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ABSTRACT

Rosamine and Fluorescein Derivatives as Donorsf#toce for
"Through-bond" Energy Transfer Cassettes. (Dece2®@9)
Juan Carlos Castro, B.S., California State UnitgrS§an Bernardino

Chair of Advisory Committee: Dr. Kevin Burgess

A series of fluorescein and rosamine derivativegehlaeen prepared and their
spectroscopical properties analyzed to determirer thsefulness as donor and/or
acceptors in "through-bond" energy transfer systems

Such new systems have been tailored to possesarlgjghntum yields, increased
water solubility and higher pH independence. Soifmfiese compounds have also been
designed with handles for bioconjugation for usatracellular imaging.

The syntheses of most of these compounds havedpenized to afford higher
yields in a multigram scale.

Single molecule studies on a fluorescein/rosamassette are also reported.
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CHAPTER |

INTRODUCTION: WHY ENERGY TRANSFER CASSETTES?

The importance of fluorescent compounds for bialabi applications is
enormous. Our research group was first attractedhé idea of "energy-transfer”
fluorescent cassette systems primarily for DNA seqging applications since the dyes
utilized mainly for this purpose suffer from seveteawbacks. Later on in the course of
research, our focus shifted to applications of dlatrescent systems to other biological
uses (i.e. pH probes, protein labels), but the ¢pamind of its significance and the
inherited problems are the same as outlined for OpX#bes, hence in this introduction
the focus is on fluorescent “through-bond” enemgysfer cassettes as DNA probes.

The most common dyes used for DNA sequencing weteM F(5-
carboxyfluorescein), JOE (2’,7-dimethoxy-4’,5'-thloro-6-carboxyfluorescein),
TAMRA (N,N,N’,N-tetramethyl-6-carboxyrhodamine), and ROX (6-cagbix
rhodamine), these dyes posses four distinct enmgsiaxima of the fluorophores. The
drawback of these dyes is that their absorptionimaxs different, and they don’t share

a common strong absorbance at any wavelength @iaj.

This thesis follows the style dburnal of Organic Chemistry.
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Figure 1.1 Representative fluorescence intensities of
JOE, ROX, FAM and TAMRA excited at 488 nm.

It is clearly seen from the representative figurat the fluorescence intensities
from the four dyes goes down as the emission waygébe increases. This
phenomena occurs as the amount of energy absosb#teldye decreases due to
the change in adsorption maxima of the dye. Thealidet of dyes would have
equivalent emission intensities for all four compds, allowing for easier

interpretation by the recording computer (Figui@).1.
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Figure 1.2Fluorescence intensities of ideal sequencing dgsslved and intense.

For the ideal emission of four cassettes, it wdaddnecessary for all of them to
have the same absorption maxima, with huge Statefts for those that emit at longer
wavelenghts. This problem could be solved by tbe of fluorescence energy transfer
(ET) cassettes. The benefit and need of suchtamyis clear to us. High-throughput
DNA sequencing relates to every project for whialcaing information is to be

obtained on a genomic scale. Obtaining accuraté B&guencing data is likely to be a



major issue in the biomedical sciences throughbat first part of this century. At
present, the efficiency of high-throughput DNA sexqcing methods is directly related
to the "length of read" that can be obtained freecheexperiment. This in turn, is
dependent upond the levels of fluorescently lab8lsid\ that can be detected. A small
increase in the fluorescence intensity of the lalseld, translated to longer read lengths
and major gains in efficiency for genomic DNA seagcieg where thousands of
experiments are involved. Scientifically, the clistny of designing novel dyes that are
tailor-made to harvest light from a laser sourcd amit it with maximal intensity is a
challenge. Our through-bond energy transfer ambraa novel, hence the project is
academically stimulating too. Our systems coulduged for intracellular imaging
where multiplexing is desired, specifically for prm-protein interactions, and it is this
area where our focus have shifted in the past akyears.

