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Representative Light Fluorous Molecules

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

5 O SCeHACoF 12
_(CH2)mCgF17
AN i PdCI
CoF 17 0 0 Y /g u
CN o) 0 |
SCGH4C6F13 .
FBoc-On Fisatoic anhydride FPd-pincer complex '™
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Standard/Reverse Fluorous spe

I fluorous I organic

Me fraction fraction
Silica0—3ICH,CH,CsF17 fluorous standard
Me silica gel silica gel

FluoroFlash®
silica gel T T
é organic é fluorous
fraction fraction
1st solvent  fluorophobic (polar) fluorous (FC-72/Et,0)

2nd solvent  fluorophilic (Et,O, THF)  any organic solvent

Synlett 2001, 1488; HFC, Ch 7; Org. Lett. 2004, 6, 2717
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FluoroFlash® Silica Products

100 um, gravity spe; 40 um, vacuum/pressure spe; 5 um, hplc

HPLC Columns TLC Plates Bulk Silica
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Fspe Techniques

Elution with MeOH-H,0O, then MeOH

o HN T

HN.
© C,Hy

organic dye (blue)
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Zhang, W.; Lu, Y. M.; Nagashima, T. J. Comb. Chem. 2005,7,893. W& O 0 U8



Fluorous Grubbs-Hoveyda Catalysts

P(c-CsH
C'/,.R| (c-CeH11)3 N/ \N

U=
c” ! Y

: Cl.,

1 R —
A o
pr 1

CgF17 i /O
pr CgF17
fGH-1 fGH-2

Cl

Ll
Matsugi, M.; Curran, D. P. J. Org. Chem. 2005, 70, 1636-1642. :
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fGH Catalysts in Action

Ts 1) CH,ClI, N
N + fGH-1 —> + FGH-1
AN 55 kC, 2 h _
2) fspe
1.00¢ 211 mg 865 mg 181 mg
5 mol% 98% 87%

from MeCN from ether

1) fGH-2, 5%

N CH,Cl, o0
+ A copn ————>
55FC, 2 h

2) fspe

88%, from 80/20 MeOH/H,O
+

Cl
Ll
Cl
recovered fGH-2, 63%, from THF —
.
.
=
Cl

aRREE.n



Dictyostatin Cross Metathesis

pr CgF17

6-epi-dictyostatin fGH-2

3% fGH-2 CH,Cl,

1CO,Me
TBSO = - TBSO_ 4 P
CO,Me

TBSO \/\) TBSO

15.0¢g 1.3g 1094, 59%

2 110g 10g 8.1g,60%

u

u

u

run  alkene  fGH prod A
|

3 759 0.7g¢g 5.2 g, 56% -
]
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Fluorous Mitsunobu

Ester
CO,H +
CgF13(CH5),OCON=NCO,(CH,),CsF 15
+ ROH - hydrazide
thP(p-C6H4CH20H2C8F17)
+
O,N NO,
phosphine oxide
CO,R
organic

SPE O,N NO,

fluorous Rf(CHZ)ZOCONHNHCOZ(CHZ)zRf

Tetrahedron 2002, 58, 3855

Dobbs, Tetrahedron Lett.
2002, 43, 2807

+

L
C
L
|
|
Ph,P(0)(p-CgH,CH,CH,Rf) r
i
L

aRREE.n



2nd Generation F-DEADs

CO,H a4t AN CO,(CH,),'Bu
o
O,N THF O,N

DIAD iprO,CN=NCO,ipr 95%  column
FDEAD'1 C6F13(CH2)202CN=NC02(CH2)2C6F13 0% —
FDEAD-2 CgF;7(CH,);0,CN=NCO,Bu 93% Biotage

FDEAD'3 C6F13(CH2)302CN=NCOQ(CH2)3C6F13 91% fSpe

F
/©\ ' \O\/ >~ Q\
OH

OH 07 CeHgpF

DIAD 75% column

FDEAD-1 18% column
FDEAD-2  60% Biotage

J. Org. Chem. 2004, 69, 8751 i
FDEAD-3 60%  spe
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Extractions with HFE-7100 (C,F,OMe)

