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f®FLUoROUS What is Fluorous Technology?
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* Fluorous chemistry is a novel tagging * o v,
technology that separates desired oW
molecules from complex mixtures. w 0°¢ ¢

@ ) Ao

* Fluorous tagged molecules can be
separated from non-fluorous L P o
molecules and immobilized exploiting '.' Ao
fluorophilicity.

e Molecules can be rendered fluorous
by the attachment of perfluorocarbon
domalns. Non-fluorous Fluorous
o o0

* Fluorous techniques are marked by
high selectivity, low reactivity, and
exceptional breadth ?
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Fluorous Separation and Immobilization

Fluorous tagged molecules S

partition preferentially into © M%

fluorous environments H @é A
e -, RO

Non-fluorous molecules do not e N %
partition into fluorous ; @@M %
environments. AL D
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Novel mechanism orthogonal to
other separation/ immobilization
technologies
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Fluorous-functionalized media

Allows diverse chemistry and
versatile separation options
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/@ FLUOROUS Examples of Fluorous Molecules

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

PPh, -- VERSUS-- PhZP—Q—L
CeF1s
@Reag ent

Substrate ~ Product + ®_By-product

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

H H
T X
@) \( I:17cs (@) \(

Ph

-- VERSUS--

reagent
~—Substrate —— > —Product + By-product

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



f®rLuoRous Solution Phase Fluorous Synthesis

Two Fundamental Approaches

m Fluorous Reagents/Scavengers

@— Reagent

Substrate —*  Product + @—By-product

m Tagged Substrates

reagent
@—Substrate > @— Product + By-product

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

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



f®FLUORGUS

The Solution Phase Advantage

CO,H
GPPhZ H,0 Filter/Wash /©/

N3

o » HoN
THF, 1t rt-60°C Concentrate
36 hours 36 hours 26-60% conversion
(>86% purity)
/\Q/Pphz COZH
H,O FluoroFlash™ /©/
CeF13 - » HoN
THF, rt, 1 h 60°C SPE
3h 100% conversion

(93% vyield, >98% purity)

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



/O ELUORGUS

entry RN3 RNH» yield (%) purity (%)
1 N X 86 98/95
0] O
@) O
BocHN OH BocHN OH
2 91 98/95
N3 NH2
NH, NH,
N NJ\/N\
3 Ll P
N~ N N~ N 88 98/95
09 o0
o N3 o NH,
|I\]3 NH2
4
. 92 98/95
H’l /”H ! ///H
H H
H H
> on O ’ on O ’
\/i\//N\/\Me %N\//\Me 82 95/92
Ng HoN
6 N3 OH NH, OH
: .OTOT/ : .OTOT/ 80 97/93
HO™ > “OH HO > “OH
OH OH

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



f®FLuorous Broad reaction compatibility

Lewis
acidic
Metal - Friedel-Crafts
- - BB
catalysis E
- Suzuki
- Heck Redox
. Buphwald _LAH
- Stille Fluorous - hydrogenation
- Co, Rh “H.O
22
- Swern
lonic Free
- Enolate -
- Grignard, radical
_ lithiate - cyclization
_ cationic - dehalogenation
- deoxygenation

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



f®FLuorous |
Cheminar Menu

Fluorous Separation Techniques



Fhnuona Fluorous Separation Methods

= Liquid-Liquid Extraction R
- “Heavy” fluorous technique Z;iiif{ 7
« Generally requires large F content, ~60% =

m Fluorous Solid Phase Extraction (F-SPE) |
- “Light” fluorous technique e,
« Separates fluorous from non-fluorous 1ate

= No fluorous solvents used

s Fluorous Chromatography (F-HPLC) <

- Separates fluorous from fluorous

« More fluorous = Greater retention



/O FLUORGUS

Fluorous Solid Phase Extraction

A Light Fluorous Technique

fluorﬁghtgg5 flg livg % S

Lol [o] ! !
£ [o] (7| fluorous
H silica gel rF —
Silica
<|f. «/ [o] 3
ilf(Me)z IEI @
—1 : I

Organic wash

Fluorophobic Typical Solvents for F-SPE Fluorophilic
<€ >
Water DMF DMSO MeOH ACN Acetone Toluene THF

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



/O FLUOROUS

Fluorous Dye
(orange)

FSPE Dye Demonstration

O HN
SC.H

4°°9

Non-fluorous Dye
(blue)

1. Load sample 2. Wash non-fluorous dye 3. Wash fluorous dye
with MeOH-H,0 (85:15) with MeOH



/O FLUOROUS

% CH,CN in H,0
with 0.1% TFA

% MeOH in H,0O

RP-HPLC

Fluorous Tags vs

F-HPLC

6

Time (min)

10

4

6

Time (min)

10

. Hydrophobic Tags

C,H, 4 tag

C,H,C4F,, tag

no tag

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

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

Fluorous compounds are hydrophobic and lipophobic.



