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IIltI’O dU.CtIOIl The Fluorous Approach

O Alternative to traditional solution-phase synthesis and solid phase
synthesis.

0 Light-Fluorous reagents

Reactants, catalysts, and scavengers for the synthesis of small organic
molecules and bimolecules.

Typically coupled with a separation based on solid-phase extraction.

O The ease of separation and product recovery make Fluorous methods
attractive for large scale chemistry while there speed & reliability are
strong assets for small scale chemistry.
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Fluorous Molecules

O Consist of an organic domain & and a fluorous (fluoroalkyl)
domain

O The organic domain controls the reaction chemistry of the
hybrid molecule

O The fluorous domain controls the separation chemistry
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Why Important?

Rapid synthesis in small organic molecules
High purity

Economical

Innovative reaction & separation methods

Environmentally friendly

O O O 0O O O

General applicability



—!
The Fluorous Approach

O 1994 - Horvath & Rabai Launched fields with “fluorous
biphasic catalysis”

Liquid-phase immobilization technique

O 1999 - Curran Group introduced “light fluorous chemistry”

Contains a single perfluorooctyl group
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Fluorous Techniques

Strategic Synthesis and Separation
0 Liquid-Liquid (or Solid-Liquid) Separation
O Solid Phase Extraction

0 Chromatography over fluorous silica gel
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Light-Fluorous Reactions and Reaction
Components 1n Small-Molecule Synthesis

Light-Fluorous Reagents
Organometallic Catalysts with Fluorous Ligands
Fluorous Scavengers

Fluorous Protecting Groups

O O O 0O O

Fluorous Tagging in Multicomponent Reactions and
Heterocycle Synthesis
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Fluorous Solid-Phase Extraction

O  FSPE- resembles chromatography.

O  Uses silica gel with a fluorocarbon
bonded phase

O  Fluorous silica gels selectively
retains polyfluorinated molecules,
and allows for a simple bifurcation
of reaction mixtures containing
fluorous and organic reaction
components

Left tube: Loading of dye mixture and beginning of
fluorophobic elution with 80:20 MeOH:H,0.

Middle tube: Completion of flucrophobic elution.

Right tube:  Completion of flucrophilic elution (THF),

The dyes are:

O  NHC4H F
O NHC4Hg O NHCH,C,Fys
blue dye orange dye

Figure 1. A Fluorous Solid-Phase Extraction of Organic (Blue)
and Fluorous (Orange) Dyes over FluoroFlash® Silica Gel.

Curran, Dennis. Organic Synthesis with Light-Fluorous Reagents, Reactants,
Catalysts, and Scavengers. Aldrichimica ACTA. Vol. 39, No.1 2006



—!

Light-Fluorous Reagents

O  Reactions that use fluorous reagents
to promote the transformation of a
small molecule substrate into a
product are the most common
among all classes of light-fluorous
reactions.
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Figure 2. Some of the Known Fluorous Reagents and Catalysts.
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Light-Fluorous Mitsunobu & Staudinger Reactions

,J‘L-\ rTF'F| 1
_ =
THF, it

3h

8

0 Light Fluorous Mitsunobu MmO
Reaction (Top) or

CgHag

1 2 3, 55% yield
O7% purity (GC)

FDEAD = CgF3(CHa}y03CN=NCO3(CHz)3CsF1a
FTPP=1 = 44C4F 1 1(CHz)2]CeHP(CeHsla

| Dandapani, 5.; Curran, D0 P2 O Cher 2HM, 68, 751,

. . NH, NH;
0O Staudinger Reaction (Bottom) NJTN Jj
b 1,7 TeP
Il > _ THREA K L
/i\ 2. H,0,80°C Hzl:r BD °C ﬁ
- M |:| Fiastf® ~—~] NHe
3, E“I:Er{) ST “IJH_D
5, 88% yield

% purity ME)
FIPP = 4-[CoF13(CHalaICHPICHgl, o0 P (LOMS)

@‘7 Lindzley, . W.; Fhao, Z; Newlon, B. O Leister, W. H.; Strauss,
K. A, Tetrahedron Lett. 202, 43, 4467,
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Organometallic Catalysts with Fluorous Ligands

Part A: Ring-Closing Metathesis Utilizing Fluorous
Grubbhs—Hoveyda("GH) Catalysts™

