol% Selectfluor DCM/i-PrCN (30:1) 53 35
8 6 mol% FP DCM/i-PrCN (30:1) 10 9
9 6 mol% FTMP DCM/i-PrCN (30:1) 70 21
10 6 mol% NFSI DCM/i-PrCN (30:1) 10 61

aNMR vyield with dimethyl malonate as internal standard. brsm = recovered starting
material. ¢Isolated yield.

(‘ 4cl
N e
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Fluorination of Benzylic Methylene C(sp?)-H Bonds

Pd(OAc), (6 mol%)

_PIp Selectfluor (1.05 equiv.)
DCM/i-PrCN (30:1)
N,, 80 °C, 24 h
1 (0.3 mmol) 2
Me Bu FsC MeO F
2b, 60%32 2¢, 60%3 2d, 57% 2e, 33% 2f, 58% 29, 66% 2h, 66%2
o oo O
MeO,C Br Ac Cl NC O2N
2i, 64%? 2j, 73% 2k, 70% 21, 70% 2m, 58% 2n, 56% 20, 44%
Me;@/\ OzND)\ FD)\ FD)\ F:@)\ /@)\
O\
Me MeO F O,N o] B
2p, 54% 2q, 73% 2r, 66% 2s, 44% (53%)° 2t, 67% 2u, 53%

aStructure confirmed by single crystal X-ray diffraction. Syn diastereomer not observed.

510 mol% of Pd(OAGc),.
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Additive Screening for Aliphatic Methylene C(sp?)-H Bonds

Pd(OAc), (10 mol%)

H O Selectfluor (1.2 equiv.) F O 5 @
- _PIP Additive (0.2 equiv.) ? _PIP
\/\5:? DCM/-PICN (3011) \/\Iﬁ:hﬂ O)LOJ\Q
N,, 80 °C, 18 h
3a 4a BAH
entry additive yield (%) entry additive yield (%)?

1 none 35 10 BAH 40
2 AcOH 25 11 2-CI-BAH 33
3 PivOH 30 12 4-AcNH-BAH 36
4 4-MeO-PhCO;H 33 13 4-NO,-BAH 30
5 TFA 13 14 2-MeO-BAH 32
6 Ac,O 39 15 2-Me-BAH 50
7 succinic anhydride 27 16P 2-Me-BAH 54 (46)°
8 isobutyric anhydride 43 17 2,4,6-tri-Me-BAH 29
9 Boc,O 33 18 2-Ph-BAH 30

aNMR yield with dimethyl malonate as internal standard. ®Pd(OPiv), instead of Pd(OAc),
24 h. cIsolated yield.
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Fluorination of Aliphatic Methylene C(sp?®)-H Bonds

Pd(OPiv), (10 mol%)

H O Selectfluor (1.2 equiv.) F
: PIP  2-Me-BAH (0.2 equiv.) :
N ) > R 0]
NPh hH DCM/i-PrCN (30:1) NPh hH
t N,, 80 °C, 24 h t
3 2-Me-BAH
F O F O F F
- _PIP _PIP : _PIP - R
NPhth NPhth NPhth NPhth

4a, 46%, 99% ee (rsm = 23%)
F O

M _PIP
5
NPhtt

4e, 39% (rsm = 14%)

0]

0
M _PIP TBDPSO
&o NPhth

4i, 41% (rsm = 25%)

4b, 33% (rsm = 37%)

_PIP
N
NPhth

4f, 32% (rsm = 34%)

4c, 32% (rsm = 42%)

F O
N
NPhth

449, 42% (rsm = 26%)

4j, 44% (rsm = 24%)

4d, 45% (rsm = 15%)

O

_PIP
N

NPhthl_|

4h, 46% (rsm = 25%)

F O F O
8 _PIP - _PIP
NPhth NPhth

4k, 37% (rsm = 31%)

Syn diastereomer not observed.
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Fluorinations of Complex Molecules

H O
- _PIP
N
o NPhth
BnO
BnO
Bn8 'e)
OBn
5
BnO
o =2 9
BBrC])O O . _PIP
n
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7
H O
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NPhth
9
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5
NPhth
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Pd(OAc), (6 mol%)
Selectfluor (1.05 equiv)

Iz

NPhth
> @)

DCM/i-PrCN (30:1)

BnO
N,, 80 °C, 24 h BRO

BnO o)

OBn
6, 53%
Pd(OPiv), (10 mol%)
Selectfluor (1.2 equiv)
2-Me-BAH (0.2 equw)

Bnoﬁzb W
BnO

NPhth

DCM/i-PrCN (30:1)
N,, 80 °C, 24 h

8, 30%

Pd(OPiv), (10 mol%)
Selectfluor (1.2 equiv) =
2-Me-BAH (0.2 equiv) =

. N,
DCM/i-PrCN (30:1) 5
N,, 80 °C, 24 h NPhth

_PIP

10, 31%
Pd(OPiv), (10 mol%)

Selectfluor (1.2 equiv)

2-Me-BAH (0.2 equiv) UEE &

_PIP

e

DCMI/i-PrCN (30:1) 5 &
N, 80 °C, 24 h NPhth

12 9
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Removal of PIP Group

F @) 1) Tf,O, DIPEA, DCM F o)
s PIP N2, -50 °C, 4 h -
& 2) CoCly, MeOH Ol
NPhth r, 24 h NPhth
2a 13, 52% (98.8% ee)
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Mechanistic Considerations

H O Pd(OAc), (1 equiv) 0 Q
n-FIP -PrCN (10 equiv), DCM | PRthN,, A\ , SN pyridine (2 equiv) AN, 2 , AN
> | > |
NPhtr}! . o/n. 87% Pd—N__~ DCM, rt, 5 h, 84% Pd—N__~
PH L Ph L
1a L i L i
INT-A (L = i-PrCN) 14 (L = pyridine)
"H and "3C NMR X-ray
Selectfluor (1.05 equiv)
d3-MeCN, rt, 5-10 min
78%
_ o _
F O
F PhthN,,
: pip NHiCl NagS . 'T'@ | X
. -
F 0 L-Pd=—N_ _~
NPhthH rt, 10 min, 86% e’ F L
L BFS
. INT-C (L = d5-MeCN)
observed by 'H and '°F NMR
INT-A (6 mol%)
H O AcOH (12 mol%) F O
s N/PIP Selectfluor (1.05 equiv)' s N/PIP
H DCM/i-PrCN (30:1) H
NPhth NPhth
N,, 80 °C, 24 h
1a 2a, 70% (18% RSM)
w/o AcOH: 12% (75% RSM)
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Proposed Mechanism

F O H O
- N-FIP : NP 4 iPrCN
NPhthI_| NPhthl_I

2a Pd(OAc), 1a

2 AcOH

Decomplexation C-H Activation 2 AcOH

— o _
A PhthN, A N
[
Ph !

INT-C (L = i-PrCN) INT-A (L = i-PrCN)

Direct RE
(with retention of Oxidation

@
configuration at -carbon) [ @
0 S

|
_ _ 2 BF
o) g ‘
PhthN,,
' 'Tl@ | =
“Pd=N_~
Ph F
. L Br®
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Conclusions

o Strengths:
O Expansion of the PIP/Pd(Il) methodology.
O PIP-NH, is easy to make/install.
O Excellent stereoselectivity/regioselectivity.
QO A range of functional group tolerance.
a Mechanism based on isolated reaction intermediates.

o Weaknesses:
Q Lots of recovered SM (better optimization can address this).

QO Methodology requires a linear sequence to place and remove
PIP group (especially with moderate yields).

A Removal of phthalimide protecting group?
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