Fénanaus Reverse Fluorous Solid Phase Extraction

A Light Fluorous Technique

gtandard fepe reverse fape
fuorophobils (podar) fiLorotus
orpamc soivertt soiveri
0 0
O 0
Og Og
I fuorous P organic
fraction fraction
fuorouws sfandznd
sifica gel sifica gel

Ly Ly

arganic fluorous
fraction fraction

Standard FSPE Reverse FSPE
fluorous stationary phase standard stationary phase
fluorophobic mobile phase fluorous mobile phase

non-fluorous compounds washed  fluorous compounds washed

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



e Reverse Fluorous Solid Phase Extraction

. FC-72/Ether(a ) FC-72/Ether(2/1)  Hexane
F"*’JLD"""HF @ 1a:Rl=CyF g
2 1b: Ri=CF5 . e ©
O 16 Ri=CqF;  Feeeeemeeeoem- R L SELEEL
P 0ss  oie 0,08 0.30

1) 1.5 equiv EDCI

0 1.5 equiv HOBt
1.5 equiv EigM
0, 0 et
N CHCly, 23°C, 16 h
. CO:H . 2) r-tse, 51
1 equiv 4 equiv FC-72, (CF3kCHOH

Ba Rt = CqF-g

8b R = CgFyg

Be Ff = E-'-.BFH'

asevse

o

9a Rl = C4Fq, B1%
9b Al = CgFyg, 74%
9¢ Rl = CgFi7, 72%

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



F®FLUOROUS :
Cheminar Menu

Small Molecule Synthesis and Purification Examples

o Scavenging reactions

o Acylation reactions

o Mitsunobu reactions

o Fluorous tagged libraries

o Other purification techniques



f®rLuorous Fluorous Scavenging

A Strategic Alternative to Resin bound Scavengers

@—Scavenger
( F-SPE
5:-0-00:0 )9orF-LLE ue

(excess) (excess)

Clean product

@— Scavenger ’

e 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



f®eLuoraus Fluorous Scavenging

F1.5eq
PS1.5eq
PS3.0eq
Orgl.5eq

100 4

|

|

.
xxx

80 ‘

b I * » Solution phase kinetics

| * Less equivalents used

7 » Decreased loss of desired product
| » Greater generality

Y Axis Title

20

0 T T T T T T T T T T T T
0 20 40 60 80 100 120

X Ais Title Zhang, W. et al, Tetrahedron Lett. 2003, 44, 2065.




/O FLUOROUS

Electrophilic Fluorous Scavengers

f-isatoic anhydride or

NCX  R-NH-R FreNNco N_ _NRR
[j — - (j Y
1.5 equiv. 1.0 equiv. X
X=0o0rS X=0o0rS
Entry X Amine Scavenger Product Yield (purity)

H
1 0 mH 1A ph/NTNC© 100% (>95%)
’ N
2 0 @f\c " fisocyanate @f\CW " 100% (95%)
N N
H H

H
—Ph
3 s A FIA CN W< 100% (95%)
—N —N S
. N H\Ph
4 S N\ f-isocyanate D H\\g 34% (93%)
N N

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



f®rLuoroUs Electrophilic Fluorous Scavengers

1) PS-DIEA (1.5 equiv)
NH,
N
/O + Ph SO,Cl  2) RfgCH,CH,SOCI, (1.0 equiv) T\
Cl

3) FSPE
1.3 equiv. 1.0 equiv. 80%, >95% purity
1) THF
NMe — o NAME;
Ph”" YN0 Na + cClI©7 2 .
2) Rf;CH,CH,SO,CI (1.0 equiv)
%) FSPE 88%, >98% purit
1.3 equiv. 1.0 equiv o opurity
_ Ph
1) PS-DIEA (1.5 equiv) OH
o
+ —
- Ph—SH 2) fluorous epoxide (1.0 equiv) F
3) FSPE .
. _ 90%, >96% purity
1.0 equiv 1.3 equiv

