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rereeres \What is Fluorous Chemistry?
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 Fluorous phase is a third phase
orthogonal to organic and QY

aqueous

agueous phases fluorous |

¥
r

gl:

e Fluorous molecules can be
separated from other molecules

based on fluorophilicity organic

‘_

 Fluorous solid-phase extraction
(F-SPE) : a light fluorous
technology

Handbooek el Eluerous Chemistiny Gladysz, J. A.; Culran,, D. P.; Henvathi, IL 1 Eds. Wiley-V/.CIHH; 2004



ferveress  \What are Fluorous Molecules?

Organic
Functional

Fluorous
Spacer [ Fluorous

Molecule
Group Tag
2 N
@)
CHO Ps “a
o )
C8F17/\/\O Cl)\N/)\CI
F-PMB aldehyde F-DCT
(Amine protecting group) (Amide coupling reagent)

Organic group controls reactivity
Fluorous tag controls separation



‘@ruorous Fluorous Solid-Phase Extraction (F-SPE)
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solvent
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Fluorophobic Fluorophilicity of common solvents Fluorophilic
< >
Water DMSO DMF MeOH ACN Acetone THF

Zhang, W.; Curan, D. P letrahedron 2006, 62, 11837,



#®FLUOROUS Fluorous SPE DemO

"C,H,
organic dye (blue)

Left tube: during fluorophobic wash (80:20 MeOH:H,0)
Center tube: end of fluorophobic wash
Right tube: end of wash (100% MeOH)

Welletrahedron, 2003, 591 4475,



#®FLuorous Plate-to-Plate F-SPE

e High-throughput parallel purification
o 24-, 48-, or 96-channel on standard plate footprint
* Plate reusable.

24-Channel Plates 96-Well Plate

Up to 1 g of F-silica gel

125-210 um silica gel

Up to 100 mg sample purification
Gravity SPE

Up to 4 g F-silica gel

40-60 um silica gel

Up to 300 mg sample purification
Vacuum SPE

zZhang, We; Lo, Yo, Nagashimas, 1. J. Coml., Chem. 2005, 7, 893.



reaverers - Aytomated F-SPE by RapidTrace™

Caliper Life Sciences (formerly Zymark Corp)

i IR

Single unit (10 Cartridges) 10 units parallel (10x10 cartridges)
Single unit (10 Cartridges) 10 units parallel (10x10 cartridges)

Automatic sample loading, cartridge conditioning, elution and rinsing
Pump-controlled solvent delivery with choices of 8 solvents

10 Cartridges sequential, up to 10 modules parallel

Up to 200 mg sample purification

Zhang, We; Lo, e J0 Cemle. Chem: 2006, 8}, 890,



Fotuonou: Why use fluorous?
Feature Benefit

Greater chemical diversity

High Chemical Compatibility — Greater synthetic flexibility
Readily scaled

Drop-in technology

Technological Compatibility — i
ecnnological Lompatipllity Automation-friendly

Minimal reaction development

High Predictability Minimal purification development

Solution kinetics

Complete Sol_utlon Phase — Reaction monitoring
Chemistry : e
Intermediate purification
Flexibility SPE, LLE, flash chromatography,

HPLC, recrystallization, distillation
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Fluorous Synthesis

Fluorous Reagents, Catalysts and Scavengers

<::}—-Reagent

Substrate >  Product

or
<::}—Scavenger

Fluorous Protecting Groups/Tags

reactions

@Substrate > > @Product

We Chem. Rev. 2004



f®=Luorous Fluorous Dichlorotriazine (F-DCT)

Synthesis of F-DCT

Cl O "CF

PR 2 46-collidine . i
CeF17” > TOH + NN - N"°N

)I\ /)\CI THE > )I\ Py F-DCT

Cl” N Cl~ N CI
Recrystallization 60%

F-DCT as an amide coupling reagent

« Activating 2 equivalents of acids
e Good for bulky amines and anilines

F-DCT as a nucleophile scavenger

e Scavenging up to 2 equivalents of nucleophiles
e Scavenging amines and thiols




ferorous Eollow the Amide Coupling by *H NMR

O
/OCOZH OANH F-DCT (1 equiv)
+ 2 > N/\©\
Br Me NMM Br/@/u\H e

2 equiv 2 equiv THF 2 equiv
THF-d,
| / COH O/\/\CBFN
. \ ] B /C * N)%N F-DCT
l d r CIJ\N/)\CI
- 1B N (2:1)

