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Why Fluorine Chemistry?
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in Health

Pharmaceuticals
Molecular Imaging ['°F MR and '8F PET]
Biomedical Materials

!

Metabolic Stability

pKa, log P
®F-Pharma- Conformation SE
: j> Affinity 2
ceuticals ST CF,
Bioavailability SF
Racemisation °
l Mechanism-based Inhibition
18 . Drug Discovery
F Ra.dIO > Diagnosis
Chemistry Response to Therapy
mmm)> | Synthesis: Fluorinated Building Blocks and Fluorination

“Fluorine in Health” Edited by Alain Tressaud and Giinter Haufe Elsevier 2008



Fluorine and Medicinal Chemistry

Metabolic Stability, Affinity, Conformation, pKa, log P, Racemisation,
Mechanism-based Inhibition
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Tutorial Review with S. Purser in Chem. Soc. Rev. 2008, 37, 320 3



Fluorination of Less Activated Substrates
When possible, late fluorination for application in PET ....
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Electrophilic Fluorination of Organosilanes
A Highly Versatile Reaction to Access F-Building Blocks
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R R
2>=c 1 R, _ Selectfluor
R3 SiMe ~ Ra
R4 ’ R3 R-' ﬂ/ CI

NI
[NJ 2 BFy
/
F

R R Ry /2 *
2 1 3 —
>=c=< )chc—m N
R; SiMe, F N-Fluorosulfonimide [NFSI]
Ph
N
SO
R, R; >2
R4%><SiMe3 R1%<F Ph\g/N\F
R5 Rz R1 R2 R4 R5 2

with M. Pacheco and S. Purser in Chem. Rev. 2008, 108, 1943 5



Electrophilic Fluorodesilylation of Allenylsilanes
Solving the Problem of Erosion of Enantiomeric Excess
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with L. Carroll Chem. Commun 2006 4113. 6



Electrophilic Fluorodesilylation of Allenylsilanes
Solving the Problem of Erosion of Enantiomeric Excesses
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Chem. Commun 2006 4113 7



Electrophilic Fluorodesilylation of Allenylsilanes
Solving the Problem of Erosion of Enantiomeric Excesses
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with L. Carroll in Chem. Commun 2006 4113 & in OBC 2008 1731 8



Metathesis & Electrophilic Fluorodesilylation
Solving the Problem of Double Transposition for the Synthesis of Allylic Fluorides

R\/ﬁ/“' — /\rﬁ':> MesSin R —— MesSin
F R A F
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F R' Y\ X :\/ X
PhCOO \ PhCOO w
F 69% yleld F 70% yield 87% yield
E/Z > 95/5 > 95/5 E/Z > 95/5
0 0
AN PhCOO X Br
PhCOO Et w PhCOO X NMetBoc
F 35% yield F 85% yield i
F 53% yield
E/Z > 95/5 E/Z 91 E/Z> 95/5

Fluorination: 1.2 eq. Selectfluor, 1.2 eq. NaHCO,; CM: 5 mol % Grubbs I, DCM, sealed tube

With S. Thibaudeau & M. Tredwell Org. Lett. 2003, 4891-4893; Org. & Biomol. Chem. 2004 1110. 9



Enantioselective Electrophilic Fluorodesilylation
with in-situ generated chiral N-F Reagents

SiR';
o eonohl. Shibers JACS 3000 O‘ Alkaloid/Selectfluor™
R v
n CH4CN, -20°C, 24h
conversion > 95%
Alkaloid ee (%)
R'=Me n=1R=H (DHQ),PYR 60
R'=Me n=1R=Bn DHQB 85
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(DHQ),PYR R'=Me n=2R=Me (DHQ),PYR 45
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R'=Ph n=1R=H (DHQ),PYR 87

With B. Greedy in Angew. Chem. Int. Ed. 2003, 42, 3291; N. Shibata et al Alkaloid/NFSI K,CO,in 10
Angew. Chem. Int. Ed. 2008, ASAP.