O  The use of catalysts instead of w FFEHH'E’ ©;> e Ve e
stoichiometric reagents to promote . ol E Ei % E
organic transformations is g:;{'ﬂ’.’* P T
increasingly important, and many ‘”b et L,,Hu.\ e
heavy fluorous catalysts are already . IC v
known. Part B: Heck Coupling :;‘::;::ir:g Fluorous

COCHg Foincer cot T
[ : . 00, CH% w

O  Useful for large-scale synthesis 7 | - i QE ;3
n 12

O 0y e
13 Pag cycles with he same
original Fpincer calalyst,

O  Heavy-fluorous catalysts bearing Q%LZ*C ("L-EF ,..;CHE;.EQEEME
multiple “ponytails” can be re- l '“ o
engineered into a light-fluorous one
by reducing its fluorine content. Scheme 2. Examples of the Use of Organometallic

Catalysts Containing Fluorous Ligands.

S—CgHep-CeFi3

Fpincer FhigaTPP=PUCly

@ - Curran, Dennis. Organic Synthesis with Light-Fluorous Reagents, Reactants,

Catalysts, and Scavengers. Aldrichimica ACTA. Vol. 39, No.1 2006
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Fluorous Scavengers

Nuecleophilic Scavengers

2Py 2-Py CsF13(CHa)2SH CF15GHsNH;
N N Aef. 302,31a Ref. 30a
1.60°C,2.5h o
[ j + PANCO — = |: j
N 2. Fisocyanate N N N (CHe Lo
H scavenger )\ A=]C5F17{CH2)s]CaHaCHaNH, N '
07 "NHPh o) _
(also scavenges dienes)
14 15 16, 100% yield Rel. 30c
(1.5 equiv) (1 equiv) 95% purity (NMR) Electrophilic Scavengers
CHO
1
N N(CHz)3CsF17 CgFy7(CHz)50
C3F|?CHQGH2NDO [ j 8] O/Hk‘\r.]
Fisocyanate N Aot 306 et 406

Metal Scavengers

CgF17(CHz)2HN" O . OH
S{CHa}aCsF 17 5
17 OH A
scavenged excess amine ,,NlL “i MaHN™ ~NH(GHs)CsF7
removed by FSPE HS™ NT s M(CHz)1CsF 17
as fluorous urea !

Ref. 30b
eq 2

Figure 4. Representative Fluorous Scavengers,

0  Popular technique in medicinal chemistry and related areas

0  Used for cleaning up crude reaction mixtures in which one of the key reaction components
was used in excess to promote a rapid, high yielding reaction (ﬁ

0  Clean, solution-phase kinetics

Curran, Dennis. Organic Synthesis with Light-Fluorous Reagents, Reactants,
Catalysts, and Scavengers. Aldrichimica ACTA. Vol. 39, No.1 2006

0  Ease of separation by FSPE
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Fluorous Protecting Groups

O  Substrates bearing fluorous
protecting groups (tags or labels)

Part A: Single=Compound Synthesis™

r/\/:':'!"' _-.]f"‘m|""“x
ST

EDCI, CH:Clp

are often used in multistep LN A HomE
synthesis along with traditional s g sonn K\i
FBoe = £F 17(CHz)aC{CH4),0C=0) r.,'ﬁ“ ey
nontagged reagents. EDC] = EIN=C=NICHz)sMNMe; oe M. MJ])'\.;*/
20, 97%
; . Part B: Quasi-Racemic Synthesis™ | -c) woB:, EtN
O A single fluorous protecting P CHEl, oM 1

group makes a subsequent series

Fig -?Cbz—l"./Kn/Jh' ’ (gx;gssj 2 flash =
0O chromatography
S .
of individual compounds /

mixture

fluorous, and each succeeding "0
F1ChzH \"\n’ ”' " F2ChzHN”

reaction product susceptible to

22 (fro T'nl-’w

23|Ir-: 1" =Phe)

the same fluorous solid-phase g

. . . . . n-Phe; 1Cbz A-[CgF s If‘H,,
extraction which is amplified in Phe; F1Chz = 44C4F (O
parallel synthesis.

14C H,C‘l")
[ 1[II()[|[

Scheme 2. Examples of Fluorous Protecting Groups in Single-
Compound (Part A) and Quasi-Racemic (Part B) Svntheses.