PPh

2

Cl

P(Ph);
CeF13CH,CHy , SO,NHCgH17
FTPP TPP Sulfonamide
Fluorous Organic "TTP  TPP  Sulfonamide
solvent solvent Kp Kp Kp
FC-72 DMF/5%H,0 0.15 <0.02 <0.02
HFE-7100 DMF/5%H,O >100 0.12 0.05

HFE-7100/FC-72 DMF/5%H,0 50
11

<0.02 <0.02

HFE 7100 is cheaper and better performing

M. Yu, D. P. Curran, T. Nagashima, Org. Lett. 2005, 7, 3293

aRREE.n
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Mitsunobu with lig-lig Extraction

1) FDEAD, 1.5 equiv

FTPP, 1.5 equiv
NOZ@(CH2)3COQH + EtOH >
THF

2) lig-liq extraction
1.5 equiv 1 equiv 2/1 HFE-7100/FC72S
DMF/10% water

O O
CeF13(CH3)3 )J\ )]\ ~(CH3)3CgF 13
O H_H O

NOz@(CH2)3COZEt
CeFi3 ?I)
from organic liquid phase PPh
83% vyield, 92% GC purity 2

from fluorous liquid phase
75-80% after separation
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Scavenging and Solution Phase Kinetics

HN/\
(N, ¥
Ph

1.0 equiv

Conversion (%)

O

1.5 or 3.0 equiv K/N\

100 -

g0 =

G0 -

40 -

20 =

_R CHC
R T \-R
/g 25°C

0" 0o ON/\

= (CH,),C.F,; (1.5 equiv)

F
C,H,; (1.5 equiv)

PS-supported (3.0 equiv)

PS-supported (1.5 equiv)

T 7 I ¥ I 7 7 7
20 440 g0 a0 100 120
Reaction Time (min)

- ™
C8H17

R= (CH,);CgF,

N _
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A Fluorous Boc (FBoc) Group

Ph
| EDCI (1.5 equiv)

0 o
>_NC>7CO H o NN HOBT@Oeauv) )i
7L0 T [ ] _ . N/\YO\I O><(CH)Rf
N© OEN@Oequv) [ { DRI,
O

All organic Fluorous

u

u

u
Biotage SP4 -
I
Luo, Z. Y.; Williams, J.; Read, R. W.; Curran, D. P. J. Org. Chem. 2001, 66, 4261. :
u
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A Small 3-Peptide Library

0O N

FPMBO/”\)\R1-3

Me

three precursors
from S. Nelson

FPMB is p-C8F17(CH2)3OC6H4CH2—

cycle 2

1) PPh3, pwave
2) fspe

cycle 1 o N,

1) PPh3, pwave o) HNJJ\_/l\RLS

2) fspe
FPMBO

3) EDCI, acid azide R1-3
4) fspe Me

nine intermediates
fully characterized by
2D NMR

O  NH,

0 HN/”\E)\R“”
O HN : R1-3
M Me
HO :

R1-3
Me

27 final products
24 > 90% pure by LCMS

aRREE.n
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Heterocyclic Libraries

R1 O

o o R3—N N _NH
H R1 R4 o o R3

O
@)
HRILN
R3~N
N R4
OH I
A @)

R2

Zhang, W., Fluorous synthesis of heterocyclic systems,

]
|
A
|
¥
Chem. Rev. 2004, 104, 2531-2556. REREE _ER



3 + 2 Dipolar Cycloaddition

H Me O
0O CHO @) Et\N ,,.l../<
Me Et,N, DMF
%O_(Csz CeF 1y + EtN¢ > = O 4 > NH O (CHa)CaRyy
NH, g 130°C, 2 h -
| OMe F-SPE @

1.0 equiv 1.2 equiv ome 0%

o Ofd)

o 3 W
YN (21 S
H o 0I5 G~ C120 T OFta
O p- /// m. O .
MeO e H ma e c ) CH181Y O ,." 9 ) .
. Fi17)@ N2)y .
H § " Me Fl g\ SO o G2 N Hcen
oy 012
OAO Fl Fiizlghy, S ) oung? . ]
8 17 273 A
C &
D~ 0 \Fim Fiia "
s C /C2 TR
Fi® o FI10)
Frf@ FI6) F(7 1
F3) W
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Zhang, W.; Lu, Y. Chen, C.
H.-T; Curran, D. P.; Geib, S.