0]
8 17
b add NMM 9] NJQN e}

- O)(OJ'\N/)\OJ\@
- . ._.J_H__J.ui_l_._ Br Br

activated acid

C add amine o
| jonae!
N 1) E— it ! " 'JK_J-_A-— Br Me

amide product

o “ IL . JL__E_L_JL d er/KHA@Me

after F-SPE




gl Amide Coupling Promoted by F-DCT

F-DCT,NMM  MP-CO, o
R-CO,H + R'-NH, > - R)LN,R
THF F-SPE H
O/COH e Me OOVCOZH@CQZH
CO,H Boc’ cozrn’S COH Cl OMe
OA 2 58%(98%)*  56%(96%) 74%(76%) 6296(99%) 79%(91%)
F
(:G\,H 48%(95%) 6296(95%) 46%(92%) 73%(76%) 79%(94%)
N
C( ‘Me  45%(83%) 56%(79%) 6%(93%) 68%(99%) 89%6(91%)
Me NH,
U 50%(95%) 55%(99%) 71%(92%) 6296(99%) 75%(98%)
Me

*yield% (purity%), purities were determined by UV210

» 20 Parallel reactions
» Purified by plate-to-plate F-SPE
 MP-CO, to free NMM'HCI salt




poEuonou: F-DCT as an Amine Scavenger

NCO F-DCT H
MP-CO N.__NRR'
THF DIPEA F-SPE X
0.12 mmol 0.10 mmol

NH
. % 0" C
BUNH O/\ 2 N
*F (WA @ J
NCO
@ 47%(93%)* 63%(94%) 64%(94%)  89%(96%)  92%6(90%)  96%(80%)

NCO
O 67%(96%) 58%(96%) 5296(96%)  63%(95%) 57%(94%)  48%(97%)
F

NCO
O 57%(77%)  77%(98%)  87%(90%) 96%(86%)  93%(80%)  79%(87%)
Me

*yield% (purity%), purities were determined by UV254

« 18 Parallel reactions
e Purified by RapidTrace automated F-SPE
« MP-CO, to free DIPEA'HCI salt
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Fluorous Synthesis

Fluorous Reagents, Catalysts and Scavengers

<::}—-Reagent

Substrate >  Product

or
<::}—Scavenger

Fluorous Protecting Groups/Tags

reactions

@Substrate > > @Product




fervoress 1 4-Benzodiazepine-2,5-dione Library
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Published Solid-Phase Synthesis

NH,
R2
0 O\/‘ CO_H AN NHZ, 0
HN .\/N - R2{
R1 NaBH(OAc), EDCI, NMP OMe

Ph N=( Jgf TFA/DMS/H,O N
R1 Y. \%*Rl
90:5:5 N
H

Ellman;, J. et al. J. Org. Chem. 1997, 62, 1242
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Fluorous Approach

O NH,
R1 R2
OMe \‘/U\OMe (4) 0 (6)
CHO NH, HCI R1 CO,H
- OMe -
/\/\O NaBH(OAc), EDCI, NMP
CaFa7 OMe  pipEA, ACOH  F-Tag” !
DCM, rt
o)
NH, F>hN=(Me N
F-Tag O .
R2 I OLiy R2 R1
N
OMe  THF, RT, 2h N_
O R1 o) F-Tag
Me R3 R3
PAN=( s \ P
OLi TFA/DMS/H,0
—= R2 R1 » R2 R1
R3X (21) . 90:5:5 H
DMSO e} F-Tag o)



reruorous - Tagging with Fluorous Benzaldehyde

OMe o o
CHO + j)LOMe
NH, HCl
/\/\O OMe ?
CgF 3 1.05 equiv
1 2
1H NMR of 3

-------

NaBH(OAc), OMe  R1
g 0™
DIPEA, AcOH H
: O
DCM, 1t, 4h  CgFy7” > O OMe
Trituration
60-80% 3

