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0. introduction

Protein - Protein interaction, Protein - DNA interaction, Chemicai Sensor and .
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We want to know physical relationships.
n

v
FRET
Fluorescence Resonance Energy Transfer
Figure. 1 FRET

+ Nonradiative process whereby an excitated state donor D
transfers its energy to a proximal ground state acceptor A.
(Figure.1)

+ The rate of energy transfer is highly dependent on the
distance "r" between the donor and acceptor molecules. | Frritation

*+ By measuring the FRET efficiency, we can know the
distance between donor and acceptor. .
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Figure. 2 Fiuorophores
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2.1 Fluorescence, Stokes Shift, FRET : qualitative aspects donor and acceptor

+ Stokes Shift Figure. 3 Fluorescence P R
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2.2 ERET : guantitotive acpects

Forster . a person who established the quaniitative theory on FRET in 1948. According to his theory,
E=Ro%/ (Ro> +1°)

— = r=Ry(tiE-1)E
E = FRET efficiency, Rg = Forster radius, r = distance beween donor and acceptor
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And Rg is a constant which is inherent in the pair of donor and acceptor and their orientation.
Ro = 9.78 x 10%x?n4Qqd])'™ (inA) eq. 2

2 = dipole orientation, n = refractive index of the medium, Qq = quantum yield of donor, J = overlap integral

On the other hand, in the absence of acceptor
E:1'Fda/Fd eq3
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Fq = Fluorescence intensity of donor in the absence of acceptor

Rg: 58T E: #MEd — r=&8H79
eq. 1

2. Design of FRET-based sensor : H,O, sensor
ref. C. J. Chang et al. J. Am. Chem. Soc. 2006, 128, 9640.

2.0 design approach in general

No FRET target
n the absence of target in the presence cf target
+ FRET
requirements are
1. large spectral overlap + Approach
2. distance (10 ~ 100A) in the absence of target ——— one of requirements is not met.
in the presence of target —  all the requirements are met.

3. appropriate dipole orientation
(x2 is not zero.)

2.1 this work

Figure.6 Design of the HoO, sensor
4% iy 460nm
exc\ o em
Et:N 0.0
H
P N
o
iactone form = specirai overiap beiween coumarin fluorescein shiows a sirony absorplion mn e
emission and fluorescein absorption coumarin emission region, then spectral overlap
is minimized is enhanced
Excitation of the donor coumnarin fiuarophore

FRET is suppressed and onily Diue donor e1nission

is observed upon excitation of the coumarin fluorophore results in increased green fluorescein acceptor

emission by FRET

P -} ot e
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1. large spectral overlap

Sy Eea

M) .
aganc -sensei's works

inspired by Naga

ref. T. Nagano et al. J. Am. Chem. Soc. 2002, 124, 1653.

Nagano-sensei's work = enzyme-cleavable sensor molecule for phosphodiesterase activity based on FRET
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Figure. 7 CPF 4 : enzyme-cleavable sensor for phosphodiesterase |
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CFF 4 worked well, on the other hand, CPF 1-3.

Figure. 9 Sensors which did not show FRET or are not recognized by the enzyme
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CPF 1 and CPF 3 = flexible linker = They formed the ground

(because fluorophore are hydrophilic. ¢f. In MeOH, they didn't do so.)

then, fluorescence was

CPF 2

=rigid linker = It showed FRET.

(Excitation of the coumarin fluoro

fluorescein. )

But CPF 2 was not hydrol

steric hindrance.

*quench = a decrease in quantum yield.

It can be caused several
reasons.

In this case, two chromophores
binded to each other via weak
interaction before excitation,
then formed non-fluorescent
complex as a whole.

quenched and FRET was not observed.
phore resulted in increase of emission of

yzed by phosphodiesterase probably because of

Figure. 8 Spectral profile of CPF 4
H:A"'- Qxe « 3"0'“,‘

Fluaresceeco Irines iy

4 6o hnin )

+ Figure. 10 (a)
As time goes by, blue-colored
fluorescence from a
corresponding coumarin
emission band centered at
464nm decreased, and
green-colored fluorescence
from a fluorescein emission
band at 517nm increased.
This is consistent with
increased FRET from the
coumarin donor to the
fluorescein acceptor.