Eur. J. Org. Chem. 2006,
u rJ O ‘ 2055-2059

European Journal of
Organic Chemistry

\7
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*N\  Fluorous separations in
diversity library synthesis
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Fluorous CDI with Reverse fspe

((C6F13(CH3)2),CHO(CH,),N=C=NiPr

FCDI, soluble in DCM

o) NH,
N 1) FCDI, CH,CI,
OH + X »
_N = 2) reverse fspe
Boc

HFE7100/EtOAC

N
| X

N F

Boc

Irz

((C6F13(CH3)2),CHO(CH,),NHC(O)NHiPr

fluorous fraction organic fraction
86% yld, 98% pure

aRREE.n
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Separation by Fluorine Content
“FluoroFlash ™" Column

£ A
Compounds O™ N

are soluble in 1 Cfé v
CH,CI,, not v

FC-72
Long retention :
times translate i e v
to separation >
by SPE

o

o

L ‘

J

80:20 _- J A L 100% il
J

=]

o

MeOH:H,O | ! ! ! ! ! I MeOH
0 5 10 15 20 25 30

Minutes BEEEREE W



Fluorous Mixture Synthesis

Tag & Mix Mixture Synthesis Demix & Detag
mEm 4 C| —> IIICI @ — @

mmmm  + ‘ N ....‘ mm@ — @
Dommmm ‘ N llllll‘ mmmmn@ —> @
mEEEEEE CI e IIIIIIICI R ‘ _— .......@ SN @

DNDEEEER + G % .-......G .-......@ % @
EEEEEEEEE 4 ‘ —> n-nnn‘ semmmmemn@ —> @
meEEEEEEE 4 <| — “““““G smmmmmmEme@ —> @
Tags Substrates Products

Science 2001, 291, 1766, J. Am. Chem. Soc. 2002, 124, 10463
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Quasiracemic Synthesis—Pyridovericin

HO/\<\OSi(iPr)2CHZCH2C6Fl3

+

mix
OSi(iPr),(CH,),Rf
7 steps

HO/\i/\OSi(iPr)ZCHZCHzchN

™~

(S)-pyridovericin
unnatural enantiomer

deprotect

2 e e .

(R)-pyridovericin
natural enantiomer d
J. Am. Chem. Soc. L
2002, 124, 5774 BEEREE BN




Introduction of Stereocenters en Route

—> R,R

R S —>» R,S

s| R[> SR

S— RS

Traditional iterative synthesis
(no tags)
Number of reactions

doubles as each
stereocenter is introduced

T1 T1

— » R,R...S,S

lterative synthesis w/ tagging

Reactions reconverge after
each stereocenter

# of tags is fewer than #
stereocenters: n/2 + 1

T1T1’ T2,T1, T1T3’ T273

aRREE.n
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Passifloricin

original proposal corrected

Isolated by Echeverri, et al., 2001 n
Related lactones have anti-tumor, tumor-promoting activities ]
Marco, Cossy show structure is incorrect, 2003 ]
Synthesis by repetitive asymmetric allylation A
Marco corrects structure, Tet. Lett. 2003, 44, 7909 .
FMS, Angew. Chem. Int. Ed. 2006, 45, 2423 :
l
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Asymmetric Allylation with the DH Reagent

Ph_ Ph 1) A~ M
OTBDPS 0 Q4
/'\/\ + >< T >
C14H29 CHO ."' / \Cp
/<

3) TfOSi(iPr),R
Ph ph

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

OTBDPS

G R =iPr, (CH;,),C3F7, (CH;,),C4Fq
Ci4H2g

OSi(iPr),R

u
u
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Passifloricin Mixture Synthesis

S,S
OTBDPS T1 OTBDPS
[O] _ [O]
z
Cq4Hog X R.R Cq4Hog
T2 Rf(CH>)(iPr),SiO
OTBDPS
Cq4Hog
OTBDPS S8 _ Rf(CHy),(iPr),SiO o)
Rf(CH2)2(|Pr)ZS
= [O]
C14Hog T OTBDPS
Rf(CH,),(iPr),SiO OSi(iPr),(CH,),Rf RR_
Cq4H2g
Rf(CHy),(iPr),SiO o)