[3,3] Sigmatropic & Electrophilic Fluorodesilylation
Transfer of Chirality C-Si to C-F

OH SiMe,
MeC(OEt),, pTsOH
BnO P > BnO A COOEt
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With M. Sawicki in Beilstein J. Org. Chem. 2007 Thematic Issue Contemporary Silicon Chemistry 11



De Novo Synthesis of Enantioenriched F-Cyclitols
Catalytic Asymmetric Dihydroxylation-Fluorodesilylation

Y. Landais Eur. J. Org. Chem. 2004 3173

SiR¢2R, SiR¢%R;

KglFe(CN)gl, K,0804.2 H,0, -
s-BuLi, THF, TMEDA, -78°C T DHALPYR ont
then RiRyReSICI

BUOH, H,0 OH
R1=R2= Me 70% R1=R2= Me R1=Me, R2= Bu
—_— — 0,

Ry=Me, Rp = Bu 77% 70% yield 77% yield
d.r.>98:2 d.r.>98:2
e.e.=87% e.e. =69%

§iMes §iiBuM62 §iM93 §iMe3 §iM63

0 Me o Me (0] OMe OBn
OH

LXK
F 0O Me

CIX.
F\" O Me

CH3SO,NH,, K,CO,

HO/' : O Me
0.05 eq. OsQy, 3 eq. NMO» /(I >< 73% yiel.d
acetone/H,0 4/1 E g Me d.r.>98:2

e.e. = 86%

OH
HO,, _~
0.05 eq. OsQy,, 3 eq. NMO ' A NMe 62% yield
> >< d.r.>98:2
acetone/H,0O 4/1 N O Me

with S Purser in Chemistry A European Journal 2006 129179
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De Novo Synthesis of Enantioenriched F-Cyclitols
Catalytic Asymmetric Dihydroxylation-Fluorodesilylation
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Synthesis of Enantioenriched F-Cyclitols
Asymmetric Allylation-RCM-Fluorination

Roush et al. Org. Lett. 2003, 5, 1693
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With S. Purser in Synlett 2007, 7, 1166-1168.
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Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-directional Approach

: Dlhydroxylatlon HO i RCM Hoj¢\/

p— Mot SiMe, —> \)\(\

Two-directional OH Two-directional
fluorination CcM

1. Novel deoxyfluoro-myo-inositols are highly valuable compounds to intervene
with the p hosp hatidy linositol cycle

2. Cycdlic anti- and sy 1,4-difluorocy cloalkenes are unknown

3. No information is availab le on their reactivity or p hysical prop ertties.

With S. Purser in Org. Lett. 2008 ASAP 15



Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-Directional Approach
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With S. Purser in Org. Lett. 2008 ASAP 16



Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-Directional Approach
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With S. Purser in Org. Lett. 2008 ASAP 17



Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-Directional Approach
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With S. Purser in Org. Lett. 2008 ASAP 18



Diels-Alder & Electrophilic Fluorination

The REVERSE Approach
R2 R2
RS R1 T ags 3 1
FGI | raditional Approach  Rr3___ R
— — +
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R
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Diels-Alder & Electrophilic Fluorination

The REVERSE Approach
SiMe;
COOMe 1.2 eq. Selectfluor COOMe
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—_—
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ph O 76% pn O

With C. Lam in Angew. Chem. Int. Ed. 2007, 46, 5106-5110.
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Diels-Alder & Electrophilic Fluorination

The REVERSE Approach
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SiMe; |,' SiMe;, Vi SiMe; o
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s Y — UL o U
0 o laeqClame, 7 i’ i i’ i
Ph -20°C, 2h, DCM Ph o o Ph o )
yield = 88% _
(dr 520:1) Major Minor
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SiMes

75% yield
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Ph

Me Me -
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B S
-, ~OH 3h, 54% ... N_ _O
F 7 F ; l”/ \"/
Ph Ph O O
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With C. Lam in Angew. Chem. Int. Ed. 2007, 46, 5106



Diels-Alder & Electrophilic Fluorination

The REVERSE Approach

SiMe; Me
=

SiMe; Me

o ""e\/\"/\[( _,K(;’”/f\o

Ph 5 mol % CuL,(OTf), Ph
DCM 64h rt Malor
yield = 45 %
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ee =94% 91% yield
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With C. Lam in Angew. Chem. Int. Ed. 2007, 46, 5106
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Fluorocyclisation: Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

! F
neE4n
wwon S e S
., _OBn -——— > B
o MeCN HO X OBn I l\o OBn

MeCN
97%

Novel Approach for Fluoroetherifications

Selectfluor nE+n
P RsSi = MeSi | HO SiRs R3Si + Me3Si
HO fﬁorodesilylation |” quorocKcIizat@ OH
then
54% © oxidative cleavage