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



/@ FLuoRoUs Nucleophilic Fluorous Scavengers

. 1) PS-DIEA (1.5 equiv) o
NH - Jl\/N\/\
tBqu\/Br + Ph” "2 ) Rf.CH,CH,SH (L0 equiv)  tBUO Ph

3) FSPE

1.3 equiv. 1.0 equiv. 94%, >98% purity
1) PhCHO (1.5 equiv) H
NH, PS-CNBH, N\/Ph
o
2) RfCH,CH,NH, (1.0 equiv)
1.0 equiv. 3) FSPE 84%, >98% purity
N
- N\n/NHBn
2) Rf;CH,CH,NH, (1.0 equiv) ©/\/ O

3) FSPE

1.3 equiv. 93%, >98% purity

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



f®FLuorous Fluorous Acylation Reagents

Cl
I
® NS
N+ Cl O)I\ /)\
3

) ) F,,C4(CH,) N~ ~O(CH,),CF,,
F.oC3 PF,
fluorous Mukaiyama's salt fluorous CDMT
or @
F,.c” " N=c=N
N O S
17 MS
FluoMar fluorous DCC

Facilitate acylation reactions
 Facile purification by F-SPE

 Design Flexibility
» Solution Phase or Hybrid Solid/Solution Phase



/O FLUOROUS

Fluorous Acylation Reactions

O RI
CbzHN )\
? Q H.N” YNCo.M
R NMM o )\ 2 ovie R H 0
OH —_— N~ SN — ch HNJ\H/NW)LOM
NHCbz f-CDMT )I\ /)\ ‘ 5 m ©

Rfy(CH,),0” N~ “O(CH,),Rf,

Entry Amide/Peptide Yield (%) Lit. vield(%)
1 Cbz-Ala Ala-OMe 98 94
2 Cbz-Pro Ser-OMe 96 89
3 Cbz-Phe Met-OMe 91 73
4 Cbz-Ala Ala-Ala-OMe 93 75

 No racemization observed
» f-CDMT suitable for use with a,a-disubstituted acids

 FSPE purification possible
Markowicz, M.W.; Dembinski, R. Synthesis, 2004, 80.



f®FLUOROUS

Fluorous Acylation Reactions

S\/\/RfS
s0c 1y
\I\O\ HO BOCS 1) deprotection
_d
CO_H O -
2 DIC, DMAP \©\ 2) acylation
O

0
e TR, 759

)OI\
' O
R N
R"NH
Q\(O LA
0O \©\ 50 °C, 5h, THF NHR"

/\/\
s Ry 21-100% 5

« 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

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



FOFLUOROUS

OMe

Fluorous Acylation Reactions

F13C6\\\
F..C

Me
1376 -
10 mol% Meo
microwave A, C,H:Cl O
- O
Ny
2) FSPE Me
O

77%

e 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.



f®eLuoraus Fluorous Mitsunobu Reactions

0
F.C 6/\/\OJI\N//N\n/o\/\/calzls
O
f-DIAD
. % Yield
Entry Reactants Conditions °

(% purity)

TPP, DIAD 95
1 Me—@—SOZNHtBOC + n-ngca)\OH

f-TPP, f-DIAD 92(99)

TPP, DIAD 94
2 OzN_O_(CHz)3C02H +  tBU “OH
f-TPP, f-DIAD 94(96)

TPP, DIAD 75

| O O
on - f-TPP, f-DIAD 60(97)
)\ TPP, DIAD 74
4 MeO—@—OH +
n-HlSC6 OH

f-TPP, f-DIAD 55(97)

FSPE purification effectively removes all fluorous by-products

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



FOFLUORGUS

/\/©/|(OAC)2
Rf

8

Co(f-salen)

(Rf,CH,CH,),SnH

NH

/\/©)Lph
Rf;

/\/©iOi/Pr
Rf: Z

Other Fluorous Reagents

hypervalent iodine oxidations

epoxidations

Radical mediated reductions
and cyclizations

Buchwald-type aminations

Olefin metathesis ligand



f®rLuorous Fluorous Parallel Synthesis

|
Non-fluorous | Fluorous
| Non-fluorous: multiple
COH COH | COM COH chromatographic
| species, since
BOC I F-BOC .
@ > @ | @ — @ separation controlled
i by variable domain.
NH, NHBOC i NH,
|
CO,H COH | CO,H CO,H _
l | Fluorous: single
BOC | F-BOC chromatographic
—_— | _— . . .
| species using single
|
| | ‘ method on fluorous
N2 R sorbent, since
| .
COH COH | COH COH separation controlled
i by non-variable
e G @ i e MECEEN e fluorous domain
|
|
NH, NHBOC i NH,



