
Fluorous Chemistry Based 
Synthesis and Analysis



• Introduction

• Fluorous Separation Techniques

• Small Molecule Synthesis and Purification
o Scavenging reactions
o Acylation reactions
o Mitsunobu reactions
o Fluorous tagged libraries
o Other purification techniques

• Fluorous Oligonucleotide, Peptide and Carbohydrate 
Chemistry

• Fluorous Proteomics and Metabolomics
– Reverse fluorous SPE
– Heavy fluorous liquid-liquid extraction

• Fluorous Products Available through Sigma-Aldrich



What is Fluorous Technology?

• Fluorous chemistry is a novel tagging 
technology that separates desired 
molecules from complex mixtures.

• Molecules can be rendered fluorous 
by the attachment of perfluorocarbon 
domains.

• Fluorous tagged molecules can be 
separated from non-fluorous 
molecules and immobilized exploiting 
fluorophilicity.

• Fluorous techniques are marked by 
high selectivity, low reactivity, and 
exceptional breadth

Fluorous separation

Fluorous immobilization

fluorous-modified surface

FluorousNon-fluorous



• Fluorous tagged molecules 
partition preferentially into 
fluorous environments

• Non-fluorous molecules do not 
partition into fluorous 
environments.

• Novel mechanism orthogonal to 
other separation/ immobilization 
technologies

• Allows diverse chemistry and 
versatile separation options
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Fluorous Separation and Immobilization
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O N
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CO2H

O

O
F17C8

Compounds with permanent fluorinated domains (e.g. reagents):

Compounds with temporary fluorous tags (e.g. substrates):

Examples of Fluorous Molecules

Substrate Product

F Reagent

+ F By-product

C6F13

Ph2PPPh3

F Substrate
reagent

F Product + By-product

-- VERSUS--

-- VERSUS--

Fluorous tagged molecules are designed to react 
similarly to their non-fluorous analog



Solution Phase Fluorous Synthesis

Fluorous tagged molecules can be analyzed by TLC, IR, MS, 
NMR and readily separated by F-SPE or F-HPLC

F Substrate
reagent

F Product + By-product

Curran, D. P. Angew. Chem. Int. Ed. Eng. 1998, 37, 1175.

Tagged Substrates

Fluorous Reagents/Scavengers

Substrate Product

F Reagent

+ F By-product

Two Fundamental Approaches



The Solution Phase Advantage

C6F13

PPh2

H2O
H2N

CO2H

   60oCTHF, rt, 1 h

(93% yield, >98% purity)

FluoroFlashTM

SPE
100% conversion

N3

CO2H

PPh2 H2O
H2N

CO2H

THF, rt
36 hours

rt-60oC

Filter/Wash

Concentrate
  26-60% conversion
      (>86% purity)

36 hours

3 h

Lindsley, C. et al, Tetrahedron Lett. 2002, 43, 4467
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O
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O
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Cl

entry                        RN3                                  RNH2                         yield (%)                      purity (%)

1

2

3

4

5

6

86

91

88

92

82

80

98/95

98/95

98/95

98/95

95/92

97/93

Lindsley, C. et al, Tetrahedron Lett. 2002, 43, 4467



Broad reaction compatibility
Lewis
acidic

- Friedel-Crafts 
- BBr3

Free
radical

- cyclization 
- dehalogenation
- deoxygenation

Metal
catalysis
- Suzuki 
- Heck
- Buchwald
- Stille
- Co, Rh

Redox
- LAH 
- hydrogenation
- H2O2

- Swern

Ionic
- Enolate 
- Grignard,
- lithiate
- cationic

Fluorous

All of the above reaction conditions have been used in the 
presence of fluorous tags.



Fluorous Separation Techniques

Cheminar Menu



Fluorous Separation Methods

organic

fluorous

aqueous

Liquid-Liquid Extraction 
“Heavy” fluorous technique

Generally requires large F content, ~60%

Fluorous Solid Phase Extraction (F-SPE)
“Light” fluorous technique

Separates fluorous from non-fluorous

No fluorous solvents used

Fluorous Chromatography (F-HPLC)
Separates fluorous from fluorous

More fluorous  = Greater retention

C3F7 C4F9

C5F11
C6F13 C7F15

C8F17
C9F19



T

fluorous 
silica gel

F
FF

O O
O

T

F FF

O

O

O

T

F

F

fluorophobic 
Solvent(s)

F

fluorophilic 
Solvent(s)

Silica

O

Si(Me)2

Rf

Organic wash Fluorous wash

Curran, D. P. Synlett. 2001, 9, 1488.

