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Fl uorescentthdyﬁﬁenﬁbnfl uor ophore conmpounds are SUI tabl e for use in various
chem cal and biol ogi cal processes. Various enbodinents are directed to
fl uorophores having a reactive group that can be used to couple or
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coupling to receptors and to binding proteins having an affinity for a

speC|f|c | igand or analyte. In various enbodinents of the invention, the
Field of the Invention '

15 The embodiments of the present invention are directed to novel long wavelength

fluorophores for use in the detection of an analyte. Additional embodiments are directed to
fluorophores that contain a thiol-reactive site that can be covalently attached to a thiol group

of a molecule.

20  Summary of the Embodiments

Fluorescent dyes or fluorophore compounds are suitable for use in various chemical
and biological processes. Various embodiments are directed to fluorophores having a
reactive group that can be used to couple or conjugate the fluorophore with another molecule
such as a protein. Biosensors comprising fluorophores having a reactive group coupled or

25  conjugated with a protein.

Additional embodiments are fluorophores having a reactive group and that have an
emission wavelength of not less than about 575 nm, referred to as near-infrared dyes (NIR
dyes). In one embodiment, the fluorophores have an emission at about 650 nm. The
fluorophore embodiments include a pendant reactive group capable of conjugating with a

30 member of a specific binding pair.

The fluorophores are suitable for coupling to receptors and to binding proteins having

an affinity for a specific ligand or analyte. In various embodiments of the invention, the

receptor or binding protein undergoes conformational changes when coupled to the ligand or



receptor or binding protein undergoes conformati onal changes when coupled to
the ligand or WD 2006/ 025887 PCT/ US2005/ 017648 anal yte. The fl uorophores
when coupled to the binding protein exhibit a detectable signal change as a
result of bwedomg284871 i gand. Anot her enbodi ment provi despar/ivk20s/enRhar e
having a reactive noiety that can be covalently attached to an am no acid.
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and aza coumarin nuclei include any reaction product of the derivative, for example, with a
protein amino acid group. Derivative is meant to include any chemical modification,

20  addition, deletion, or substitution to an aforementioned nucleus. One embodiment includes
nuclei of the aforementioned dyes that exhibit a fluorescence emission of at least about 575
nm are included as embodiments. In one embodiment, the squaraine nuclei, benzodioxazole
nuclei, Nile Red nuclei, coumarin nuclei and aza coumarin nuclei contain a thiol-reactive
group for binding to a protein.

25 Another embodiment is also directed to a conjugate of a binding protein and a
squaraine nucleus, benzodioxazole nucleus, Nile Red nucleus, coumarin nucleus and aza
coumarin nucleus coupled to the binding protein through a cysteine residue on the binding
protein. The cysteine residue of the protein can be naturally occurring or engineered into the
protein. In one embodiment, the binding protein is a glucose binding protein that has an

30  affinity for glucose and reversibly binds glucose. The fluorophore produces a detectable
change in a fluorescence property in response to binding. The detectable change in a
fluorescent property can be a shift in the wavelength of emission, a change in intensity of the
emitted energy, a change in fluorescence lifetime, a change in anisotropy, change in

polarization, or a combination thereof. In another embodiment, the binding protein is a



protein. The cysteine residue of the protein can be naturally occurring or
engi neered into the protein. hi one enbodinment, the binding proteinis a
gl ucose binding protein that has an 30 affinity for glucose and reversibly
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fl uorescence property in response to binding. The detectable change in a
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enmbodi nent Stthf e Present invention provide for a fluorophore having 5 the
formula A-Y V\%ere A is selected fromthe group consisting of squaraine

nucl eus, Nile Red nucl eus, 10 benzodi oxazol e nucl eus, coumarin nucl eus, and
an aza coumarin nucl eus, and where Y is q, (CHZ)n-N O where n is an
integer of 1 to 6, or Yis A-COR, \A,he‘?‘e A is -R20- or -R2ZN(R3)-, where
R2 15is a Cl to C6 alkyl, R3is Hor CH3, and Rl is CH2C1l, CH2Br, CH2l, or
O -NH(CH2)mN where mis an integer of 2 to 6, 20 Additional enbodi nments
provi de f or VBepiAds evlewed Bromibriaqumauisising eksapepipgngcleps, WileRed iHelews. A i s a
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where n is an integer of 1 to 6, or Y is A’-CO-R!, where A’ is -R*O- or -R*N(R>)-, where R*
15 isaC; to Cgalkyl, R? is H or CHs, and R! is CH,Cl, CH,Br, CH,L, or

0)
~—NH—(CH)—N, |
0]
where m is an integer of 2 to 6.
20 Additional embodiments provide for a biosensor compound having the formula

A-Y’-B

where A is a fluorophore selected from the group consisting of a squaraine nucleus, a Nile
25  Red nucleus, a benzodioxazole nucleus, a coumarin nucleus, and an aza coumarin nucleus,

where Y’-B is



where Y' -B is 3 WO 2006/ 025887 PCT/ US2005/017648 O -(CH2)n--N B O where n
is an integer of 1 to 6, or Y-Bis A-COV-B, where A is -R2O or
-R2N(R3)- where R2 is a C to C6 alkyl, R3is Hor CH3, and V-Bis -CH2-B
or 5 O -NHMOG92902488% O where mis an integer of 2 to 6pcamd2B5hEcs
receptor having a reversible binding affinity for a I|igand to be detected,
and where the biosensor conpound exhibits a detectable change in a 10
fluorescence property as a result of chang in concentration of the Iigand.
Furt her enbodi nents are nmet hods for detecti nal yte conprising: providing
a biosensor conpound having at | east{Cione—Mut afed binding protein with a

fl uorophore covalently bonded thereto thro thiol group of said binding
protein, where the fluorophore exhibits amem ssion fluorescence of at

| east 575 nmand is selected fromthe 15 group consisting of a squaraine
nucl eus, N |le Red nucl eus, benzodi oxazol e nucl eus, and aza counmarin
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sai d quorog ore an Fo etect a fluorescence property as an indicator of a
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Descri.ptjion of the Drawings The following is a brief description of the
drawi ngs,; in which: Figure 1 is a graph show ng the absorbance spectrum of
conmpound 2 in chloroform Figure 2 is a graph showi ng the excitation and

em ssion spectra of conmpound 2 in chlorofor

~—NH—(CHg)—N
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where m is an integer of 2 to 6, and B is a receptor having a reversible binding affinity for a
ligand to be detected, and where the biosensor compound exhibits a detectable change in a
10 fluorescence property as a resulfc of changes in concentration of the ligand.

Further embodiments are methods for detecting analyte comprising: providing a
biosensor compound having at least one mutated binding protein with a fluorophore
covalently bonded thereto through a thiol group of said binding protein, where the
fluorophore exhibits an emission fluorescence of at least 575 nm and is selected from the

15  group consisting of a squaraine nucleus, Nile Red nucleus, benzodioxazole nucleus, and aza
coumarin nucleus. The biosensor compound is subjected to an energy source to excite said
fluorophore and to detect a fluorescence property as an indicator of a analyte concentration in

the analyte-containing source.

20  Brief Description of the Drawings

The following is a brief description of the drawings, i which:

Figure 1 is a graph showing the absorbance spectrum of compound 2 in chloroform;

Figure 2 is a graph showing the excitation and emission spectra of compound 2 in
chloroform;

25 Figure 3 is a titration curve of compound 1 conjugated to H152C GGBP in PBS

buffer;

Figure 4 is a graph showing the absorbance spectrum of compound 2 conjugated to
V19C GGBP in PBS buffer;



25 Figure 3 is a titration curve of conpound j, conjugated to H152C GEBP in
PBS buffer; Figure 4 is a graph show ng the absorbance spectrum of conpound
2 conjugated to V 19C GGEBP in PBS buffer; 4 W 2006/ 025887

PCT/ US2005/ 0028%#25887gure 5 is a graph show ng the changecTiusiwserescence of
conmpound 2 conjugated to VI 9C GEBP in response to a change in glucose
concentration in PBS buffer; Figure 6 is a schematic view of
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protein, olig ept ng protein, phosphate-binding protein, ribose

dlscussed he1 e1n 1nclude a binding protein that is capable of binding to an analyte. In other
embodiments, the biosensor of the invention is able to detect an analyte and to detect changes
in the analyte concentration. In various embodiments, the protein may be chosen from the
group of periplasmic binding proteins that includes, but is not limited to, glucose/galactose
20  binding protein, maltose binding protein, allose-binding protein, arabinose-binding protein,
dipeptide-binding protein, glutamic acid/aspartic acid-binding protein, glutamine-binding
protein, Fe(III)-binding protein, histidine-binding protein, leucine-binding protein,
leucine/isoleucine/valine-binding protein, lysine/arginine/ornithine-binding protein,
molybdate-binding protein, oligopeptide-binding protein, phosphate-binding protein, ribose-
25  binding protein, sulfate-binding protein, Zn(II)-binding protein, and vitamin B-12-binding
protein. |
In other embodiments, the biosensor is a fluorescent dye covalently attached to a
binding protein, wherein the protein-dye conjugate exhibits a fluorescence emission of 575
nm or higher. In one embodiment, the fluorescent dye exhibits a fluorescence emission of
30  notless than 575 nm. In one exemplary form, the binding protein is a glucose/galactose
binding protein (GGBP) that is able to bind with glucose when in contact with a glucose-
containing source. In another embodiment, the binding protein is a maltose binding protein
(MBP). Not to be held by any theory, the binding protein is understood to undergo a

conformational change upon binding of ligand. The percentage of binding protein binding



25 binding protein, sulfate-binding protein, Zn(I1)-binding protein, and
vitamn B-12-binding protein. In other enbodinents, the biosensor is a
fluorescent dye covalently attached to a binding protein, wherein the
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episodic or continuous sensing of analyte, for example, glucose, is envisaged. The biosensor

disclosed herein is adaptable for use in strips, implants, micro- and nano-particles, and the
20 like.
The fluorescent dye is covalently attached to the binding protein in a site-specific
manner to obtain the desired change in the fluorescence. The fluorescent dye is attached at a
site on the binding protein so that the conformational change maximizes the change in
fluorescence properties. In other embodiments of the invention, the fluorescent dyes have a)
25  thiol-reactive group that can be coupled to the thiol group on a cysteine residue of the binding
protein. The fluorescent dye includes the aforementioned derivatives of the squaraine nuclei,

benzodioxazole nuclei, Nile Red nuclei, coumarin nuclei and aza coumarin nuclei.

The biosensor in one embodiment has the formula I

30 AY-B (D)

In the formula I, A is squaraine nucleus, Nile Red nucleus, benzodioxazole nucleus,

coumarin nucleus, aza coumarin nucleus, and derivatives thereof. Y’-B is



epi sodi ¢ or continuous sensing of analyte, for exanple, glucose, is

envi saged. The bi osensor disclosed herein is adaptable for use in strips,

i npl ants, mcro- and nano-particles, and the 20 |ike. The fluorescent dye

i s coval entW 2846(03%82d to the binding protein in a site-BgBUSTNZOI7688NNEr tO
obtain the desired change in the fluorescence. The fluorescent dye is
attached at a site on the binding protein so that the confornmational change
maxi m zes the change in fluorescence propetties. In other enbodi nents of
the invention, the fluorescent dyes have a thiol-reactive group that can
be coupled to the thiol group on aci{that rgsi due of the binding protein.
The fluorescent dye includes the aforenentiptiettgleri vati ves of the squaraine
nucl ei, benzodi oxazole nuclei, N le Red ndclei, coumarin nuclei and aza
courmarin nuclei. The biosensor in one enbodi ment has the fornula I 30
A-Y-B (I) Inthe formula I, Ais squaraine nucleus, Nle Red nucleus,
benzodi oxazgl m% ero@@q@ararn{’rml 160- B, GAFEK 1 1 RS GURIN hﬁ R i
derivatives thereof Yg is 6 WO 2006 025887 "PCTI U 2005/017648 2)n N
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-R20O ory - R2N(R)-. R2is a Cl to C6 alkyl. In one enbodinent, R2 is a C2 to
4 al kyl-. REis Hor CH3. V-Bis -CH2-B 5 or O -NH-(CH2),n-N O where mis
an integer of 2 to 6. In one enbodinent, R20 is -CH2CH2O-. I n another 10
enbodi ment, RZN(R3) is -CH2CH2NH-. B is a receptor having a binding affinity
for a ligand being detected and nonitored bﬁ)the bi osensor. The bi osensor
conpound exhibits a

—NH—(CHy)m—N

o)

where m is an integer of 2 to 6. In one embodiment, R%0 is -CH,CH,O-. In another

10  embodiment, R*N(R?) is -CH,CH,NH-. B is a receptor having a binding affinity for a ligand
being detected and monitored by the biosensor. The biosensor compound exhibits a
detectable change in a fluorescence propertylas a result of changes in conéentration of the
ligand. In one embodiment, B is a glucose/galactose binding protein that exhibits a
detectable change in fluorescence emission as a result of changes in concentration of the

15  ligand such as glucose. In another embodiment, B is a maltose binding protein.

In one embodiment, fluorescent dyes or fluorophores have a thiol-reactive group and

have the general formula

A—Y (D
20  where A is a squaraine nucleus, Nile Red nucleus, benzodioxazole nucleus nucleus, coumarin

nucleus, aza coumarin nucleus, or derivative thereof and Y is a thiol-reactive group.

In other embodiments, in formula I, Y is

—(CHa—N, |

25 0



detect abl e change in a fluorescence property as a result of changes in
concentration of the I|igand. In one enbodinent, B is a glucose/gal actose

bi nding protein that exhibits a detectable change in fluorescence em ssion
as a resul t WOF2004BA¥es i n concentration of the 15 |igandPEDR208301Gh4§cose. | n
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nucl eus, or derivative thereof andY is a thiol-reactive group. In other
enbodi ment sCHilporf ormula 11, Yis O -(CH2)n-N 25 O 7 WD 2006/ 025887

PCT/ US2005/ 017648 where n is an integer of Ito 6, or Yis A-COR. A is
-R20- or -RZN(R3)-. RRis a d to C6 alkyl. In one enbodinent, R2 is a C2
to &4 alkyl. RBis Hor CH3. R is CH2C1, CH2Bp, - CH2l, or O -NH(CH2),-N
50 where mis an integer of 2 to 6. The dye exhibit a fluorescence

em ssion of at least about 575 ML\ 088, nt, RO is -CH2CH2O-. In
anot her enbodi ment, RRN(R) is -CH2CH2NH . Tn rther embodiment, Y is

- (CH2) 2000CH2CH2X, where X is O, Br or I. 10 ¥n other enbodinents, R2 is a
C2 to C& al kyl such as -CH2CH2-. The squar ai ne” nucl eus as enbodi nents of the
invention.are based on derivatives of the squaraine structure O~ \ / 2+ N

where m is an integer of 2 to 6. The dye may exhibit a fluorescence emission of at least
about 575 nm. In one embodiment, R20 is -CH,CH,O-. In another embodiment, R*N(R?) is
-CH,CH,NH-. In a further embodiment, Y is -(CH;);OCOCH,;CH,X, where X is Cl, Br or L.
10 In other embodiments, R is a C, to Cq alkyl such as -CH,CHj,-.
The squaraine nucleus as embodiments of the invention are based on derivatives of

the squaraine structure

N\
b4
A
zZ

VAN

(1ID)
15
The squaraine nucleus of formula III exhibits changes in its fluorescence properties
with changes in its environment. For example, the squaraine nucleus III exhibits a 20-fold
increase in its fluorescence quantum yield by changing its environment from a polar protic

solvent such as methanol to a non-polar solvent such as toluene [C. Cornelissen-Gude, W.

b9
<o

Rettig, R. Lapouyade. “Photophysical properties of Squaraine Derivatives: Evidence for
Charge Separation.” J. Phys. Chem. A 1997, 101, 9673-9677]. Squaraine dyes can have an
absorbance maximum near 635 nm and exhibit a fluorescence emission peak at about 650
nm. These dyes can fluoresce readily when exposed to the light from a red laser diode
excitation source, for example.

25 The thiol-reactive squaraine nucleus embodiments of the invention have the structures

of formula IV and formula V



O (I'l'l) 15 The squarai ne nucleus of forrmula Ill exhibits changes inits
fluorescence properties wth changes in its enviroment. For exanple, the
squaraine nucleus Il exhibits a 20-fold increase in its fluorescence

guant um yi eMP B9/ER8BAgi ng its environnment from a pol ar prorius200seiTegnt such
as nmethanol to a non-polar solvent such as toluene [C. Cornelissen-Gude, W
20 Rettig, R Lapouyade. "Photophysical properties of Squaraine Derivatives:
Evi dence for Charge Separatlﬁn o’ J. Phys. Chem A 1997, 101, 9673-9677].
Squar ai ne dyes can_have an__absof bance_maxi mym near 635 nun and exhibit a

fl uorescence em ss Oﬂ pea nm These dyes can fl uoresce
readi |y when exposed/N g | aser diode excitation source,
for exanple. 25 Th&"thi ol £ trar/ai ne Mucl eus enbodi nents of the

i nvention have the structures fRrrmula 1V and fornu“gvy 8 WD 20061025887
PCT/ US2005/017648 RO RN2+ N R' R® O R (IV) C Z NN5RaOY
(V) where R is Hor OH R' are independently nethyl, ethyl or propyl, Ra is
aC to C6 alkyl or (CH2)gCO2H, where q is an integer of 1 to 5, Z and Z
are independently S, 0, or C(CH3)2, W and W are independently H, CHS3,
SG8H, fused benzene, or fused sul fobenzene, and Y is as 10 previously
defined. In one enbodi nent, the thi%#-reactive squar ai ne nucl eus has the
formula O~

V)

where R' is H or OH, R" are independently methyl, ethyl or propyl, R*is a C; to Cs alkyl or

(CH,)qCO,H, where q is an integer of 1 to 5, Z and Z’ are independently S, O, or C(CHz),, W

and W’ are independently H, CHjs, SO;H, fused benzene, or fused sulfobenzene, and Y is as
10  previously defined.

In one embodiment, the thiol-reactive squaraine nucleus has the formula

kS
PO
N D N O
/ % NN A
0

or

15

CC >\/<>\/<\@

i &N“&/ @,0)

where R* is ethyl in compound 2 or (CHz),CO,H in compound 3.



N/ (U or 15 cc>+4TQ0 R4 O NH~I (?)J ) where Ra is ethyl in conpound 2 or
(CH2) 2CQZH in conpound 3. 9 WD 2006/ 025887 PCT/ US2005/ 017648 Anot her

enbodi ment i ncludes Nile Red nuclei generally having an absorbance of about
550 nm and W#24¢/BP88faxi ma of about 575 urn or nore. TheBETWAWN&17648pi cal |y
exhibit a shift of the em ssion maxima to as nmuch as 650 nmin Iipid
environments. In one enpbodinent, N.le Red nuclei have the formula N YEN

| / O\ OR5 (ViAnothsy empadymen; ipgludss NilerRsed nyiclef generpliyhariasrs abmbana%f R7 are
i ndependent l,y,hhwl anféﬂhﬁlorplﬁaﬂﬁﬁwlahmﬁg% ¥mig? . P’fﬁééb ﬁaaklyw eﬁfy aﬁﬁm In

one enbodi nent, the N Red nucl eus has the formula
a shift of the emission maxima to as much as 650 nm in lipid env1romnents In one

embodiment, Nile Red nuclei have the formula

(VD

or

(VII)

10  where R’ R® and R” are independently methyl, ethyl or propyl, and Y is as previously
defined.