/\/\/\
HO @ OH SiR3 = masked OH
enhance reactivity

control regioselectivity

with S. Wilkinson and M. Schuler 23



Endo Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

i-PrgSi N OH

I'Pr38|\/\/\/OH I'Pr3S|\/\></OH I'Pr2p'T0|y|S|\/\></OH

F

[SVSK,-.F,%
o) (0]

77%
F Si(i-Pr)3 .
d\/Si(i-Pr)zp-Tolyl © /I/fI/Si(i-Pr)
o \ 0% Yo ’
60% 54% 51%

= SM accessible via CM

= Fluoroetherification with Si(~Pr),

>>> Selectfluor in MeCN

= Fluoroetherification with Si(~Pr),p-Tolyl
>>> NFSI in MeCN

= Syn suprafacial

= E-allylsilanes —» Syn selectivity

with S. Wilkinson and M. Schuler 24



Endo Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

Synthesis of allylsilane [RCM-ring opening]:

. 1. HO(CHyp),C(CHg)=CH i-Pr\Si/"'P'/\/K
iPr P Et3N, DCM, 82%

o~ MgBr T
2-/)/ THF, 77% l

P P

p-TolylLi, THE "~ >ei7 ™"

HO N 65% o
\

Si(i-Pr),p-Tolyl

2 mol %
Hoveyda-Grubbs
DCM, reflux

96%

Synthesis of allylsilane [RCM-ring opening]:
1. HO(CH,),CH=CH, #Pr """
iPry """ Et3N, DCM, 62%

Si >

cI~ cl MgBr
2-/]//\THF, 80% l
P P
p-TolylLi, THE "~ g2

HO/\/\[ 40% \o
—
\

Si(i-Pr),p-Tolyl

\O/\/\

2 mol %
Hoveyda-Grubbs
DCM, reflux

96%

F < F

( g /Si(i-Pr)3 ( g /Si(i-Pr)zp-TonI

O 6% 0" 64%

F
Si(i-Pr),p-Tolyl Si(i-Pr),p-Tolyl
Z ; " op-Toly . (i-Pr)op-Toly

O 519 Ol 67%

= SM accessible via RCM-ring opening

= Fluoroetherification with Si(~Pr),

>>> Selectfluor in MeCN

= Fluoroetherification with Si(~Pr),p-Tolyl
>>> NFSI in MeCN

= Syn suprafacial

= Z-allylsilanes — Anti selectivity

Erosion is observed [ > 20 :1 to 10:1]
Si(iPr),pTolyl is oxidatively cleavable
HBF, then H,O, TBAF

with S. Wilkinson and M. Schuler 25



Endo Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

(i-Pr),Si (i-Pr)3Si
H +H 0
E H —>» H —» (i-Pr);Si
( g HO F cis
np+n  OH no bond rotation
Si(i-Pr)3 A
H
H : (i-Pr)3Si
Z n —> H — 0
( L Ho
. . F  trans
npte OH  possible bond rotation

|2 NaHCO, O\
CH3CN rt, 3h

90%

OH
\ Bu
Et)\/\/
Iy, NaHCO3 O
CH3CN r,72h Et" \g” 'Bu

60%

+|‘ V4
P
4
o  E
H H
H

Knight, D. W. et al. J. Chem. Soc., Perkin Trans. 1, 1999, 2143.
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What have we learned? What is coming next?
Synthesis of Fluorinated Compounds from Organosilanes

R>
R, R R R R
R, R 2 2>=c=< ‘ 37LCEC—R1
/\ < / o i R3 SiMes F

Sg2' Transfer of chirality
Rj

R;  SiMe, Rs F

moderate to excellent level E/Z
R3

F Rs
R2 R4 . R F
R SiMe 1
>:C Rz\%\‘/\R 4\‘2>< 3 W
SiMe, 4 r.RZ Ry R, B4 Rs
R4 R R3 R-' 5