A Light Fluorous Technique

Fluorous Solid Phase Extraction

Typical Solvents for F-SPEFluorophobic Fluorophilic

Water DMF DMSO MeOH AcetoneACN THFToluene



1. Load sample 2. Wash non-fluorous dye                
with MeOH-H2O (85:15)

3. Wash fluorous dye
with MeOH

O

O

NH

F

C7F15
O

O

NH

NH

C4H9

C4H9

Fluorous Dye
(orange)

Non-fluorous Dye
(blue)

FSPE Dye Demonstration



C9H19 tag

C2H4C8F17 tag

no tag
2 4 6 8 10

2 4 6 8 10
Time (min)

Time (min)

RP-HPLC

F-HPLC

Fluorous Tags vs. Hydrophobic Tags

Tagged amino acids are Ser, 
Glu, Phe, and Trp.

The untagged controls were 
galactosyl pentaacetate, (Boc-
Cys-OH)2, and PPh3.

Fluorous compounds are hydrophobic and lipophobic.

% CH3CN in H2O
with 0.1% TFA

% MeOH in H2O



Reverse Fluorous Solid Phase Extraction

Matsugi, M. and Curran, D. P. Org Lett. 2004, 6, 2717.

A Light Fluorous Technique

Standard FSPE
fluorous stationary phase
fluorophobic mobile phase

non-fluorous compounds washed

Reverse FSPE
standard stationary phase

fluorous mobile phase
fluorous compounds washed



Reverse Fluorous Solid Phase Extraction

Matsugi, M. and Curran, D. P. Org Lett. 2004, 6, 2717.



Small Molecule Synthesis and Purification Examples

o Scavenging reactions 
o Acylation reactions
o Mitsunobu reactions
o Fluorous tagged libraries
o Other purification techniques

Cheminar Menu



Fluorous Scavenging

C

+ +
F-SPE

Clean product(excess) (excess)

F Scavenger

F Scavenger

A Strategic Alternative to Resin bound Scavengers

• Both reaction and scavenging carried out in homogenous solution phase

• Favorable solution phase kinetics

• Complete reaction monitoring, i.e. TLC, GC, LC, NMR

• Adaptable to SPE, HPLC or liquid extraction workup

• Complete control of reagent stoichiometry

or F-LLE



Fluorous Scavenging

N
NH

Ph
O

N

O O N
N

O

N
H

Ph

CH2Cl2
+

1.5 -3.0 equiv

25 oC
X X
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 F1.5eq
 PS1.5eq
 PS3.0eq
 Org1.5eq

• Solution phase kinetics
• Less equivalents used
• Decreased loss of desired product
• Greater generality

Zhang, W. et al, Tetrahedron Lett. 2003, 44, 2065.



34% (93%)f-isocyanateS4

100% (95%)f-IAS3

100% (95%)f-isocyanateO2

100% (>95%)f-IAO1

Yield (purity)Scavenger Product  AmineXEntry

Electrophilic Fluorous Scavengers

NCX N
H

X

NRR'
F17C8 NCOR-NH-R'

1.5 equiv.

f-isatoic anhydride or

1.0 equiv.

X = O or S X = O or S

NH
N
H

N

O
Ph

N
H

NH2

N
H

N
H

O

N
H

Ph

N
H

NH2

N
H

N
H

S

N
H

Ph

N
N NH

N
N N

S

N
H

Ph

Zhang, W. et al, Tetrahedron Lett. 2003, 44, 2065.



Electrophilic Fluorous Scavengers

O
NMe2

OPh Cl
NMe2+

1) THF

2) Rf8CH2CH2SO2Cl (1.0 equiv)

3) FSPE
88%, >98% purity1.3 equiv. 1.0 equiv

_
Na

O

F

OH
SPh

F
SHPh+

1) PS-DIEA (1.5 equiv)

2) fluorous epoxide (1.0 equiv)

3) FSPE
90%, >96% purity

1.0 equiv 1.3 equiv

NH2

Cl
SO2ClPh

N
H

SO2

Ph
+

1) PS-DIEA (1.5 equiv)

2) Rf8CH2CH2SOCl2 (1.0 equiv)

3) FSPE
80%, >95% purity1.3 equiv. 1.0 equiv.