+ Generation of open fluorescein
was confirmed by HRMS.

+ Figure. 10 (b)
highly H,0, selective

+ Figure. 10 (c)

Pheny! linker has appropriate rigidity.

addition of 0.
(1) a mixture

620
seof g
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Figure 8. The emission spectra of a 1.0 iM solution of CPF, in Tris-HCI

buffer (100 mM, pH 8.8) at 37 &C: {A) without enzyme; (B) 1 min; (C)5

min; (D) 10 min: (E) 15 min; (F) 20 min; (G) 30 min; (H) 45 min after

w80 300

.05 u of phosphodiesterase | (Crotalus adamanteus venom);

of 1.0iM 1 and 1.0iM 2.
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Figure 9. (a) Rati fi p of 1iM RPF, to 200
iM H.0, Spectra shown ware acquired blore H.0, addition ang 5,10,
15, 20. 25, 30, 35, 40. 45, 50, SS. and 80 min after Hy0, was added, (b}
Relative reactivities of 1 iM RPF, to variaus ROS, (M H0,: (2) tertbutyl
hydroparoxide (TBHP); {3)0,
= (4) NO: (S) NO”; (6) \OH; (7) 10t
Bt;: (32‘0(:‘-; (8) 0. (10) 10, Data =how:: are for 10 mM [}
s &l
10,, and 200 iM for 5 other ROS. Bars reprasent ramission irtensity ratios
at 5 (white), 315 (ght gray), 30 (8ray). 45 (dak gray). and 60 min {black)
afer addition of the priate ROS. (¢) Fi ic analysis of H.0,
produced by viable yeast mitochondria using 1 iM RPF; Bars show
e@ission intensity estios for untreated contvol mitochondria (whit=} and

ia st with the cy be, itubitor antimyein A
{0.54 mgimd ) to disrupt the alactron transport chain, All measuremants
were acquired n DPBS with 1% FBS. pH 7.4. with excitation at 420 nm.

-state dye-to-dye close contact in aqueous environment !

application to yeast mitochondriag

H20; level detected RPF 1(0.2uM)

are within ranges reported using
other analytical technique.

anti_mycin = cytochrome bc; inhibitor
= trigger generation of H20; and other reactive oxygen speices

* visible wave length = minimize damage to sample
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3. FRET-based investigation of conformational change : AMPA receptor

. . rei. G. Ramanoudjame ef al. Proc. Naii. Acad. Sui. USA 2008, i03, 10473
3.1 design concept of this work

Figure. 11 FRET induced by conformationai change

FRET is induced when donor and acceptor
get close by conformational change of protein.

coturalonsl ¢ e
.

{llarge spectral overlap 2. distance (10 ~ 100A) .. $

. . . . . trigger
3. appropriate dipole orientation (K2 is not zero.) s 9
B - I: crese | - W .
In this work, protein is AMPA receptor (ligand-gated] Jacteror }
ion channel), and trigger is its ligands, or AMPA,
glutamate and kainate.
3.2 background rei. €. Gouaux et al. Naifure 2002, 417, 245.
E. Gouaux et al. Proc. Natl. Acad. Sci. USA 2003, 100, 5736.
Figure. 12 Receptor-AMPA complex Figure. 13 A model for activation
{ T Resting Bound Open
N &-10l6 axis N Open cleft Open cleft Closed cleft
nid LI YaKd Constrained dimer Constrained dimer Constrained dimer
D A Closed channei Closed channel Open channel

cleft .; & 5 i -
i - ; -
i A :3 % | :
Brce = Figure. 14 Two-state model and multistate model
) Y 1, 4
b(’:\%ann“e ’ A Closed Open B Closed Open
Prect g s A Pyatay e 8 o oL i
- — e A ’\ Unbound A ’\ Unbound
+ AMPA receptors : primary mediators of fast excitatory synaptic ) . 1 -
transmission in the mammalian CNS. g — S
+ AMPA is a ligand-gated ion channel (Figure. 12, 13). R o LA e ie e