/O FLUOROUS

f-BOC-ON

f-silane

f-Cbz-OSu

f-PMB

f-Fmoc

Fluorous Tags

Fluorous tags behave similar

to traditional protecting
groups, but provide a handle

for facile purification.



/O FLUOROUS

H 2
N
r-8oc” \© 1.0 eq

+
0
| AN z l\l 0) /O
N H e 1) MW PhOC ~ZN ., 1) TFA-THF \ \
_N .0 €q 100°C, 10 min )\ N MW,100°C,10min H
o N -

O

2) FSPE o) \O 2) FSPE NN
. f.-BOCHN
85% 90% SN

NC

9 * Reaction times only 10 min for each step

OH
1.1 eq :
m * F-SPE replaces double scavenging

Fluorous Ugi Reaction

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



/@ rLuorous Fluorous Parallel Synthesis

R

H,N
HO@OMe 1)
Br F_cC o) OMe
178NN\
CHO FiCaa N0 OMe NaBH(OACc),
o C(
R
CHO
2) FSPE HN
F-DMB
Br

F-DMB

E- R R
1) R'B(OH)2, Pd cat. I . H
) R'B(OH) 1) R"SO,ClI R"_N 1) TFA, TES R'S N
Se —_— U
2) FSPE o)) O 0
2) FSPE R 2)FSPE R'

« 27 member sulfonamide array with 3 diversity points produced

F

* 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

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



/@ rLuorous Fluorous Parallel Synthesis

Synthesis of Hydantoin Library

R2
o

ey NaBH(OAc) RNCX
a Cc
R1 co—/_/ — co~ _N R2 LN
2
Y F-SPE 2\( cH.Cl,
NH,, 95% R1
— R3 - R3
| I
HN\I//< 0 NYX
Ocor L ¥ | —— "
2\'/ F-SPE a1 L@
R1 R2

X=0,S

* 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)

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



/@ eLUoROUS Practical FSPE Considerations

* Rf, 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

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



FhTLonaE Practical FSPE Considerations

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

e 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:H,O 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:H,O and second wash 100% MeOH.

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



R Concept of Fluorous Mixture Synthesis (FMS)

Tag and mix Mixture synthesis Demix and detag
| ]

=

o lne Momll
L {m

B-fluorous tag @ B @ building blocks products

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



O rLuoraus Fluorous HPLC for Demixing

Bu
F X (@)
N
~
N N\ /
OSi(iPr),CH,CHRf
R
1 2 3 4 5 6 7

[
Rf C3F7 C4F9 C6F10 C7F15 C8F17 C9F19 C10F21 Components Of afluorous
RL Me Pr Et s-Bu i-Pr c-CgH,, CH,CH,-c-CoHy, mixture are separated based
on fluorine content

1 2 3 4 5 6 7

{ f

F ﬂ ﬁ  FMS was used to produce
,1 library of analogs to
mappacine.

_ L_.»J LAJ _— \_.»J vJ L} L 560 member library produced

| | | | in half of the number of
0 min . 20 30 reactions vs. parallel
synthesis.

F-HPLC column (20 x 250 mm, 5 mm), gradient 88:12 MeOH-H,O
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.



f®FLuoRoUS Plate-to-Plate FSPE

VacMaster-96™ 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.



f®FLUORGUS

Plate-to-Plate Fluorous SPE Amide Coupling

F-CDMT  MP-CO, F-SPE

RL-COH + RRNH ——> ————> ——> RLCONRR

NMM

36(99)  37(92)

8
Can\/\/o\rN\ O~ CeFir
it
N\fN
Cl 7, F-CDMT
OMe HN

H

w O w (v QMO0 M

O

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

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

34(100)  67(97)  76(92)  47(95)

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

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



PO FLUORGUS

Fluorous Oligonucleotide, Peptide, and
Carbohydrate Chemistry



g Fluorous oligomer synthesis strategies

e 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.