Sg2' Transfer of chirality

moderate to excellent level E/Z asymmetric fluorination [catalytic variant]
diastereoselective fluorodesilylation
fluorous variant

i _ hot variant [radlochemistry]
HX\/\Q\/S'% S|R3
\/\/K(\/\&M% /%/K/

syn/antl stereochemistry is programmable
Two-directional approach

1. Allylic fluorides and the inside fluoro effect
2. Allylic fluorides and Pd(0)-catalysed reactions
3. Fluorine Chemistry and Au Catalysis
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Allylic Fluorides are Responsive to lodocyclisations
Access to p-Fluorinated Lactones

| Reductive Amination
l Epoxide opening

Ph
0]
OH Amide Coupling
F 0]
F. Ph F Ph
I, = Jh
(0) (o) (o)

HO

A. G. Myers et al. J. Am. Chem. Soc. 2001, 123, 7207 28



Synthesis of p-Fluorinated y-lactones
The fluorine substituent is a SYN stereodirecting group

Alkenoic acid lactone yield d.r.
0
F 0
\)\/U\ Q7 BN A 8%  >20
A OH B 94%  >201
Bn  (+) — o F 0
F 0
\/:\)J\ O .\\Bn
X OH A 95% > 20:1
: B 74% > 20:1
Bn  (+) O F ()
F 0
@) A 24% > 20:1
\)\/”\OH B 25% > 20:1
o ., (i)
+ — 0
. o (%) | F
Me
N Me A 48% > 20:1
Me Me (£) _\s‘ o ",F (£) B 72% > 20:1
o)
A 0] Bn
OH A 100% 2:1
Bn ) | (+) B 100% 2:1

A:l,, DCM-ag. NaHCOg, r1; B: |5, CH3CN, rt

With M. Tredwell in Angew. Chem. Int. Ed. 2008, 47, 357-360.
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Fluorination of Less Activated Substrates
When possible, late fluorination for application in PET ....
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Synthesis of p-Fluorinated y-lactones
The fluorine substituent is a SYN stereodirecting group

inside,anti inside,outside

= |,-n Complex is loosely associated

= Proximal orientation of HCOO:- is preferred

= Distal orientation is ~ 4 kcal/mol less stable

= Fluorine resides preferentially inside

| = F inside is preferred over F outside by 1 kcal/mol
h = F inside is preferred over F anti by 3 kcal/mol
F”Y""° = HCOO-approaches at 110°; backside attack

B 26 of o*_, bond

Angew. Chem. Int. Ed. 2008, 47, 357-360. 31



B-Fluoro-Tetrahydrofurans, -Pyrrolidines and -Lactams
The fluorine substituent is a SYN stereodirecting group

Me
OQ./ Q Q
Me
—F — 4 F — N F

92% d.r. > 20:1 88% d.r. = 9:1 69% d.r. = 9:1
=)
0 keal mol- 2.1 kcal mol-! TsN
— N\ F
1%© %
/ I\ 65% d.r. = 10-1
A A
I 1 I LY
l’ \ 1\ |—
Fl 'H F ,'. O :
/ P )
01'59 59\0 F“’
11 69% d.r. = 12:1

Reaction conditions: |,, MeCN or |,, DCMag. NaHCO,

Angew. Chem. Int. Ed. 2008, 47, 357 and with L. Combettes unpublished results. 32



Allylic Fluorides are Responsive to Pd-Catalyzed Substitution
Leaving Group Ability of Fluorine

Me
PhWPh Pd(dba),, ligand d /Pd '
e Ph
F 2
Togni etal. Eur. J. Inorg. Chem. 2006 1397
PhSiH;, Et3N, F
E F cat. [Pd(allyl)Cl],,
. ligand, 50 °C ™
= CO,Et > CO,Et
NHBoc NHBoc

Fujii. N et al. Tetrahedron 2008 4332

33



Pd- and Phosphine-Catalysed Ring Closures

C-O Ring Closure of Difluorinated Enones & Ynones

F N -
F
Ph
| F /
o)

o A
F : R © oH
| A 3 ¥ Mnk/\ljh
Me” ~0~ “Ph e
oH o OH O
R
RZWFH 2 - . \\
F*F Ri
a-/B-Hydroxyenone & p-Hydroxyynone
# REN A0
1 F
Me '
r/E -/<-,,
o o Y (o) Ar
F Me
o]
F
Q 0
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Pd- and Phosphine-Catalysed Ring Closures

C-O Ring Closure of Enones &Ynones

Me
wMe 0
i Ph
| Y
0, O

740/0 930/0

95:5 dr Bullatenone
i Pd(ll) | O,
| Me
Me O Ph
OH O
Rs Z:? Rz A
l:‘1
o-/B-Hydroxyenone & p-Hydroxyynone
I
¥ Pd(ll)
Me 0
0
Q 0

With M. Reiter, F. Silva, M. Sawicki in Org. Lett. 2004, 6,91; J. Am. Chem. Soc. 2005, 127,1481; J. Org. Chem. 2005, 35 8478;
J. Org. Chem. 2006, 71,8390; Chemistry A Europ ean Joumal 2006, 12,7190; Ong. Lett. 2006, 8, 5417.