In one embodiment, the Nile Red nucleus has the formula

L
/

ICH,COO

@
15 or

O/\’NH

o

10



15 or O OO (s) 10 WO 2006/025887 PCT/ US2005/ 017648 One enbodi nent

I ncl udes benzodi oxazol e nuclei having the formula RO Z\\ r (r)RRB 1Y
(MI1l) 50o0r RO9Z N/ \\'r -W YRe NNON (VIlla) 10 or =¥ RCN/ \ r CC
NRS 1 WN WM or s / \ r ~jNERB Y 15 NN (DCa)  PCT/US2005/017648

One embodiment includes benzodioxazole nuclei having the formula

R® Z \
) N \@:@_ !
R8 | =
\ Y
N\O/N

(VIID)
5 or
R Z \
\N XN / W
/ R
N \N R
o~ (VIIIa)
10  or
R? —
\ r\@-v
N N\ \/
R8
N/ \N "
\O/ ‘ (IX)
or
R® —
\ r@—R“
N NN\ \_//
Y
/\ W
N N

15 0 (IXa)

11



11 WO 2006/ 025887 PCT/ US2005/ 017648 where r is an integer of 1 to 3, R8 and
RO are independently a C1 to C6 al kyl or (CH2),CO2H, where s is an integer
of 2to 5. Zis S, 0, or C(CH3)2. Wis H, CH3, SO3H, fused benzene, or
fused sul f oBEhYOE288Y | s as previously defined. 5 |In onepPerhsdiosentys t he
benzodi oxazol e nucl eus has the formula NMONN HCOCH21 f) ( or N-1
NHCOCH2I O (7) N Nor S NN QO~-C010 (8) Another enbodi nent

i ncl udes couhdig I is annuteger o & duAeR | andRiereindenspdendyt ©61 fofamalkd or (@H:)G0:H, D

RIO T N/ \%e(l)e s ﬁl an 1nt%§(3r of9"to %2 ZV\QSZB E}j CQ%QBJB7“P§TI!I L&‘Qf %gsﬁ}fzgéﬁ’enggﬁ or

fused sulfobenzene. Y is as previously defined.

5 In one embodiment, the benzodioxazole nucleus has the formula
N AN \'@
/
N
\o NHCOCHZ ©
or
N A 2 Y ’\@\/\NHCOCHQI
_/
N/ \N
o7 @
or
._\ S
N X \’@D
I L
N\ O/N O\io
10 ' @®)

Another embodiment includes coumarin and aza coumarin nuclei having the formula

R12

N\
. i R
\
R10 r

R‘H (X)

or

12



Rl O

r YENOOIlaa (Xa) 5or Zoe/ rNRONOOYR (XI) or 10 W 44r \

N\%BOO Rao Ra a (Xla) 15 where Dis CHor N, r is an integer of 1 to 3,

Ri o,

R11 and R 12 are independently C to C6 alkyl or (CH2)8CO2H, where s

is an integdYOYP6/O2588 5 7 is S, 0 or C(CH3)2. Wis H CHST/USSO3M|764used
benzene or fused sul fobenzene and Y is as previously defined. 13 WO

2006/ 025887 PCT/ US2005/017648 In one enbodi nent, the aza counarin nucl eus
has the formrula O NNOCO 5o0or S \ \ \ ON

\QEINQ

R” (Xa)

or

Z7N\

®

R o\ \
N 0o Y

R1 1 XD)

or

10

~ Joo %
R11 (XIa)

15 where D is CHor N, r is an integer of 1 to 3, Rlo, R and R™ are independently C; to Cq
alkyl or (CH,)sCO,H, where s is an integer of 2 to 5, Zis S, O or C(CH;),. W is H, CHj,

SO;H, fused benzene or fused sulfobenzene and Y is as previously defined.

13



N/ OO+ HJ OIC
can be synthesized by vari ous

be prepared b
reaction sch

reacting an aronmati c nucl eophile

| WThe squarai ne nucl eus enbodi nents of the invention
10 known techni ques.

Symretrical nuclei can
with squaric acid. A first

04/25883r oduci ng an i odoacetyl squarai ne isPEEFISe08€@176i8n t he

Schene |

as follows. N 2+

OHOH Inlc p~ + |

jci OHN/ \ / ON-C\ 2+

\' NN O O Ib O15 Schene |

14 WO 2006/ 025887 PCT/ US2005/ 017648 A second

reaction schene for producing an i odoacetam dyl

squar ai ne nucl eus derivative

is depicted in tihe,

?Q@ﬁé@yﬂeﬁt A2 b ObdNBin nubiehd Ny the BrmuBO 22 2b 0 SN > R

HO 2c 3c 8 08 Z- (NF2) 2 O
| o)
N\V/A\O/ﬂ\\//'
/@N\ N ‘
\N 0 0]
)]
5
or
S
A
N
@
~N 070 o
= ~
l 10)

The squaraine nucleus embodiments of the invention can be synthesized by various

10  known techniques. Symmetrical nuclei can be prepared by reacting an ‘aromatic nucleophile

with squaric acid. A first reaction scheme for producing an iodoacetyl squaraine is depicted

in the Scheme I as follows.

15

= o)
+ l cl )J\/|
OH §
AN A /
/ ve \/\O)\/l
o1
Scheme I

14



NN O ~NHd 3d 28.3e 2 O (ICH2CO 202, R=CH5 S 3, R= (CH2)2C2H/ N O

ORCNH 5 2,3 Schene Il The Nile Red nucl eus derivative enbodi nents can
al so be prepared using various reaction schenes. A first reaction schene
for produci WY Ap6/126%3acet yl derivative is depicted 10 i RCTH&28yhoms |11 as

follows. 15 WO 2006/ 025887 PCT/ US2005/1117648 ~-N--\,OH ~-N-'OH NaNO2/ HCl
4b OH 4a NO 4c \OH-' ICH2000~ HO 9N\ M\ PCH2CO) \ 20 N1 O 4 4d

A second reaction scheme for producing an iodoacetamidy! squaraine nucleus

derivative is depicted in the Scheme II as follows.

oy o S
S
(:[ >\/<>\/<\ﬁ:© (NHa)z @E >\/¢\/< @

N
o)

0
NH2 2d, 3d

Nincoko
2,R=CzHs :@
3, R= (CH;),CO,H @: X \ﬁ

NH&/I

Scheme II

I%s’°

2,

3

wh
)

The Nile Red nucleus derivative embodiments can also be prepared using various
reaction schemes. A first reaction scheme for producing an iodoacetyl derivative is depicted

10  in the Scheme III as follows.

15



Schenme 111 A second reaction schenme for produci ng an i odoacet am dyl
derivative is depicted in 5 the Schene N as follows. CHO-\_ N Bra 0 O\
NN VI NI'\W N OO "NFOO N52 < Sbh MNH2IMEOH NHCOCH21 --\--NH2 C I \
N. \ I (1 CHMOOM2R887/ N\ OIN1 a OO \ 5\ 5¢c ScheneprCvusthofopssscedur e
for producing the benzodi oxazol e nucl eus derivative enbodi ments is depicted
in the reaction Schene V as follows. 16 WO 2006/ 025887 PCTI US2005/ 017648
H2N Et Br/ K2CO3™NN-—\_PH 6b N O N NTENNN6®PH-OCI 3| DMF Vil Snaeir reaction
s N pi peridine NaNO,/HC!

ICH,COO

e
z /@: ‘ (ICH,C0),0 z /@:
N 0 < N

/o /

Scheme 111

s O

A second reaction scheme for producing an iodoacetamidyl derivative is depicted in

5  the Scheme IV as follows.

O/\—N HCOCH,
(ICH,C0),0 /@N\
<N o
(&
Scheme IV
10 A procedure for producing the benzodioxazole nucleus derivative embodiments is

depicted in the reaction Scheme V as follows.

16



cHO OS Oy N-1IN6e \N6O\ / NN \N6C IN~N O- 6d \DeProtection of the
amne N\ ~s | (ICH2CO20 N 6 N~O N 6f NH2 N~~N NHCOCH2l Schene V Schene
V can be nodified to produce benzodi oxazol e nucl eus derivatives contai ni ng

5 ot her ri nyosyee/e3887 as shown bel ow in Schenme V1. H2N QpchNuSdebBi7648K2003 7b

NNO N NI \N 7a \OC1 DWF VIsma eir reaction IN/ \' '\ \ ON Q/ " piperidine
---\N\ CHO O ON-\ Tc ,N\ N OMNN ~O~ 7e O7d \DeProtection of the
amne --~\ N/ \ \ / COCH21 1 +"‘\{\[\ll- NH2
EtBr/ KyCOs
N\ I &
/ N\/N
§— (@)

POCly/ DMF
Vilsmaeir reaction

S

N\

_/N Y \r@ plpendlne _Q
I\

\O/N G6e @h&/

c 6d

\Eeprotection of the amine
(ICHQCO)

NHCOCHZI

\/

Scheme V

Scheme V can be modified to produce benzodioxazole nucleus derivatives containing

5  other ring systems, as shown below in Scheme V1.

HoN N
EtBr/ K,CO.
{ MKGOs /S 7b

N N
Ve
0 o)
fa

/s =
\N =

N

POCI3/ DMF
Vilsmaeir reaction

‘Q/\/C,@/\, Q pzpendlne _—;\N‘Q_CHO
*;Q %
/ TIeN N_ _N

Te
\Beproteotion of the amine
/\N AN \—/,@\/\NHCOCHZI
~ 7\ o\ T\@
N\o/NT (lCHg_CO):A N N WA
- N/\O/\N f

17



7 (ICH2CO 20 N~ IN 7f 17 WD 2006/ 025887 PCT/
alternative procedure for
shown 5 in reaction schene Vla. H2N 1~ CH3I
NN 72
Ho N~ ~N7c/ 1 0 NON -t Piperidine 7e'

(I1cHRCO 20 Pyridine \N\ \ \ NEt
Scheme VI

H2000A -~ NNO, N 7'

US2005/ 017648 Schene VI An

produci ng benzodi oxazol e nucl eus derivatives is

H3C ~N Q' \~ K2C03 H 7b' N/

N\V\V\V E HJO-~1 17P ON

Schenme VI a

An alternative procedure for producing benzodioxazole nucleus derivatives is shown

5 inreaction scheme VIa.
CH,I HsC
K,CO,
I I
N\ v N N
. 0% 0
— Br-CH,CH,-OH/
HsC HaC
/\\/N CHO  POCL/DMF MY
HO / d HO
AN /\N Ie. N/ \N
0 No”
o\ A
Piperidine 7e!
\N AN \ —Et
e Vi /
/o \
N o~ £
\O/
(ICH,C0),0
Pyridine
\N AN \ /r\@—Et
IHzCCOO/\/ /\
N N T
\O/
Scheme Via
10

An exemplary procedure for the synthesis of benzodioxazole nucleus with an

iodoacetyl linker is depicted in Scheme VII

18

"N
Br - BIRIIRR2GH7 K2C03 H3C\ ~N CHO POC13/ DMF HH33C~/piT/USR 0050487/ 7d'



10 An exenplary procedure for the synthesis of benzodi oxazol e nucleus with
an iodoacetyl linker is depicted in Schene VII 18 WO 2006/ 025887

PCT/ US2005/ 017648 FI 2N pl~ EtBrJ K2CO3 N N N O 8a 8b OC13/ DWF \vilsnaefr
reaction N WOt20¢6/038887dine NCHO L S _J N N Se OH 3 O PCHUBN@/N7648d
(1CH2CO) 20 Pyridine $ O NN OOCCH21 Schene VIl An alternative procedure for
produci ng benzodi oxazol e nucl eus derivatives is showmm 5 in the reaction

Schene VIla. 19 WD 2006 RR7 PCT/ U820ﬁ5\<017 CH3l H3CIIN/ \ HZN / \
K2COB ' H Sb  MN EtB/ K,COs N
7\ ~
N\ N N/ \N
O 8a 8b No”
POCI;/ DMF
Vilsmaeir reaction
S
N\
N ~ \,@ piperidine \
_/ |\ <—S-—-—— N CHO
s &y
N\O/N __8_e_ OH I\é/ N/ \N -8-‘—:
(_OH No”

8d

(ICH,C0),0
pyridine
S
200t
_/ ‘
N O/

OOCCHS,!

Scheme VII

An alternative procedure for producing benzodioxazole nucleus derivatives is shown

5  inthe reaction Scheme VIla.
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Ra' Br-CH2CH2-OH  K2C03 H3CIIN/ \ CHO EPOCI 3/DMJ H3CIIN/ \\ HOR HO/-,/
/1 V1 NN ,Nse O, NNON Piperidine Et 5 HO‘ Sf' EIl NON (ICHCO 20
Pyridine S \ N/ IHZCCOO~-~ \ Et NNO N 8 Schene Vila 5 An exenpl ary
procedure WP 2pH6EAMET ng t he aza coumari n nucl eus deri vat POBESI08501d@pi ct ed i n
the reaction Schene VIII. 20 WO 2006/ 025887 PCT/ US2005/ 017648 N ~N N NaNQz
N HCl PdlI C HCI NaBH4 60H OH OH

CH,I HyC_
HoN - g
K,CO, ey
N_ _N

N/ \N
\0/83, \O/
= Br-CH,CH,-OH/
K,CO;
HiC HsC
/\\/N CHO  POCI/DMF MY
HO /o & HO
NN 8c' N/ \N
o) No”

<
\ 8¢’
Piperidine fl\? D -

Et
S
\
W~V
N/ \N s Et
\O/

(ICH,C0),0
Pyridine

S
)
N X" \No
leccoo/\/ |
Et
N N
\O/ g

Scheme VIla

5 An exemplary procedure for producing the aza coumarin nucleus derivatives is

depicted in the reaction Scheme VIIL

20



9a ON 9b H2N 9¢ 0 MeOH CH3I OR N\iOH N-'-~CHO0 9d \ POCI3 \ + NCH3 bi
DVF i 9f CHOP\1 0 0 9¢ NaOw/ O jMeoHOH M \ \ | (ICH2CO 20 NO O

(1 AZCO Pyridine 0 0 9h (AZCO-O+H) Scheme VIII 5 An alternative procedure
for produci W§ 0MW&2884 coumarin nucl eus derivatives is de@I/ESWES/HIM64Beact i on
Schene VIIla. 21 WD 2006/ 025887 PCT/ US2005/ 017648 HN HN HNC N OH HC C
OH HCl NaBH4 OH 9a' ON 9b' H2N 9e¢' 10 McOH CH3 OR N09d\NC|—|3j+
HO/-\N . ~O)OBrCHZCH{C]—Ij Ny CH3 CH09F HN O 0 9e’ 7

NaNO, Pd/C
'“—"W—» HCI @ ————

9a ON gp | H,N
| %
O
MeOH CHa)J\H/OEt
- ~OH N ~OH 5 9d
of o e
s
NaOMe/
MeOH
N
\/\O/U\/’ N\/\OH
__(ICH,C0)0
Scheme VIII
5 An alternative procedure for producing the aza coumarin nucleus derivatives is

depicted in reaction Scheme VIl]a.

21



NaOve/ McOH I N N M \(ICHZCO 20 N\ HO-~N O O 9h' Pyridi ne H2CCOO~/ N
Schene VlIlla 5 Another exenplary procedure for producing counmarin nuclei is
depicted in reaction Scherme I X 22 WO 2006/ 025887 PCT/ US20115/ 017648 CHO
COCEt Pi per W@ 0@/12588) OH + ~COOEt Et OH, Refl uxN O 10a 186THS2080176804/
Nal»4 CHO .C1:C S HO*~Br O O N 10d 10e 120 c | s aa~ Piperidine/ 10f~
MeOH, Reflux OH (I1CHZCO)20 ON N O O O Pyridine ~N O O 10 O- J O™H 100

HN" HN™ HN T
@\ NaNO, ol Pd/C
“OH HCI oH NaBH, oH
9a ON gp' H,N
L 8¢’ |
o)
- MeOH CHy OEt
o od'
© + HO\/\N@[ I BrCH,CH,OH @[NICHs
24’ cro HA o o 9¢!
N J
Y
NaOMe/
MeOH
I\/@ (lCHZCO /@ I\U
Pyridine
HO\/\ND: y H CCOO\/\N
Scheme Vllla

Another exemplary procedure for producing coumarin nuclei is depicted in reaction

Scheme IX.
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| CO-BzT Schenme I X 5 Another procedure for producing the coumarin nucl eus
derivatives is depicted in reaction Schene | Xa. 23 WD 2006/ 025887
PCT/ US2005/ 017648 CHO HO-,.'8r HO ~~ \ POC13! HON CH'~"N OH OH J 10b’
DVF 10C  1o®wmi/psess7di ne COOEt Et OH, Reflux ~COOEt 10¢cT/AkEdos b9 s
-~z,1COOEt HO ~/xN 1 O O Nal04 HO-~ IN O O 1O, J 10e' Piperidine/ MOH,
Reflux 10a® Et SO/ N \ S Q IH20000-~-N/ OOE (ICH2CO201 HO-~N a O
O Et Pyridine 10h4\_Ll6HO Sc tl Xa 5plBiqaaot her enbod Ok F£REEf nventi on,
benzodi oxazol e, .ar ai nejl Nl 0 Ppp— i l !
SN OH | CO%EB EtOH, Reflux N oo
10a 10b ) 10

0s0,/
NaIO4

CHO
~
Iy e AL
s

1
10e 120°C T —_—
o
8 Piperidine/
j_O_f_ MeOH, Reflux
OH

S@ S@
XN DY NP

N (@] @) /\N 0 0 L
S/ 10g

: )\\ Pyridine
1 0

l
ICO-BzT

Scheme IX

Another procedure for producing the coumarin nucleus derivatives is depicted in

reaction Scheme IXa.
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coumarin, and aza coumarin nuclei have a fluorescence em ssion. In one
enbodi nent, the specific fluorescent nuclei described above have
fluorescent em ssion above about 575 run. I n one enbodinment, the resulting
t hi ol - r eact woe2onukss7 are reacted with a binding 10 properwstspiesuce
fluorescent binding protein conjugates useful as biosensors. In one

enbodi nent the resulting squarai ne nucl eus-binding protein conjugates have
t he Markush fornulas: R 0 R' Y,B N 2+ R R R 15 24 WO HB25887
PCT/ US20051017648 202 chs”N/P [B] whefiogisly - SPEY B O 2Yn-N B 5
C)mhere|1|s an |nk-~ -BIOHA 5,60 V. r& AOH s

- R20-"' or R2N(R3)SJ 35 a C to CB,dIkgOb'In one enbod nd0cR2 is a C2

to C4 al kyl V-Bis -CH2-B or 10 O -NH(CH2)m N B
Piperidine EC/OOEt
EtOH, Reflux COOEt
10d’
, mCHO 0s0y/ /@\/\1@\/000!&
HO
/J 10f 10e’
[::[ég—_ Piperidine/
MeaOH, Reflux .
100 B | s
O Ioead
S ' \
X N \,:'(l) leCCOO\/\N o o Et
E (ICH,CO),0 /, ‘
HO~y 0" o Pyridine
/I 10h’ 10'
Scheme IXa
5

In another embodiment of the invention, benzodioxazole, squaraine, Nile Red,
coumarin, and aza coumarin nuclei have a fluorescence emission. In one embodiment, the
specific fluorescent nuclei described above have fluorescent emission above about 575 nm.