Bound
+ Crystallographic analysis showed that the extent of cleft A i\ A N\ pees
closure in the ligand-binding domain controls the activation ‘ :
of the receptor (Chart. 1, Figure. 14). .
St ey [Fu

AN

Chart. 1 Cleft closure-activation correlation of WT AMPA receptor

AMPA and glutamate (full agonist) : induced large cleft closure : well-opened channel
kainate (partial agonist) : induced small cleft closure . not well-opend channel (multistate model)
correlation - ~xyf AT b ]

+ L650T mutant . o .
1. AMPA is a partial agonist in the context of L650T. Figure. 15 Activation profile of WT and L650T

2. AMPA-bound form of the L650T mutation of the receptor A WT aonad B LESoT 'y
crystallized in two forms ; one structure where the cleft . e o *
is closed 11" and a second structure in which the cleft is g quis * 1‘ g quis ;3 glu
closed 22° relative to the open apo form of the protein. 2 ! ‘f\ g ;"
5 ' g i
intermediate activation by AMPA in this mutation is £ ¥ 0 TAMPA £ . i AME’f‘
:> d@ctated.by an equilibrium of a low-?g‘tivity‘_‘and % . N iglu §; . ;6!'-':"‘:" .
high-activity state ? LRI SN £ y kai 3 LA Kai
B L ST . WP et B R s = -,
- Log{Agonist] (uM) Log{Agonist] (uM)
These baCkgr OUdS were collected Wlth Fig. 2. Dose.response curves and Imax traces for the LussY ;';dtb“o;gd‘-&ﬂ
i i iants of the full-length GIUR, receptor recorded by using e,
crystallogra pth anaIVSIS' zgnn:g’;‘ac?am: t:chme (A) rfor:nalued dose.response curvas
for glutamate (Glu) (1), AMPA(r ), quisqualate (Quis) {OE), and kainate {KA) (F)
d from oocy xp ing GIUR; LY receptors. (B) ECy, data for
the GIUR, Lups¥1 Leso T mutant, in combination with glutamate (), AMPA
In this work, FRET-based assay allowed authors to investigate (r). quisqualate (OE), or (F). scaled for efficacy relative o glutamate.

the conformational changes in the ligand-binding domain
in solution without the crystallographic constrains. 4/10
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3.3 tivorophore iabeiing

Table. 1 Two strategies used

Two strategies were used.

donor

acceptor

strategy

i $652C-{DTPA-TD]

2

S652C- [DTA-Tbjor[TTHA-Tb]

His tag-{Cy3 derivative of nitrotriacetic acid cneiaie of Ni(ii)]

T394C-fluorescein

+ DTPA-Tb (DiethyleneTriaminePentaAcetic acid chelate of Tb)
. absorb the excitation light then transfer the energy

