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Introduction Reaction Types
¥Flectrophilic Fluorination  ¥Nucleophilic Fluorination

¥F,: Isolated in 1886 by Moissan; 13" most abound element; only 13 naturally ¥Fluorinated Synthons ¥Electrochemical Fluorination

occurring organic compound are known.
¥The usefulness of fluorinated material was first realized during the CManhattan
ProjectO(manipulation of UF)
¥Fluorine Effects:
Enhanced thermal stability (C-F 107 kcal/mol)
Increased lipophilicity to enhance bioavailability
Mimicking of enzyme substrate (comparable in size to H, 1.47¢ vs 1.20e¢)
Isoelectronic effects to O™ and -OH
The high electronegativity of fluorine frequently alerts chemical reactivity
Blocking effect in metabolic transformations

Fluorination Reagents

Inorganic Reagents: AgF,, CoFs, CsSO4F, HgF,, RbSO4F, PbF,(OAC),,
TI(O2CCF3)3

Ammonium Fluorides: EtzN.3HF (TREAT-HF), (HF)x.Pyr (Olah's Reagent)
PPHF
Hypofluorites: CH3COOF, CF3COOF, CF30F, FOCIO3

N-Fluoro Reagents:

(‘ N ) :
Na \ @@g v 'U'CFO \C:@F \ g\{? Fe S cl
@C—FQ = C= w C—FO, v/ ) = _/ 03 @C—CFq C-E ‘ o\\// \\//
/0 / Du/ O C —C /— / |Q% ® 2 /\/\
0 \ @\ 0 : ITI [N@ Ph
F OTf F/BF4'

¥Utility of some highly fluorinated compound:
Coolants and aerosol propellants: CCl,F,, CF,CI-CFCl,, cyclo-C,Fg
Fire extinguisher: CF;Br, CF,CIBr
Inhalation anaesthesis: THF-Fg, Dioxane-Fg
Surfactants: C;F;5 to C;oF,;-SO5H
Polymers: high melting point; high thermal and chemical stability
Blood substitutes: perfluorinated cycloalkanes, amines, and O-heterocycles
Perfluorinated solvents and reagents

selectfluor NSFI // \\

Fluoroaminosulfuranes: EtoNSF3 (DAST), (Me2N)3S(Me)sSiF, (TASF)

Other Reagents: PhIF,, BF3, XeF;

sp*®-C-F

Reviews

General Reviews:
Chemistry of Organic Fluorine Compound II: A Critical Review ACS, 1995.
ACIEE 1981, 20, 647.

R-O-R —= RF

R'=H: DAST, SF4/EtsN or Pyr, CHCIFCF,NEt,, (HF)«.Pyr (benzylic primary OH)

Organic Process Research & Development 2008, 12, 305. 0O
Electrophilic Fluorination: Tetrahedron 2004, 60, 1435.
Fluoroaromatic Compounds: Aldrichimica Acta 1988, 21, 3. oc DAST, DC_M
DAST: Synthesis 2002, 2561. 1OH - _0°C,30min l F
Selectfluor: ACIEE 2005, 44, 192. - L JL 7% |
BrFy: Acc. Chem. Res. 2005, 38, 803. Me oH Me F Me

XeF,: Tetrahedron 1995, 51, 6605.
Electrochemical Fluorination: Tetrahedron 1999, 55, 12431.
gem-Difluoromethylene Compounds: Tetrahedron 1996, 52, 8619.

Perkin 1 1981, 427
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sp*-C-F
ROR —= RF

R'=-OTs and analogues: KF, CsF, TREAT-HF, TBAF

OTs F

COOMe

KF, 18-C-6
DMF, 70°C
RO 73% RO

Tetrahedron Lett. 1979, 20, 2023

Epoxide Opening: CsF, KF, TREAT-HF, PPHF, DSAT, SF4

o Co,Me HO,, CO.Me
P -
. — = o ",
O \o 49% HO F
OH

Tetrahedron Lett. 1989, 30, 3711

RN —— RF

R-NH,: NaNO,/PPHF (a-amino acids); 2,4,6-triphenylpyrlium flouride (1° alkyl,
benzylic)