ﬁ‘j‘ Me Mef‘j‘ Me
Me' YN0 ‘Me ™ i

Me' () ‘Ph

68%,

Q OMOM

Z 0" Ar

Me 90%
90% ee




Fluorinated Dihydro- and Tetrahydropyranones
De Novo Synthesis of Fluorinated O-Heterocycles & Carbohydrates

B One-pot bioorganic synthesis of enantioenriched dihydropyranones

»

0 OH 1 mol% ab84G3,
/\)]\/k oluene Ve X A PdCl,, CuCl, O,
Me Ar

| - 0L
() 50% conversion PBS/ toluene, 50 °C 1o o7 Nar

Ar = 4-OMe-Ph 97% ee 100% conversion

not isolated

PdL,

(Ox]
O OH /

0
W Me
R Rz LnPdX2 HPdLnX /f‘j\ /flj\ 74% yleld
R Y07 R, .
Me o~ "Ph
olefin o]
coordination ,
B-hydride Bullatenone
elimination / Me 93% vyield
Ph o\,
O  OH o} LogXPd, O ©
AL, y
L—I;’d—X - ) O oH y
R4 (6} Ry Ri (o) R, . 70% yie
X oxy- Ve /d I\/\Ph
palladation o-alkyl-Pd n3-oxoallyl-Pd O Me
With M. Reiter and F. Silva in Org. Lett. 2004, 6, 91 & J. Am. Chem. Soc. 2005, 127, 1481 36

& J. Org. Chem. 2005, 70, 8478




Fluorinated Dihydropyranones
from a,a-Difluoro-B-Hydroxylated Ynones

HO O 1 mol % ab84G3
= in PBS/toluene 50%
Me > |
MeO PdCl,, CuCl, Na,HPO,4 (10 m0|%)©\\‘ (o) Me

0,, DME (0.1M) 50%
50°C, 99% MeO 97% ee 12h
o)
OH O PdCl,, CuCl, Na,HPO,4 E
(10 mol%) E
PhWMe . |
F F O,, DME (0.1M) Ph o Ve
50°C

With M. Reiter J. Am. Chem. Soc. 2005, 1481; Org. Lett. 2004, 91.

" The fluorine substituents affect significantly reactivity

" More efficient catalytic ring closures are needed W\
. . . Ph
" Explore non-oxidative ring closures £ F X
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Gold and Fluorine
6-Endo-dig Non Oxidative Ring Closure of a,a-Difluoro-B-Hydroxylated Ynones

catalyst
B”O% —
- - % o solvent, time o
Catalyst Loading [mol%)] Conditions Yield [%]
(MeCN),PdCls 10 DCM, 18h -[al
(MeCN),Pd(BF,), 8 DCM, 18h 15
Amberlyst-15 -[b] DCM, 18h -[al
NaH 100 DCM, 5h -[e]
HCI 100 CH4CN, 40h -l
TfOH 50 DCM, 29h -[e]
PtCl, 5 DCM, 18h -[al
InCl, 5 DCM, 18h -[8l
AgNO; 5 THF, 18h -8l
AgSbFg 5 DCM, 18h 25
—l AuCl 5 DCM, 18h 79
—l AuCl 5 DCM, 18h 93
e AU(PPh3)OTH 5 DCM, 18h 90

With M. Schuler, F. Silva, C. Bobbio and A. Tessier 38



Gold and Fluorine

6-Endo-dig Non Oxidative Ring Closure of a,a-Difluoro-p-Hydroxylated Ynones

F

p-MeOPh (0] Ph

92%

A

Cy nPr

90%

F
F

é:o

92%

H
H

a8

.

p-NO PR Y07 gt

65%

p-CFsPh

o)

F

F I
BnOCH,~ O

o] o]

F F

F I F I OH ©
(@] Ph Cy (0]