Lindsley, C.W. et al, Tetrahedron Lett. 2002, 43, 4225



Nucleophilic Fluorous Scavengers

NH2
N
H

Ph

3) FSPE 84%, >98% purity1.0 equiv.

1) PhCHO (1.5 equiv)
     PS-CNBH3

2) Rf8CH2CH2NH2 (1.0 equiv)

Ph
NH2

tBuO

O
Br tBuO

O
N
H

Ph+

1) PS-DIEA (1.5 equiv)

2) Rf8CH2CH2SH (1.0 equiv)

3) FSPE
94%, >98% purity1.0 equiv.1.3 equiv.

NH2PhNCO N
H

NHBn

O

1)                        (1.0 equiv)

2) Rf8CH2CH2NH2 (1.0 equiv)

3) FSPE
93%, >98% purity1.3 equiv.

Lindsley, C.W. et al, Tetrahedron Lett. 2002, 43, 4225



N Cl

F19C9

N

N

N

Cl

F13C6(CH2)3O O(CH2)3C6F13

OH

S
F17C8

F17C8 N C N

+
-

fluorous Mukaiyama's salt fluorous CDMT

FluoMar fluorous DCC

PF6

•Facilitate acylation reactions

• Facile purification by F-SPE

• Design Flexibility
• Solution Phase or Hybrid Solid/Solution Phase

Fluorous Acylation Reagents



Fluorous Acylation Reactions

OH

O
R

NHCbz
N

N

N

Rf6(CH2)3O

O

O(CH2)3Rf6

O

R

CbzHN
NH2

R'

CO2Me

CbzHN

R

O

N
H

R'

O

OMe

NMM

f-CDMT

7593Cbz-Ala-Ala-Ala-OMe4

7391Cbz-Phe-Met-OMe3

8996Cbz-Pro-Ser-OMe2

9498Cbz-Ala-Ala-OMe1

Lit. yield(%)Yield(%)Amide/PeptideEntry

Markowicz, M.W.; Dembinski, R. Synthesis, 2004, 80.

• No racemization observed

• f-CDMT suitable for use with α,α-disubstituted acids

• FSPE purification possible



Fluorous Acylation Reactions

N
BOC

CO2H

S Rf8

OH N
BOC

O

O

S Rf8

N

O

O

S Rf8

O

R'

N

O

O

R'
NHR''

DIC, DMAP 

1) deprotection

2) acylation

R''NH2

71% ~75%

21-100%

50 oC, 5h, THF

Chen, C.H.T. and Zhang, W. Org. Lett. 2003, 5, 1015.

• All intermediates and final products purified by FSPE

• FluoMar used as a tag as well as an activating group

• FluoMar can be recovered and reused



Fluorous Acylation Reactions

N
H

OH

Me O

O

Me

OMe

OMe

OH

O

Me
OMe

O

Me

O

Me

OMe

MeO

Sn O

F13C6

F13C6

+ microwave Δ, C6H5Cl
10 mol%

1)

2) FSPE

77%

• Fluorous tin oxide catalyzed microwave assisted 
macrolactonization in higher yield than using dibutyl tin oxide.

• Macrolide library consisting of 127 isolated products with 83% of 
compounds in >90% purity (ELSD).

• FSPE reduced residual tin content to ~30 ppm.  Further 
reduction to <10 ppm was easily accomplished by treatment with 
TAA resin.

Panek, J.S.; Porco, J.A. et al, J. Comb.Chem. 2005, 7, 673.



Fluorous Mitsunobu  Reactions

55(97)f-TPP, f-DIAD
4

74TPP, DIAD

60(97)f-TPP, f-DIAD
3

75TPP, DIAD

94(96)f-TPP, f-DIAD
2

94TPP, DIAD

92(99)f-TPP, f-DIAD
1

95TPP, DIAD

% Yield
(% purity)ConditionsReactantsEntry

OHMeO
n-H13C6 OH

+

SO2NHtBOCMe
n-H13C6 OH

+

(CH2)3CO2HO2N OHtBu+

OH F
OH

+

O N
N O

O

O
F13C6

C6F13

f-DIAD

Dandapani, S.; Curran, D. P. Org. Lett, 2004, 69, 8751.