Ph Ph
| N RNH» ~ 80-120°C_ .
5 —
Ph %/ Ph P N~ Ph
Fo &F@

R-CHN,: Diazoalkanes-- acyl fluoride/HF/KF; Dizaoketonss-- HF.Pyr, NXS/HF.Pyr

NXS, PPHF
PhCOCHN, PhCOCHFX
-15-25°C
Cl 49%; Br 63%; | 62%

J. Org. Chem. 1979, 44, 3872.

R-Ng: NO*BF
+ - 0
NCCH,CH,N; O BFa L (NCCH,CHN,0*BF,] = 22a NCCH,CH,F
CHCl3, 25°C

J. Org. Chem. 1979, 44, 2923.

COOMe

HF/CF30F, HF/F,, HF/NCS

ns. e
CO,H HF, CF;0F CO,H
Me -78°C Me

NH, NH,
J. Org. Chem. 1976, 47, 3107.

R-CI/Br/| — R-F
spray-dried KF, CsF, AgF, AgBF,, TBAF, HgF,
XeF
Selectfluor R-F ! 2

R-MgX —————— . RCOH ————= RF

Formation of 1 -fluoro carbonyl compounds:

OR; N 0
)\/ Electrophilic R
R, - Fluorination © R, 2

Reagents
F

__OTBS ,— OTBS

0L i
&
MeOHC N CH,0Me ",
o, F TfO" '
—— ,
MeSSiO%/ OTHP O% d 'OTHP
O\\\ o

J. Am. Chem. Soc. 1990, 112, 8563.

Alkene fluorination
Rl R3 R]_ RS

R, R, R, R4

A =H: HF, HF.Pyr, polyvinylpyridium poly(hydrogen fluoride)

A =F: TREAT-HF or PPHF/Selectfluor or (CF3SO,)NF, XeF,, CsSO,4F
A =ClI, Br, I: NXS/TREAT-HF or PPHF

A =RO, RCOO, OH: Selectfluor or (CF3SOZ)NF/R'C:)H, RCOOH, H,O

(D

NBS, Et;N.3HF
Et,0, 0-20 °C
78%

= Synthesis 1987, 562.

Br
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sp*-C-F
RH —= RF
H F

Tt |

©/\H

Fy, XeF5, CsSO4F, CF3OF, CF,OF, CsSO,F, AgF/TiO,/hv

NO,BF JHF .Pyr

S

XeF, S._F
or
_Br Selectfluor —Br
Br Br
(o]
CF30F
35%
R=CF;CO J.Am. Chem. Soc. 1976, 98, 3034.
sp?-C-F
R, A
R—— R, — > —
F Ry
A=F:F, /
A=Cl, Br,I:NXS,PPHF A= Se: @imeph /EtsN.3HF
A =H: HF
o]
R R R R
1>7< 2 Buli R phso,NFtBU 1>:< z
—_— —_—
H | H Li H F
R F
R E'F ellmlnatlon o
\_\ . >—<
R, R,

@ﬂp
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sp?-C-F

F F
Ph/Ov\ _PhSeF Ph/oQVSeph Lph/ovg

Tetrahedron Lett. 1990, 31, 973.

R R XeF, AgoTf Ri R
—_— —
R3 SnMe3 R3 F
SnMej
OH

XeF,, AgOTf

—_—

z DCM, rt, 52%

Me—=
M /™o CsHn CsHyy
o Tetrahedron 1993, 49, 3291.
sp-C-F

generated via fluorinated synthons

LDA, THF
629

4/7

J.Fluorine Chem. 1988, 41, 425.

Ph%/kkg:

Ar-F

Ar-NH, —> ArF
Balz-Schiemann reaction: NaNO,/HCI/HBF,, tBUONO/NaBF,/hv

Rer

Ar- NR3 — ArF

N, BF,

SO,

J. Med. Chem 1979, 22, 1493

tBuONO
NaBF4

KF/CsFin DMSO




Baran Group Meeting
05/24/2008

Fluorination of Organic Compounds

Shun Su

Ar-F
RCgH4NO, ——= RCgH,4F

F: KF, CsF, TBAFahnn R =NO3, CN, CHO, SO3Me, COCI, SO,CI, CF3

J.Fluorine Chem. 1990, 48, 189.