4 Curran, Dennis. Organic Synthesis with Light-Fluorous Reagents, Reactants,
Catalysts, and Scavengers. Aldrichimica ACTA. Vol. 39, No.1 2006
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Fluorous Tagging in Multicomponent Reactions and
Heterocycle Synthesis

O  Use of a key fluorous-tagged
component as limiting reagent in a

multicomponent reaction allows for 5 AL _CONHRE
quick isolation of the tagged product TR A A ﬂ\}};ﬁ
away from what might be complex Ml 0 % ““:_:m “;’. g
mixtures of unrelated reagents and Hy N7t o Scom Usimien PSP Floc
products derived from the partial 24 R_CONHR? 25
combination of several. O N~ ]l
=|-'I°\1"‘“‘~’] 2, FSPI
25 Step 2
O  After the multicomponent reaction is S+a1s ok foreral) coprociond aylon
completed, the tag is replace by < <o ez st

cyclization, is replaced by a proton
or replaced by another diversity _

1 . h itch that Scheme 4. A Rapid, Two-5tep Heterocycle
C em.ent 1n a phase S_VVI Y ) a Synthesis with Fluorous Tagging.
provides further purification for
removing unwanted products.

@ Curran, Dennis. Organic Synthesis with Light-Fluorous Reagents, Reactants,
Catalysts, and Scavengers. Aldrichimica ACTA. Vol. 39, No.1 2006



—!

Light-Fluorous Reactions and Reaction Components in
Bimolecular Synthesis

0 Bimolecules such as peptides &

Ohgonucleotldes arc typlcally S OMTTTTCTGGTTAAGGTGTGTAATATGET
. CAGCTACTAATTAACAGTTGTCTAANGCTGGETT
prepared by Sohd—phase AACGTGAGTAATATGATCAGCTACTATTTAAC
. AGTTGTCTT-CPG
SyntheSIS- CPG = controlleds-pare glass
OMe
= L
. | P | MH
0  Fluorous techniques supplement e FOMTT = CaFerlCHal o SR
. . . LS
solid-phase synthesis in g
. OPOy—
important ways. OMe

Figure 6. 100-mer Oligonucleotide Made by SPS
with Fluorous Tagging and SPE Purification.

Pearsson, W.H; Berry,D.A.; Stoy,P; Jung, K-Y; Sercel, A.D. J. Org. Chem 2005, 70, 7114
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Making Fluorous Reaction Components

O Preparation of fluorous material
does not entail starting with
incredibly reactive elemental

Rl RH{CH: )X RICO:H RICH=CH;
fluorine. oo,
s T oA
-"‘l*-n = o,
A1 = AT LH)e =
0O  The fluorous building blocks can = Br, CHOH, COEl =B, CHOH, COE!

be made into a wide range of
new fluorous molecules by using
established methods and
reactions.

Figure 7. Representative Commercially
Available Fluorous Building Blocks.

4 Rabai, J.. In Handbook of Flurorous Chemistry; Gladysz, J.A.; Curran,
D.P.;Horvath, I.T., Eds.; Wiley-VCH; Weinheim, 2004, pp. 156-174
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Fluorous Mixture Synthesis

a) traditional approach, the number of reactions
doubles with the introduction of each stereccenter

O  New solution phase technique which

—= AR

permits the synthesis of mixtures of i z oe
compounds & provides for the isolation — S;,
= '

of individual, pure products through a
sorting process called demixing.

§—— RS

b) fluorous mixture synthesis approach, the pathway reconverges
after stereocenter introduction and tagging; two tags are needed
for the first stereccenter and one for each subsaquent one

-I-I -|—1

RR(TTYH
i _ SR(TATY)
O Fluorous Tags- attached to substrates in s Zigzﬁ
the guise of protecting groups bearing a T T -
homologous series of perfluoroalkyl T', 72, 7% are tags with differing fluorine content

the sum of the tags in each product is unigue
groups.
Figure 1. Strategies for the synthesis of sterecisomer libraries with the
formation of stereocenters en route. Each branch represents the
division of a product and introduction of a new stereccenter in both

possible configurations.

Agnew. Chem. Int, Ed. 2006, 45, 2423-2426



Synthesis of Passifloricins

cycle 1
55 2 _
RE(Pr:Si0
WCMHZD IO] E - ,/f\/i\/\r
OTBDPS
T1
(R)-2 M-3

CiqHzg
OTBDPS

cycle 2

9r, R' = (CHy):CaF7

i) 8-BBN, H,04

i) Swern

i) DH reagent

i) tagging, 2, 6-lutidine

T! = TIOSIPrIa(CHy)2CaF 7

T% = TIOSI({Pr)z{CH2)2C4F g
from M-5a

1) PRCH=CHCOC! SiPrR!
-9 ¢ OSiliPr).R?