Aul(l OH
Ph Aul)

R5 L
X R
94% 94% FF Ry 2/5{\

0]
F. alkyne
coordination
F I oxy-
BnOCH o auration

Me SiMes Au(l)
83% <5%
proto-
Q o o deauration
H F. F Au
F
H | F | H+ |
Ph 0 Ph PhCH,CHy 0 Ph BnOCH, (0] Me R, (0] R4
89% 75% . o
AuCl or AuCl;in DCM Ry~ ~07 "Ry
RT, 18 h

Validation with fluorinated & non-fluorinated ynones
No erosion of enantiomeric excess upon cyclisation

With M. Schuler, F. Silva, C. Bobbio and A. Tessier
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Gold and Fluorine
6-Endo-dig Ring Closure of a,a-Difluoro--Hydroxylated Ynones

,Au(l) OH O
Ry N4
R R
F F R, 2)F><FU\
R1
alkyne
coordination
oxy-
auration Au(l)
o deauration
F with
. F Au other
H | electrophiles ?
R, o R4
0

With M. Schuler, F. Silva, C. Bobbio and A. Tessier
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Gold and Fluorine
6-Endo-dig Ring Closure of 5-Hydroxylated Ynones: lodo- & bromoalkoxylation

F. X
j;eo\ Condition A,BorC |
R' X t, 12-40h >
F F 1\ R2 ’ R1 o R2
A: 5 mol% AuCl, 1.2 eq. NIS, acetone X=1
B: 5 mol% AuCl, 1.2 eq. NBS, DCM X=Br
C: 5 mol% AuCl, 1.2 eq. NCS, DCM X=Cl
O 0 (0] OH O
F | J Br. Zn 3 eq., CuCl 0.3 eq.
+ then 1.1 eq. BF;Et,O
F Ph N Xy 1R, TN Y
= 64% Pl
BnOCH, O Ph
5 mol % AuCl
65% 1.2 eq NIS
acetone, 24h
O 76%
F I
(0]
" | \ 3 eq. BuzgSnCH=CH \ 1
0 3 = 2y
Cy @) Ph F | N 0.01 eq. Pd(PPhg), Fﬁ\
-
65% Ph o Ph 65% Ph 0 Ph

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed. 2008 Early View 41



Gold and Fluorine
Fluorinated Building Blocks or Fluorinations are Scarcely Explored...

® Gold Catalysis with Fluorinated Building Blocks

R'I R1
CF4 CF3
OMe 5 mol % (4-CFaCgHa)sPAUCI O’ Toste et al.
H S 5 mol % AgBF,, DCM, rt H J. Am. Chem. Soc. 2006, 128, 12062
oS 66% OMe
R>
] F
— AuBrj (0.05 eq)
Ph - [\ [AgNOQ; is better] Hammond et al.
OH DCM, reflux, 24h - Ph™ 0o J. Org. Chem. 2007, 72, 8559.

34%
" Gold Catalysis and Fluorination

Et F
‘ (SIPHAU-F |+ Et—=—=Ft =—— =
(SIPr)Au Et
e | BFs J. P. Sadighi et al.
J. Am. Chem. Soc. 2007, 129, 7736.
| EtsN.HF Et F
(SIPr)AU —| \—=(
\ DCM H gt 64% Au
A
A NAN Y
SIPr = 1,3bis(2,6-diisopropylphenyl)imidazolin-2-ylidene -/
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Gold & Fluorine

Alkoxyfluorination of a,a-Difluoro-p-Hydroxylated Ynones

Known Approach: Gold and "F™" source  New Approach: Gold and "F*" source

T TS TTTTTTmmmmEEEEE AT :
R—=—=—R —>Et3N'HF Nl E R—= R __NuH/F* _ >=<F E
Au-Catalyst R E Au-catalyst R !
= Compatibility of gold catalysis with “F-” = Compatibility of gold catalysis with “F*” 7
= Rare nucleophilic approach to fluoro alkenes = Which electrophilic fluorinating reagent ?
= No regiocontrol for unsymmetrical alkynes = Mechanism & Intermediacy of Organogold Species ?