In one embodiment, the resulting thiol-reactive nuclei are reacted with a binding

10 protein to produce fluorescent binding protein conjugates useful as biosensors.
In onc embodiment the resulting squaraine nucleus-binding protein conjugates have

the Markush formulas:
o
R" Y'B
2L O~ )
N D) N
R Y “re
15
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O where mis an integer of 2 to 6. In one enbodinment, R20 is -CH2CH2O-. In
anot her enbodi nent, RZN(R) is -CH2CH2NH-, and where B is binding protein.
15 I n one enbodiment the resulting Nile Red nucl eus-binding protein

conj ugat e h¥O 1AE02588r kush formulas: BY ~N | / O):qrO POTRS2®50\E8

2006/ 025887 PCT/ US2005/ 017648 or O~Y B NN OO R6 where Y'Bis as
previously defined and Bis binding protein. 5 In one enbodi nent the

resul ting benzodi oxazol e nucl eus-binding § otein conjugate has the Markush

formulas: RO9 \N/ \ +1 -W RBYB 10NNomNZS N/ \\r\~1| W
BY R8 X% \-“-W'
@ Y

i A~y ,lq
‘R4 o} Y'B
where Y’-B is
O
—(CHz),—N
B
5 O

where n is an integer of 1 to 6, or Y’-B is A’-CO-V-B, where A’ is -R*0-"or -RIN(RY)-. R?is
a C; to Cg alkyl. In one embodiment, R%isaCyto Cq alkyl. R¥*isHor CH;. V-Bis-CH,-B

or
10
O
—NH—(CHg)y =N
B
o
where m is an integer of 2 to 6. In one embodiment, R*Ois -CH,CH,0-. In another
embodiment, R*N(R?) is -CH,CH,NH-, and where B is binding protein. ‘
15
In one embodiment the resulting Nile Red nucleus-binding protein conjugate has the
Markush formulas:
20
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NN'"Q N20 a ++ R W NONor 26 WO 2006/ 025887 PCT/ U52005/ 017648 9 R N r
R BY, \1 W NCONJ5 where YYBis as previously defined and B is binding
protein. In one enbodi nent the resulting counmarin, and an coumarin

~

nucl eus- bi nBYOYPOEPWBEI n  conj ugat e has the Markush for nulrasyusi@seidss N \ Y' B

R1I0 OO R11 15 R12 / | RIU BY ~

or
O/YIB

where Y’B is as previously defined and B is binding protein.

S
In one embodiment the resulting benzodioxazole nucleus-binding protein conjugate
has the Markush formulas:
/
10
15
Q/NK JC——W
/
20
R® i
\ v
/N \ r \ \_//
RB
N/ \N "
No”

or
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OO 111 27 WD 2006/ 025887 PCT/ US2005/017648 /WZ O / R o NOOYB or 5
zWj D\-N BYN/\ ,0 COOR " | where YYBis as previously defined
and B is binding protein. 10 In one enbodi nent the resulting binding
protein conM@FAVE2FBE the fornmula: O jN/ \ 2+ \ / N OPOT/UX@N5/01768 s S N
N NO

R® =
\N X7 \ / I@_R
BY’ /
N/ \N "
o~

5
where Y’B is as previously defined and B is binding protein.
In one embodiment the resulting coumarin, and aza coumarin nucleus-binding protein
conjugate has the Markush formulas:
10
R12
N
\Y'B
D
R0
Y 0~ o
R/ﬁ
15
BY'
\N
i
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B 15 CNH "~ (XI11); 28 WD 2006/ 025887 PCT/US2005/1117648 s :NN OB cNH

CRH (XI'V): BCHZCOO\ NN (XV): 0 O-NHvB NNO\ O5 (XVI); N1 NON

NHCOCH2B (XVI1); -- N \0Ov NHCOCH2B N~O/N (XVII11) 10 29 WO 2006/ 025887
PCT/ US2005/W2726u825887 N N O OO (XIX) OJ B ONM PCT/US2005/017648
==\ _w ’
N\ /
NN ! N
\N o o Y'B
I

or

N
joona
BY-\? DGR

R11

where Y’B is as previously defined and B is binding protein.
10

In one embodiment the resulting binding protein conjugate has the formula:

IS
N A /
N &) N 0
/ NS
0
&
s s
O: S 4 AN \@D
N N o

is ° &NHA/B (X1

(X1D;
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NI / OO(XX) or S IN ~~-NOOJ O 5 -B(XxI) The binding proteins B
include a thiol group, for exanple, a cysteine residue, that is able to
react with the thiol-reactive fluorescent dye. The term "bindi ng proteins”
refers to WOwW&has887t hat i nteract with specific anal yt e®Crusaosarms capabl e
of transducing or providing a 10 detectable signal differentiable either
fromwhen analyte is not present analyte is present in varying
concentrations over time, or infa concentration-dependent nanner, by neans
of the nethods described. Capapl e of strci ng or "provide a detectable

signal", as used hergins, refe to the § ty to recognize a change in a
property of a rep g

; enabl es the detection of

| i gand- prot ei n bi rdiAg~nFor le, iAst one odi ment, the 15 nutated GGBPs
conprise a detectable reporter @roup ose tectabl e characteristics alter
upon gl ucose binding. T{e change in the ec e characteristics may be
due to an alteration in°PHe environnent of the |abel attaékB@to the

nmut at ed GEBP or a confornmational change of the protein resulting from

bi ndi ng. The transducing or providing a detectable 30 WD 2006/ 025887

PCT/ US2005/ 017648 signal may be reversible or poncreversable. As used
herein, the terns transd:ﬁgﬁ_ﬁg ﬁnd provi di ng act abl e signal are used

i nt erchangeably. The tra P eventy pilude ont i nuous, programred,
and epi sodi c neans, including ong-tiife re e applications. Reversible
signal transduction may be instal apeéQuglQr +say A8 ti ne-dependent, providing
a5 correlation with the presenceMr concellt rati on of anal yte is

establ i shed. Binding proteins tated in such a manner to ect
transduction are enbodi nents of the present invention. Binding proteins
i nclude, but are not limted to, glucose/gal actose-binding protein, maltose-
O
B

e
AN@H
)

5 (XVI);
S
D h \@D
_/
N/ \N I“
~o” NHCOCH,B (XVID);
N N\ /I\@\/\NHCOCHZB
_/
7\
N_ _N
oo (XVIID)
10

29



bi ndi ng protein, allose-binding protein, arabinose-binding protein,

di pepti de-binding protein, glutamc acid/aspartic acid-binding protein,

gl ut am ne- bi ndi n% rotein, Fe(lll)-binding 10 protein, histidine-binding
protein, |e¥Pi2f¥ Bgﬁaing protein, | euci ne/isol euci ne/ val i mer/bbanat/mgess
protein,lysinel/argini ne/omthine-binding protein, nolybdate-binding protein,
ol i gopepti de- binding protein, phosphatstra- bi ndi ng protein, ribose-binding

protein, sulfat e-bi—ﬁQi ng protein Zn( < pbtRgi ng protein, and vitamn
B- 12- bi ndi ng protein\ The $e/ g se bi ndi ng protein" or "GGEBP"

or "mal tose binding sed herein refers to a type of
protein naturall und peri pl gsm conpartnent of bacteria. These
periplasmc proteins are \rally inngng in chenotaxis and transport of
smal | nol ecules (e.g., sNgaLé$ am no acid ang, smal | peptides) into the
cytoplasm For exanpl e, P is a single chai# protein consisting of two

gl obular a./p donmains that are connected by{three strands to form a hinge.
The binding site is located 20 in the cleft befween the two &SFRi ns. Wen

gl ucose enters the binding site, GEBP undergoes agconformational change,
centered at the hinge, which brings the tmo\donainﬁ t oget her and entraps
glucose in the binding site. The w | d #¥ps Ex/cob' B DNA and anino acid
sequence can be found at ww. ncbhi gov/ entrez/ accessi on nunber D90885
(genom c clone) and accesSsionxuu 3052 (ami no aci d sequence). |In one
enbodi nent, 25 GGBP is E. |coll. "Mutated binding protein" (for exanple
"mut at ed GGBP") a§\% etk begrel nxefers to binding proteins frombacteria
wherein at | east on? anmino afid hAs been substituted for, deleted from or
added to, the protei'n. Mutations of binding proteins include (ko exanple,
the addition or substitution of 30 cysteine groups, non-naturally occurring
am no aci ds, and repl acenent of substantially non- reactive amno acids with
reactive agino acids. Additional embodinments are nutations of the GGBP
protein having a cysteine substituted f or lysine at position1 1 ( 1 ( 1
1C), a cysteine substituted for aspartic acid at on 14 (D 14C), a
cysteine substituted for valine at position 19 a cysteine
substituted for 31 WD 2006/ 025887 PCT/ US2005/

(XXI)

The binding proteins B include a thiol group, for example, a cysteine residue, that is
able to react with the thiol-reactive fluorescent dye. The term “binding proteins” refers to
proteins that interact with specific analytes in a manner capable of transducing or providing a

10 detectable signal differentiable either from when analyte is not present, analyie is present in
varying concentrations over time, or in a concentration-dependent manner, by means of the
methods described. Capable of transducing or “provide a detectable signal”, as used herein,
refers to the ability to recognize a change in a property of a reporter group in a manner that
enables the detection of ligand-protein binding. For example, in one embodiment, the

15  mutated GGBPs comprise a detectable reporter group whose detectable characteristics alter
upon glucose binding. The change in the detectable characteristics may be due to an
alteration in the environment of the label attached to the mutated GGBP or a conformational

change of the protein resulting from binding. The transducing or providing a detectable
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asparagi ne at position 43 (N43C), a cysteine substituted for glycine at
position 74 (G74C), a cysteine substituted for tyrosine at position 107
(Y107C), a cysteine substituted for threonine at position 110 (Ti 1 OO, a
cystei ne subxzeasmers7f or serine at position 112 (S 112C) pcRydambhBeagnut ant
including a cysteine substituted for serine at position 112 and serine
substituted for 5 |l eucine at position 238 (S 112C/L238S), a cysteine

subst i t ut edgdabmalyhsirei@rsible posor-feoersdble AsKibed Bécgin, the Carsk @i ﬁlﬁlusiulgaﬁd tuted f gr
| ysine at position 137 (1Cl37C), a, cysteine substituted for tam c aci
at positi 011491&@4@@56 Aen ens|uée%¥eaqwn$%éﬁuah%§ar§dw@pém&?&r@}ﬁ’gfi t ut ed
for gl ut agdginf&d aRSddl bR eplbai L8 ObieHSE BStel b Ab fisdtioad ani ne
at positi gérPnZEg&dS?%‘%%rQC/ A213R), a ldcgﬁ% %qrrlrﬁt a%%]bligbﬁtél?ugﬁ%ga éé%gtlei_ 1r(l)e

subst i t ut eRleversiblglsighalitiansduction sy bo instagtaneans of 1Ry e timz-dependeat, praysling ut ed

for |leugcine at posi.tion 238 (E149C/ L238S), a,doubl e .. t including a
serine ub%oﬁeﬁad't%de lh’o © BICSHIChET S CHbE PR éﬁar@@e gﬁata‘ghsgggi?g}nrqglg%%gwt ut ed
for histigfedah stdsd fb@ier foetfectHtadGcidd 3%)emtRd ANt Lo MEe Srebmt inverita, f or
met hi oni ne_at position 182 (ML82C), a cysteine substituted for al anine at

posi tion 2B3dingpratejns incluflgublit aranet Hpited foy glugeisergglagtosgbindingerratains malteseed f or

al ani ne at... 2i . fOry: )
poai t1on- 2 HORRIRA BP0 De AL, AbiBHeThdity Bl ot Big EHELAE pRten

posi tion 2g6tan{id/BAdEypartic wybsbiading peudiss dlitainére-Yinding pfodeit,i Re(J@béthdadg posi ti on
236 (D236C), a cysteine . substituted for |eucine at pgsition 238 (L238C) a
cystei H sﬁlﬁgeeli,ﬁwé@ef ding prafeqth Jeusge diging POk | B inoaselquss/s lr,le-'im@ygt ei ne
substitute Felffell BESAbil - B e iqbut ed
for vali neﬁ’r gg%égsiﬁt i/dg%ﬂglgg;ﬂ(ugg%G%?%%%?%?lg’ﬁé&rg}u&%aéentﬁnig%%}pgﬁ?ﬁ’golggégifgitdgi ne
subst i t ut ebindidgfrorteig) phoaphiate-biodidg atotgngittoserhindit@ paetdinasudiatea-tindisgbetéin,ut ed

for alanin osition.213.and .a ine substituted for |eucine at

posi tion 22%@)@? Iﬂﬁ%ﬁf"f‘é%l? Ba?ﬁi_ﬂﬁinép tdnt including a cysteine
substituted forTg tdindMglacieigtlagtbsdMfdihg BroteldSordiBERI @ elalbsehisdifgt i t ut ed
for alanine at position 213 and a serine substituted for |eucine at position

238 ( Bl4ompoma 3w/ MiFE'S)s used keyein astie te o bweiof prodein pejray deundiie theci d at
R L L
Addi t i onal clemoodkisadttsanspoe] afdematiuicdédqutes $e. gf sugaBParaino ¥eid&)Gnd siNaB Gept{d26C,
E93C, H152C, M182C, WL83C, L255C, 57C, ,P294C, and, V296C. Additi ona
enbodi ment §teihg CHgPLsm o fer @‘chpi?f‘e Gﬁ%zﬁ ’6@@1"&85?1‘3’@}?@}”5‘}56% OPHSHRLHEP ﬂgqbui%r
exanpl e, D&/%Qlon%:a%‘?thatja%@?o%ne&éi?’%lue%@qarﬁl%‘?fg form a hinge. The binding site is located
20  inthe cleft between the two domains. When glucose enters the binding site, GGBP
undergoes a conformational change, centered at the hinge, which brings the two domains
together and entraps glucose in the binding site. The wild type E. coli GGBP DNA and amino
acid sequence can be found at www.ncbi.nlm.nih.gov/entrez/accession number D90885
(genomic clone) and accession number 23052 (amino acid sequence). In one embodiment,
25 GGBP is from E. coli. |
“Mutated binding protein” (for example “mutated GGBP”) as uscd herein refers to
binding proteins from bacteria wherein at least one amino acid has been substituted for,
deleted from, or added to, the protein.
Mutations of binding proteins include for example, the addition or substitution of
30  cysteine groups, non-naturally occurring amino acids, and replacement of substantially non-
reactive amino acids with reactive amino acids.
Additional embodiments are mutations of the GGBP protein having a cysteine
substituted for lysine at position 11 (K11C), a cysteine substituted for aspartic acid at position
14 (D14C), a cysteine substituted for valine at position 19 (V19C), a cysteine substituted for
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30 Additional enbodinents are histidine binding protein including, for
exanpl e, E167C, K229C, V163C, Y230C, F231C, and Y88C. Additi onal
enbodi ments are nutations of the sulfate-binding protein including, for
exanpl e, L6YO,200¢/38887 (294C, R134C, W290C, and Y67C. 32 W\r2Readeras’
PCT/ 1782005/ 017648 Additional enbodi nents are arabi nose-binding protein
I ncl udi ng, for exanple, D275C, F23C, K301C, L253C, and L298C. Additi onal
enbodi nent asmraginmat positiors430fN436%, adiysteink isulestibiterdion glypime taepasitioncA4yGi74Q), af or
exanpl e, K394C, .R141C, Sl IC.. T
embodi ment §ys ?‘@e ?’f‘gftétfl 682 tﬁrfosllnﬁg Hioﬁﬁﬁg(gm)a%ﬁg%”?ecs ﬁﬁl tﬂteg?‘?ﬁ#’ﬁﬁmne
protei n i ngd piditiog, 110 1@@%y@teuﬁ%ﬁﬂs@tut&£fb@§mrﬁlat p&&ion11268.118E534 deublE270C,
&1 IC,  K268C, %ﬁdﬁ@ and T129C. Additional enbodi ments are nutations of
0§

the gl ut anfAéEnbj assteBterubsEYedifon serine 6f PosticainidRend sarbBaubsigtedfor K219C,
L162C, 2 eGBmgépli 911:10?1% 8 Y§ﬁ§€/ﬁ%§§ﬂ q' cgl tgllﬂ@ buiRIRe eﬁi 3P Eé%}ﬁ %{ &Rgg%étl 5 ons of

the Fe( g proteininc exanpl e K85C, and
V287C. Add (K11843) a @nteadi substitstedifee lymﬁealt pm'sorof37t(lt(e 37@)}@&93‘&1@1 slibetitupddbei n

| udi , 92C, A2 L236C, d . L265C.
'Agﬁ. ti ona gﬁl%aa acid "Pgosgr@l%—g%ﬁif %qu%f%utaﬁtdgéﬁgpsawﬁapﬁa%mteé.fﬂr
i ncl udi ng, fiPhmic b5 aK O 148238 Gn m@ag&gubma@@fo@a%@atgé%n gnd AL97C. The

mut ati on nay serve one or nore of séveral purposes xanpl e, a naturally
occurring (EEOETA2IIRY, aadaoubtctraut@nt lndudjngiercyat@n@h@ﬁtg@tedrf@ gl@uagnqmdmtst ability

of the rotei.n Qn fein | on
11 r e 4 et et bt Bo iR B R ARRI B o oups.
to adj ust infufanbineRidig LRAfE arﬁsuwte‘drfomaﬁ@&tt po§itién REF indCaUéyafeu%Qumﬂtyd fr or
conbi nati ons 't her eof , Longﬂgﬂerm stability is intended to include thernal

stability. lsnﬁmé Alepasiign did A e 2GAARI 3D e aitsineubttiseted Fas masthioniae atRoSKPRdi ng
pa = TR § SRR ot St e s LuEbst ol B 10 19
al | ow det eatcludingof cybienai snbstitated foe ahlnmb(at position®2 1dehé atciygdeine substituted for
15 leucine at position 238 (A213C/L238C), a cysteine substituted for methionine at position 216
(M216C), a cysteine substituted for aspartic acid at position 236 (D236C), a cysteine
substituted for leucine at position 238 (L238C) a cysteine substituted for aspartic acid at
position 287 (D287C), a cysteine substituted for arginine at position 292 (R292C), a cysteine
substituted for valine at position 296 (V296C), a triple mutant including a cysteine substituted
20  for glutamic acid at position 149 and a serine substituted for alanine at position 213 and a
serine substituted for leucine at position 238 (E149C/A213S/L23 8S), a triple mutant
including a cysteine substituted for glutamic acid at position 149 and an arginine substituted
for alanine at position 213 and a serine substituted for leucine at position 238
(E149C/A213R/1L238S), a cysteine substituted for glutamic acid at position 149 and a
25  cysteine substituted for alanine at position 213 and a serine substituted for leucine at position
238 (E149C/A213C/L.2388S). Additional embodiments include mutaticns of GGBP at Y10C,
N15C, Q26C, E93C, H152C, M182C, W183C, L.255C, D257C, P294C, and V296C.
Additional embodiments are mutations of the maltose binding protein including, for
example, D95C, F92C, 1329C, S233C, and S337C. |
30 Additional embodiments are histidine binding protein including, for example, E167C,
K229C, V163C, Y230C, F231C, and Y88C.
Additional embodiments are mutations of the sulfate-binding protein including, for
example, L65C, N70C, Q294C, R134C, W290C, and Y67C.