Rf(CH2)2(|Pr)ZS

aRREE.n

S,S

T1

R,R

OH

OIII-
T

\

F
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Lactone Formation, Postmix

OTBDPS

Ci4Hog

Rf(CHp)(PT)2SI0 O OH
Rf(CHo),(iPr),S

OTBDPS

Ci4Hog

C3F-(CH,)(iPr),Si0
TIPS

OTBDPS

Ci4Hog

C3F-(CH,),(iPr),SiO /(')
C3F7(CHy)o(iPr)2Si

2) Grubbs-II
3) Demix

OTBDPS

C4Fo(CH,)4(iPr),SiO /O
TIPS

OTBDPS

C4Fo(CHy)(iPr),SiO
C3F7(CHo)o(iPr)2Si

aRREE.n
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Two-Tag Demixing

OTBDPS

OF |, 14F
7F | 16F
ﬂ |
‘ ’ F|
- |
| .‘%
|| H
|i | ‘\
|
(I
| 1
A | ‘
|
| |
|| |
| f | ‘
|
|
; \. | | |
| || || | r /J'll |l."rﬁl'
[ i '|
[ [N / I
] LJ/ o\
min 40 50 60 70

7F

14F

CqaH2g

C3F7(CHa)y(iPr),SiO J
TIPS

OTBDPS

C4Fo(CHy),(iPr),SiO Y

TIPS

OTBDPS

CqaH2g

C3F(CH,)o(iPr),SiO
C3F7(CHy),(iPr),Si

OTBDPS

C4Fo(CHy)o(iPr),SiO
C3F7(CHy)o(iPr),Si

0

0

/O

O
aRREE.n
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Ongoing FMS Projects

lagunapyrone
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Parallel Demixing

F-5 mix- 4-12_05_0105-7 2 Diode Array

254
100 3.37e4
0.40 1.45 2.00 268 355
BN 35
. % | | [\ /\ ’L/\
.l:l \ﬂli q A e —I'II —_
R AR R R RAREN LR RN LR LY RN LR LR LR
F-5 mix- 4-11_05_0105-7 2 Diode Array
2594
100
3.19e4
134 1.88
% 067 /L ﬂ
. \_
F-5 mi 4-10_05_0105-7 2 Diode Array
100, 030 n1éﬁj
184 4.198
k f 132 : 272
% ||¥ f | !i )“\l 342 375
89 5
B o i B R E e
F-5 mix 3-10_05_0105-7 2 Diode Array
2654
100 0.60 132 5.38e4

050 100 1 50 200 250 300 350 400 @ 450

Demixing and purification of 20 (4 x 5) compounds in 5 min

O HRL CO,(CH,).Rf

t-Bu—Niij—‘?o
oH QHQCI

OMe
M-10{1-5,4,2,12}

O HRL CO,(CH,);Rf
e

N—<
NQ
OH 7 H
O F
OMe
M-10{1-5,4,2,11}

t-Bu-N

O HR1 CO,(CH,),Rf

O
t-Bu—Ni:ij—f
/ NQ
OH 7 H
Q Br

OMe
M-10{1-5,4,2,10}

Q HRL .CO,(CH,)Ri

o)

t-Bu-N N—-’<N
OH 3 HQ
Q Br

Br
M-10{1-5,3,2,10}

aRREE.n
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Features of Fluorous Chemistry

Reaction
Solution phase reactions, kinetics; scalable
Compatible with standard lab equipment, other techniques
Tag stability = stir bar stability

|dentification and analysis
Molecules, not materials
Follow reactions by tlc, hplc, gc, etc.
Small molecule spectroscopic techniques, NMR, IR, MS

Separation
Purify by fluorous techniques or traditional techniques
Recoverable and recyclable

aRREE.n
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Technologies Incorporated

Fast. Pure and Simple.
A

Ph
Y
CN
Rf

P(Ph)s.

Rf(CHZ)m n

u
u
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-
=
u

Technologies Incorporated
g P X—?i—CHZCHZRf

iPr
www.fluorous.com
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