FSPE purification effectively removes all fluorous by-products



Other Fluorous Reagents

Rf8

I(OAc)2

Rf8

NH

Ph

hypervalent iodine oxidations

Co(f-salen)

(Rf6CH2CH2)3SnH

epoxidations

Radical mediated reductions 
and cyclizations

Buchwald-type aminations

Rf8

OiPr
Olefin metathesis ligand



Fluorous Parallel Synthesis

Non-fluorous Fluorous
CO2H

NH2

CO2H

NHBOC

BOCR1 R1

CO2H

NH2

CO2H

NHBOC

BOCR2 R2

CO2H

NH2

CO2H

NHBOC

BOCR3 R3

CO2H

NH2

CO2H

NH

F-BOCR1 R1

CO2H

NH2

CO2H

NH

R2 R2

CO2H

NH2

CO2H

NH

R3 R3

F-BOC

F-BOC

F-BOC

F-BOC

F-BOC

Non-fluorous: multiple 
chromatographic 
species, since 
separation controlled 
by variable domain. 

Fluorous: single 
chromatographic 
species using single 
method on fluorous 
sorbent, since 
separation controlled 
by non-variable 
fluorous domain



Fluorous Tags

ORf8 O

O
N

CN

Ph

Rf8
Si

H

Rf8

O OSu

O

O

OH

Rf8

O

Rf6

Rf6 OSu

O

f-BOC-ON

f-silane

f-Cbz-OSu

f-PMB

f-Fmoc

Fluorous tags behave similar 
to traditional protecting 
groups, but provide a handle 
for facile purification.



Fluorous Ugi Reaction

O

OH
O

N

O

H

NC

N

N
O

N
H

O

PhOC

f-BOCHN

NH2
N
H

f-BOC

N O

N
H

N

O N

85%+

+

+

1.5 eq

1.1 eq

1.1 eq

1.0 eq

1) MW
100oC, 10 min

1) TFA-THF
MW,100oC,10min

2) FSPE2) FSPE

90%

• Reaction times only 10 min for each step

• F-SPE replaces double scavenging

Zhang, W.; Tempest, P. Tetrahedron Lett. 2004, 45, 6757–6760.



Fluorous Parallel Synthesis

Ladlow, M., Warrington, B. H., Villard, A.-L. J. Comb. Chem. 2004, 6, 611-622.

F17C8 I

OH OMe

CHO O OMe

CHO

F17C8

NH2

R

Br O OMeF17C8

NH
R

Br

F-DMB
NH

R

R'

F-DMB
N

R

R'

S
OO

R" N
H

R

R'

S
OO

R"

F-DMB

1)

NaBH(OAc)3

2) FSPE

1) R'B(OH)2, Pd cat.

2) FSPE

1) R"SO2Cl

2) FSPE

1) TFA, TES

2) FSPE

• 27 member sulfonamide array with 3 diversity points produced

• All intermediates and products purified by FSPE

• All members of library >95% purity with no HPLC

• 18 member amide array also described using similar strategy



Fluorous Parallel Synthesis

R1 CO2

NH2

C8F17

R1

CO2 N

XNH

R3

 

R2

CHO

R1

CO2 N
H

N

N X

R1

R3

O

R2

R2

R2

NaBH(OAc)3
R3NCX
Et3N

F

95%
CH2Cl2

F-SPE

X = O, S

F-SPE
F

Zhang, W.; Lu, Y. Org. Lett. 2003, 5, 2555

Synthesis of Hydantoin Library

• 120 compound library produced.  No HPLC purification
• Avg. yield = 30 mg (90% of compounds in >50% overall yield)
• 88% of compounds had >90% LC purity (MS detection)



Practical FSPE Considerations

• Rf8 derivatives are recommended for parallel synthesis.

• Most organic solvents can be used without issue.  If solvation is a 
problem, the addition of BTF can help.

• Always try and design reactions to contain either one organic or 
one fluorous species.

• Fluorous compounds are generally hydrophobic.

• Highly polar functionalities (e.g. ammonium salts) can shorten
fluorous retention times 

• Fluorous TLC and HPLC can be valuable analytical tools for FSPE 
evaluation.



Practical FSPE Considerations

• Generally run using a SPE vacuum manifold available from 
numerous vendors

• Cartridges are available in 2, 5, 10, and 20 gram sizes.

• Maximum loading capacity of 20%, although 10-15% is 
recommended.

• Cartridge should be pre-treated with 80:20 MeOH:H2O and sample 
loaded using a minimum of solvent.  For recommended loading 
solvents and volumes, please consult the FSPE application note. 