32



means. The Kd may be cal cul ated as the concentration of free anal yte at
which half the 25 protein is bound, or vice versa. Wen the anal yte of
interest is glucose, the Kd values for the binding partners are between

about 0. 000WworsMemnsksabout 50 mM The fl uorescent | abel C?@r/'ﬁﬁzo aliached to
the nutated protein, for exanple a GEBP, by any conventio nmeans known in
the art. For exanple, the reporter group nay be attached via am nes or

car boxyl resi dugddi@iondl Rfbpdiatedistire R¥ERMeiYdiRFPOMINBRS g &r edansloval ent 30
coupling via thiol groups on cysteine residues of the nutated or native

protein. FERT&diECek30F6rlndtattdla386P, cysteines may be |ocated at
position 10, at AB&)lﬁbﬁdl %ﬂlbﬁ&lme‘ﬁgsa!ré hRfidds o{jﬁe dl?éiﬁfd'é 'b?rﬂiu#l;%rgféﬂflh&lhglﬂ 18, at

position 26, position osition osit tion
93, positi @xarﬂp‘)i,D4;56§; KBOAC, JRLIGICpSh]llO 044Q,1ad Vﬁllﬁﬁby tion 113, at position

137, at_. positi 49 a 05| ition A, at posi.tion 182, at
posi ti oh 183, 8%‘ g?dtl e@ﬁf % nséﬁewséen fé}ﬁ)%aﬁtagn%%m a&é%ﬂ?%@é@%‘%ﬁ&?MS at
position Z;btelﬂtncﬁfa fdarex&ﬁ&e A0 RN 00 EIAS6, FEl6(E3B1E,a17888G2AIC, posi ti on
240, at position &&JS‘I'{IOH 255, at p03|t|on 257, at p03|t|on 287, at

posi tion 2@268%&}{9@9 @md)”ﬁl and at position 296. Any thiol-reactive
group known in Rpﬁ 48hdl e Xdlﬂﬁnﬁ%?gmﬁf& 10r?ﬁt %ﬂﬁnﬁﬁ&&h&ﬁg gﬁ)ggHﬁxfj:guad?negg?o%h as

fl uorophores to e cys erne 1na na n-engl neer
protein. FexampmxaNmsoe, F211d&Koebani aC, Wmooavmmﬂad@wec mal ei i de are wel |

known thiol-reactive _noieties that may be used faor, hIS pur
Fl uor opHor es t hAfd @B%qlgfngoél(nqn@@e WiHabensf ﬂi’ﬁa@%ﬂ §gP‘f°(5"rm B%?E%‘i‘ﬁlgeforabout

575 nm  or .greal éhh3@r 2@ RESTEMSY | the nol ecul ar sensor is to be used
in vivo, for exanple,” 10 irncorporated into an inplantable biosensor device

(the skin bei ngAdqllaqu@ elibbdmeatscue mS@Eomf tha@irmsedatdesg woteimindudiggtfoese
"t at ed CHBIE T1G50 LG PARREGE St LG AT LAY h “ones result in the o
| argest change Aadlhbmeﬁﬁ)@@Lﬂfeﬁtsw@@muﬁhmehdopmdpm-bmhﬁgfpedtélﬁvyxdngin@acm)l es
denonstrate the various enbodi nents of the invention. 15 Exanple

15  example, A225C, N223C, N226C, S164C, S39C, and A197C.

The mutation may serve one or more of several purposes. For example, a naturally
occurring protein may be mutated in order to change the long-term stability of the protein, to
conjugate the protein to a particular encapsulation matrix or polymer, to provide binding sites
for detectable reporter groups, to adjust its binding constant with respect to a particular

20  analyte, or combinations thereof. Long-term stability is intended to include thermal stability.

In one embodiment, analyte and mutated protein act as binding partners. The term
“associates” or “binds” as used herein refers to binding partners having a relative binding
constant (Kd) sufficiently strong to allow detection of binding to the protein by a detection
means. The Kd may be calculated as the concentration of free analyte at which half the

25  protein is bound, or vice versa. When the analyte of interest is glucose, the Kd values for the
binding partners are bstween about 0.0001 mM and about 50 mM.

The fluorescent label can be attached to the niutated protein, for example a GGBP, by
any conventional means known in the art. For example, the reporter group may be attached
via amines or carboxyl residues on the protein. Exemplary embodiments include covalent

30  coupling via thiol groups on cysteine residues of the mutated or native protein. For example,
for mutated GGBP, cysteines may be located at position 10, at position 11, position 14, at
position 15, position 19, at position 26, at position 43, at position 74, at position 92, at
position 93, position 107, position 110, position 112, at position 113, at position 137, at
position 149, at position 152, at position 154, at position 182, at position 183, at position 186,
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In this exanple, the process of Schenme | was used to produce iodoester
squaraine nucleus 1. 20 Internediate lc: A mxture of butanol (5 nL) and
benzene (5 nL) was added to a flask containing

N- (2- hydr oxwex 2o9d/g25847met hyl ani line la (332 ng, 2.2 nol) papghesdins N

di et hyl am nophenyl ) - 3- hydr oxy-cycl obuten-1, 2-dione | b (4?4 rsrg,o“@{?gksmml ) .
The mxture was heated to reflux, and 5 g of 4 A nol ecul ar sieves were
added. Aft etpdsitiont2ibé, at positierr 213t atrpesitioa 211 6,gipoditiare2 3B eqvsitibh2@0, a2 foditidnhe

m xture wa dark.green-blue s ensi on. 25 The sol vent was, evaporated, and
the resi du24%%p%&%ﬁ%mﬁttpﬁs@%ggﬁﬂ:%‘fsﬁoél2%55“@9?1@011'%%2’ aF%??&ioﬁ‘iﬁg’ & due
was washedpwdifith ¥t er, |eaving a dark blue residue. This m xture was

transferred to a soxhlet thinble and extracted overnight with nethylene
chl oride. Aft er Angiluplacaative sraupknowsiinlthe avtasaytestsed foniattchéntgrgporter gtaape and

yi el ded.N-(25h xyet h + N N.. N -trinmethyl-bi.s(4-am nophenyl ).- sguar ai ne
e as asdaglﬁc}‘bﬁ%g{él rs%ﬁ?rgylp)ﬂ%c Stéln%%qa&q%d)réﬁ%ﬁ%ae‘%r r@ﬁgtegp%oﬁgl%f was
added t o aegfhplt,iiodbacdtarhiddOfoRbhctMGHE of Ardfeife arclwell RiGW 1 thid)-régtityy | ene

chloride (5 nL), and the resulting solution was added dropwi se over a 1 mn
period to 8wigtigs thahmay pejased fethisguopse mol ). After vi gorous bubbling

subsi ded, the L Li - St §] qu t e

sol vent was rerrg@leg)pg?l g?ﬁl\[/ cuzt{m ﬂgﬁg%s%%ga g%%‘{%ﬁf@ gg%o%b/%gtl%sséfgg (-14
mm Hg), andr gleaterardentbodilgents wherdihe mwdsculee pénserric @r benased imvib@rforldxample, Thi s
resi due, was dissolved i.n l.ene chloride (5.nL). to proyide a salution of
| odoacdPy! TEATSF LT oG pFpADYS SR CEEaltas TN Pang PeibE RECRDedar Hg

synt hesi s %Z.5C3ﬂ'ugﬂe§_oﬂfﬁ'ﬁhﬂ%ﬂﬁ§e by HRRARN O bﬁnﬁﬁé,%hﬁﬁ@ aE MRk BRtdid ) .

N, N- di i sopropyl et'hyl am ne (154 r% 1.2 mmol) and the 5 previously prepared

i odoacet y| mungy ¢ogeirupiidiin invtiatel P& BRd dkad be screened $ejidantafyrvehichy epss mesulian the
sequenti al i : L] e rogeneous m xture was stirred at
25 C for Zkﬁ.ggs{ Eﬁh%gg%gﬁ/hgﬁ{sgém%ghgé\}g%@%oé g&%h%hd the resulting dark blue solid
was washed si x Thatslowirtgexifiplesidembnsiateythacaioat embsdixehis o hevihtantied.hy|
ether, ~and dried under vacuum This provided 204 ng of the iodoacetyl ester
1l as a Bal e purplish-blue solid. Fluorescence spectrum (nethanol): 10 643
rimexcitag,Qp @i mum 669 nm eni ssion maxi mum

In this example, the process of Scheme I was used to produce iodoester squaraine

nucleus 1.

20 Intermediate 1c: A mixture of butanol (5 mL) and benzene (5 mL) was added to a

flask containing N-(2-hydroxyethyl)-N-methylaniline 1a (332 mg, 2.2 mmol) and 4-(N,N-

dimethylaminophenyl)-3-hydroxy-cyclobuten-1,2-dione 1b (434 mg, 2.0 mmol). The
mixture was heated to reflux, and 5 g of 4 A molecular sieves were added. After 1 h the
mixture turned a light blue green. After 24 h the mixture was a dark green-blue suspension.
25  The solvent was evaporated, and the residue was washed with ethyl acetate (25 mL). The
remaining residue was washed with water, leaving a dark blue residue. This mixture was
transferred to a soxhlet thimble and extracted overnight with methylene chloride. After
evaporation the residue was washed with ethyl acetate and yielded N-(2-hydroxyethyl)-
N,N’,N’-trimethyl-bis(4-aminophenyl)-squaraine 1c as a dark blue solid (223 mg, 30%).
30
Compound 1: One drop of DMF was added to a solution of iodoacetic acid (224 mg,
1.2 mmol) in methylene chloride (5 mL), and the resulting solution was added dropwise over
a 1 min period to oxalyl chloride (180 mg, 1.4 mmol). After vigorous bubbling subsided, the

pale orange solution was stirred for 30 min at 25 °C. The solvent was removed under vacuum
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Exanple 2 In this exanple, iodoacetam de squaraine nucleus 2 was produced by
the process in Schene Il. This exanple corresponds to Schene Il where Ris
C2H5. 15 Internedi ate 2b: 2-net hyl benzot hiazole (1 nV) 2a and

N- br onoet hyWprosalsasr de (1 nmM) were heated in a round bpgteRhdsskgat 100 C
for 24h. The resultant solids were isolated by filtration and puri?i ed by
continuous washing with chloroformto obtain the internediate 2b. 20 'H NWR
(CD30D, TMB)l46npdhg), ahd2BSdqrk oraBeR resiivy wad k@it indes va@hi) fo3 P mif. TOR résidueCH2,

2H); 7.733 and 8.148-8.279 (ji.n,. omatic, 811). | . W, cal cqul at ed r
o 50 isa st et g 1G4 CRR) o Bl d iR RSB TR 1Y o o
was react Q@d%){tybtllgv}@]fhﬁﬁﬂne%llmm% p?&e&iﬁ?gﬁiﬂh'ﬂsﬁ?(@ﬁ 1g) 0.9eingld) ¢as suspadde®) in
et hanol at reflux. After 30 mnutes refluxin the reaction nmxture was

filtered viRimehylene chigrids(2hud)-cNNAisppsyicthydagiae £l ¥ime d Hmobrandtiae

filtrat L I T Al : = ' -hanol and
treat o0 witha50s AR IPh G ReraERARE a8 it BGAERRRL b R ant s
wer e cool esdquamtialgmirdiorfsi ddie wistilting blud hei@rogepeduadjintstecsas stirddl at Th¥ for dduct was

extracted with chloroformt ive intermediate 30 2c. 'H NVR (CDCL3, TMS) S
opm 1. 36t ha OGPk A yRpoTy ed e repfhe Bk B selid i vesueB SO R)es O o (1,
CH2, 211) ;mb.of z@{faéetat@"ﬁix fikks with @881 dih&, 41 doiBd G REIEm. Fhl prdvided 20

cal cul ated for Cl4H 1INO3S is 273(M¥), found 273 (FAB) 35 WO 2006/ 025887
PCT/ US2005#8 of §8odopert elrasistl a8 & palg purphisiebive aolad. & 1peyespeacerpediaine (ethaobd in a
sol venf, m A R V) . u d n-butanol. The reaction

m xtur%a0 vvaége'su je%c@t{ifé«%l@o azuéid'gépg}éfncgmlgs?@ﬁ%?u&%%@n, and the water forned
during the reaction was renoved using a Dean-Stark trap. After 6h, the
reaction nm xture was allowed to cool to roomtenperature, and the blue
product 5 2t ered out. Further purification was carried out using flash

col urm  chr omat qgrgR BYamRY §6doakéthhRie 3gharMat M1 TR 2NARProdiEd HMHRHASRESTh ( 1: 4
ratio) as eluent to obtain dye 2d.

Scheme II. This example corresponds to Scheme II where R is CoHs.
15
Intermediate 2b: 2-methylbenzothiazole (1 mM) 2a and N-bromoethylphthalimide (1

mM) were heated in a round bottom flask at 100 °C for 24h. The resultant solids were

isolated by filtration and purified by continuous washing with chloroform to obtain the
intermediate 2b.

20 'HNMR (CD;OD, TMS) § ppm: 4.295 (t, CHa, 2H); 4.871 (s, CH3, 3H); 5.102 (t, CHy, 2H);
7.733 and 8.148-8.279 (m, aromatic, 8H).
Mol. Wt calculated for Ci1gH;sN,0,S is 323(M+), found 323 (FAB)

Intermediate 2¢: Dibutyl squarate was reacted with 3-ethyl-2-methyl-

25  benzothiazolium iodide (1:1 ratio) in ethanol at reflux. After 30 minutes refluxing, the
reaction mixture was filtered while hot. An orange colored solid crystallized out of the
filtrate while cooling, which was separated and re-suspended in ethanol and treated with 40%
NaOH solution under reflux. After 30 minutes, the contents were cooled and acidified with 2
N HCI (pH adjusted to 4). The product was extracted with chloroform to give intermediate

30 2e.

'H NMR (CDCls, TMS) § ppm: 1.385 (t, CH3, 3H); 1.456 (t, CHs, 3H); 4.064 (q, CHa, 2H);
4.794 (q, CHy, 2H); 5.479 (s, CH, 1H); 7.026-7.518 (m, aromatic, 4H).
Mol. Wt calculated for C14H1,NO3S is 273(M+), found 273 (FAB)
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1H NVR (CDCl 3, TM5) S ppm 1.439 (t, CH3, 3H); 4.127 (t, CH2, 2H); 4.181 (q,
CH2i 2H); 4.381 (t, CH2, 2H); 5.924 (s, CH 1H); 5.964 (s, CH 1H);
7.070-7.823 (m aromatic, 12H), M. W calculated for C32H23N304S2 i s
577( M), foWRPIGH2SEBEABR) . 10 Internediate 2e: The dye 2dpemastigsabaed in
anhydrous nethylene chloride and was treated with hydrazine nonohydrate at
roomtenperature. The deprotected squaraine dye precipitated fromthe

reacti on ni xt urlatexnedisindd; defeamadintd:db dnd Acrvaarp oractefl ot & salwent byixuegreatagung

washi ng w {. e 1 420 (t,

CH3, 3H): gh]*?gg)tt?zdeg% %ﬁw T§§geaf%ﬂ%@§% gﬁ% R‘bj%@%%{z D, 2H); 5.924
(s, CH, 1H}istilmti®ndkndshe ﬁh‘lﬁr fokined &Hﬁ‘fgﬁhe?re%ﬁn(was remcwﬁtmmg a&]?ﬁan StMZ! ltcap VW

caI cul at ed 4H21N302S2 is 44 nd 447 2: The
o ot ab Bt e toicmian et B Hob i tpal Bieo R ehRATE s 55T OF PO SRS nd an
equi val £nt wmw?éd &ft. FeARapaliticatRA AL Chfed WaSusREAREh cdii8inBhdmbie RS

stirred for at roomtenperature, and the product was isol ated by
evapor at i oﬁveﬁﬁlhﬁhﬁel ugmgmqﬂnanpbar@mbbarcpfomél f ravg) agiglaert to phtpinfdyeddi on was

carried ou it e thyl. I
R (oDeon T RESCHTRV) §55R 1t Criyiii: BTSSR LR A S5 S bl
gl—|5802l(—|) 4281 4, dHy) 2Ht),,5 QHZQS Q]-]i) 1(H)<}54)8@(s(,CH , CH2; 7.@19)-7.823 ﬁvf,&rdrlﬁatloFHH)él-?

: S, m. aroma cal cul ate or
026H221N30?§f§§ W%CM;(W#’ Cp?é‘hphﬁp%ﬁ%“éﬁﬂ@}*)a &Hn‘??”@'\{gg?l ve absorbance
spectrygnis shown in Figure 1 for conpound 2 in 30 chloroform The
excitation and em ssion spectra of conpound 2 in chloroformare shown in

Figure 2. 36 Winkooediae268 Thpdyy Ma@@ismvmmanlﬁﬂmp lncﬁﬂﬁ’lftm Chl@ilide exhwpd e,
|t er o abeeonit AR i B Roth AR Ghork KRR P The AP B REHEE B Phe
protect ed pigtipRated 6B tHefeaSitar AikhRE mZdesdashyolﬁiWw BafdkicaseneVed by repeated
washing with methylene chloride. .
15 'HNMR (CD;OD, TMS) & ppm: 1.420 (t, CHs, 3H); 3.780 (t, CHa, 2H); 4.320 (q, CH,, 2H);
4.520 (t, CH,, 2H); 5.924 (s, CH, 1H); 5.964 (s, CH, 1H); 7.200-7.850 (m, aromatic, 8H).
Mol. Wt calculated for Co4H,1N30,S; is 447(M+), found 447 (FAB)

Compound 2: The intermediate dye 2e was dissolved in anhydrous methylene
20  chloride, and an equivalent amount of iodoacetic anhydride was added. The mixture was
stirred for 3 h at room temperature, and the product was isolated by evaporation of the
solvent to obtain the final dye 2. Purification was carried out by repeated precipitation from
hexane/methylene chloride.
'H NMR (CD;0D, TMS) 8§ ppm: 1.420 (t, CHs, 3H); 3.900 (s, CH,, 2H); 4.300 (q, CH,, 2H);
25  4.450 (t, CH,, 2H); 4.480 (t, CHz, 2H); 5.820 (s, CH, 1H); 5.980 (s, CH, 1H); 7.200-8.200
(m, aromatic, SH).