* Antenna e
(because of weak absorbance of the lanthanide -
* Chelate - binding lanthanide tightly ’ Histag (D '
shielding the lanthanide ion from the quenching effects of water ‘ k\ ™A B
scaffold for the attachment of the antéhna and a reactive group K%WP v cal g
* Lanthanide : Tb, Eu, Dy, Sm (emission in the visible region) L -";:\ 4 p‘ A
Figure. 17 Schematic illustration of DTPA - Tb donor ‘ \f ok o - "
_ i e ; -
photon A T
. 32T hm deft Mo O
HN N0 s L AL B
(bo H antenna donor y L
N COO REE U A
3+ % ¥
LNJCOO. le ﬂ energy transfer , ‘“ 4
{_\_C00 |lanthanide N
d ' Figure. 18 Emission Spectra of DTPA - Tb
DTPA-Tb  « | linker \ T T T
emISSIOD 530 ! %l"‘: .:;:z 10
~ 5o0nm - T 1ok
cf. TTHA - Tb (Triethylenetetraminehexaacetic acid chelate of Tb) g I 1 ; ¥ !I ¥, o :
110' [ i , ! B 18w =
Characteristics a4 a1 E
& ‘I F, {4"{: A Y a
* large stokes shift - g AN R B
* sharply spiked emission (10-20nm) 1o ; y\‘w‘ ) -
* long excited-state lifetimes (msec) ¢f. organic dyes : nsec _ A L 5 o
O T 50 00 50 a
3 Waveleagth (am) exc = 337 am

| “discrimination against excitation light
eliminate background fluorescence

+ Cyj derivative of nitrotriacetic acid chelate of Ni(il)

* iabeiing of protein : generai use of cysiein residue
* proteins that do not contain cystein residue site-specific mutagenesis
* However, most proteins contain several cystein residues

a

use of hexahistiding tag

The hexahistidine tag is known to interact tightly with transition metal complexes

ref. Annu. Rev. Biophys. Struct. 2002, 31, 275.

Figure. 16 Position of fluorophores

. site-specific labeling is difficult.

" widely used hexahistidine tag (purification, easy introduction etc..)

* in situ labeling

Figure. 20 1:1 stoichiometry between Ni(I1)-NTA and Hisg

molesNi** NTA],-Cyyt
moles CAP-His, protomer

ref. J Am. Chem. Soc. 2001, 123, 12123.

Figure. 19 Schematic representation

of the n']ode of interaction

s P
2] e
\\" ‘/ ([ [ |V
‘ A .

[

o (/]
=, S
Do S T e O
P I GRS L >
H an OH Qs OH QH ¢

stoichiometry is 1:1.
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$652C protein was labeled with a 1:1 ratio of DTPA-Tb
and fluorescein. (note that T394 was not mutated)

( This experiment provided proteins labeled by donor only or

acceptor only

|

no FRET observation

at the accessible S652C residue.

|

no accesible cysteln in the mtertor of the ‘;v)%)tem

SRS R Um

R
, : ";\ ; .
silrd Baiinm mannn . ¥
'VII\J E’PU ucbc..u.vn . ~‘"‘<
H

no accesible cystein in the interior of the protein
Figure. 21 Fluorescence lifetime for S652C labeled
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with fluorescein and DTPA-Tb in the apo state

A Donor only 8 . measured at the
8 r:=331 B8 = acceptor wave length
g . o 3 exC 7 3FMnpm
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3.4.2 FRET study in solution supports the results obtained by crystallographic analysis using wild type protein.

The fluorescence lifetime of donor in the absence of an
acceptor and FRET lifetime as mesured at the acceptor

donor only lifetime : no significant difference regardless of

(FRET hfetlme(acceptor) AMPA = glutamate < kainate < apo

(

This is consistent with the result of crystallographic analysis.

emission wave length were investigated.

1

ligands

PR
“‘F l" R E A
N \5Jf

S | ;
aAT - b%

/L ‘_

= 1. TAD tap | FRET lrfetame of acceptor
I tp : lifetime of donor only

l

"d‘fRET efficiency : apo < kainate < AMPA = glutamate

1

cleft closure : AMPA = glutamate < kainate < apo
(close) (open)

Figure. 23 Activation measured with
voltage-clamp method

i
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Fig. 23. Eb iolog of ihe LasgV and wilddype protsin.
) mevmrm" m ;oot by 10 mM mthEFS mM.AMPA, and 5

vAld-type and LeoV mitants. (B) The maximum currents obtained from at Ieast
three cells riormalized to that medlatad by AMPA for the wild-type, LesoV. and
10 thal medi. by gh e for the Legs T mutant.