• First wash 80:20 MeOH:H2O and second wash 100% MeOH.

• Cartridge can be reused multiple times after washing with MeOH or 
THF.



Concept of Fluorous Mixture Synthesis (FMS)

F

Tag and mix Mixture synthesis        Demix and detag

fluorous tag productsbuilding blocks

+

F

F

F

F

F

F

F

F

F

F

..

.
..
. ..

. ..
.

..

.

..

.
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.

.
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...

Luo, Z.; Zhang, Q.; Oderaotoshi, Y.; Curran. D. P. Science 2001, 291, 1766.



Fluorous HPLC for Demixing

N
N

O
Bu

OSi(iPr)2CH2CH2

F

0 min 10 20 30

  Me    Pr      Et      s-Bu         
     C3F7  C4F9   C6F10   C7F15        C9F19  C10F21

3 4    5   6 72

i-Pr    c-C6H11 CH2CH2-c-C6H11   

C8F17

1

Rf
R1

Rf
R1

3 4    5   6 721

F-HPLC column (20 x 250 mm, 5 mm), gradient 88:12 MeOH-H2O 
to 100% MeOH in 28 min, then to 100%THF in 7 min, 12 mL/min

Zhang, W.; Luo, Z.; Chen, C.; Curran. D. P. J. Am. Chem. Soc. 2002, 124, 10443.

• Components of a fluorous 
mixture are separated based 
on fluorine content

• FMS was used to produce 
library of analogs to 
mappacine.

• 560 member library produced 
in half of the number of 
reactions vs. parallel 
synthesis.



Plate-to-Plate FSPE

VacMaster-96TM Whatman receiving plate

• 6 mL cartridges with 3 g of FluoroFlash silica

• Receiving well volume of 10 mL

• Receiving plate can be directly placed in a Genevac vacuum centrifuge

• Scavenging and amide coupling reactions reported

• Procedures using 48 and 96 well plate format being developed

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



Plate-to-Plate Fluorous SPE Amide Coupling

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

N
Boc

CO2H

Ph
CO2H

N
Me

CO2H

CbzN CO2H
H

NH2

OMe
N

NH2

O
NH2

NN

NH

O

N
H

NH

N N

NOC6F17 O C6F17

Cl

R1-CO2H 
MP-CO3

R1-CONRR'
 F-CDMT F-SPE

81(100)* 80(90)50(83) 100(60)57(91) 67(100)

68(99) 70(100)45(88) 84(95)53(95) 62(93)

36(99) 67(97)37(92) 76(92)34(100) 47(95)

58(81) 45(90)58(81) 63(77)58(92) 37(99)

RR'NH+
NMM

7,  F-CDMT

8



Fluorous Oligonucleotide, Peptide, and 
Carbohydrate Chemistry



• Solution phase synthesis with fluorous supports / tags
• Solution phase chemistry
• Suitable for shorter sequences
• Potential strategies for condensations and ligations

• Solid-supported synthesis with fluorous tagging
• Conventional solid phase synthesis with terminal fluorous 

tagged monomer.
• General method to purify oligonucleotides and peptides.
• FSPE or FHPLC used for simple pre-purification prior to 

final HPLC, increasing throughput.

• Solid-supported synthesis with fluorous capping
• Conventional solid phase synthesis with fluorous capping of 

deletion sequences
• Purification by precipitation or FSPE

Fluorous oligomer synthesis strategies



Fluorous Strategies in Solid Phase Synthesis

Coupling
Product

Byproducts

Polymer
support Monomers

Cleavage

Capping

F

F

F

Fluorous capF

F

Coupling

Product

Byproducts

2) Cleavage
Capping

F

1) Tagging
F

F-HPLC

F-HPLC detag

F

Cap undesired sequences 

Tag desired sequence 

Cap Fluorous tag



Oligonucleotides

5'