Mol. Wt calculated for C6H5IN305S; is 615(M+), found 615 (FAB).
An illustrative absorbance spectrum is shown in Figure 1 for compound 2 in

30  chloroform. The excitation and emission spectra of compound 2 in chloroform are shown in

Figure 2.
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5 LH NWR (DVBSO-d6, TMS) S ppm 2.720 (t, CH2, 2H); 3.970 (t, CH2, 2H); 4.470
(t, CH2, 2H); 4.530 (t, CH2, 2H); 5.760 (s, CH, 114); 5.800 (s, CH 1H);
7.100-8.450 (m aromatic, 12H). Conmpound 3: Deprotection of the am no group
in 3d was &0 tdogoksesst usi ng 10 net hyl am ne in met hanol LI a
solution of the parent dye in nethanol with 1 M nethyl ?\réﬁT?\JeSZ‘lg"ﬁ}O%f%anol.
The product was isolated by evaporation of the solvent. The deprotected

am ne der iggahpkg 3e of the dye was reacted with iodoacetic anhydride (1:1)
in methyllene chloride, and the final product was isolated by filtration.

The final dye B thissxapple; the gEpcpss of Exanpled Yisdencpicd skewnfard bRigret hyl ene
hi id . ' . A . , ;
3900 (s, CLRgPEORPol hitrmehithBenbSan. T ook Mlerlodtii bt g it

2H) ; 5. 82@roteted@rind gfopp 5ad 8lardaerizBHby NNR spect0f@opB. 200 (m aromatic, 8H).
Exampl ¢ 4, I j X t hi gl 5 [ N nylceus. 4 pr epar ed
accor d? ng ﬁ%@ﬁé@'& ﬁm)fﬁ@?%gk%‘i é’a%z’&@%%me@%ébﬁy*%&(ﬁ% am ne 4a
(50 nrnol puyarss39ys Rended): isme0qe T, 1HY] 5. §@B(snth1, By 7vae-4% @4 atomabicC.  TO
this solution was added dropwise a sodium 25 nitrite solution (6.67 g in 10
nm. water) 18%¥er a period of 40 nin. After the addition, the reaction was kept
stirring for 2 h nore. The product was then filtered, washed with 0.5 M

HC, and dried in vacuo to give the nitroso conpound 4b. 'H NVMR (D20) S ppm
3.59 (s, CH3, GbinpouhdB Déprotetihn e andin® gro(ip in BHRas 2ddyipd dut2Ring. 30 (m

S pom0So g hShaigh 8y Siriisg sobiion ofifebiren S an melisadlaih 16 o3
163.21.  MethylatinSal éth@toR dThOproGadilANAGhtddby 8 dYiton Jrannshivdl (idrl) (FAB)

I nternmedi at e "4d: 1, 3-di hydr oxynapht hal ene 4c (5 nmpbl ) was suspended in
et hanol  dg@oteetpd @mme\ﬂﬁgvairvméwf theslye afab tpactaf it ieddageticraphydrgdet(hd) ref | uxi ng

sol ution 0 P 764 i nt jate 4b (5
ol Ton iy Eeod U9, 0OLORRE ECTURAIOR BT FEREI AL
purified by repeated precipitation using methylene chloride and hexane.
15 'HNMR (DMSO-ds, TMS) & ppm: 1.420 (t, CHs, 3H); 3.900 (s, CHy, 2H); 4.300 (g, CHa,
2H); 4.450 (t, CH,, 2H); 4.480 (t, CH,, 2H); 5.820 (s, CH, 1H); 5.980 (s, CH, 1H); 7.200-

8.200 (m, aromatic, 8H).

Example 4
20 In this example, thiol-reactive Nile Red nulceus 4 was prepared according to Scheme

[IL

Intermediate 4b: N-phenyl-N-methyl-ethanolamine 4a (50 mmol) was suspended in

conc. HCI (28 mL) and was cooled to 5 °C. To this solution was added dropwise a sodium

25  nitrite solution (6.67 g in 10 mL water) over a period of 40 min. After the addition, thé
reaction was kept stirring for 2 h more. The product was thes filtered, washed with 0.5 M
HC1, and dried in vacuo to give the nitroso compound 4b.
'H NMR (D,0) § ppm: 3.59 (s, CHs, 3H); 3.90 (t, CHa, 2H); 4.05 (t, CHy, 2H); 7.22-7.30 (m,
aromatic, 2H); 7.50 (d, aromatic, 1H); 7.77 (d, aromatic, 1H). 13C NMR (D,0) & ppm:

30 42.44,57.92,58.72, 120.29, 122.52, 125.93, 140.56, 149.93, 163.21.
Mol. Wt calculated for CoH32N,0; is 180(M+), found 181 (M+1) (FAB)

Intermediate 4d: 1,3-dihydroxynaphthalene 4¢ (5 mmol) was suspended in ethanol

(25 mL) and was brought to reflux while stirring. To the refluxing solution was added
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reaction mxture was maintained at reflux for 4 h nore and was then cool ed.
The solvent was evaporated, and the product dye was purified by flash

col um chr omat ogr aphy over silica gel using nethanol and chloroform (1:9)
as el uent. WO 2paqeF8¢CDC13) S ppm 2.98 (s, 3H), 3.48 (tpc%ggw,@l g@ (t,
oH), 6.20 (s, 1H), 6.77 (d, 1H), 7.10 (d, 1H), 7.45 (s, 1H . 7,60

3H), 7.72 (m 1H), 8.08 (in, IH. 13C NWR (CDC13) S ppm 39 2 55. 6, 60 3
102. 2, 110ingxrmgdigte@b (3 2umal) imp#:tians Q26 a ferid@ 48, min3 ARy tHbSaZIdBi,on,ltBS 7,

' 300w istnidiss Mt g vt Yol el S0 S Rl B O 880

was di ssol Woﬂaﬂ:dﬂzﬁidycﬂé pméu@i@l@é oMk bidified l(ylﬂhsh bblimnantbmatography over silica gel

p- di met hyl am nop s added, followed by iodoacetic anhydride
(250 ng). uSFFFemP'é f’%‘i‘?cm%@?%ﬂ\'/vaé&sxe@ﬁnb h. The product 4 was separat ed by

s, 2 37/. t 34 1, 4 A r
672,18, 1t N@R@,(%éé%%; 2223#9 13, é‘éﬁ?m% 32"6 é%zéjé*a%@é%zaﬁ 67‘1118 5

124.1, 1251%.1,148.801481805%.4, 1]@15 283 $31.7, 131.98, 132.0, 141.5, 146.5,
151. 8, 152.2, 169.0 184. 1. W cal cul ated for C21HL71N204 is 488,

found 489 MWt eigalates) OTCBI’EWR&I% 1533963"%’“)5?%@ (PHJAGEAB) Ni | e Red nucl eus 5
accor dL(pg to the process of Schene IV. 25 Internediate 5b:

9- Di et hyl am no- 2- hydr oxy- 5H benz[ a] phenoxazi n-5-one 5a (50 ng, 0.15 mol),
N- br onpet hyl pht Gahperinde: ﬁann@haQé)dyfmﬂ yasatishopet as silydroavaatoatie (160  ng,

Peaction B ol ashmeayadhrt e (G R ies et BRIy ohigehy pivaHas 208 oo

(25 my) wam }addl%iegdnoﬂ WS Btmmrgth e phodudt W sepdiaRd heTER S cRAtIbn f RS

| owered to 115 C, and the reaction proceeded' 30 overnl(gw'; DMVF was renoved

in vacuo, &Ment pd thepyified by eprated preqipilptien Fomanethyiane ehorgleeand hexamty (2%
MeOH CHPCLE) ik el BFpBs 95 & B L QANAm2a 68T, B N6 @iAY] ehbpyic N e
ArH), 6.54 (d, 1H, ArH), 6.72 (d, 1H, ArH), 7.64 — 7.75 (m, 3H, ArH), 8.29 (d, 1H, ArH),
8.65 (d, 1H, ArH). 3C NMR (CDCl5) & ppm: -6.1, 39.6, 50.9, 63.0, 97.5, 106.4, 110.1,
124.1,125.6, 126.0, 130.6, 131.2, 131.7, 131.98, 132.0, 141.5, 146.5, 151.8, 152.2, 169.0,
184.1.
20 Mol. Wt calculated for Co;H;7IN,Oy is 488, found 489 (MH") (FAB-MS).

Example 5
This example produced Nile Red nucleus 5 according to the process of Scheme IV.

25 Intermediate Sb: 9-Diethylamino-2-hydroxy-5H-benz[a]phenoxazin-5-one 5a (50
mg, 0.15 mmol), N-bromoethylphthalimide (50 mg, 0.20 mmol) and potassium carbonate {60
mg, 0.09 mumol) were combined in DMF (15 mL) under argon with stirring. The reaction
proceeded at reflux for 4.5 h. Additional bromoethylphthalimide (25 mg) was added at 4.5 h
and at 6.5 h (15 mg). The temperature was lowered to 115 °C, and the reaction proceeded

30  overnight. DMF was removed in vacuo, and the residue was dried in vacuo. Column
chromatography (2% MeOH/CH,Cl,) afforded 38 mg of the product 2-(2-
phthalimidylethoxy)-Nile Red 5b.

"H NMR (CDCl3) & ppm: 1.22 (t, 6H), 3.40 (g, 4H), 4.19 (t, 2H), 4.40 (t, 2H), 6.23 (s, 1H),
6.36 (d, 1H), 6.59 (dd, 1H), 7.09 (d, 1H), 7.52 (d, 1H), 7.70 (m, 2H), 7.84 (m, 2H), 7.96 (d,
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'"H NVMR (CDC13) S ppm 1.22 (t, 6H), 3.40 (q, 4H), 4.19 (t, 2H), 4.40 (t,
2H), 6.23 (s, IH), 6.36 (d, 1H), 6.59 (dd, 1H), 7.09 (d, 1H), 7.52 (d,
111), 7.70 %7 %g‘qg 7.84 (m 2H), 7.96 (d, 38 WD 20061025887

PCT/ Us2005/ 0PA8 8.13 (d, 1H). 13C NMR (CDC13) 8 ppmus2w8178@&. 5,
45.2, 65.3, 96.3, 105 2, 106.5, 109.8, 118.6, 123.5, 124.9, 126.0, 127.9,

1633 Vol [0 04l Pat S M (CDIORARR82 85750 5% BoraoGda e ade CrABEg)

5 Inter rredilest@ 1585, 174.%N06.0] B70, 3b1.6 33200 1342,0898)049.8 V&9, 7l 55D Méed, i n
anhydr ous égﬁ m_gﬂband was pl aced under argon. Next, nmethylamne (2Min
MeOH, 4 nil 2881 1383hs added. The reaction was carried out for 5 nin at RT

d 2.5 h 10% MeOH CH2C12
an 1 daibterd 82 0o EINRITRL G107 AR sUBBMBET GratTReL)! 1 10%

to renmove fast noving inpuflties’an CH2Cl12 to elute the
pr oduct5s 2-(2 am noet hoxy)-N |l e Red 5c. Sol vent was renoved on a rot ary

evapor at or, t he r.esidu s drigd cyo. Yje (CDC13)
S ppm 1.25 (t #Blig—?f—e-f# ?temfﬂbateé'#(c?@ O%Wmid“é’édsﬁo V%“’Ey‘g‘l N, 1H),
6.43 (d, |MeOH8G3LY A wabtilaced udder ﬁfgonlﬁ)ext fhe laﬁﬂne 432|N)I in D10, 4, BH), 8.18
(d, 1H). 13C N (CDC13) 8 ppm 12.8, 41.6, 4 ., 96.4, 105.4, 106.6,

109. 9, 11g8mmol)ppas. addedl 2”?}1696&011217 was cargisd gutgons mysqt RST and3dy 5 b at yeftpxq Flask 1. 0

(i) FAe R0, Y poctp L1 BMROH B (5 1Rl s odblimp B aRL 0, g
in CH2ML2 {6n at30% MeSHHEERE], o anfeyibie proudt 24(2 ragindktiQs yyrdile R edds. Sbisentadded

and allowed to react for 40 m n. 0 An addltlo CH2Cl 2 was
added, and'fP¥eq e FOLERY SHRABAIRIPE and e resifneras g tnovaau%r%&?%tblrvgf unnel . The

organi ¢ pha@ﬁmwmgrgggﬁm Q?(t"\GIth] 340%, Eﬁ%@@s {ql@Hm 2‘%)3(?@1{3 6.97 [edHpver
anhydr ous MgSO™4, and After thé solvent was renpve g,rotary
evapor at or 643 b 1H) (a3 @ﬂolﬁbﬂ 13 (0o 40 Je16y(Hali el S L o YEINISH 8 (ReH‘I)nucCﬁ BIMR5 was

TH VR ( OGRS W TR B BEAPS P Ol B8 LG (886, M) los &, G 25
2H), 4154 (28.0,28).3, 1532413, 151H), 15B32061(% 1835), 6.48 (dd, 1H), 6.91 (d,

11-1), 7.3% f qx/t ca}cu}gted f%r% H(zsstOs 18 319 7, foung §7§ ?MHl)F?FAB MS).

Compound 5: Intermediate S¢ (11 mg, 0.03 mmol) was dissolved in CH,Cl, (5 mL).
Todoacetic anhydride (21 mg, 0.06 mmol) was then added and allowed to react for 40 min.
20  An additional 25 mL of CH,Cl, Was added, and the reaction mixture was transferred to a
separatory funnel. The organic phase was washed twice with 10% Na,CO; (10 mL each),
dried over anhydrous MgSOQ,, and filtered. After the solvent was removed on a rotary
evaporator, the final product 2-iodoacetylamidoethoxy-Nile Red nucleus § was dried under
vacuum and precipitated from CH,Cly/hexane. Yield: 3.4 mg.
25 'HNMR (CDCls) & ppm: 1.17 (t, 6H), 3.35 (q, 4H), 3.69 (t, 2H), 3.78 (s, 2H) 4.14 (t, 2H),
6.12 (s, 1H), 6.27 (s, 1H), 6.48 (dd, 1H), 6.91 (d, 1H), 7.34 (d, 1H), 7.74 (s, 1H), 7.95 (s, 1H).
BC NMR (CDCly) § ppm: 12.9, 29.9, 40.1, 45.3, 66.9, 96.3, 105.2, 166.7, 109.8, 118.0,
124.9,125.9,127.8, 131.3, 134.1, 139.4, 147.0, 151.0, 152.2, 161.1, 168.1, 183.3.
Mol. Wt calculated for Co4H34IN;0, is 545, found 546 (M-H") (CI-MS).
30
Example 6
This example produces iodoacetamido benzodioxazole nucleus ¢ according to

Scheme V.,
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"3C NWR (CDC13) 5 ppm 12.9, 29.9, 40.1, 45.3, 66.9, 96.3, 105.2, 106.7,
109.8, 118.0, 124.9, 125.9, 127.8, 131.3, 134.1, 139.4, 147.0, 151.0,

152.2, 161.1, 168.1, 183.3. Mol. W calculated for C24H241N304 is 545, found
546 (M H+) WG2edeBpsss7 30 Exanple 6 This exanpl e produces pEFo¢a6d AL 0
benzodi oxazol e nucl eus 6 according to Schene V. 39 WO 2006/ 025é87

PCT/ US2005/ 017648 | nternedi ate 6b: Am nobenzodi oxazole 6a (10 nmol) was
reacted with etlhiekmbdiawiche Amiifobameddioxazoleite (P mewhceasakaaethwil ethgl pot assi um
car bonat e., The, product urified, by coluym. chr ot hy ,over silica
gel usi ng BAPSIGP BN e pitssnsr ol Shyfoly i pRPaIR APEPRIBE 4 6506
yield. 5 MplrifietbyGalue @r@datbgaptlomel e pdl asia® thl6Mdorm irunethddl td dfold ( FAB)
Internmediate 6¢c: POC 3 (1 [)ﬂ_)‘ V\II;.S added to anhgdrous DMF (4 nL) kept at -5 C
in a rounde hemsase ¢h Bio%Wiel. stirring. To this nixture was added

inter I & n A ConRt | The reaction was
quencﬂgg b%fgﬂgﬁ éﬁgcuﬁgﬁfpég& |1%)P§3Unllg>%tbg% gg&'}n?g@%%% Q?A—’?)loo m.), followed
by neutralization with N KOH (pH adjusted to -9.0). The product was

extracted with t hyl.ene ¢ ide,..and the organjc e drj ed .qQuer
s)c()di um s u\IN:c at eﬁ—fﬁﬁé%ug b%@ RYALE aggedog‘? a@ﬁ?"hﬂ‘r‘fp[?&&o(ﬁk\sg@g}?e%ﬁf > oéé’i1
si|ica gelatsuhd@@ottGibdflkaritm dtieridd, Tortkls SduRf wishadédingimBaiaR6D (64.g) 10 NVR

(cbA'3) 6 ppm 1.36 (t, CH3, 6H); 3.91 (g, CH2, 4H); 6.19 (d, CH 1H); 7.82
(d, 15 Cretrmpg configughfor & h. Ehe reagtion was|quenghe¢ by adding the reasHOMPHMBIETE | s
219(M+), f . i at ' - i at 50
reactel w THE(IPEHDhby LA hal A TR AR A RO [l FHERA €L T e "
i nt er medi apreduddwvas pxteacheddridus ethptehactdbriden et the efdanic phase vashiried @ vérrsotiiom

presence of .piperiding (50 ny, formthe parent dye 6e. The .crystals that
D par ar oa “iBish Tasaradig! Ve Bst Py colmnis o S o Ca A SR 0 o pur i {1 ol
?Bé%l;'asg Céﬂllbiﬁﬂ}lﬁ%gff@im/@%e%&haeaia{é@a gel using a mxture of nethanol
and chl oroform
I}I NMR (CDCl3) & ppm: 1.36 (t, CHs, 6H); 3.91 (q, CH,, 4H); 6.19 (d, CH, 1H); 7.82 (d,
15 CH, 1H); 10.01 (s, CH, 1H).