2) Grubbs-| 4 ! N

3) Demix

M-6a comprises

(5R,7S.9R 12R)-6, R" R? = (CH.).CaF7
(5R.7S.95,12R)-6, R' = (CHz)sCaF7 R = (CH)yCyFg
(5R7R9R,12R)6, R' =iPr, R? = (CHy)CaFy

95, R = (CH2);,CyF g

CgHzg
QTBDPS

i} Os04/NMO, NalD,

iy OH reagent

i) tagging, 2.6-lulidine

T! = TIOSiPrp{CHz)CF 7
T = TIOSi{iPr)

HCI/EtOH

D

CIP change
atCv

(5R.TRIR.12R)1
(5R. 7R 98,12R)1
(5R,78,9R12R)1
(5R.75,9812R1-1

R'(Pr),5i0
@ ¢ ' }z/j\\//g‘\/’\
= = f-;;-\\\'\-\_ 7 I/
R

Si(PripR’
cycle 3 OH O OSifFR?
55 Cq4Hzg
= [4 7 g9
OSi(iPr)sR? —
c 107 OTBDPS
= 14H2a —
M-5a, same tagging as M-4
OTBDPS
SifiPr;R
-4 OH O  OSifPrR?
TSOR R'R?= (CHzCaFr 8. AA CiaH2g
7 R' = (CH F
545, (CHg)2CaFy OTBDPS

R? = (CHz):C4F g
7ROR. R' =iPr, R? = (CH3):C4F 5
7R.95, R' =/Pr. R? = (CHy)aCuFy

M-5b, sama tagging as M-4

from M-5b via M-6b (steps not shown)

8]
"o oH on
;\/;\/‘%\/\[/C‘HHQQ

CH

(58,7R,8R 12R)-1, from (55,75,9R,12R)-6, R RE = (CHy)pCaF 7
(55 7R.BS.1ZR)1, from (55.75,95,12R16. R' = (CH2):CsF 7

R%= (CH2);CaFo
(58.75.9RA2R}1, from (55, 7R SR 12R)-6, R = iPr, R* = (CH).CF;
(587595,12R)1, from 58, 7R,98,12R)16, R' =/Pr, R® = [CHy12CyFg

(5R7TR,95,12R)-6, R' =/Pr, R® = [CH,).C.Fy

Scheme 1. Synthesis of passifloricins. 9-BBN =9-borabicyclo[3.3.1]nonane, TBOPS =tert-butyldiphenylsilyl.

O

Agnew. Chem. Int, Ed. 2006, 45, 2423-2426
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Demixing

O

A mixture of compounds
encoded with different fluorous
tags can be kept together or
pulled apart (demixed) during a
separation depending on whether
a fluorous or non-fluorous
separating method 1s used

O
)iy Si{fPrziPr
[ (!J ? OSI{JPru{CHszCaF?
P . s C14H2_,
OTBDPS

(5R.7R,9R.12R)-6, TF, Tk = 34 min

O
Py SiliPr)z(CH2)2C4F7
“ 0 Q  OSi(iPri{CH;)CsF7

e e - C1aHz
OTBDPS
(5R,759R12R)-6, 14F, T = 47 min

8}
yiy SiPriziPr
“ 0 0 O&J'{Ipr:‘JCHQ}iCﬂ,FQ
A _CigHag
OTBOPS

(5R,7TR9512R)-6, 9F, Ty = 39 min

O
A SIPria(CH l2C4F7
[I/ o 0 ?Sif_iF‘r}g{CHg}ECaFg
e e - C4H2g
OTBDPS
(5R759512R})-6, 16F, Tz = 51 min

Scheme 2 Demixing of M-6a by fluorous HPLC: the quasi-diastereo-
mers emerge in order of increasing total fluorine content.

Agnew. Chem. Int, Ed. 2006, 45, 2423-2426
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Conclusions

0O Fluorous Chemistry is poised to advance from a niche research area to a
broad based suite of tools to solve real-world synthesis and separation
problems.

O  Availability of increasing varieties of fluorous compounds and separation
media will make small scale applications of fluorous techniques more
accessible to all.

O Additional R&D in academic and industrial settings is needed to realize
the potential fluorous chemistry in large scale settings.

0  High potential benefits of economy and environmental friendliness should
provide strong incentive to move this work forward.

¢
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