O

O

BasePGFDMTO

P
RO

NR'2

using typical
solid-phase synthesis

chemistry;
cleave/deprotect

5'
O

O

BaseFDMTO

P
O
O

+ non-tagged impurities

1) Fluoro-Pak™ 
Column

2) on-column 
detritylation w/TFA

desired
oligonucleotideoligo

OH

3'OH

oligo

O

Pearson, W. H. et. al. J. Org. Chem. 2005,70, 7114

Capture and on-column detag

The Tag Approach



N-terminal Fluorous SPPS

F17C8
S

O Cl

OO O

F17C8

O

O

Cl

f-CBzCl f-MscCl

F-Msc

F-Msc
F-Msc
F-Msc
F-Msc
f-Cbz

N-tag

35columnGVWPLFLLLLALPPKAYAG

9921FHPLCSELDDRADALQAGFSPFES
SAAKLKRKYWWKNLK

727FSPE
9410FHPLC

RQIKIWFQNRRMKWKK

9159FSPE
9837FHPLC

GCCSLPPCALNNPDYC

Purity(%)Yield(%)Purification
methodPeptide

Overkleeft, van Boom, et al. Tetrahedron Letters 2003, 44, 9013-9016

Fluorous Fmoc has been found to outperform f-Msc-Cl



Fluorous Fmoc Peptide Synthesis

F13C6 C6F13

O X

O

f-Fmoc

X = Cl or OSu

NH2

O
R

OH
NH-f-FMoc

O
R

OH+ f-Fmoc-X

1) TMSCl
     DIPEA
    CH2Cl2

2) f-Fmoc-Cl HBTU, DIPEA
DMF

TFA
2% HSi(iPr)3

1% H2O

FSPE

NH2peptide
N
H

O

NH-f-Fmoc

R

peptide

N
H

O

NH-f-Fmoc

R

peptide

   DBU
piperidine

CH3CN

FSPE

N
H

O

NH2

R

peptide

• “Standard” conditions using Novagel resin employed throughout

• FSPE conducted using 1:1 CH3CN: water (fluorophobic wash) 
followed by CH3CN(fluorophilic wash)



SPPS with fluorous capping...

Kumar, K.; Montanari, V. J. Am. Chem. Soc. 2004, 126, 9528

N
H

O

NHtBOC

R

NH2
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Capping (continued)

Kumar, K.; Montanari, V. J. Am. Chem. Soc. 2004, 126, 9528

Ac-NH-VEA*AID*YI*DA-CONH2

Ac-NH-PT*GYGS*SSRRAPET-CONH2

Ac-NH-RAV*KVY*ADAA*EDESAEAFAEF-CONH2
(no capping)

Ac-NH-RAV*KVY*ADAA*EDESAEAFAEF-CONH2



Seeberger, P.H. et al, Angew. Chem. Intl. Ed. 2001, 40, 4433

Tag = Si
C8F17

Oligosaccharide

• Tagging conducted after each coupling

• Tagged deletion sequences removed 
by FSPE (quick intermediate purification 
in solution phase synthesis)

Oligosaccharide synthesis with fluorous capping



• Fluorous Supported Peptide Synthesis
(Inazu, T. et al, Chem. Comm. 2003, 972.)

• Fluorous Supported Oligosaccharide Synthesis
(Inazu, T. et al, Angew. Chem. Int. Ed. 2003, 42, 2047.)

Tripeptide produced in 67% yield in excellent purity using 
liquid-liquid extraction and final HPLC purification.

Trisaccharide produced in 42% yield.  Final purification 
by column chromatography after detachment from 
fluorous support.

F17C8 N N
H

N N
H

N C8F17

O O

O ONF17C8 N C8F17

O OF17C8 C8F17

O O
OH

F =

Fluorous supports



Mizuno, M. et al, Tetrahedron Lett. 2004, 45, 3425.

F Leu-Fmoc

Deprotection &
Coupling

F Leu-Phe-Gly-Gly-Tyr(tBu)-Fmoc

1) 40% Et2NH / CH3CN:FC-72

2) TFA
H-YGGFL-OH

• Overall 70% yield over nine steps

• Final purification by RP-HPLC

• All reactions easily monitored

Fluorous Supported Synthesis



Fluorous supported 
oligosaccharide synthesis with 
direct microarraying onto 
fluorous derivatized glass slide

Fluorescence images of 
arrayed carbohydrates probed 
with FITC labeled lectins

Ko, K.S.; Jaipuri, F.A.; Pohl, N.L. J. Am. Chem. Soc., 2005, 127, 13162.

Fluorous Based Synthesis and Immobilization



Fluorous Microarraying

Ko, K.-S.; Jaipuri, F.A.; Pohl, N. L. J. Am. Chem. Soc. 2005, 127, 13162



Application of Fluorous Microarrays

• Histone deacetylases (HDAC) are 
attractive targets for chemotherapy 
agents

• Small molecule libraries of SAHA 
analogs have been produced and 
screened for HDAC inhibition

• Broad Institute researchers are 
using an integrated fluorous 
approach to synthesis, immobilize, 
and analyze HDAC inhibitor 
libraries. 