Mol. Wt calculated for Cy;H13N30; is 219(M+), found 220 (M+1) (FAB)

Intermediate 6e: Intermediate 6¢ (350 mg) was reacted with intermediate 6d (644 mg,

prepared in the same manner as intermediate 2b) in anhydrous methanol under reflux for 6 h
20  in the presence of piperidine (50 mg) to form the parent dye 6e. The crystals that separated
upon cooling were collected by filtration and then were purified by flash column
chromatography over silica gel using a mixture of methanol (5%) and chloroform.
'H NMR (CDCls, TMS) & ppm: 1.42 (t, CHs, 6H); 3.20 (t, 2H); 4.0 (q, CHy, 4H); 4.40 (t,
CH,, 2H); 6.50 (s, CH, 1H); 6.51 (s, CH, 1H); 7.5-8.7 (m, aromatic, 10H).
25  Mol. Wt calculated for CrgHasNsOsS is 524(M+), found 524 (FAB)

The obtained dye 6e showed a polar sensitivity as in Table 1 below:
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"H NVR (CDC13, TM5) S ppm 1.42 (t, CH3, 6H); 3.20 (t, 2H); 4.0 (q, CH2,
4H) ; 440(t CH2, 2H); 6.50 (s, CH 1H); 6.51 (s, CH 1H); 7.5-8.7 (m
aronatic, i{-p 25 Mol. W cal cul ated for C29H26N503S is 524( M), found 524
(FAB) The oBOR¥B58Ye 6e showed a pol ar sensitivity as poT/Tahksoiedsel ow
40 WD 2006/ 025887 PCT/ US2005/ 017648 Table 1 Sol vent Rel ative Fluorescence
Met hyl ene Chl oride 100 Acetonitrile 62 Ethanol 66 Methanol 50 Water 1
Such sol vent polarity sensitivity of ei-rlglélis i ndi cative of its

envi ronnent al - sensi tijviTy atrached ROV OFBd@scedcal NE Par ent

i nt ernedi at e benzodi gxazol e nugfleus 6e_ican be depr ot ect ed usi ng Na2S and
wat er to produce dye |6f Mq:ﬂiylsmrt@hiqtiémtly react el:DQMth i odpaceti c anhydri de
to formthe target dye—6- nJ:""W“ie A—Hhi-s—exagppte—predlces i odoacet am do
beri zodi oxazol e nucl dus 7 ACHSElRg Ag to | Schene 6? | ntermpdi ate 7c was
produced in the same [manner @\gngf 1romExanple @g Internediate 7d:
4-picoline (1 g) was |reacted with 2-bromethyl phthalinide (2.5 g) 15 by
heating at 125 C for |12h. TMethendlor | ess| solid féﬂned was puri fied by

repeat ed washi ng w th—ehtorgiormto—ytetd—3—og (869 —of— he conpound 7d. 1H
NVR (CD30D) 6 ppm 2.67 (s, T 3H); 4.30 (t, dHZ 2H); 4.88 (t, CH2, 2H);
7.81 (m 4H); 7.93 (d, 2H); 8.93 (m2H). 13C NI\/R(CD3CD) S ppm 22.12,

39.63, 60.69, 124, 49, 130.00, 132.90, 135.76, 145.45, 162.06, 169.20. 20
Such solvent polarity sens1t1v1ty ofa dye is indicative of its environmental- -sensitivity

when attached to protein.

The parent intermediate benzodioxazole nucleus 6e can be deprotected using Na,S
and water to produce dye 6f and subsequently reacted with iodoacetic anhydride to form the

target dye 6.

10  Example 7

This example produces iodoacetamido benzodioxazole nucleus 7 according to

Scheme VI. Intermediate 7¢ was produced in the same manner as 6¢ from Example 6.

Intermediate 7d: 4-picoline (1g) was reacted with 2-bromoethyl phthalimide (2.5 g)

15 by heating at 125 °C for 12h. The colorless solid formed was purified by repeated washing
with chloroform to yield 3 g (86 %) of the compound 7d.
'H NMR (CD50D) § ppm: 2.67 (s, CHs, 3H); 4.30 (t, CHy, 2H); 4.88 (t, CHy, 2H); 7.81 (m,
4H); 7.93 (d, 2H); 8.93 (m 2H). C NMR (CD;OD) & ppm: 22.12, 39.63, 60.69, 124.49,
130.00, 132.90, 135.76, 145.45, 162.06, 169.20.

20
Intermediate 7e: Intermediate 7¢ (220 mg) was reacted with intermediate 7d (347
mg) in anhydrous methanol under reflux for 6 h in the presence of piperidine (50 mg) to form
the parent dye 7e. The crude product was subjected to column chromatography over silica
gel using methanol and chloroform (1: 9) to obtain 7e.
25

Compound 7: Deprotection of the phthalimide in 7e provides intermediate 7f, which

is then reacted with iodacetic anhydride to produce the final product, compound 7.
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Internediate 7e: Internediate 7c (220 ng) was reacted with internediate 7d
(347 mg) in anhydrous nethanol under reflux for 6 h in the presence of

pi peri di ne g&p qg to form the parent dye 7e. The crude product was

subj ected t & %PUR8hr omat ogr aphy over silica gel usi ngCmaistmsoizeand
chloroform (1: 9) to obtain 7e. 25 Conpound 7: Deprotection of the
phthalimde in 7g rovides internediate 7f, which 1is then reacted with

i odacetic Eﬁﬂ%@¥+€£ to produce the final product, conpound 7. 41 WO

2006/ 025887 PCTTHiS08hiddabtrtSisedoaibhiRe freloddabstylbenbilick 681 nieletsspd t o
produce the iodoacetyl benzodi oxazole nucleus 7° according to reaction
Schene VI aaccerdagip seagtorracheme Ylaact ed with an equi val ent anount of et hyl

i odide in presence of potassium carbonate and a phase transfer catalyst to
forminternediate 7b'. A subsequent reaction of internedicate 7b' wth

2- br ontfet hanol @omophned Jal istreactaddvidt an eqmivalewt drsorme bf methghiotlidein presence of

i nt diate 7c' d [ di at d' d. ti f 7d° with 7e'
oroduces | FLEFHBHEREtFad A Brgie it el o R et 2. ohngiirandel vi (1

produce t hRadtiodd)f intdrihe@RATRIWNG/ith 2-br5xdBMAR] Brolilite i¥ANGNiRe PEOAHERR . e
i odoacetyl benzodi oxazol e nucl eus 8 according to Schene MT. 15

| nt er medi ateact®is:onAptemeasiate Aelinsxdices iategmediate 7dineng a yrastiowelc I wvithi Zeh et hy|
brom de (5Q,Aunl }nftérﬂl i6 A e S0R8 RBfﬁ“Q}’tﬂlié%ﬁﬁce%Qtaﬁﬁfd HIERLRONAL £ aifte
product wa pur i red by'tolunn cﬂronatograp y over silica 8é1 usi ng

chl or of®r neamsbup@fhanol to afford the internmediate 8b in 65%yield. 20 Mol.
W cal culated for CIOHI3N3O is 191 (M+), found 191 (Mtl) (FAB) Internediate
8c: POC13 (1 nmL) was added to anhydrous DMF (4 nL) kept at -5 Cin a
round- bot t pgRdofelgask W th stirring. To this m xture was added internediate
8b (0.4 g), and_.

This example produces the iodoacetyl benzodioxazole nucleus 8 according to Scheme
VIL
15

Intermediate 8b: Aminobenzodioxazole 8a (10 mmol) was reacted with ethyl

bromide (50 mmol) in the presence of anhydrous potassium carbonate. The product was
purified by column chromatography over silica gel using chloroform and methanol to afford
* the intermediate 8b in 65% yield.
20  Mol. Wt calculated for CyoH 3N3O is 191 (M+), found 191 (M+1) (FAB)

Intermediate 8¢: POCI; (1 mL) was added to anhydrous DMF (4 mL) kept at ~5 °C in

a round-bottomed flask with stirring. To this mixture was added intermediate 8b (0.4 g), and

stirring continued for 1 h. The reaction was quenched by adding the reaction mixture to ice
25  water (100 mL), and was followed by neutralization with 1N KOH (pH adjusted to ~9.0).

The product was extracted with methylene chloride, and the organic phase was dried over

sodium sulfate. The product was purified by column chromatography over silica gel using

chloroform to afford 85% of the intermediate 8¢.

'H NMR (CDCls) & ppm: 1.36 (t, CHs, 6H); 3.91 (g, CHa, 4H); 6.19 (d, CH, 1H); 7.82 (d,
30 CH, 1H); 10.01 (s, CH, 1H).

Mol. Wt calculated for C;H;3N30; is 219(M+), found 220 (M+1) (FAB-MS).

Intermediate 8d: A mixture of 2-methylbenzothiazole (2.24 g, 15 mmol) and 2-

bromoethanol (2.90 g, 23 mmol) was taken in 25 mL flask. The reaction mixture was heated
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stirring continued for 1 h. The reaction was quenched by adding the reaction
mxture to ice 25 water (100 nL), and was foll owed by neutralization with IN
KOH (pH adjusted to -9.0). The product was extracted w th nethyl ene
chloride, al® ¥M¥28dani c phase was dried over sodi um sectaseosdiespr oduct
was purified by colum chromatography over silica gel using chloroformto
afford 85% of the internediate Sc. .'H NVR (CDC13) 6 ppm 1.36 (t, CH3, 6H);
3.91 (q, @220 A¢yfor 2hg Hfter4hdng reagfion mixgye was coolny torpom graperdurg and s, CH,

It er mod o e G ATy eg e g NI B b e e Sl 2
br onoet hanwis f{i&r&l) wyshed3vitmailgrofvars andkeed forgi&Gthatlesited phadudhil asdight brown
Mter 2an Thd rsuRERERRRT BPRRARes booled R BBt ¢ blpbri LFERafTH, 700t

chl or ofsor mf&)?@.zﬁL)g.w?n,@@geéFcaNm@dmm:q & ppin: 416.8252,8,059m  tiempera£ 2yngs.sThe
solid product was filtered, washed with chloroformand dried to give the
desired prodset2%d H.6.i1ght- brown solid. 'H NVR (CD3OD) S ppm 3.26 (s,
3H), 4.06 (t, 2H), 4.94 (t, 2 H, 7.82 (t, 111), 7.90 (t, 5 114), 8.25 -
8.32 (m 2H). "C NWR (CD30D) S ppm 16.8, 52.3, 59.1, 117.0, 124.2, 128.5,
129. 4, 129.7, ldtenGedidté8e:lIntdrntediatoelli (A5 engBevas taatted mettiistesnditaté¢ 88 (Torhgnas

reacted with jnfernedjate S 7 .. n,anhydrous nethanol under .ref|ux for
LonC o M bR hNE i ot Tl 3 a2 DTS g O RAInG Bl ogPEip Fifng s

Th ef cr Mﬁg aéba'ieﬁ’{l I&?{é 88 PR @YR4ls thaPsRp&ARduRen Y&IRe GRkd feedd By filtkdtiohahd on and
confirne y

and nass spectroscopy.,'H N ISCD3CD) S{) m 1.38 %t, 6H) ,
3.13 (t, oHfirmed GaNMR anfHpass spactropeopy2 Hf NMR $GD¢QD) & pry; -886361(111,3-1 1t1),
7.67 , 7 . . ; 4 )
520 (in, 1ot R i) 68T Ra i o 5ehe. 0! B Rt 8
B L L S

. 25, . 97, .69, . ed fo

< 305w 3T 00 Tl e K ey 00 B hid dial B are S0 B W ZB ) v
react ety W {43 d0gpnsstiug oantyasi g 42972.88) by stirring at roomtenperature

(3h) in anhydrous metr:f/l ene chioridé (5 nmL) in presence
Mol. Wt calculated for Co9H26Ns038S is 395(M+), found 395 (FAB MS).

Compound 8: The parent dye 8e (20 mg) was reacted with iodoacetic anhydride (20
mg) by stirring at room temperature (3h) in anhydrous methylene chloride (5 mL) in presence
20  of pyridine (50 mg). The obtained product dye 8 was purified by precipitation from hexane.
Mol. Wt calculated for Cp3HagIN403S " is 563 (M+), found 563 (FAB)

Example 8-1
This exémple produces the iodoacetyl benzodioxazole nucleus 8’ according to

25  reaction scheme VIla.

Compound 8a’ is reacted with an equivalent amount of methyl iodide in the presence
of anhydrous potassium carbonate and a phase transfer catalyst to form the mono-
methylamino derivative 8b’. Compound 8b’ is then reacted with 2-bromoethanol in presence

30  of potassium carbonate and phase transfer catalyst to form intermediate 8¢’. Vilsmaeir
reaction on 8¢’ produces intermediate 8d’, which is reacted with 8¢’ to form intermediate 8f.
A subsequent reaction of intermediate 8f” with iodoacetic anhydride produces the final

compound §’.
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20 of pyridine (50 ng). The obtained product dye 8 was purified by
precipitation fromhexane. MIl. W calculated for C23H241 \C3S+ i s 563
(M+), found 563 (FAB) Exanple 8-1 This exanple produces the iodoacetyl
benzodi oxazvioipueksas 8 according to 25 reaction scheggTMISI‘ﬁng&pound 8a
is reacted with an equival ent amount of nethyl iodide in the presence of
anhydr ous potassium carbonate and a phase transfer catalyst to formthe
nono- net hgkanpled® derivative 8b'. Conpound 8b' is then reacted with

2- bronoet hanol .jn presence .30 af potassi um carbgnat e..an ase ansfer
catal yst to for"h?lf E’faé?ﬁ%m()g?%esgbe a!%af’ﬁ)lfrgar’f:ﬁ’elful"ﬁeuﬁ g&ﬁ?qr%lﬁg&&gﬁme b/ltng'duces
internediate 8d', which is reacted with Se' to formintennediate 8f. A
subsequent reaction of internmediate_8f with i odoacetic anhydride produces

the final conpéigs@edate 9b3 Aggltynat doNEdmatieylayge phenad 226482 e3omPEE D Thi s

exanpl ec pr ' I §n iﬂyn lg o

I nter rrgsdi a?g&gdgoicg sgﬁét?? gfr?ilgi%g k{aﬁyﬁgiaﬁgt%hy g% nogp engﬁ%réga?gsoﬁﬁ ﬂé’,s 2%
mol ) in 5THOcamtenoin the fledkwasatiedd Wigoronaly aptl aceldtiomofNANO, (LK ¢, 26 kmmoljl it he

m xture was cogled to 5 C. .. The .content in the flask was, stjrred.,yigorously
and & ol uVPERCORCNEREBEd disery IS eiegtm e & & pBon 3 I dtped
directly iRh&@idnhenp@attd Wik Mhikialte® a0y €T tiRoRBolOde Péritibfidfitiol NAfter @ACt i ON
tenperature was mai ntained at 5 C throughout the period of addition. After

the addi t #siianaasver. the tgection gdiugves stitigd éonasatsh IG anslfilfesed. 1The slids C and
filt : | ds: | - th I
(25 Tl ahgeqmee ik B 4y & ARSRS Soiltlet b Relno s DM g8 WEE RkeE) "oy
cal cul at edydllow sCHHIBNR2.02 g| 2°%66. 18, found 167 (Md ) (FAB-MS). Internediate
9e. A slur 10% Pd i of t I tirred for 15 15
m n. uf\dgr%h({&wg%%%%c{‘\gfﬁaﬁ%@ﬂsqﬁg-éﬁaw%ﬁd%éﬂ@?@b' my, 5.0 mol) in

nmet hanol (5 nL) was added to this slurry. A solution of the nitroso conpound
9b (500 nmg, 2.5 mmol) dissolved in nethanol 813 nm_) and cont ai ni ng
triethyl am ne (IRtemnpdiagdeadddery of 10% Pd/C (25 mg) in 5 mL of methanol was stirred for

15 15 min. under an atmosphere of argon. A solution of NaBH,4 (190 mg, 5.0 mmol) in
methanol (5 mL) was added to this slurry. A solution of the nitroso compound 9b (500 mg,
2.5 mmol) dissolved in methanol (13 mL) and containing triethylamine (2 mL) was added
dropwise to the Pd/C slurry over a period of 5 min. The red nitroso compound turned into
light yellow during the reduction reaction. After 15 min, an additional amount of NaBHy

20 (190 mg, 5 mmol) in methanol (4.0 mL) was added to ensure complete reduction to form
intermediate 9¢. Stirring was continued for another 30 min, ethylpyruvate 9d (3.0 mL, 27
mmol) was added to the reaction mixture, and then the contents were heated to reflux. After
3 h of refluxing, the reaction mixture was cooled to room temperature and filtered through
celite to remove the unreacted Pd/C. The filtrate was evaporated to obtain a residue, which

25  was chromatographed over silica gel and eluted with a mixture of hexane and ethyl acetate
(9:1 v/v), to give a yellow solid 9 (400 mg, 78%). 'H NMR (CDCl;) § ppm: 2.48 (s, 3H),
3.06 (s, 6H), 6.40 (s, 1H), 6.65 (m, 1H), 7.50 (m, 1H). *C NMR (CDCls) & ppm: 21.0, 40.5,
97.5,109.8, 122.9, 129.2, 147.6, 148.9, 152.0, 154.7.
Mol. Wt calculated for Cy;H2N,0; is 204, found 205 (MH") (FAB-MS).