0 @)
. Au-catalyst OH O Au-catalyst E
IIF+|I nE+n
F | R' - >
- -—--— \ _____
"— n n \ "—

J. P. Sadighi J. Am. Chem. Soc. 2007, 129, 7736. 43



Gold & Fluorine

Alkoxyfluorination of a,a-Difluoro--Hydroxylated Ynones

HO O R R

F H
)><U\ 5mol % AuCl F | + F |
Ar Qi‘ —_—
F Ph IIF+||

Ar O Ph

Ar = p-MeOPh

Entry

a A O DN

1d

F" Reagent (eq.)

NFSI (2.5)
NFSI (1.5 )
Pyridinium (2.0 )
Selectfluor (1.5 )
Selectfluor (2.5 )

Selectfluor (2.5)

3d

Conditions

DCM, rt, 18h
DCM, reflux, 18h
MeCN, rt, 6 d
MeCN, rt, 55h

MeCN, rt, 48h

DCM, NaHCOs,
rt, 66h

1d
[%]
73
93
68
0
0

100

2d

3d
[%]
0
0
0
40
45

0

2d
[%]
27
7
32
60
55

0

Ratio determined by °F NMR

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed. 2008 Early View
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Gold & Fluorine

Alkoxyfluorination of a,a-Difluoro--Hydroxylated Ynones

O O
HO O R - R H
R)><u\ 5 mol % AuCl F + F
1 \ —_—
F F R2 ||F+n R1 O R2 R1 O R2
0 E O 0] O
R R
E H R F H
Ph” ~07 “Ph Ph™ ~O"  "Ph cy” Yo~ ph cy” ~07 “Ph
20/33 20/15
o) - O 0 0
R F H R F R H
T P 1] T
p-MeOPh o Ph p-MeOPh O Ph Cy o) Cy O
26/33 27/37

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed. 2008 Early View 45



Gold & Fluorine

Alkoxyfluorination of a,a-Difluoro--Hydroxylated Ynones

OH O

R

alkyne
coordination
oxy-
auration Au(l)
/—Cl
N+
INT
Fr fluoro-
. (o) 2By deauration
F Au
H |

R, (o) R,
. (0]
proto- F F
deauration |
R, (o) R,
O
F
F H
9) )

AulD OH O
R5 \\
FOF

Au(l)

[with or without AuClI]

Control Experiments
o)
Selectfluor F
OH O F
2
N N X R ~07 "Ry
1
0
F
Selectfluor F

R; AuCl R2 8 B

= No reaction occurred between Selectfluor
and Ynones in the absence of AuCl

= The protodeaurated dihydropyranone does
not react with Selectfluor in the absence or in
the presence of AuCl

= Electrophilic fluorination of vinylgold
intermediate

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed. 2008 Early View 46



Pd(0)-Pd(I1)-Pd(IV) & Fluorine
Grushin - Sanford - Ritter

% Grushin Pr PBU,

0

(0-Tol)zP. F P(o-Tol)s
\Pd/ \Pd/ Pri
\F/ >
CegHg, 80 °C

X

X X
X =NO,, 10% X =H, Me, OMe
Problems with Pd(Il) Ar-F formation no product

"' sanford & Ritter

AN -
U N O
N+
N ||= BF4™ N '\‘INS Selectfluor O 'i‘NS
—_— Pd—py —_— Pd—pYy + ArF
H Pd(OAC), F F - \ MeCN lN/
Ar ° i NCMe
uwave, 150 °C 50 "C, 30 min I
Sanford; catalytic in Pd [ex. ArB(OH),] Ritter; stoichiometric in Pd

Grushin, V. V.; Marshal, W. J. Organometallics 2007, 26, 4997-5002;

Hul, K. L.; AnaniW. Q.; Sanford M. S. JAm Chem Soc2006, 128, 7134-7135.
Furuya, T.; Ritter, T. J. Am. Chem. Soc. 2008, 130, 10060-10061;

Furuya, T.; Kaiser, H. M.; Ritter, T. Angew. Chem., Int. Ed. 2008, 47, 5993-5996.