activation measured with voltage-clamp method

i

1

‘“\»“ O

* relationships between distance measured with FRET and

Figure. 22 Fluorescence lifetime : correlation between

cleft closure and agonists

A Donor only measured atthe Occpplor
! wove |
n .
‘ NN apo e 33]
Rorescet } bs: 4% |\ // k:;;g‘: loLsa 515
1 hm \ glutamate
"1000° 2000 3000 46005000 200 400 go0 'su'o ’
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g«
: “I apa
DTPA-Toand : | ; Kainate
y . o
(NNTA)-Cy, : ; \\ ( AMPA glutamate
]
. N \.-,,- ..
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Tima (us) Tirms: {us)
(<3
! i
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Figure. 24 Activation-Distance relationships
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The absoiuie disiance diiier ed, nowever
roughly good agreement.

Vinuiely. dislanice Ghiar iges ui FRET siudy were
smaller than those of Crystallographic study.

the cianges m disiances oeiween ihe vanous ilgaled siaies showed

Table 2 Comparison of distance changes (A)

apo - kainate kainate - AMPA
crystallography 3 7
FRET 3 5

3.4 conformationai change anaiysis using L650T mutant receptor

Figure. 25 FRET lifetime of L650V and L650T

The fluorescence lifetimes of L650V (control) and L650T
were measured using the same method as wildtype.

/

LB50V followed the same trend as WT.
UMXPPC*EM‘;, LCBoT o.‘gg Aid So .

AMPA, a partial agonist of this mutant protein, exhibited
larger ceft closure on average.
+

FRET lifetime did not require a two-exponential fit.
= Twao distinct populations were not present.

!

Second conformation observed in
the AMPA-bound form of the L6850
not a major second conformation.

|

Low activation of AMPA in the L650T mutation is not
due to an equilibrium of two distinct low- and high-
activity confromations.

the crystal structure of
T (11° cleft closure) is

Summary

mutant, the subtle differences in th
not necessarily have to be co
closure. o )

existence of some other mechanism ?
such as direct coupling mechanism between

domain and the channel segments through domain 2.

(see Figure. 13. In conventional mech

cleft closure and in the next piace to channel.)

4. FRET-based high

4.1 purpose of this work

R\ "
R-/NH + @R
X

strong fluoresceni

Although cleft closure is required for channel activation in the
e extent of activation does
ntrolled by the degree of cleft

agonist-binding

anism, domain 1 is
affected by ligand-binding and this effect is conveyed to

Doner onl meosuted of the fccepy )
:((': 33';'"" E w0 wave I(’t\g’ﬁ‘;
488 |
wWT O Y kainate €xc: 337
DTPA-Tb s, o
fluorescein \/ [ AMPA obs < BI5
\'“"l-n._. A
1000 2000 3000 4000 5000 200 400 800 800
Time {us} Time (us)
apo
Lesov |’ /7 kainate
DTPA-Th . // M Pa
fluorescein S / )
N T e =
1000 2000 3000 4090 5000 200 400 600 800
Time (us) Time (us)
“ apo
LE50T .7 anate
DTPA-Tb S
fluorescein \}./ L AMPA o tho
3 -_\>\<\:rinxp(menum fit
1000 2000 3000 4900 5000 200 400 600 800
Time (us) Time: (us)
Figure. 26 Comparison of acuivaiion-disiance

Q wr
§ A 1850y
£ ¥ LA507
.=
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<
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: a5 e 45 [
Distance between Donor and Accepior (A}
Fig. 26. The distances between Tys(C and Sg5,C as measured by FRET for the
wild-type (open squares), LesoT (filled squares), and LesaV {open triangles),
and piotied as a function of extent of activation

-throughput assay for coupling reaction

: Amination of aryl halide

ref. J. H. Hartwig et al. J. Am. Chem. Soc. 2003, 125, 6977.

