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Representative Light Fluorous MoleculesRepresentative Light Fluorous Molecules
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The organic domain controls the reaction chemistry
Light fluorous molecules react like their organic “parents”

The fluorous domain controls the separation chemistry
Fluorous separations are predictable and reliable
Traditional separation options remain



Standard/Reverse Fluorous speStandard/Reverse Fluorous spe

Synlett 2001, 1488; HFC, Ch 7; Org. Lett. 2004, 6, 2717

FluoroFlash®

silica gel

Me

SiCH2CH2C8F17

Me

SilicaO
TT

fluorous
fraction

organic
fraction

organic
fraction

fluorous
fraction

fluorous
silica gel

standard
silica gel

1st solvent fluorophobic (polar) fluorous (FC-72/Et2O)
2nd solvent fluorophilic (Et2O, THF) any organic solvent



FluoroFluoroFlashFlash®® Silica ProductsSilica Products
100 μm, gravity spe; 40 μm, vacuum/pressure spe; 5 μm, hplc

TLC PlatesHPLC Columns

Flash Columns and SampletsSPE Cartridges
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Fspe TechniquesFspe Techniques

Elution with MeOHElution with MeOH--HH22O, then MeOHO, then MeOH
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organic dye (blue) fluorous dye (orange)

Zhang, W.; Lu, Y. M.; Nagashima, T. J. Comb. Chem. 2005, 7, 893.



Fluorous GrubbsFluorous Grubbs--Hoveyda CatalystsHoveyda Catalysts
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fGHfGH Catalysts in ActionCatalysts in Action
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87%

from ether

CO2Bn

1)  fGH-2, 5%
CH2Cl2
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+
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88%, from 80/20 MeOH/H2O
+

recovered fGH-2, 63%, from THF



Dictyostatin Cross MetathesisDictyostatin Cross Metathesis
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run alkene fGH prod
1 15.0 g 1.3 g 10.9 g, 59%

2 11.0 g 1.0 g 8.1 g, 60%
3 7.5 g 0.7 g 5.2 g, 56%



Fluorous MitsunobuFluorous Mitsunobu

Tetrahedron 2002, 58, 3855
Dobbs, Tetrahedron Lett.

2002, 43, 2807
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2nd Generation F2nd Generation F--DEADsDEADs
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DIAD iprO2CN=NCO2ipr 95%
FDEAD-1 C6F13(CH2)2O2CN=NCO2(CH2)2C6F13 0%
FDEAD-2 C8F17(CH2)3O2CN=NCO2

tBu 93%
FDEAD-3 C6F13(CH2)3O2CN=NCO2(CH2)3C6F13 91%
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J. Org. Chem. 2004, 69, 8751



Extractions with HFEExtractions with HFE--7100 (C7100 (C44FF99OMe)OMe)
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TPP

Fluorous
solvent

Organic
solvent

FTTP
Kp

TPP
Kp

Cl

NO2

SO2NHC8H17

Sulfonamide

Sulfonamide
Kp

FC-72 DMF/5%H2O 0.15 <0.02 <0.02

HFE-7100 DMF/5%H2O >100 0.12 0.05

HFE-7100/FC-72
1/1

DMF/5%H2O 50 <0.02 <0.02

HFE 7100 is cheaper and better performing
M. Yu, D. P. Curran, T. Nagashima, Org. Lett. 2005, 7, 3293



Mitsunobu with Mitsunobu with liqliq--liqliq ExtractionExtraction

NO2 (CH2)3CO2H +   EtOH

1.5 equiv 1 equiv

1) FDEAD, 1.5 equiv
FTPP, 1.5 equiv

THF
2) liq-liq extraction

2/1 HFE-7100/FC72Š
DMF/10% water

NO2 (CH2)3CO2Et

from organic liquid phase
83% yield, 92% GC purity
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from fluorous liquid phase
75-80% after separation



Scavenging and Solution Phase KineticsScavenging and Solution Phase Kinetics
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A Fluorous Boc (A Fluorous Boc (FFBoc) GroupBoc) Group

LuoLuo, Z. Y.; Williams, J.; Read, R. W.; Curran, D. P. , Z. Y.; Williams, J.; Read, R. W.; Curran, D. P. J. Org. Chem.J. Org. Chem. 20012001, , 6666, 4261., 4261.
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EDCI (1.5 equiv)
HOBT(2.0 equiv)

Et3N (2.0 equiv)
 CHCl3, rt, 2 h

1.5 equiv1.0 equiv

Biotage SP4

All organic
byproducts

Fluorous
product



A Small A Small ββ--Peptide LibraryPeptide Library
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1) PPh3, μwave
2) fspe

3) EDCI, acid azide
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1) PPh3, μwave
2) fspe