In 1995, Ju and coworkers from the University ofifGeia at Berkeley, utilized
the idea of fluorescence energy transfer to coostrassettes that absorb at a common
wavelength given off by a laser, and emit at fatfecent ones. The advantage of these
cassettes is the relatively close electrophoretbihty shift of the DNA fragments and
distinctive emission wavelengths. By utilizingladrescein dye attached to the 5’ end
of the primer, and other fluorescein and rhodandesvatives along the primer strand
attached to a thymidine residue, the energy abdolyethe fluorescein “donor” is
transferred through space to the “acceptor” dyasavdipole-dipole coupling, which in
turn emits at its distinctive wavelength. The oé@ common donor dye allows for an
equivalent amount of energy absorbance which in @xcites the acceptor dyes more
efficiently, obtaining exceptional sensitivity astjnal strengths several times greater
than those obtained from a single-dye labeled nuddecin this case, the energy transfer
occurs via non-conjugated linkers (through-spaba),it could also be done withta

conjugated system



For energy transfer to occur through-space, thesgom and adsorption of the
donor and acceptor must overlap, this inconvenieloes not allow for a big distribution
of emission wavelengths, since the Stoke’s shifstnle relatively close to the emission
of the donor. This may be avoided with throughdenergy transfer. In the past recent
years, our group has focused on through-bond ertesggfer cassettes. Through-bond
energy transfer is thought to occur via one of twechanisms; Dexter energy transfer
and superexchange. Dexter energy transfer caormeptually thought as the effective
transfer of two electrons, for this to happen, thieitals of the excited-state donor and
ground-state acceptor must be in physical conkadtjt does not necessarily mean that
the donor and acceptor should be bonded togethtbgugh they usually are. The
second mechanism, superexchange, was first suggegteMcConnell in 196%. It
occurs via energy transfer through the bonds cdmwethe donor and the acceptor, and
so, it occurs over longer distances than Dexterggneansfer. When talking about the
bonds connecting the donor and the acceptor, & doeimply a specifically covaleot
bonded framework, since it can also include solveolecules, hydrogen bonded bridge
groups: or salt bridges. There is no accurate physical description of hba énergy
transfer in superexchange works, but it may invahiging of the donor and acceptor
orbitals with the appropriate orbitals of the coctitey species, but this mixing does not
result in the formation of new orbitals that wouwdnjugate the donor, acceptor and
connective segment, as one would sugest from sirafdé@al molecular theory, as
explained in recent literatuf&?

Our group has focused on dye cassette systemsrhah r-conjugation since
this affords for a longer distance between the daolye and the acceptor, and overlap of
donor fluorescence with acceptor absorption spestraot a requirement for through-
bond energy transfer. For this reason, it is fmsgo form a set of through-bond energy
transfer cassettes that fluoresce intensely at lwidespersed wavelengths. High
throughput DNA sequencing methodology via the dymer and dye-terminator
approaches could be significantly improved by udlngrescent markers developed to

exploit through-bond energy transfer.



The idea of using through-bond energy transfelifidang fluorescent dyes is not
a new one. In 1994, Lindsey and coworkers repdtieduse of a boron-dipyrromethene
(BODIPY) dye as an optical input at one end andea base porphyrin as an optical
output at the other end, linked by a linear arrethee zinc porphyrins (Figure 1.5).

Observed ET Efficiency = 76 %, Theoretical ET Efficiency = 0.1 to 6%

Figure 1.3A through-bond ET system by Lindseyal*

Our group has also investigated the use of BODdyas for DNA sequencing
cassettes that exploit energy transfér. The first generation ET dyes which employed
BODIPY dyes as the donor and acceptors enjoyedigfti ET, but were found to have
two major setbacks. The two 3,5-diaryIBODIPY adoepdyes suffered from low
guantum yield, but more importantly, when attachealigonucleotides, all four dyes
suffered a drastic decrease in their fluorescengeston intensities, which is believed to
proceed by aggregation in aqueous solution as altre$ their very hydrophobic
character, since addition of detergent to the soiuestores the fluorescence.



Ideally, these dyes would have very intense flumerse, with well resolved
fluorescence maxima of equal magnitude when excate4é88 nm with an argon laser,
which is the most common radiation source in bimalgapplications.