FRET /_\‘
@R"
R—N

7110

R weak fluorescent




4.2 design and selection of chromophores

requires a donor and an acceptor that are stable to the basic conditions of the amination process.

Figure. 27 FRET pair

Fiuorophore/Donor
SOgft &= Lirker Site for ‘A’

; H.C N
2 o
| iower Site kot B HN

N(CH

Dunay., BEougsor 2., — 190 nm

Quencher/Acceplor
ch O

A20 Dye Abs 7., = 430 am

Figure. 28 Figure. 29
Amine substrate 3 Aryl halide substrate
oSN O cmbon N;@
b b
NMe, !
Twa Cavton
Um,,j:)

* 4 5, and 6 underwent partial to complete cleavage of a carbon-carbon bond
of the tether under the reaction condition (3mo!% Pd(OAc),. 2.8mol% (f-Bu)3P),

1.5eq. NaOt-Bu, 80°C.

* They used substrate 7 and its chloride analogue for further studies.

4.3 calibration curve

Solutions containing various ratios of coupled product 8 and starting materials 3
and 7 (1:1 ratio) were prepared, and the fluorescence intensities of the solutions

were measured

Table. 3 Preparation of calibration curve

Vials  StockA  StxkB Luission Mule Fuaction of Coupled
(ul.) {ul) Litensity Product $
{ 20 0 61621 a0
2 16 4 51158 0.2
3 12 & 37826 04
4 8 12 5465 0.6
¢ 4 16 13176 08
5 0 20 2936 1.0

4.4 screening the reaction of dansylpiperazine 3 with bromoarene 7

5!1)

Theew Castron \r *N
[/

oY

0

Figure. 30 Calibration curve

[ Y=.1.750X10% « 10529, R,=0.997
¢ 0 \
g . @xc : 360 i
g6 obs : H0nm
T o4f
o2
£ oa|

T

Figue I tdrie tractian of srodust wires s floarescer e intuacty escatga’
Mision | 360 Ny v Rt nalishtivs of product %, Muarohone 3 aend
quiancher ? it o tntAl conentratan ot 17 M ntainaie 50 82 53 008
G, wng 1 Q mat Fachon a1 S :

The reaciions were conducied in a 56-weil giass piate with H0ul voluines.

i
* CpPd(allyl) was used instead of Pd(OAc), as

5
C

{FG{OAC); was used ior imidazoiiuim and dinydroimidazoiiuim Saits. )

119-membered ligand library

duplicate reaction with each member of the ligand library.

Figure. 31 Tieids determined by FRET for the
coupling of 3 with 7

[ g S ¥ S o U
rigure. oL aehieidl

atalyst precursor because of its enhanced solubility.

struciuial Ciasses coiiained u ine tivraiy

“CoPaiallyh of PA{0AC); (3mois)

( Ligand (3moi%)
,NU I\—Ji?LBu(ISeQ).ﬂ 16h
SO e e
, B - )
L
?
3
100
?w
> ]
€ 60 |
g 0
20
1}

10 20 30 40 50 60 70 80 90 100 110
Ligand Number

Figure 31 Yiekis determined by fluorescence measurements for the coupling
of 3 with 7 in the presence of palladium catalysts containing 119 different

igands

PR, X—PR;
Fe PR / e TN en
@—PRz ’ | 3 R = ’
- R X—PR,
Ferrocenyl N \ Phenyl Pincer
R
PR, PR, Biphenyl
0 /XR
PRy XorR—R ArP? PAr
T~ Trialkyl
! ) iy xR Alkyl tethered
Diarylether bidentate Heterophosphorus  bidentate
R lml R R [®) R R N R
I\\ Z. A NHEN l B AR NHEN I %
. YRP 202 g
Imines Unsaturated Carbenes Saturated Carbenes

Figure. 33 shows tne siruciures of the iigands that consistentiy generaied cataiysis that formed coupied product in

yields greater than 50%.
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Figure. 33 Lig

ands that gave >50% yield for the coupling of 3 with 7.