Gold & Fluorine

Alkoxyfluorination of a,a-Difluoro-$-Hydroxylated Ynones

5 mol % AuCl, 24- 48 h, MeCN, 2.5 eq. Selectfluor [with or without H20]

o) 0
OH © F F
F F 40:60 F. H
p-MeGPh X I 26% | 33%
FF Ph p-MeOPh” ~0” “Ph p-MeOPh”~ >0 “Ph
OH O 2 Q
F . F
)58‘\ F F 5050 F H
Ph A 33%
O SN | 20% |
Ph”” N0~ Ph Ph”” N0” Ph
OH O F 45:55 e §
c )5(\\ F i F : 15%
y (o]
X
E F Pr | 27% |
cy” Yo~ ph cy” o~ “ph
0

OH O F 0
F
0”1 >ph o™

OH Ph
OH O 0 - 9%
F
- F
Ph/\)\)\ 59% 39%
Ph AN
Ph o) Ph
o OH Ph o T eh
OH O F o ©
| F | F
Ph % PR 41% 329
Me
Ph o) OHMe oh o T Ve

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed. 2008 Early View

48



Gold & Fluorine

Alkoxyfluorination of a,a-Difluoro--Hydroxylated Ynones

OH O .
Wu(l) oH O Control Experiments
RETAT Selectfivor  H ||
R R, X T electfluor L
H H R H
1
SN |
coordination T Ro 0" Ry

oxy- Rq X\
auration 0
F

Q H
/‘ cl H Selectfluor F
fluoro- H H
deauration H | - 5
ZBF
R N0 R, Aucl R& O LR
H H F
proto- F F
deauration H | W H j\)i
(o) -
0 R,” "0~ "Ry R 0" | "Ry

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed. 2008 Early View 49



Au- and PR,-Catalysed Synthesis of F-Targets

0
F
I/H F O,
F Ph
| F /
Me (e) Ph o

i )
F F 1 F OOH
[ N Au/Rd M‘\K/\Ph
Me”” o~ ph : 7 M7 0" e
. : Py -7
Au Fluorinated

B-Hydroxyenone & ynone
with possibility of

further fluorination
\ PR,
el E N N
! F
Me '
' s
Z o7 Ar
O 1
Me F Au v Ph
(e]
F
o] o}
F F. Me
F
Ph (@) Ph
OH Me' O Ph
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Double Organocatalytic Approach: Amine and Phosphine
5-Exo-dig Cyclisation of HydroxylatedYnones

OH O

R 10 mol % dppp , 40 mol % AcOH
AN toluene 50°C
OMOM R
O,N

-
-

O5N
R = Me, 68% yield, de=92%, ee=93% ’

R = Ph, 90% yield, de=94%, ee=90% R = Me, 63% yield, de=100%, ee=88%
R = Ph, 90% yield, de=100%, ee=90%

A

DCM, TFA,
cat= 0 cat. 20mol% RT, 12h

i DMSO/10%vol H,0
HN—ﬁ—Ph RT, 5 days

Iz

(o)

(o)
(o)
| O,N
+
H\ R = Me, 44% vield, de=100%, ee=88%
o OMOM R = Ve, o yield, de= o, €e= (]
2

R = Ph, 93% yield, de=100%, ee=90%

With F. Silva & M. Sawicki in Org. Lett. 2006, 8, 5417%%419.



Double Organocatalytic Approach: Amine and Phosphine
5-Exo-dig Cyclisation of HydroxylatedYnones

/i—fOMOM
OMOM

BUaPYZ_g
O OH
/////ﬂ\v/l\ oMM
& : A
z PBU3 Buspj%
(0) ‘Ar

Me OMOM
Me
Phosphine o
Addition Cyclisation
a-addition
O~ OH Me 0 o)
Me\/\;/'\ Ar BusP WAr
OMOM  ~—0u—" OMOM
BU3P+

With F. Silva & M. Sawicki in Org. Lett. 2006, 8, 5417%3419.



PR,-Catalysed Synthesis of F-Targets
5-Exo-dig Cyeclisation of a,a-Difluoro-B-Hydroxylated Ynones

F \ P
Zn 3 eq., CuCl 10 mol% dppp,
0.3 eq 40 mol% AcOH,
I
BF3 OEt, toluene, 60°C, 4-5h o)
Ph
OTBS

0]

P/\)

EtZO/THF ft,
80% 60%

L-Selectride 2 eq.,

OTBS
RUC|3_H20 4 m0|%,
NalO,4 6 eq., TBDMSCI 2 eq.,
Ph
O H,0O/MeCN/CCl, Imidazole 3 eq.,
DMF, rt, 21h

rt, 1h30
64% 43% 46%

THF, -78°C, 3h30

NOE

With M. Schuler, A. Monney Unpublished Results 53
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