e Solid-supported synthesis with fluorous capping

« Conventional solid phase synthesis with fluorous capping of
deletion sequences

 Purification by precipitation or FSPE

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



o Fluorous Strategies in Solid Phase Synthesis

Cap undesired sequences

‘_. [ . D@ ‘_._. Cleavage E-HPLC
—
= & 040 90
P Cappmg Product
i@ Byproducts

Tag desired sequence

Qoo ) @oo Product
‘_. ® 1) Tagging F-HPLC detag
i

’ —
Coupling ‘—. Capping ‘—@ 2) Cleavage @

Byproducts

Polymer | c o t
‘ support @ @ wonomers uorous cap D ap uorous tag



f®FLuoROUS Oligonucleotides

The Tag Approach

BasePC
| :O: | FDMTO_ 5 Base
| :O: I

OH 5" RO\F:,O 0. O 1) Fluoro-Pak™
- P Column
I'I R - ©of - desired
oligo NS (l) 2) on-column oligonucleotide
using typica . .
é solid-phase_ synthesis oligo detritylation w/TFA
chemistry; | Capture and on-column detag
cleave/deprotect OH 3
+ non-tagged impurities 0
MH O
7 M.'L.HJH/
. Op-Onen
i failures

e final 100-mer
after detritylation

f\t"f
'i e =" 4 failure
| FDMT 100- mer wash #2
Lo : = ¢ failure wash
N L/ :
il #1
H l o —E by eluate from first
j \q— loading pass
i @ CrUAS Synthesis
products

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



F®FLuoroUs N-terminal Fluorous SPPS

)J\ 9) O
@) Cl \\S//O JJ\
F.CoN\""N"0" ¢
F C 178

1778

f-CBzCl f-MscCl
| Purificati | |
Peptide N-tag uﬁr]'eltchildon Yield(%) | Purity(%)
GVWPLFLLLLALPPKAYAG | -Cbz | column 35
F-Msc FHPLC 37 o8
GCCSLPPCALNNPDYC
F-Msc FSPE 59 91
F-Msc FHPLC 10 94
ROIKIWFONRRMKWKK
F-Msc FSPE 4 {2
SELDDRADALQAGFSPFES
SAAKLKRKYWWKNLK F-Msc | FHPLC 21 99

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

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



gl Fluorous Fmoc Peptide Synthesis

X =Cl or OSu
1) TMSCI
e) DIPEA - R
CH.CI 0 O peptide —NH, H =
o C: R - @ {emtag 3
+ f-Fmoc-X ——— OH ¢
NH HBTU, DIPEA NH-f-Fmoc
2 2) f-Fmoc-Cl NH-f-FMoc
DMF O
TFA piperidine
2% HSI(iPr), R DBU R
1% H,O . H s . H <
MO [pmmagH i CHON _  [pepide—N. 5
NH-f-Fmoc NH,
FSPE FSPE
(@) O

o “Standard” conditions using Novagel resin employed throughout

 FSPE conducted using 1:1 CH;CN: water (fluorophobic wash)
followed by CH;CN(fluorophilic wash)



f®eLuoraus SPPS with fluorous capping...

R
O— peptide N : N(SO,CF,),
NHtBOC F C I
coupling \g/\ BN Nph
O— peptide——NH, > R
+
O— peptide——NH,,

R

R A

O_ peptide—N : peptide}— %
\n/\NHtBOC 1) Deprotection \"/\NHz

o) 2) Cleavage / O

+
3) Fluorous
O_ DT _H Separation . |
W peptide —NW

Rf

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



F®FLUOROUS

(&)

%

=
8

E

=
s

0.5

Abs at F30 nm (@)
Y]

=
=4

;

o

10 15 Fatl
Time {mins}

Ac-NH-RAV*KVY*ADAA*EDESAEAFAEF-CONH,

25

a0

Capping (continued)

(a)
1
[if:}
E 06
&
5 o
o L
1] ’_,«*/‘—HJ
0 15 20 f=
Tirme {ming)

Ac-NH-VEA*AID*Y[*DA-CONH,

(no capping)
ic) (d)
i o %&15
g % 0.08
g 04 L g o
. wﬁj -0.08 JA__’J L
Ac-NH-RAV*KVY*ADAA*EDESAEAFAEF-CONH, Ac-NH-PT*GYGS*SSRRAPET-CONH,