These results were in accord with studies over

L
the past few years.

L4 G Pi-Bu);
Fe

<

“Two false positives (L59 and L106) qBL6.0%

m L32
They tested the activity of L59 and L 106 for 0 P,
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chromophore), because structures of these 50410%
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Figure. 34 Yields determined by FRET for the coupling
of 3 with 9.
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Figure 34. Yields determined by fiuorescence measurements for the coupling
of 3 with 9 in the prasence of palladium catalysts containing 119 different
ligands.

These results are also in accord with those of recent studies.

Only a few reactions showed significant variability in yields
for the two experiments, however these reactions occurred
in less than 20% yield.

4.6 investigation of potential faise negatives

Catalysts containing ligands shown on the right are known to
couple electron neutral aryl chlorides and bromides with cyclic
secondary amines in yields greater than 80%.

false negative

Figure. 35 Ligands that gave >50% vyield for
reaction of 3 and 9.
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Figrue. 36 Ligands that showed faise negative
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TU Guniin ihal iese igands provide ingil yieid ion reiaied subsiraies under the conditions of ine FRET assay.
they evaluated the reaction of bromotoluene with morpholine in the presence of CpPd(allyl) and (t-Bu)3P (L69).
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98 % yield by GC after 16h
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the method of analysis ? or substrate ?

Figure. 37 Model reaction

They conducted three reactions.

1. determination of yield with H NMR
(substrate = 3 and 7)

2. reaction of morpholine with functionalized
bromoarene 7. - - 64%

3. reaction of functionalized amine 3 with bromotoluene,
95%

FRET study evaluated the yields accurately.
(The reason of low yields is substrate 7,

60%

-OHBV%

(Crhy
3

o *@vx_w/

Model Amine

3.0mol% CpPd(atlyl)
01%_P(1-Bu:

D\W NaOt-Bu. i, 16h

(O-0)ore

56-72% by FRET
N(CHz)y 59% by ‘HNMR

B 3.0moi% CpPd(allyl)

3.0moi% P(t-Bu)y @@
alt-Bu, . 1 S ’D?e

‘ " 645 isolated
S
3.0moi% CpPd(atiyl) 0
8 3.0mol% P(t-Buly OG
R NaOt-8u. n, 16h
Model Biomide »95% inchylud

MCH3)g

W

NICHsy 3

not the method of FRET analysis)

Using polar solvent is advantageous because in particular
pharmaceutical intermediates are often insoluble in
aromatic and ether solvents.

'

dioxane/m-xylene or -BuOH/m-xylene gave good results.

Summary

FRET can be used to screen catalyst and solvent for the

amination of aryl halides and by analogy, to screen other
catalysis via high-throughput manner. The reaction yields
obtained by FRET method were reproducible and agreed
in most cases with yields obtained by conventional

methods.

Figure 38. Yields determined by FRET for the reaction of 3 with 7 at 80
kC for 16 h in the presence of K;P0, as base

5. Recent progress and perspective

+ Appiication (o in vivo system (assay, sensor, eic..)

+ Development of new chromophore (quantum dot, gold nanoparticle, etc..)
+ Efioris toward extending distance which one can measure (muiti FRET, new chromapiore, eic..)

+ Development of methods for labeling

Applicable to developing a new reaction ?
* Hartwig : high-throughput (yield)
" design and synthesis of new catalyst

“ ordinary C-C bond = 1.5A(cf FRET = 10 - 1004)

* fluorophore is too big. (alter the characteristics of catalysts or so)

Rg = 9.78 x 103(x2n4QuJ]¥® (inA)

" exploring of a pair of fluorophores which give smail Ry

Same yadke i 4 1a- imEon
nich can detect weak fucroscenc

* Aausslares \
aevelopment of do

* small fluorophores

ViIT o VY Tt vvoun i

Figure. 39 dependence on distance
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