30

Intermediate 9g. POCl; (1.13 g, 7.4 mmol) was added to anhydrous DMF (15 mL)

kept at 5 °C. The mixture was stirred under an atmosphere of argon for 30 min. at 5 °C and
then 2-(methylphenylamino)-ethanol (1.12 g, 7.4 mmol) 9f was added and the resulting

solution was stirred at room temperature for 3 h. The reaction mixture was hydrolyzed by

44



dropwise to the Pd/C slurry over a period of 5 min. The red nitroso conpound
turned into light yellow during the reduction reaction. After 15 mn, an
addi ti onal anount of NaBH4 20 (190 ng, 5 nmol) in nethanol (4.0 nL) was
added to en¥@¥I¥BMF ete reduction to form internedi at epr@tusHobhiiksag Was
continued for another 30 mn, ethyl pyruvate 9d (3 0 m., 27 mol) was added

tothereatlon m xt nd then the. conte ate flux, After
2h of 1 of TONPIIOR pcr Bl A perusaty Do atbaor of Naomtz eh septe and
filtered tWioitedaslict eHeDroéRIPYES éxmctbmm%ﬁ@yl Pé# Butyll aﬁer B ktsoahe), was
evaporated to obtain a residue, which 25 was chromat ogi aphed over silica gel

and el ut eddngdioryeraniysioys NarOunad greporated tokipia yellewdiguid. (Theprodugi was o gi ve a

56y 6, ao (i by <BRmEy il e M britoMiucty P tilpgfbahed? PO (5
21I gm :?egovel Qificbgel mczzlgtzedlv?ﬂlzﬁiuﬂﬂg ofhexhﬂg arfil ethl@ic&ate 1021 Wy). (%Bﬁﬁarahbniglm a:/\fa
50,  Poc13 Ry Tetons g dasoumtlD aandr 51 S0P foym Riia: 5
C. The m xipy e 6\43"’(%S 2H§ 'Jjﬁfd ﬂ{)dé%?rﬂ ﬁb”?%@?ﬂr ?H))ffs anr(gol'H)f G*C ﬁW@D 55 C

and then 2-(meth am'no harol : 9f was a ded and
t he resul tpmeg 38§@5ht2|@h3v§ld§4sﬂl }e1(39ét149dbr?lrﬁi érrperature for 3 h. The

reaction m I / US2005/ 017648 sl ow
addition o |(l§{étcélo aatéhytg{er% %Fﬁ@o utrdlf@gdgggwﬁzgﬁéygon of NaOH (2 M and
t he pHiO was adjusted to 7.0. The product was extracted w th nethyl

tent-butyl ethe 50 m), dl’l over rz drous Na2S04 and evaporated to
give a yellow Ilﬂﬁgﬁm p‘\f%?él o gmpwp%g gQEp B% ¢4 BRI B SARPEYd Ay as
fol | ows. {1@0 ﬁfgué% PRSI & arm%oﬁ@ﬁlemaw ﬁ{l'j%s §t119é’d3ﬁnd%} bt SithoSiRlerstd el ut ed

with a mxture of hexane and ethyl acetate, "(9:1 v/v). Evaporation of the
pure fractirgos Ta bisdethtivongpdimumedogide 8 mg, (Bﬁi’/l)mndl)l-waﬂl\dédéct}ﬁ@t&) regctgom 3. 00

CRECTECRINETN YA N NET M R AT
161. 2. 13Wol and\Wagorhteditodfedd b dark@rowi 25de.| TheldtRainbdtesidud wls (ivkolvedmAB- MB) . 10
minimum amount of chloroform and chromatographed over silica gel. Elution with a mixture
of methanol and chloroform (5:95, v/v) yielded the product 9h as a solid (40 mg, 23%). 'H
NMR (CDCls) 6 ppm: 2.96 (s, 6H), 3.10 (s, 3H), 3.47 (t, 2H), 3.82 (t, 2H), 6.36 (s, 1H), 6.46
(s, 1H), 6.53 (d, 1H), 6.75 (m, 1H), 6.80 (d, 2H), 7.24 (m, 2H), 7.56 (d, 1H). *C (CDCl3) &
20  ppm: 38.9,40.6, 55.7, 60.3, 96.9, 102.2, 103.8, 111.0, 113.3, 117.4, 129.4, 129.8, 143.1,
144.5,145.3,149.7,150.3, 151.8, 173.88.

Compound 9 (Todoacetylaza-coumarin, [AZCQO). To a solution of compound 9h (20
mg, 0.060 mmol) in anhydrous chloroform (2 mL), pyridine (50 L) was added and stirred

25  under an atmosphere of argon for 5 min. To this solution was added iodoaceticanhydride (30
mg, 0.09 mmol) and the stirring was continued for 2 h. Chloroform was evaporated off and
the residue was chromatographed over silica gel and eluted with a mixture of methanol and

chloroform (5:95, v/v) to give the product 9 as a dark solid. (25 mg, 85%).

30 Example 9-1

This example produces the azacoumarin nucleus 9’ according to the reaction scheme

Vlla.

45



I nternedi ate 9h. A solution of conpound 9e (100 ng, 0.49 mml) and conpound
9g (100 ng, 0.56 mmol) in anhydrous nethanol (4 nL) was stirred under an
at nrosphere of argon. To this solution, sodium nethoxide (26 ng, 0.50 mmuol)
was added al® ¥P283ction mixture was heated to refl uxpchissinsdizhs t he
reaction mxture was cooled to roomtenperature 15 and evaporated to afford
a dark brown resjdue. The obt ahned resi due v S%(gl ssolved in m njnmum anount

of chl or of or m anYENONERSBY apHiagd8.iereacted w pm i ingesgRee PIAIGERt ur e

% ”gg?anoﬂno@lﬂg tmo%ﬁﬁ’d ﬂitérﬁre@ﬁte 9 \@eﬁb@nﬂbﬁ%é A8y é}ghkgéf gh é@%ﬁ%cfcﬁlt'zgi) (40
3. ,82 (t, zwlyth P@C%ld(sgdlum-h)orohydmge tc(m'odu_’pgﬂr)e 111®n5g11z(tq _JFQ)llo\A@d P8 rQacmor_nju])th 6. 80

(d, 2H), m 1 1 6, 55.7,
60.3, 96. %?Jémﬁu‘“zeHé “ﬁedﬁ%?—o“k%"ﬁ%%%’% %iaé@ %Qh ?’gwﬁlaie 1, 144.5,
145. 3 5L49pr3ducb5&te3med15tb 98’ IdtéBnddute ﬁotmewwﬂ \91t1( _gdc»@ﬁcﬁmlyé mz@memmhr n,

| AZCO). To_a sol ution of %tt;‘?d oh_ ( ng BéJdl i.n anhydrgus

chl oroforr‘r?léezlrﬂ)’mdb‘i’r-l-lﬁ M_‘)ea%&‘é-gdﬁﬁ 1%?60%‘&3?]? de pmprgpRAET ©

at mspherepﬁ{ 1‘%rgon for 5 mn. To this solution was added

i odoacet i canhydride (30 ng, 0.09 mmmol ) and the stirring was continued for 2
h. Chl oroformwas evaporated off and the residue was chromat ographed over
silica geland leI ted with a m xture of nmethanol and chloroform (5:95, v/v)
to give th@iﬁ%ﬁéfgt 9 as a dark solid. (25 ny, 85%. 30 Exanple 9-1 This

exanpl gy pr oduces thib ExaAple Oéiid@ion S chethié BU&adused & piodidedhé Comnpeurdderct i on schene
ViIla. 45 WO 2006/ 625887 PCT/ US2005/ 017648 3-hydroxy-N-nethylaniline 9a" is

reacted with sodiumnitrite in presence of HCl to produce the conpound

Lt ermodiat e, SbiuerBRAHEN0EN: Bioh IS LASAGBANE 104 (O L GARDeHgOU v th

Pd/ C and sodi u he 1 nt'er medi at | owed by
reacti on wiiethyl guracmteg@gc{a@@ g iht 8mmea) wtwe réfbixed A absabitd ciham)i (22-k)dnmoet hanol
with internedi ate. 9¢e' ?r@ nt er nedi at e i s reacted

N o LB s R S Anshot T B e het TR S bl e by
reacting Sfampwdatufe iddBaGElovE c@ﬁtﬁhéd)btaﬁﬁd s BEpRERIC &asted vl dold BBanol (10

mL) and dried under vacuo to obtain the desired product 10¢ (2.60 g, 82%). 'H NMR

(CDCly) 6 ppm: 1.22 (t, 6H), 1.29 (t, 3H), 3.42 (q, 4H), 4.23 (q, 2H), 6.48 (d, 1H), 6.60 (d,

1H), 6.94 (d, 1H), 7.30 (d, 1H), 7.53 (d, 1H), 7.70 (s, 1H). *C NMR (CDCl;) § ppm: 12.7,

14.6, 45.2, 60.6, 97.2, 108.8, 109.6, 114.8, 119.7, 130.0, 139.6, 144.6, 151.9, 156.7, 160.5,
20  168.0.

Mol. Wt calculated for C;gH;iNO; 1s 315, found 315 (M ) (FAB-MS).

Intermediate 10d. Water (3 mL) was added to a solution of compound 10¢ (1.00 g,
0.315 mmol) in THF (12 mL). To this mixture, 20 mg of OsQ,4 (2.5% in t-butanol) was

25  added and the obtained reaction mixture was stirred at room temperature for an hour. After
this period, portions of powdered NalO4 (1.50 g, 7.0 mmol) were added over a period of 30
min and stirring continued for an additional 48h. After stirring, the solvent was removed and
the obtained solid was dissolved in CH,Cl; (200 mL) and washed with water (75 mL). The
organic layer was washed with brine, dried over sodium sulfate and evaporated to obtain a

30 yellow solid. The crude product containing small amounts of starting material was purified
by silica gel column chromatography (CH,Cl/EtOAc, 4:1) to yield the pure product 10d as a
yellow solid (320 mg, 41%). 'H NMR (CDCls) & ppm: 1.25 (t, 6H), 3.48 (q, 4H), 6.48 (d,
1H), 6.64 (m, 1H), 7.40 (d, 1H), 8.25, (s, 1H), 10.12 (s, I1H). "*C NMR (CDCl;3) & ppm:
12.67, 45.49, 97.35, 108.43, 110.39, 114.50, 132.4, 145.6, 153.7, 159.2, 162.1, 188.2.
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Exanple 10 10 In this Exanple, reaction Schene | X was used to produce the
Compound 10. Internediate 10c. 4-(diethylam no)salicylaldehyde 10a (2.00 g,
10.0 mol ) and diethyl glutaconate 10b (2.00 g, 11.0 mol) were refluxed in
absol ut e et RhIN6R%5887nd ) "in presence of piperidine (50 wgrwstfiseiicfh
refluxing, the reaction mxture was cooled to room 15 tenperature and the

Ind ari oo thor SRRRA: SEPaN he beerrEAoO I BhLEARRES 3 60 g, so% .

NVR (CDC13) S ppm 1.22 (t, 6H), 1.29 (t, 31 1), 3 42 (q, 41-1), 4.23 (q,
oH), 6.48 (d, 1 6.60 (d, 11 1) 6.94 (d, 1H), 7.30 (d, 1H), 7.53 (d,
1H). 7.70 (s, M&&!& ofg Ippthvlbmzovhlazolqm&@s £215 Bpog) and2- 2,

1680, ol PORPAL o B 5@“%%%%2? S Sl P ™

I nt er meddi astd 2000 foheAft¢:D 4 the wasticaddixtiire ovasicdddtbiresm Gémpepatpepard 10c (1. 00

" but anol ) THereloss R vanaand B e T SLEpRsmRRcHIR o el PRty o

room t errpefvasr, ﬁurt&ea Yaskd Wigidhlorbidi@rand GRES toggvé od desmatpa SISt AIf aP QyKiar&eh Nal O4
(1.50 g, 7.0 mml) were added over a pcrio mn and Stirrin

conti nued i€ alA i(EPeAR) & npm: 32\51(%|3H%,t4 Q@Gtr?é{) frﬁé(’@%lﬂ)eﬁ& (B g{?@\fbd and
the obtain )%%Isban% scml M@%&Eﬁ%%qg aﬂ)dl Vs et the wat er

(75 m). T or r was wa ’rled over sodi'umsul fate
and evHpor 51%4 129.70Bk1&, m7&1.30 yel l ow solid. The crude product contai ni ng
smal | amobunts of starting material was purified by silica gel colum
chromat ography (CH2Cl 2/ Et OAc, 4:1) to yield the pure product 10d as a

| lid Bdia . a 1 olYa '
Zle_D,O\éV Zg I(d ( AR nHBd; él&% Asbﬁl_i)'tYWBo(“%a?&l f1eRPAE 104 (%é(r(gt 0.28Hm 12 #B (q

1H). 13C Nmmp(o@mtl@@@nmowo nir2olp in ank§duogs rr@fha@@ (3 109 WS talc_en@n 390 mL14 50

pet) Us2008 07 BR sltoR erte o Ppcred b e WS e dighibromy ()

(FAB- M3 . leattdhnmidiugé ﬂo\iz@zfchaﬁgdditm/wi@ noiboat Bmmhyl"ﬁ&rbbﬁtehtsazz@é eefllRed (2. 24 g,
15 nmmol ) and 2-_ bronoet hanol (2.90 igrm) s taken in 25 nlL flask. The
reaction nPvEryek g%_)gedﬁgéch@temperamre and pun ed by column chromatograpy over silica gel

using chloroform containing 3% methanol as the solvent. Evaporation of the pure fractions
yielded 45 mg of the desired dye, 10g.

20 Compound 10 (ICOBzT). To a solution of compound 10g (30 mg, 0.060 mmol) in

anhydrous chloroform (3 mL), was added pyridine (30 mg) and stirred under an atmosphere
of argon. Iodoacetic anhydride (30 mg, 0.080 mmol) was added to this stirred reaction
mixture and continued the stirring for 3h. The solvent was then evaporated and the obtained
residue was chromatographed over silica gel. Elution with chloroform containing 5%

25  methanol yielded the pure compound 10 as a purple solid. Glucose/galactose mutant A213C
conjugated to 10 (ICOBzT) as described herein, showed a wavelength shift of 10 nm (red
shiﬁ) in presence of 100 mM of glucose. (shifted from 622 to 632 nm).

Example 10-1
30 This example produces the coumarin nucleus 10 according to reaction scheme [Xa.

3-hydroxy-N-ethylaniline (10a’) is reacted with 2-bromoethanol to produce
intermediate 10b’. Vilsmaeir reaction is carried out on 10b’ to obtain intermediate 10c’.
Further reaction of 10¢’ with 10d’ produces intermediate 10¢’. Reaction with OsO4 and

sodium periodate produces intermediate 10f’. Subsequently, 10§ is reacted with 10g’ to
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5 at 120 C for 24h. After 24h the reaction m xture was cooled to room
tenperature, and chloroform (20 nL) was added and stirred for 4h at room

t enperature Tz?ﬁ solid product was filtered, washed with chl orof orm and
dried to g.‘\Vé’ (28 r ed product 1O as Ilght brown soPCTUS2005/NVRs( CD30D)
Sppm 3.26 (s, 3H), 4.06 (t, 2H), 4.94 (t, 2 H, 7.82 (t, 1H), 790(t

8. 25 8, 52

1oy 2 12é’r9§%°e %&Tf@la?—%é%wﬁ?%é’m‘%@ lso‘ﬁbrp?merr%’éhﬁtr%“ﬁ%g?@%é‘ﬂ i on of
cour nar i n iedodedtyedahidilie( 60 ng, 0.22 mmol) and conpound 10f (50 ng, 0.20
mmol ) in anhydrous nethanol (3 nL) was taken in a 10 M flask. To this

sol ution piperidine (30 ng) was added and heated to reflux. The light brown
15 reacti e slowy changed to violet in about 30 mn. The contents
wer e refl% Mlfrnl ght, cooled to roomtenperature and purified by colum
chr omatSogr apy @@Pﬁdmwtgel A sobitiog of il 162G ISR Comnel) i 29 EoB B8 bhierol  as

BSZ scﬂ)\éent Ev%gg %%ft% of . tg\%tgé”ethf ﬁcg 3#%138' de 8%%& gr%éfg%em red

0. 060 mMvlA sdlftioncsthiyeléquuminehibdvesttonuel dus lr(L}ng, mal@ddi@m\mwmdwmm@smp) and
stirred under an atppsphere of argon. |odoacetic anhydride (30 0. 080
mol ) was sddded: an émé%lrerwwqa%f@tlpéwl ang Igft (ot BypfgORBiePPRIAYTS Hdest i rri ng

for 3h. Theg,sl daf@t@ﬁl vmsobm?éa £Y}?e‘%%@htdefgacﬁﬂgfr5 gﬁmas fsbxhfdh RS

chr omat ogr aphea over silica gel. Elution wth orof orm cont ai ni ng 5% 25
met handl ydlwingedtht PSS puefifer. a“bcrpmtmni wh agsgyea fpurtqailhml@@bnocl respbuseds glugadednt ose

tant A2l 3C
V\rrllejlvglnengt l‘?e‘é%?lg"{')e %Pgagg le?h TRICRS Hﬁehgﬁ%? Y‘%th |gﬁ"°8? asdgﬁ‘gléldpoébe &Wﬁlgrﬁﬂagguﬁqsucose
(shifted fdoaenadiRods®efidbén WA 1 nﬁnamhelua&séena@remnse @magwbae@mﬂaﬁw t he

coumari n nucl eus 10' according to reaction schene | X
3- hydr oxy- ghlcéﬁmw%%t?mﬁ@d(bwdglngQ%%@@dowlph opthg rl%h?{?étpﬁ%fﬁl@lm PBS&PEf%ce

|t or modi vty e MoESTREL b SREhLRDab o RRI Bl i Cor) TRl kD PRREIS i e
10e' . 1BeadVianm, \I\md, PalosA o 20wl orsdtii Ispegheifluodiatter ﬁ’rhotzlmd@shnmgyrmmmbeal,lm )
ﬁg,s Eggggg}l%,l%%)%?née%ﬂ{eeﬁ?)t %ge g\fa%ethuor centc(e) wéells7 rea uszuolg g/ a%Sarsl ery Echpse

fluorometer equipped with a microwell plate adapter using excitation at 625 nm and emission

at 660 nm. Thus, the squaraine iodoester nucleus 1 — binding protein conjugate fluorescence

property corresponded to analyte concentration and therefore functioned as a biosensor. This

20  indicated an approximate Kd of 6 uM between the labeled protein and glucose as shown in

Figure 3.

Further labeling of individual GGBP variants was performed with the squaraine
iodoester 1. Binding constants (Table 2) were determined by preparing samples with
approximately 0.1 pM labeled protein in buffer (PBS) in a 96 well microplate and adding

25  solutions of varying concentrations of glucose (giving final concentrations between 0 and 1
mM or between 0 and 10 mM). The Ky was determined from the following relationships as
adapted from M. L. Pisarchick and N. L. Thompson “Binding of a monoclonal antibody and
its Fab fragment to supported phospholipid monolayers measured by total internal reflection
fluorescence microscopy” Biophys. J. 1990, 58, 1235-1249:

30
where F is fluorescence intensity, Fi,r is fluorescence at infinity, Fy is fluorescence at zero
glucose, and x is the free concentration of glucose ([Glc]ge..) as determined by the

relationship:
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produce intermnmedi ate 10h. The desired product 10" is obtained by the
reaction of 10h' with iodoacetic anhydride. Exanple 11 5 GEBP Conj ugati on.
A solution of H152C GGBP (4 nnol) in 200 uL PBS buffer was prepared, and
this was i nC\DHPESHth DTT (8 mmol) for 30 ninutes at roeomusemBei@isre. A
solution of the squaraine iodoester nucleus 1 (1 ng, partially dissolved in
120 uL DMSO) was added, and the m xture was wapped in foil and left for 4
h at roomtenperature. The |abeled protein was obtained as the second
fraction from &GM}Re%[@Lth-éB«oﬂustﬁ\fi{iﬁlu]m,[Pﬂﬁ)]meIKd)i ng*iich:*ABE buffer. The
protein was assayed for its fluorescence response to glucose in several
wells of a 96 well mcrowell plate with”glucose added in PBS giving final

gl ucose concentrations between 0 and 1 mM The fluorescence response of the
| abel ed protein to glucose was deternm ned by adding glucose to a sol ution
of the | abeled protein in PBS buffer. Typically the fluorescence

measur enments enpl oyed either a Varian Cary Eclipse fluorineter 15 (Varian,
Inc., Palo Alto, CA) or a PTI spectrofluorineter (Photon Technol ogy

| nt er nat i ofgre [Glche and [Pakoetve &g tpiabconspniratipnseofiplupose 4d mspteinc easpestiviels. r ead

ter nat i ot _ eofglusves idmpie |
adaptor uey o bl 8 FGLREP 1 weICUE PUpRl) ARSI bl BT REbE P71 ©

squar ai ne simghi&t tertherfotloeir fbrm:bi ndi ng protei n conjugate fl uorescence
property corresponded to anal yte concentration and therefore functioned as a
bi osensbr. This 20 indicated an approxi mate Kd of 6 uM between the | abel ed
protein ang-gl S €% $Q@Q@7 in Figure 3. Further |abeling of individual
GEBP vari ant%%@ ptef)?((%rned ]WI th the squaraine iodoester 1. Binding
constants (Table 2) were determ ned by preparing sanples with approximtely
0.1 \M Ia&ﬁérgg prQE i Npivpe buffer (PBS) in a 96 well mcroplate and adding
25 sol utions of “¥aryi'hg ¥oifcentrati ons of glucose (giving final
concentrations between 0 and 1 nMor between 0 and 10 mM. The Kd was
determged fromthe follow ng relationships as adapted fromM L.