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



reeeress  Oligosaccharide synthesis with fluorous capping

LevO Cleavage and OH
Purification
BNO~i—O BnO 0 = I
ono 0 BnO OT
OPiv Sl
9
IO o ©
OPiv
1 %r;]% O 0 Deprotection Coupling
OPiv C
Olev
Q
o B8y 008
Capping EUD OPiv OBu
OTag BnO . "
En Q Piv "
BnO O O'D
OPIV e

e Tagging conducted after each coupling

« Tagged deletion sequences removed

by FSPE (quick intermediate purification
In solution phase synthesis)

C.F

8 17

Tag = Oligosaccharide —Si—/_

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



/@ FLUOROUS Fluorous supports

 Fluorous Supported Peptide Synthesis

(Inazu, T. et al, Chem. Comm. 2003, 972.)

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

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

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



F O ELUORGUS

Fluorous Supported Synthesis

Deprotection &
Coupling
(F)—Leu-Fmoc > (F)—Leu-Phe-Gly-Gly-Tyr(tBu)-Fmoc

»
»

1) 40% Et,NH / CH,CN:FC-72

»

" H-YGGFL-OH
2) TFA
E * Overall 70% yield over nine steps
5 e Final purification by RP-HPLC
g * All reactions easily monitored
WW A
0 | EIO | 4IEJ | BIEJ

Retention time (min)

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



ForLlorays Fluorous Based Synthesis and Immobilization

profactad carbohydrats
O: Dbuilding Bock ,T
OC=NHICC
2) filter
Syntheais Cycle [ Fluorous supported
j @ j oligosaccharide synthesis with
B2 . . .
b oemsete 1T e direct microarraying onto
ot ( protectng group fluorous derivatized glass slide
Micrnnulrr::; ﬂ
Formation
gmggi S:r:gnfr: damﬁgdngda
Man (1) GleNAcC (2) Gal (3) Fuc (4)

with FITC labeled lectins

arrayed carbohydrates probed

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



f®ELUOROUS Fluorous Microarraying

HO OH
]
HH&EX’“\ '0%
0, ivating group

J/ 1) coupling \0\3_
1 Man

=
L
£ <
; :
D” 5’ ==
0
H,"?ﬂ‘é;\\_/m -/ 1) deprotection
AcHM /lj 2) filter .
I
EEF”wﬂ
microara
2 GlcNAC directly! ¥ i
= e
E g
;! ' > n
& wash with E’
carbohydrate
binding receptor
or enzyme

scan slide

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



f®rLuoraus

Application of Fluorous Microarrays

(\\.

» Histone deacetylases (HDAC) are
attractive targets for chemotherapy S50
agents Nedhe

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

Labeled Antibody

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

libraries.
F 2
o
e \r"L_{\F
Y
SHil F:‘}—E—rF eF F
FOHF N FF bR F o R &
7 ol ef F. FoF L=
pE g FFpF Lo Al W &
eh ~f F B puiF Rt F F B Amah F Fy FF
3 - y B A B T 4 -
s Ao e Ne:

Fluorinated 7 ?’

u Jh
Glass sua% | | Vi

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




feruoraus Fluorous Microarray Benefits

No bIOCking step fluorous-modified surface
Fluorous ® ’) .
= immobilization Incubation
o R .

A© sy
Excellent spot morphology
(40% reduction in spot diameter)

ow

High
* * signal-to-noise
Less washing steps /l )k
. e y
VI~ @ High sensitivity @
Low non-specific binding * Low and uniform
allows use of cell lysates background fluorescence




FOFLUORGUS

Fluorous Proteomics and Metabolomics



FerLUORG S Proteomics Enrichments Strategies

Two general enrichment strateqgies:

1) Moiety of interest directly interacts with affinity reagent:

-- Immunoprecipitation
precip { Powerful, but

-- Phosphopeptides with IMAC highly specific

-- Glycopeptides/ proteins with various lectins

2) Multifunctional reagents containing:

Chemoselective Linker General affinity
functionality handle General format,
/ \ / \ { but several
-- lodoacetamide for cysteines ~Biotin- (strepavidin) pperatlonal
y issues +$