Another set of energy transfer cassettes exployethis group are the uridine-
based energy transfer dyes which are useful nagt fmml DNA sequencing but also to
generate fluorescent probes for other applicatenms the nucleotides may be used in
fluorescence-based single-molecule sequencing r&igu4). These dyes have
fluorescein in conjugation with thymidine via pregsively longer, alkyne based linkers
and so it was possible to study the dependendeedirtker into the incorporation of the

nucleoside to DNA by the polymeraZe.

Figure 1.4 2’-Deoxyuridine-fluoresceins with extended linker

Spectroscopic analysis of the dyes showed thahaditiker gets longer, UV
absorption in the 320 — 330 nm range increasess ddes not mean that the quantum
yield is enhanced, but that the amount of energygoehanneled to the dye is increased.
The study also showed that the dfesnd2 are too close to the nucleobase, @aadFS



does not incorporates them efficiently, while compsd3 seems to be at the limit of
minimum separation which the polymerase requires ificorporation. From this
observations, it was concluded that a linker lortgan that of compoun8 will not only
absorb more strongly, but it will also be more @éntly incorporated into the growing
DNA strand.

More recently, our group’s efforts have focusedtioa use of energy transfer to
construct fluorescent cassettes in which the dyedirgked in conjugation, allowing for
a single donor and four or more different acceptioas would produce a set of resolved
and intense emissions when excited at a single leagth, more desirable in the near-IR
range to avoid interference by autofluorescende®tell.

As part of this masterplan, my research concertrate the use of xanthene
based fluorophores as donors or acceptors for tduoigh-bond” energy transfer

cassettes.



CHAPTER Il

OVERVIEW OF XANTHENE DYES

Fluorescein is one the most ubiquitous fluoresgemibes and many book
chapters and papers have been writtéfl, one of these in particular being the
catalog/handbook "Molecular Probes: Handbook obfdscent Probes and Research by
Invitrogen®? Fluorescein compounds have found a lot of apjitinatin biotechnology
due to their high quantum yield and relatively goeater solubility’® Some of these
uses include covalent attachment to antibodiestinkecand hormone for uses as
chemosensors, DNA sequencing beacons, organeléfisgabels, laser applicatiorfé
and photosensitizels?®

To include the specifics of these applicationsagdnd the scope of this chapter,
which will only concentrate on the synthesis andvdgizations of fluorescein probes
that consist on the basic structure of fluoresoghrich is the xanthene cotéand how it
can be manipulated to form fluorophores such adlttoeone and fluorescein type dyes
shown (Figure 2.1).

The fluorophore of fluorescein is the fluorone ntgiewhich is the tricyclic
heterocycle unit (Figure 2.1). The official IUPA@me for fluorescein is 2-(6-hydroxy-
3-oxo-xanthen-9-yl)benzoic aditl and although some researchers have different
nomenclature for the numbering system, the majosensus shows the same pattern as
seen in figure 2.7°° Almost any substitution around this core altees phoperties of the
dye such as absorption and emission wavelengtlerwatubility and quantum yield as
seen with CN- instead of H- attachment at the npessition (9')*! Fluoresceins can also

be derivatized by halogenation, alkylation, sulftm® mercuration and others.
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xanthene

9 8'

2 5
fluorescein core fluorone

Figure 2.1 Ring numbering system for xanthene dyes.

There is a wide array of fluorescein derivatived aome of them are well known
throughout the literature such as Eosin, Rose Bemjdoxin and Erythrosin .(Figure
2.2)

Rose Bengal Phloxin

I CO,Na I CO,Na

| ! N ! | Br ! N l Br

NaO o O NaO (@] (@]
| | Br Br

Erythrosin Eosin
Figure 2.2 Named derivatives of fluorescein.
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In the early 1990's, Neckeet al developed a new kind of xanthene dye, based
on the known structure of fluorescein. Some u$esnthene dyes require reactions at
the C-9' position, but due to crowdedness arourgl dite in fluorone dyes, limits the
formation toward intermediates thus slowing doweirtmeactivity®? For this reason, a
new improved model would consist of a fluorone theking the benzene moiety thus
opening up the C-9' site and also removing theiplessotation around that bond, which
can theoretically lower the quantum yield of theteyn as energy is loss through a non-
radiative process. This new derivative of fluoralye was called hydroxyfluororie.