3) EDCI, acid azide
4) fspe
5) H2/Pd
6) fspe

nine intermediates
fully characterized by 

2D NMR

27 final products
24 > 90% pure by LCMS

three precursors
from S. Nelson

FPMB is p-C8F17(CH2)3OC6H4CH2–



Heterocyclic LibrariesHeterocyclic Libraries

R4
NR3

O

O

H

H

R1

N
N

O

O

R2

NR3
O

O

H

H

R1

N

N
HO

O

R4

NR3

O

O

H

H

N NH

O

R1 O

R2

R2

NH2 ORf

O

R

N N

N
XN

NH

O
R1

R3

R2

NR3

O

O

H

H

R1

N

N
O R4

O

R2

R2

O

CO2Et
H

H
N N

O

O

R1

R3

Zhang, W., Fluorous synthesis of heterocyclic systems,
Chem. Rev. 2004, 104, 2531-2556.



3 + 2 Dipolar 3 + 2 Dipolar CycloadditionCycloaddition
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Diversifying the MCR AdductsDiversifying the MCR Adducts
Zhang, W.; Lu, Y. Chen, C. 
H.-T; Curran, D. P.; Geib, S.
Eur. J. Org. Chem. 2006
2055-2059

, 



Fluorous CDI with Reverse fspeFluorous CDI with Reverse fspe
((C6F13(CH2)2)2CHO(CH2)2N=C=NiPr

FCDI, soluble in DCM

N
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     HFE7100/EtOAc
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organic fraction
86% yld, 98% pure
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Separation by Fluorine ContentSeparation by Fluorine Content
““FluoroFluoroFlashFlash™”™” ColumnColumn
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Fluorous Mixture SynthesisFluorous Mixture Synthesis
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Tags ProductsSubstrates

Tag & Mix  Mixture Synthesis Demix & Detag

Science 2001, 291, 1766, J. Am. Chem. Soc. 2002, 124, 10463



Quasiracemic SynthesisQuasiracemic Synthesis——PyridovericinPyridovericin
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Introduction of Stereocenters en RouteIntroduction of Stereocenters en Route

Traditional iterative synthesis Traditional iterative synthesis 
(no tags)(no tags)

Number of reactions Number of reactions 
doubles as each doubles as each 
stereocenter is introducedstereocenter is introduced

Iterative synthesis w/ taggingIterative synthesis w/ tagging
Reactions Reactions reconvergereconverge after after 
each stereocentereach stereocenter
# of tags is fewer than # # of tags is fewer than # 
stereocenters:  n/2 + 1stereocenters:  n/2 + 1
TT11TT11, T, T22,T,T11, T, T11TT33, T, T22TT33
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PassifloricinPassifloricin

Isolated by Isolated by EcheverriEcheverri, , et alet al., 2001., 2001
Related lactones have antiRelated lactones have anti--tumor, tumortumor, tumor--promoting activitiespromoting activities

Marco, Marco, CossyCossy show structure is incorrect, 2003show structure is incorrect, 2003
Synthesis by repetitive asymmetric allylationSynthesis by repetitive asymmetric allylation

Marco corrects structure, Marco corrects structure, TetTet. Lett.. Lett. 20032003, , 4444, 7909, 7909
FMS, FMS, AngewAngew. Chem. Int. Ed.. Chem. Int. Ed. 20062006, , 4545, 2423, 2423
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correctedoriginal proposal

579
12



Asymmetric Allylation with the DH ReagentAsymmetric Allylation with the DH Reagent

CHOC14H29

OTBDPS O

O O

Ti

O

Ph Ph

Ph Ph

Cl

Cp
+

(R,R)-Duthaler-Hafner (DH)
reagent

1) 

3) TfOSi(iPr)2R

MgCl

C14H29

OTBDPS

OSi(iPr)2R

R = iPr, (CH2)2C3F7, (CH2)2C4F9



Passifloricin Mixture SynthesisPassifloricin Mixture Synthesis
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Lactone Formation, PostmixLactone Formation, Postmix
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TwoTwo--Tag DemixingTag Demixing
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Ongoing FMS ProjectsOngoing FMS Projects
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Fast, Parallel DemixingFast, Parallel Demixing
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Features of Fluorous ChemistryFeatures of Fluorous Chemistry

ReactionReaction
Solution phase reactions, kinetics; scalableSolution phase reactions, kinetics; scalable
Compatible with standard lab equipment, other techniquesCompatible with standard lab equipment, other techniques
Tag stability Tag stability ≈≈ stir bar stabilitystir bar stability

Identification and analysisIdentification and analysis
Molecules, not materialsMolecules, not materials
Follow reactions by tlc, hplc, gc, etc.Follow reactions by tlc, hplc, gc, etc.
Small molecule spectroscopic techniques, NMR, IR, MSSmall molecule spectroscopic techniques, NMR, IR, MS

SeparationSeparation
Purify by fluorous techniques or traditional techniquesPurify by fluorous techniques or traditional techniques
Recoverable and recyclableRecoverable and recyclable
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