--Solid phase supports

-- Aminooxy for carbonyl with cleavable linkers



feriuoraus Fluorous SPE Selectivity

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

Flow-through

gLS*SGVSEIR

Recovered
QLS*SGVSEIR after FSPE

750 1000 1250 1500 1750 2000 2250 2500 2750 3000

Highly selective fluorous purification of complex peptide mixture

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



#®FLuorous FSPE: Initial Evaluation of Recovery

-
(@]
oy

A- (5]
2
565 1000 1800 2000 2800 = 3000 Standard fluorous tagged peptide
100, synthesized
B. 20 pmol spike y .
g and also used for construction
3 UVTQHFAK of calibration curve.
= FIA analysis shows >50%
500 I 1000 1500 2000 2500 3000 re Cove ry
C1OO- m=

500 fmol spike : . :
FITVTOHFAK P Site of modification does not

- effect isolation

Relative Abundance

500 1000 1500 2000 2500 3000
m/z



PO FLUORGUS

Fluorous peptide fragmentation

MH,** VPQLEIVPNS*AEER

1021.867

1020 1024 1028
b6

[PQLEI]

[PQ] [PQLE]
[PQL]  bs b

L.

600 800 1000 1200 1400 1600 1800 2

N T A

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.



/O FLUORGUS

Fluorous Phosphopeptide Enrichment

B-elimination (Oda, Y. et al, Nat. Biotechnol. 2001, 19, 379)
SCX,CX,SH

OPO, 1. Oxidize cysteines _ HSCX,CX,SH
2. B-elimination of ‘

Ser/Thr phosphates

1. Biotinylate ‘ /\ 1. Wash
2. Digest SCXZCXZS—biotin—’ — > LC-MS/MS analysis

2. Elute
3. Immobilized avidin

Fluorous B-elimination

SCH,CH,Rf

OPO, 1. Oxidize cysteines _ HSCH,CH,Rf |
2. p-elimination of .

Ser/Thr phosphates

1. Digest N FSPE
> SCH,CH,Rf

v

LC-MS/MS analysis



/® FLUOROUS

Fluorous Phosphopeptide Enrichment

YLGYLEOLLR | FFVAPFPEVFGK
e Sample
VPQLEIVPNSAEER

- o HQGLPQEVLNENLLR

= /

L \ EPMIGVNQELAYFYPELFR

lEIlmlnatlon/ o l l l
Addition T PR L '
500 1000 1500 ;2000 2500 3000

E o FSPE Flow Through

-

1 :

ml il l A

@ Fspe '

: 500 1000 1500 m/z 2000 2500 3000
/ \ FSPE Elution
> VPQLEIVPNSAEER
- /
Wash
Elution L ‘ “ |

500 1000 1500 m/z 2000 2500 3000



FOFLUOROUS

Separations based on fluorous content

Sample
!
Sarr;ple Rxn 1
Rxn F’TMll (F13)
(F9)
| Rxn 2
ESPE PTMZL (F17)
/N
1 label 2 labels Fluorous
Chromatography
/ \
PTM1 PTM2

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.



/O FLUOROUS

PolyUb Tryptic

!

OMIU
I

v

C4F9 NHS ester

}

FSPE

7\

1 label 2 labels
I

\4

MS

Fluorous isolation of ubiquitin peptides

Sample
h . | II | .
1000 1400 1800 2200
m/z
Sample, OMIU, NHS ester
) ’1 L \ L il lL ' . A | i R
1000 1400 1800 2200
m/z
T FSPE Elution
G
G
*LIFAGKQLEDGR
1000 1400 1800 2200

m/z



FEaLangus Fluorous Affinity Based MS Metabolomics

Fluorous Affinity Enrichment Approach * Direct depQS|t|0n, enrlchment, and
oA MS analysis on a fluorous
- modified porous Si chip.

| Derivatization

*J‘J Fluorous % ,j‘j)-ﬁ
/."-’-. e ———> . y‘j_ 2).’0

|
Small Molecules °z ‘ * Enrichment and detection of
e fluorous tagged amino acids,
DIagMS Data R Ace peptides and carbohydrates
o S demonstrated.