Vegas, A.J.; Bradner, J.E.; Tang, W.; McPherson, O.M.; Greenberg, E.F.; 
Koehler, A.N.; Schreiber, S.L. Unpublished results. 



Fluorous Microarray Benefits

Fluorous 
immobilization

fluorous-modified surface

Incubation

No blocking step

Excellent spot morphology
(40% reduction in spot diameter)

Low non-specific binding
allows use of cell lysates

Less washing steps

Low and uniform 
background fluorescence

High 
signal-to-noise

High sensitivity



Fluorous Proteomics and Metabolomics



Two general enrichment strategies:

1) Moiety of interest directly interacts with affinity reagent:
-- Immunoprecipitation
-- Phosphopeptides with IMAC
-- Glycopeptides/ proteins with various lectins

2) Multifunctional reagents containing:

Chemoselective
functionality

General affinity
handle

-- Iodoacetamide for cysteines
-- Aminooxy for carbonyl

--Biotin- (strepavidin)
--Solid phase supports 
with cleavable linkers

Linker

Proteomics Enrichments Strategies

Powerful, but
highly specific{

General format,
but several
operational 
issues + $

{



Fluorous SPE Selectivity

Highly selective fluorous purification of complex peptide mixture

750 1000 1250 1500 1750 2000 2250 2500 2750 3000

1520.598

1536.580

qLS*SGVSEIR

QLS*SGVSEIR

A

B

C

Flow-through

Recovered
after FSPE

Tryptic digest of soluble portion of PV stim
Jurkat TP + 2 spiked fluorous peptides

Brittain, S.M.; Ficcaro, S.B.; Brock, A.; Peters, E.C. Nature Biotech. 2005, 23, 463. 



FSPE: Initial Evaluation of Recovery

20 pmol spike

500 fmol spike

Standard fluorous tagged peptide 
synthesized
and also used for construction
of calibration curve.

FIA analysis shows >50%
recovery

Site of modification does not 
effect isolation
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Fluorous peptide fragmentation

Fluorous tags exhibit excellent MS characteristics:
• Tag is non-fragmentary and non-suppressive
• Fluorine mass defect readily identifies tagged species
• Compatible with MASCOT and SEQUEST

Brittain, S.M.; Ficcaro, S.B.; Brock, A.; Peters, E.C. Nature Biotech. 2005, 23, 463. 



β-elimination (Oda, Y. et al, Nat. Biotechnol. 2001, 19, 379)

OPO3
- 1. Oxidize cysteines

2. β-elimination of 
Ser/Thr phosphates

protein protein

HSCX2CX2SH

protein

SCX2CX2SH

1. Biotinylate

2. Digest

3. Immobilized avidin

SCX2CX2S biotin
1. Wash

2. Elute
LC-MS/MS analysis

Fluorous β-elimination

OPO3
- 1. Oxidize cysteines

2. β-elimination of 
Ser/Thr phosphates

protein protein

HSCH2CH2Rf

protein

SCH2CH2Rf

1. Digest
SCH2CH2Rf

FSPE
LC-MS/MS analysis

Fluorous Phosphopeptide Enrichment



ElutionElution

P

F

Elimination/ Elimination/ 
AdditionAddition

F

F

WashWash

FSPEFSPE

Fluorous Phosphopeptide Enrichment

F
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m/z1000 1500 2000 2500 3000
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FSPE Flow Through

FSPE Elution
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Sample

Rxn 1
PTM1 (F13)

Fluorous 
Chromatography

PTM 1

Rxn 2
PTM2 (F17)

PTM 2

Sample

Rxn
(F9)

FSPE

1 label 2 labels

Separations based on fluorous content

Fluorous tagged strategies can distinguish between singly and multiply 
labeled species

Brittain, S.M.; Ficcaro, S.B.; Brock, A.; Peters, E.C. Nature Biotech. 2005, 23, 463. 



m/z
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m/z
1000 1400 1800 2200
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1000 1400 1800 2200

m/z
1000 1400 1800 2200

Sample

Sample, OMIU, NHS ester

FSPE Elution

LIFAGKQLEDGR
G
G

LIFAGKQLEDGR
G
G

PolyUb Tryptic

OMIU

C4F9 NHS ester

FSPE

MS

1 label 2 labels

Fluorous isolation of ubiquitin peptides



Fluorous Affinity Based MS Metabolomics

Go, E.P.; Uritboonthai, W.; Apon, J.V.; Nordstrom, A.; Brittain, S.; Peters, E.; Siuzdak, G. , ASMS 2005.