ArX — = Ar-F

F-: KF, KF/(Ph),PBr, (n-BuyN)HF,, TBAF,,,
CHO

cl cl

CHO
TBAF; F F
—_——— b

DMSO, rt
>90%

ACIEE 2006, 45, 2720.

Ar-I"-ArBF, ——= ArF + Arl

C.C

Ar-M —» Ar-F

_KF, DMF_
120°C 54%

o

J.Fluorine Chem. 1982, 21, 385.

\\5/\/
M = Li: (PhSO,),NF, (CF3S0,),NF, @[

oo

Me "“
M = MgX: selectfluor, MeCN F @ @E

M = B(OH),: CsSO4F, (HOCH,CH,),NMe/Cs SO,4F
M = SiRg: Fo, CsSO4F, XeF,
M = SnR3: F», CsSO4F, CF30F, CH3COF

M = HgX: CF3;0F

o&Me F oyMe

] . /

MeO =y “Me 1.nBuLi, THF, -78°C MeO ’\N Me
2. NFSI, THF, -78°C

MeO 65%

Ar-H —> ArF

For electronrich Ar: CsSO4F, Cf;OF, CH;COOF, Selectfluor
Pyr-NF.OTf, XeF,

MeO
Tetrahedron Lett. 1994, 35, 3465.

OH
XeF,, DCM AICI,
Bu Bu  .60to0°C _PhMe
— 0% 40-50°C
85%

B|050|. Biotech. Biochem. 1994, 58 594

For unactived Ar: AgF,, XeF,/HF, CF,OF, CsSO,F, Hg(O,CCF5),,
TI(O,CCF )5, Pb(OAc),

gem-CF,
% — - N
Ro SF 4/H F
2N ; —NEtZ /a NEtZ
_DAST _

O\< \/ﬁO

o= N\JS/_')\\ 62% N - &v)\\
Mepe o Meyte o

NHZ NHZ
Carbohydrates Research 1993, 238, 147.
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gem-CF, gem-CF,
[\ XF F F ! _NH, _OH Difluoromethylene Synthons:
s._s —— >< v N N‘ F._F Cl/Br/l
DA P § - X CF:BrCl CFBr, CFzBrzlPPh3 PhMe,SiCF,R 2c: ><
]
g OR
ﬁg’é‘::'t'/f,rl‘,sl_if": IF, NXSIPPHF, " ¢4 nditions: IF, NIS or NBS/PPHF 1
4 1 Br/Sn/Si F.__~ ,
: (EtO),” | “CF,H R LVBR?
s , O e o
)k - >< : R1)J\/ R, — p & R,
;
R OR omi F'°F Ar-CF,
Conditions: DAST, BF; ' F F g g
NBS or NIS/F I R— R, —» %Rz Ar-CX, to Ar-CF,
s R X = Cl: SbF3, HF anh, AICI/IFCCl3, HF/CCly
AgF \ Conditions: PPHF EE CX3 = CS;H: XeF,; CX3 = CO,H: DSAT, SF4/HF
CXZ _r" CF2 ) .
o ' R The use of CuCF; with Ar-Cl/Br/I
AgBF. , Conditions: PPHF/INXS R 2
4 i Londitions: T x Preparation: Cu(l)/CF;SiR;, Cu(l)/(CF3)ZnX, Cu/lCF 3, Cu/BrCF;, Cu/(CF;),Hg
----------------------- e IS Cu(lYCF;CO,M, Cu/CF;N(NO)SO,CF,, Cu/CF;S0,Cl, Cu/CF,Br,
CgHy7 CgHq7 o 0
N CF;
CF;BriCu
Ph3C0\ o* \ 60°C, 78% Phch\ o% |

H,NN
J. Am. Chem. Soc. 1987, 109, 896.

2x o Me
Ph3CHN\‘)K/\/OBn KHMDS, TBSCI,_ Ph;;CHNQg(\/OBn
then XeF, Iel £’ OF

e
J. Org. Chem. 1991, 56, 4823.