642

FIBVTQHFAK

 Potential applications in
bk L LU i . proteomics, metabolomics and
s e m diagnostics

Fluorous Proteomics with DIOS-MS 200 frmol BSA digest spiked with fluorous tagged peptide

Sample Preparation

“.’: ; ‘%
1’&‘ : 551 1144
: g (‘\ 1) Protealysis f — Ms Anal;rsls coq | 11 928 998
P, 1 2) Spike with Fluorous t';. j
g%
‘t‘- L]

Tagged Peptide

DIOS SLE
«+8C" ELPQToGLOKPEa MH,
wash with
Wc F 0% MeOH in Hz0

A solution containing a mixture of a peptide tagged with C.F.. group and a us=
BSA tryptic digest was deposited on a DIOS chip bearing fluoroalkyl chains. mut
DIOS-MS spectrum of the mixture shows peptide peaks from BSA digest 2078
and the fluorous tagged peptide. The spot containing the peptides was e
washed with 60% methanol. DIOS-MS analysis of the spot shows the selec- “e1 2117
tive adsorption of the flucrous tagged peptide. sziers 916 (1 a4a |

500 2500

m/z

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



FOFLUORGUS

Fluorous Products Available through Sigma-Aldrich



F O ELUORGUS

FLce "

f-thiol

nucleophilic
scavenger

F C/\/\Nj\

1778

f-isatoic anhydride

electrophilic
scavenger

Fluorous Scavengers

F.Co7 " NH,

F.Co” " Nco

f-isocyanate

electrophilic
scavenger

f-amine
nucleophilic
scavenger

F.co” "o

f-benzaldehyde

amine
scavenger



PO FLUORGUS

F,3C4(CH,),0 N O(CH,),C.F

Fluorous Synthesis Reagents

=N N=
I(CAC), \Co/
F..C O/ \O C.F
178 8 17
I:1708
tBu tBu

f-DAIB

(oxidations) Co(f-salen)

(oxidations)

ji:SN\ Rf\/\o/©/ )

13
Rf = C4F,5 or C4F

f(-jCDMTI ) FluoMar
(amide coupling (amide coupling)
XA
F.C "07 =T Yo "k
f-DIAD

(Mitsunobu chemistry)



FOELUOROUS

Fluorous Phosphine Reagents

F7Cs RY 2 Rf 3
Rf = C4F 5 or CgF Rf = C4Fy ;5 or CgF
single chain f-TPP double chain f-TPP triple chain f-TPP
(Mitsunobu and other applications, (purification by FSPE or (purification by liquid-liquid extraction)
purification by FSPE) liquid-liquid extraction)
P PPh P
CF,. ,CF, CFa\ CFs
F1C8 3 F,Cs > F,Cs 3
triple chain f-TPP double branched chain f-TPP triple branched chain f-TPP
(Wittig chemistry, purification by (Wittig chemistry, purification by

(purification by liquid-liquid extraction) FSPE or liquid-liquid extraction) liquid-liquid extraction)



PO FLUORGUS

Fluorous Tin Reagents

Rf Rf Rf

Rf/\/ﬁsn-H Rf/\/ﬁSn-Br Rf/\/ﬁsn_\ .

Rf Rf Rf
(Elgu%grr:ge& f-tin hydride f-tin hydride
(stannylating reagent) (allylating reagent)

free radical reactions)

Rf = C,F, or C4F

FlSCB\L
F13C6\/\
F C AN PTN, SN0
1376
ﬂ rcl
F13C6
f-tin azide f-tin oxide

(acylation and sulfonylation

(azide reagent) catalyst)



/O FLUORGUS

Fluorous Tags for Parallel Synthesis and FMS

~ 0
Rf/\//er Rf/\><oj\o/N\YP“ ) /\/()ﬂoj\o?“;>

CN

f-silane f-Boc-ON

/©/\OH OH
R "0 o

f-PMB-OH f-Benzyl-OH

Rf=C,Fy, CsF 5, CgF 45



PO FLUORGUS

Fluorous Tags for Oligomer Synthesis

P“ O

Cl

F_C I:17(:8
178 Ph O

MeO

f-trityl-OH f-MMT-CI f-DMT-CI

M

ANAL ) QO o
X, ¥

f-Fmoc-CI f-DMT-OH

MeO



/O FLUOROUS

Fluorous Proteomics Reagents

0
N
Rf/\/ﬁ\op Rf/\/\N3
O

amine reactive tag click chemistry tag

Rf = C,F,; or CgF 4

O
PON i
/ Rf/\/\H
O

Cys reactive tag Cys reactive tag



/O FLUOROUS

Fluorous Raw Materials

F.Cc”” TN F.C” NN F.C” NN

Rf, propyl iodide Rf, propyl iodide Rf, propyl iodide



f®FLuoraus Fluorous Separation Tools

e
i &
-t -i". -

FSPE cartridges F-TLC plates

Bulk fluorous silica gel