• Direct deposition, enrichment, and 
MS analysis on a fluorous 
modified porous Si chip.

• Enrichment and detection of 
fluorous tagged amino acids, 
peptides and carbohydrates 
demonstrated. 

• Potential applications in 
proteomics, metabolomics and 
diagnostics



Fluorous Products Available through Sigma-Aldrich



F17C8 NCO

F17C8 N O

O

O

F17C8 NH2F17C8

SH

CHO

OF17C8

nucleophilic
 scavenger

nucleophilic
 scavenger

electrophilic
 scavenger

f-thiol
f-amine

f-isatoic anhydride f-isocyanate
electrophilic
 scavenger

f-benzaldehyde
    amine
 scavenger

Fluorous Scavengers



Fluorous Synthesis Reagents

F17C8

I(OAc)2
N N

H H

O OF17C8 C8F17

tBu tBu

Co

N

N

N

Cl

F13C6(CH2)3O O(CH2)3C6F13

SH

O
Rf

F13C6 O N

O

N O F13C6

O

    f-DAIB
(oxidations)  Co(f-salen)

(oxidations)

      f-CDMT
(amide coupling)

      FluoMar
(amide coupling)

Rf = C6F13 or C8F17

f-DIAD
(Mitsunobu chemistry)



Fluorous Phosphine Reagents

F17C8

PPh2

Rf

PPh

 Rf

P

 

F7C3

PPh

 

CF3 CF3

F7C3

P

 

CF3 CF3

F17C8

P

 

single chain f-TPP

(Mitsunobu and other applications,
       purification by FSPE)

2

Rf = C6F13 or C8F17

double chain f-TPP

(purification by FSPE or 
  liquid-liquid extraction)

3

Rf = C6F13 or C8F17

triple chain f-TPP

(purification by liquid-liquid extraction)

2

double branched chain f-TPP
(Wittig chemistry, purification by
FSPE or liquid-liquid extraction)

3

triple branched chain f-TPP
(Wittig chemistry, purification by
       liquid-liquid extraction)

triple chain f-TPP

(purification by liquid-liquid extraction)

3



Fluorous Tin Reagents

Sn

Rf

Rf

Rf

H Sn

Rf

Rf

Rf

Br Sn

Rf

Rf

Rf

Sn

F13C6

F13C6

F13C6

N3 Sn

F13C6

F13C6

O

      f-tin hydride
     (reductions &
free radical reactions)

Rf = C4F9 or C6F13

             f-tin hydride
     (stannylating reagent)

           f-tin hydride
     (allylating reagent)

         f-tin azide
     (azide reagent)

                f-tin oxide
     (acylation and sulfonylation 
                 catalyst)



Fluorous Tags for Parallel Synthesis and FMS

Sn
Rf

H
Rf O O

O
N Ph

CN
Rf

O

O

O
N

O

O

ORf

OH

Rf

OH

      f-silane
     

Rf = C4F9 , C6F13 , C8F17

             f-Boc-ON
                  f-Cbz-OSu

     

f-PMB-OH f-Benzyl-OH



Fluorous Tags for Oligomer Synthesis

OH
F17C8

Ph

Ph

Cl
F17C8

Ph

MeO

Cl
F17C8

MeO

MeO

OH
F17C8

MeO

MeO

F13C6F13C6

O

Cl O

      f-trityl-OH
     

      f-MMT-Cl
     

      f-DMT-Cl
     

      f-Fmoc-Cl
     

      f-DMT-OH
     



Rf N
H

O
IRf N

O

O

N

O

O
Rf

O

O Rf N3

Rf = C6F13 or C8F17

amine reactive tag click chemistry tag

Cys reactive tag Cys reactive tag

Fluorous Proteomics Reagents



F9C4 I F13C6 I F17C8 I

Rf4 propyl iodide Rf6 propyl iodide Rf8 propyl iodide

Fluorous Raw Materials



Fluorous Separation Tools

FSPE cartridges F-TLC plates

Bulk fluorous silica gel