OBn OBn
Chem.Abstr. 1990, 113, 152982m

The use of F;C e

Preparation: ICF5, BrCF;, Hg(CF;),/hv, F;CSO,Na/tBuOOH, F;CCO,H/XeF,
F3CN(NO)SO,Ph/hv, F;CN=NCF4/hv

o
-
-
| =
=
=
-
/
e m == = == = = S DG GBS SO COEEs oo

coH __XeFp, HF F
CF
J. Org. Chem. 1983, 48, 4158. F;CN(NO)SO,Ph :
(0] OXeF [e) >
©-cr.H 0
XeF3 F 2 50%
H E__ . —_— ©/ tBu ’ tBu
Tetrahedron 1982, 23, 3929.

Synlett 1994, 265.
l
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Ar-CF, Alkane, alkene, and alkyne CF
) F;CSiR;
E EtSICFy o N @
‘CF?O fCFag 75% =3 o < CFs
83% 0.p=221 p=2.2:1 ) 72% o 0SiMe;
’ F,C OSiEt; CF, J. Org. Chem. 1991, 56, 984.
J. Am. Chem. Soc. 1993, 115, 2156. ﬂ J. Org. Chem. 2000, 65, 8848. RO CF
- 3
Alkane, alkene, and alkyne CF cl SbFs
) ) 3 2
-CXa3 to -CF3 PhOC(=S)CI W PhOCCl, W PhOCF;
J. Gen. Chem USSR 1958, 28, 2539.
The use of CuCF3
Aliphatic CI/Br/l, vinyl Br/l/OH, benzyl OH OH OCF3
s 3 A CCly, HF, 100-150°C X
48% ' 68% > 2
Tetrahedron Lett. 1969, 47, 4095, Tetrahedron Lett. 1990, 31, 3699. R J. O Chem. 1979, 44, 2907,

The use of F;C¥
Addition to alkenes and alkynes

Et,B
n-CgsH;1CH=CH-n-CsH{; + F3Cl 673:)/ n-CsH;;C(CF3)CHI-n-CgH 4
0 Perkin 11991, 627.
F3CNO
'?'Hz NéNCFg CF4
| F2CNO hv
NH> N//NCFs 35% CFs
ACIEE 1977, 16, 854.
Other Methods
g
o <\ / 46%
PhC=CLi + - ——> PhC=CCFR;
Se*TfO
| Tetrahedron Lett. 1990, 31, 3579.
CF3

F3sCMX

H,C=CHCH,COCH; 4N CFal |

ultrasound

H,C=CHCH,C(CF3)(CH3)OH
J. Am. Chem. Soc. 1985, 107, 5186.

Me OCC|3 OCF3

ad ¢ Clphv
80- 14o°c

Bull. Soc. Chim. Fr. 1986, 6, 925.

SF
AfOH + COF, —» ArOCOF ——» ArOCFg
J. Org. Chem. 1964, 29, 1

R2 F3C R2
croF + S v, —
R, F

Ry

(Me,N)3S*CF;0- (TAS*CF50°)

TAS*'CF,0° MeO
—b )
65% MeO''

OMe
Carbohydrate Chem. 1985, 4, 545.

Chem. Rev. 2005, 105, 827; Tetrahedron 1992, 48, 6555.
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Enantioselective Monofluorination D
o
o
Substrate Control » Reagent Control 0
(]
(0] o o) : g
+BE," i
R o R N e _Me
]
o HBase _o N T H 5
}4\ 2) NFSI N . 1
Me [,MeO NF 0
Ph 86-99% de pp 0 yal
0 S\ E
[ 2N
O
N SR N S
Catalyst Control
Metal-Mediated Catalyst Control
Np_ Np Me_ Me OO
NP o o__.c O ° PAr,
Ti < /| 1\
W O/ g N N PAT, Pd
Np Np Ph Cu, Zn, Ni Ph CO
Cl cl

Pd cat 2.5 mol%

aF
O NSFI, Acetone, 0°C /CE;O
93 ee% F.C N

Boc
J. Am. Chem. Soc. 2005, 127, 10164.
Organocatalysis {Bu

/
% 0/\‘;/ OMe

Me
o) ! N* Br | /|
O*OSI Me3 \i N ‘\Me \\\/ O//
N >\
Ar
H Ar Ph H Me

FsC

Boc

SN

tBu