Tagging by reductive amination
4 Reactions at 60 mmol scale
Reactions monitored by LCMS

Purified by Si-gel filtration and
trituration
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rereeres - Amide Coupling and Cyclization

NH,
OH Me
I Hy n PAN={ a0
6eqU|vO R2 /Iﬁ(OMe OLi o \giRl
>
N\

~NH EDCI/NMP  THF o
E-SPE F Tag trituration O -Tag

3 4 30-70% 5

HPLC trace of 4

mAL]

Before F-SPE

. « 24 Amide coupling and cyclization
J&L\J\«h )\ at 6 mmol scale

wi L ETTTTETTTTIT T me Reactions monitored by LCMS
- LR e Compounds 4 purified by F-SPE
i « Compounds 5 purified by trituration

. In MeOH or chromatography
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5 i

N EEE-EEE

‘q:/S’Rl

F-Tag

HPLC trace of 6

Before F-SPE

Alkylation and Detagging

Me
TFA-DMS-H,0O

R3X (4 equiv. \/S, 90 3:5
DMSO 1-3 days

“F-Tag
PTP F-SPE F-SPE

e 504 Alkylation and detagging at 0.1
mmol scale

 Reactions monitored by LCMS

- 8 % § B

After F-SPE

. 96-Well plate-to-plate gravity F-SPE
to purify 6

» 48 Cartridges for 504 final F-SPEs

1

ﬁ  Parallel F-SPE to purify products 7
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Summary of Library Production

Result of Library Production

AA (R1) Purification Method Success Rate*
AA1l F-SPE 82%
AA2 F-SPE 73%
AA3 F-SPE 68%
AA4 F-SPE, HPLC 69%
Total 73%

*>3 mg, >85% purity at UV220, confirmed mass

Adopted SP-chemistry to produce a 504-member library
Consume less reagents than the reported SP-synthesis
Monitored reactions by LCMS

Purified and analyzed intermediates using various methods
Reaction scales from 0.1 mmol to 60 mmaol



feruorous  Flyorous-Enhanced Multi-Component Reaction

F-component

substitutive
tag cleavage

F-SPE

excess non-fluorous F-intermediate fished clean product
components out by F-SPE

Zhang, W, Chem. Rev. 2004, 104, 2531.
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Imidazo[1,2-a]pyridines from Fluorous MCR

N~ NH, pw (150 °C, 10 min) or
Rf,0,SO RINC thermo (80 °C, 120 min)
F-SPE or trituration

CHO Me04</ )—CHO
RfBSOZOOCHO Q RfBOZSO@CHO

Rf,0,SO Rf,0,SO

.. (L. @U RO

N~ NH,

NC
NC
@ ~""NC

R3O
R1 R1 HN
XS cat. Sc(OTf),, EtOH N%
R2 - /
CHO + 2 A X

Rf,0,SO N

0 Ve Zhang, W @SARI Cemla, SEi. 2004, 23, 827



p@FLUOROUS Post-MCR Modification and Detagging

4
21 HN R*ArB(OH),, Pd(dppf)Cl,, R1 HN
NS K,CO,, DME/H,0 /\_
74 )\/X R2 N R2
CF. 0.50 NT 7 or R*SH, Pd(dppf)Cl,,

Cs,CO,, DMF

uw (150°C, 10 min)
F-SPE + Si-SPE

T o o O

B(OH),

Three functions of the fluorous tag:

 OH protecting group

 Phase-tag for intermediate purification

« Activation of phenol for cross-coupling reactions

0 Ve Zhang, W @SARI Cemla, SEi. 2004, 23, 827



/®FLUOROUS Su mMmm a.ry

» Developed plate-to-plate and automated F-SPE for
high-throughput purification

» Demonstrated fluorous high-throughput purification
with a new fluorous reagent (F-DCT)

» Demonstrated fluorous tagging strategy with a 504-
member library synthesis.

» Integrated fluorous technologies with microwave
reactions and multi-component reactions in library
production

Fluorous technology provides valuable tools for
high-throughput organic synthesis
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