Pi sarchick and N. L. Thonpson "Bi ndi ngrgfie@ nonocl onal antibody and its Fab

fragment to supported phospholipid mnolayvers negsured by total internal
reflection fl dhuéant&dd¥ mi croscopy| Brloplegesnce). |190D(mM3for{a®sd249: 30
Intensity Change
(%)

H152C GGBP +100% 0.006

E149C/A213R GGBP +100% 0.068

A213C/1.238C GGBP +130% 0.75

Example 12
15 Several conjugates of dye 2 with GGBP (glucose/ galactose binding protein) were

prepared that had cysteine substitutions in the protein as identified in Table 3. In general,
conjugates of compound 2 with GGBP were substantially more stable in solution than
conjugates of compound 1 with GGBP. An aliquot of the protein in PBS buffer was treated
with DTT (dithiothreitol) for 10-30 minutes followed by addition of the iodoacetyl squaraine
20  dyein DMSO. After approximately 3-4 hours the reaction was stopped, and dye-labeled
protein was obtained by size-exclusion chromatography (NAP-5 column). The fluorescence
response was determined with excitation at 600 nm and emission scanned between 625 nm

and 700 nm. Emission maxima were observed near 660 nm.
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where F is fluorescence intensity, F;,,f is fluorescence at infinity, FO is
fluorescence at zero glucose, and x is the free concentration of glucose
([@c]laee) as determned by the relationship: 48 WO 2006/ 025887

PCT/ US2005/ Wb Rodkh2sdsElc] nte=[ GLC]Jtot-[Prot ]t ot - Kd+ ([ d e%éﬂb-%ﬁr Ot%l 0i - Kd) 2
+4*[ @ o]Jtot*Kd 2 where [Gc]tot and [ProJtot are the to SO 4Bat i ons
of glucose and protein, respectively. Note that when [G.e]tot >>Kd and

[ GLc] t ot >>[ Pr o] 1Hetabsdrpteoradpesteurt & tReoajigarsf beyiphad SwiphilDC BRIt he
following form 5 F=Fo + [(Fcoosfaﬂ_’:§ /(1+x/ Kd)] ~where Fconst = (F1"f-Fo)/Kd.
10 Tabl e 2shRBRamthe @rab ofFigy &4 Ehis 80I0aPHOMWP eqt%‘F“ gt igsd dor th%?%aﬁ Change
(99 HI52GEHR1 1% 0. 006 E149C A213R GEBP +100% 0. 068 A213C! L238C GGEBP
+130% 0. 75 Exanple 12 15 Several conjugates of dye 2 with G&P (gl ucose/
gal act ose bi ndiAlythsconjopatys weredreatod aptraptbast i AmMad shiroseehmbths flosteseencd ons i n

t he pr as identifie ggnera onpound 2
w th’ cosp ePEs s Dbt bRl s R S G il e of
conmpound hmngefln%B’se a’éﬂcﬁitﬂaﬁd@for@ﬁmbbl&dﬁf@hﬁlgﬂteﬂlfb PBECIpdBEr Fovake t r eat ed
with DIT (d|th| othreltol for_ 10-30 mnuteﬂsa foll owed by addition of the
i odoacet y| d&iyataeN4dC20 cﬁ/@n.ﬂﬁwwﬁmﬁe AR foy the 1;5‘1569(81%’:"@4‘ 9bssrmd HBOR &lugqse
reaction ot
si ze- excl \ll,l\@?c(l)lﬁé ?&pgg}lﬁ? 0 rqrgg e%o!?%%% g&h “FQ ?Mln uor nié)ﬁe{orescence

property corresponded to analyte concentration and therefore funct10ned as a biosensor.

10
Table3
GGBP Mutant Fluorescence
Intensity
Change (%)
E149C/A213R/L238S +5%
K11cC -5%
K113cC -15%
V19C +25%
W183C ' +17%
D236C +15%
M182C -14%
T110C -15% .

Example 13
The same protocol was used to label E149C GGBP, H152C GGBP and S337C MBP

15  with the Nile Red compounds 4 and 5. Fluorescence excitation was at 550 nm, and the
emission maximum was 650 nm. The change in fluorescence intensity is shown in Table 4.
Thus, the Nile Red nucleus 4- and 5- binding protein conjugate fluorescence property

corresponded to analyte concentration and therefore functioned as a biosensor.
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response was determned with excitation at 600 ri mand em ssion scanned

bet ween 625 nm and 700 nm Em ssion nmaxi mra were observed near 660 nm 49 WO
2006/ 025887 PCT/ US2005/ 017448 The absorption spectrum for the conjugate of
compound 2 WOR20&KA258T GEBP is shown in the graph of Fi gueerAis2ihbiSess
absorption spectrumis typical for the conjugates described herein. Al the
conjugates were treated with at |least 10 nM of glucose, and the fluorescence
5 changes were nonitored. Figure 5 i | 1Takledt es the change in fluorescence
observed with changeys QN | or —2] conjugated to
V 19C GEBP. For theS o%?i%ﬁ@gﬁﬁzq?%%%&%@a% ri m?lﬁg%?%gggncg shift to the
bl ue regi on was observed upon gl ucose bindi ng.| Thtepsity thmngejuar ai ne

i odoest er nucleus 2|- binding protein conjugate| fl uor&scence property
corresponded to anallyte concentration and therefore f tioned as a

bi osensor. 10 Tabl e| 8143BBOBH aith chhp@mgscence | I ntengioty Change (%
E149C/ A213R/ L238S +5% K11C -5% K113C -15%_ \V19C +25% WS83C +17% D236C

+15% ML82C - 14% T1HIEZC {X9BP mithwpmpows SThe same prot@eol was used to | abel

El 49C G&EBP, H152C t‘he—rjfmﬁed*co onpounds 4 and
) 7 0 nd o
5. Fluorescence excitation was at nm and the

Example 14

Glucose/Maltose sensing using 9 (IAZCO). The aza-coumarin nucleus IAZCO was
5  conjugated to glucose binding protein (GBP) and maltose binding protein (MBP) as described

in the previous examples. Derivatives of the protein GGBP (glucose/ galactose binding
protein) and MBP (maltose binding protein) with cysteine residue substitutions were
prepared. Typically, an aliquot of the protein in PBS buffer was treated with DTT
(dithiothreitol) for 10-30 minutes followed by addition of the dye 9 in DMSOQ. After

10  approximately 3-4 hours, the reaction was stopped and dye-labeled protein was obtained by
size-exclusion chromatography (NAP-5 column). The fluorescence response of the labeled
protein to glucose/maltose was determined by adding glucose/maltose with excitation at 600
nm and emission scanned between 620 nm and 700 nm. Thus, glucose/galactose binding
protein mutant E149C conjugated to 9 (IAZCO) showed a wavelength shift of 9 nm (blue

15  shift) in presence of 100 mM glucose (shifted from 653 nm to 644nm) and thus functioned as
a biosensor. '

The fluorescence changes observed for 9 with different proteins and glucose/maltose
are given in Table 5. These results were obtained by measuring the fluorescence of the dye-
protein conjugate (<1.0 uM) in PBS (at pH 7.4). Saturation amounts (100 mM) of

20 glucose/maltose were added, and the ratio of the fluorescence was obtained. Thus, the aza-
coumarin nucleus 9-binding protein conjugate fluorescence property corresponded to analyte

concentration and therefore functioned as a biosensor.
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em ssi on maxi mum was 650 nm The change in fluorescence intensity is shown
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are given in Table 5. These results were obtained by
rescence of the dye- protein conjugate (<I.0 M in PBS (at
n amounts (100 m\V) of

Reading through skin experiment

10

15

20

performed using the herein described NIR dyes.

In one embodiment, in vitro through skin glucose/maltose sensing experiments were

Three protein-NIR conjugates (shown below) were chosen as the test substrates.
(a) A213C GGBP conjugated to iodoacetyl aza-coumarin nucleus (IAZCO) of

Compound 9

9

(b) S337C MBP conjugated to iodoacetyl aza-coumarin nucleus (IAZCQ) of Compound

(c) S337C MBP conjugated to iodoacetyl Nile red nucleus (INR ) of Compound 4

These conjugates were infused into crosslinked polyethylene glycol (PEG) disks and

the disks were used for read-through-skin studies. The PBS solutions of these conjugates in

micro-well plates were also studied through skin. A blank PEG disk and PBS were used as

the control. The activity of the proteins in PBS and PEG disks were tested prior to in vitro

experiment.

(i): Response to Glucose

Referring to Figure 6, the PEG disks 10 were placed over a piece of rabbit skin 12 and

was excited by a laser 14 and read from the other side of the skin by a detector 16. The

Rabbit skin was about 3-4 mm thick and was not transparent to human eye. Excitation was

carried out using 590 nm LED light and the fluorescence was monitored at 650 nm. Filters 18

were used to avoid interference from the excitation light and scattering.
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20 gl ucose/ mal tose were added, and the ratio of the fluorescence was

obt ai ned. Thus, the aza- counmarin nucl eus 9-binding protein conjugate

fl uorescence prqﬁfrt corresponded to anal yte concentration and therefore
functioned W9 28%RF8Lensor. 51 WO 2006/ 025887 PCT/ US2005p01/T628501Tadsl € 5
GEBP/ MBP Change in Conc. of Kd (mVM Mitant Fluorescence glucose/ Maltose
Intensity E 149C GEBP +60 % 100nM -na . A213C GEBP +130% 1o mm 0. 013 H152C
GEEP +75% 100 (e JQres EREQBERBRe Fagoih H0 fiks Ml elves, ang ¥pen adimefaeap
+100% | 00 J158030;he FBFLcABP itk AP 653 8 K (rcEling RAPh ARG, FeRCHAG1ENT OuGh
skin experinent 5 In one enbodinment, in vitro through skin glucose/naltose
sensi ng expericpestnd awovedifiveiph of glaebse/siattgsetingo theheihogeesshowe th RigRedyes.
Three protein-N R .conj t sho bel re_cho a S .
substrate sﬁor rﬂ?eas)()%il f@%@g Eégﬁ%\é&%% Sf%%i Badad&r 9“?&%(21 a ?‘“8 %@ﬁrash%?lets nticPeus

(1 AZCO)5 ofbladkr®disk afid PBS(sblutiGAIRCVMBR clanpeBaliRidestence agomadtitydn of
aza-counmarin nucl eus (1 AZCO) qf npound .. 9 (c), S337C MBP conjugated to

i odoacet yl 8lhgose Thag th%qae%m@mn)%ms yndiee Reptein cwe&aée,ésﬂf*{&‘@%eg@u%é%

i nfused injging tb B HuBAL YSbRYICR af%n!n% FediothSpRMice bihaflisks were
used for r@gxg-{n%?g%gh-s%ug st udi es?. gfphrg}LP Soso%:)ﬂét ?%ng ofpthegee cor?lljgi}ttjgat es in
15 mi cr o- veldlthgréfatesfsinotioned a$ & threugheskimcbiosensmgh skin. A bl ank PEG di sk and
PBS were used as the control. The activity of the proteins in PBS and PEG

di sks lv&er € (iE).-eites%C(i)nRzr tiog\rlaltt(%e iu?in} I]‘}}Ep
The above experiments were repeated using the INR-MBP PEG disks and solutions.
As in the case of A213C GGBP conjugated to 9, the fluorescence was stable for both PEG
disks and solutions. The fluorescence intensity rose and kept increasing for 2-4 minutes upon
addition of maltose.
15 The following Table 6 summarizes the change in fluorescence intensity observed for

the read-through-skin experiment.

Table 6
Substrate Solution Change in Change in Change in

Fluorescence Intensity Fluorescence Fluorescence
Intensity of PEG Intensity of

disks solution
Through-skin Through-skin

A213C-IAZCO +120% +96% +96%
GGBP
S337C-IAZCO MBP +372% +42% +500%
S337C-INR MBP +213% +111% +270%

20
The data provided in these examples demonstrate that the dyes and the conjugates
exhibit analyte binding and stability under ambient conditions. While several embodiments
have been selected to demonstrate the various embodiments of the invention, it will be
understood by those skilled in the art that various changes and modifications can be made

25  without departing from the scope of the invention as defined in the appended claims.
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experinment. (i): Response to ducose 20 Referring to Figure 6, the PEG disks
10 were placed over a piece of rabbit skin 12 and was excited by a | aser 14
and read fromthe other side of the skin by a detector 16. The Rabbit skin
was about 3-4 mmthick and was not transparent to human eye. Excitation was
carried out using 590 nmLED |Iight and the fluorescence was nonitored at 650
nm Filters 18 were used to avoid interference fromthe excitation |ight
and scattering. 52 WD 2006/ 025887 PCT/ US2005/ 017648 The fl uorescence was
stable for both PEG di sks and sol uti ons, and upon addition of glucose the

fl uoreschitge intensity rose and kept increasing for 2-4 mnutes. This tine
lag may represent a slow diffusion of glucose/naltose in to the hydrogel as
shown in Figure 7. For the solution control, the response was fast and no
lag was noticged. @Q%F&lndﬂiakﬁﬁl‘g%sfoﬁﬁdlﬁ‘gel&téﬂ@(B}Ktﬁl—:éﬁo@ &nsiafiflg BBS sol utions
showed no change in fluorescence upon addition of glucose. Thus, the
aza-counmarin nucl eus 9-binding protein conjugate, and Ni|le Red nucleus

4-bi ndi ng protein conjugate fluorescence property cokresponded to the
presence of analyte and therefore functioned as a rough-ski n bi osensor.

10 (ii): Response to Maltose using MBP The above experinments were repeated
using the INR-MBP PEG di sks and sol uti ons. He\pase of A213C GEBP
conjugated to 9, the fluorescence was stable bot h ' PEG di sks and
solutions. The fluorescence in en3|§y rpse\a pt increasing for 2-4

m nutes upon addition of » f ing Table 6 sunmari zes the
change in fluorescence® nten obse‘ved for the read- t hrough- skin
experiment. Table 6 SubStysz d omxhange in Change in Change in

Fl uorescence Intensity FIPorescence FI uor escence Intensity of PEG Intensity
of disks solution

R11
and
R12
N
D
/C[ ) b r
Y.
™~y 0o~ Yo
R11

where R'°, R and R'? are independently C, to Cq alkyl or
-(CH,);CO.H;

DisN;

ris an integer of 1 to 3 and s is an integer of 2 to 5;

and where Y is
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Thr ough- ski n Through-skin A213C-| AZCO +120% +96% +96% GGBP S337C- | AZCO MBP
+372% +42% +500% S337C- | NRVBP +213% +111% +270% 20 The data provided in

t hese exanpl es denonstrate that the dyes and the conjugates exhibit analyte
bi nding and stability under anbient conditions. Wile several enbodi nments
have been selected to denonstrate the various enbodi nents of the invention,

it wll be wunderstood by those skilled in the art that various changes and
nodi fications can be made 25 without departing fromthe scope of the
invention as defined in the appended claifs. 53 Cains 1. A conpound having
a fornmula selected fromthe group consisti of: RI2 Y Ryar NO R11 and

RlI2 Ro r N/ OO0 R' where R10,—RcHgpd 2|are i ndependently C, to C6
al kyl or -(CH2).,CQ2H, DisN, r is an int r of 1 to 3 and s is an integer
of 2 to 5 4

where n is an integer of 1 to 6;
A’-CO-R', where A’ is -R%0-or -RZN(R3)-, where R? isa C, to Cg alkyl, R®is H or CH,,
and R' is CH,Cl, CH,Br, CH,I; or

—NH-—(CHy),—N

where m is an integer of 2 to 6.

2. The compound of claim 1, wherein R’isa C, to Cy4 alkyl.

3. The compound of claim 2, wherein R? is CH,CH,.

4. The compound of claim 1, wherein R?O is -CH,CH,0-.

5. The compound of claim 1, wherein RZN(R3)- is -CH,CH,;NH-.

6. The compound of claim 1, wherein the compound has the formula:
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and where Yis 54 0 -(CH2)n-N O where nis an integer of 1 to 6; A -COR1,
where A" is -R20- or -R2ZN(R3)-, where R is a Ci to C6 alkyl, R3is Hor
CH3, and R is CH2O, CH2Br, CH21; or O -NH(CH2)mN O where in is an
integer of 2 to 6. 2. The conpound of claim1l, wherein R2 is a C to C4

al kyl. 3. The conpound of claim2, wherein R2 is CH2CH2. 4. The conpound of
claim1, wherein R20 is -CH2CH2O-. 5. The conpound of claim1, wherein
R2N(R3)- is -CH2CH2NH. 6. The conpound of claim 1, wherein the conpound has
the formula: 55 R12 Rio Np p 7. The conpound of glaim6, wherein said
conpound is 001 O N O 8. A conpound having the f?r mula AY

N
\Y
D N
N
R10 /@i r
\T 0 0

R
7. The compound of claim 6, wherein said compound is
| 0
|
N\/\O/U\/
00
™~
T o 0
8. A compound having the formula

A-Y

where A is a 1,4-benzoxazin-2-one nucleus having the formula
N
C[ 1
o 6]

and where Y is
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where Ais a |, 4-benzoxazi n-2-one nucl eus having the formula N O O and
where Yis 56 O -(CH2)n-N O where nis an integer of t to 6; A -COR1,
where A is -R2ZO or-R2ZN(R3)-, where RR is a C, to C6 alkyl, R3 is H or CH3,

and R is CH2Cl, CH2Br, CH2[; or O -NH-(CH2)m N O where mis an integer of
2 to 6. 57

where n is an integer of 1 to 6;

A’-CO-R', where A’ is -R*0- or -R*N(RY)-, where R? is a C; to Cg alkyl, R* is H or CHs,
and R' is CH,Cl, CH,Br, CH,l; or

—NH—(CHy)n—N

where m is an integer of 2 to 6.
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