Several derivatives were synthesized and their tsgle@and photophysical
properties investigated, but their synthesis retieshe same scheme, that is, cyclized
condensation, reduction and oxidation from 2, 2',44tetrahydroxybenzophenone.
(Scheme 2.1)

OH O OH o

200 C
_— =
H,0, 4 h
HO HO 0 OH
THF, 25 C HO OH EtOH 25<C HO (@) O

25h 8h

Scheme 2.1Synthesis of hydroxyfluorone.

Neckerset al. showed that the utility of halogenated dyes caltb be used in
tailoring the photophysical properties of hydroxgftone dye&? It has been explained
earlier that the advantage of these dyes rely erfatt that the C-9' position is open for
substitution. To establish the effect that a gigeoup at this position may have on the
properties of the probe, it was necessary to sgitbehalogenated analogs of known

halogenated fluorescein dyes, and compare the pirepeavith and without a substituent
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at the specified position. The first paper exmdinthe synthesis of these
hydroxyfluorone analogues, while in 1993 they régarthe actual studies on the
substitution behavior of the seri®s. Hydroxyfluorones, as explained earlier in this
chapter, are synthesized by the intramolecular eosation of 2,2'4,4'-
tetrahydroxybenzophenone followed by reductionhi® xanthane and finally oxidation
to form the conjugated hydroxyxanthone. Elaboratid this main core by different
routes, depending on the product desired, createsgrigs of six hydroxyfluorone
derivatives, four of then analogous to a fluoresamunterpart. (Table 2.1) They were
named hydroxyfluorone (HF), tetraiodohydroxyfluoeon  (TIHF),
tetrabromohydroxyfluorone (TBHF), diiodomethoxyftooe (DIMF) and finally
diiodofluorone (DIF). (Figure 2.3) Studies on thesempounds showed that the
photophysical properties of HF, TIHF and TBHF argually identical with those of
fluorescein, erythrosin and eosin respectively.(@aB.2) Halogenation of these
compounds proceeds by the directed halogenatidm eitiher iodine with iodic acid, or

bromine under basic conditions. (Scheme 2.2)

| |
CCC
—_—
EtOH HO (@] (@]
U o
0,
HO (@] (@] 8%
Br Br
Br,, NaOH O \
EtOH HO (@] (@]
Br Br

91 %
Scheme 2.2lodination and bromination of hydroxyfluorone.
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HF

TIHF

COCC
MeO O @)
I

DIMF

13

Br l X l Br
HO (@] (@]
Br Br
TBHF

Figure 2.3 Derivatives of hydroxyfluorone dyes.

Table 2.1Selected photophysical properties of hydroxyxanghderivatives

HF TBHF TIHF DIMF
}\max (MeOH) 500 526 532 470
An (MeOH) 506 537 544 542
(0 0.95 0.52 0.13 0.03

pKa 5.97 3.29 4.08 -

Eox 1.04 1.09 1.34 -

Ered -0.95 -0.95 -.099 -
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Table 2.2 Most common halogenated fluoresceins, absorbamd¢&uantum yield

Solvent HF TBHF TIHF DIMF
(nm) (nm) (nm) (nm)
MeOH - 10% HO 490 516 526 -
MeOH 500 / 506 526 / 537 532 /544 470/ 542
EtOH 504 /513 530/ 539 536 /548 470/ 5a44 - 468
i-PrOH 510 /516 532 /543 538 / 550° 472
t-BuOH 514 534 538 -
BzOH 508 536 542 -
CHsCN 518 534 538 466
acetone 520 536 542 466
THF 520 536 / 544 540/553 468/ 5a43 -573
DMF 524 536 / 543 542 | 552 468
toluene - - - 474 | ?46 - 584
#emission

Neckerset al. also showed that substitution at the C-9’ posifimm a proton to a

cyano group, dramatically red-shifted the absorbasfcthe fluorophore®® Substituting

this main core with halogen atoms at the X and ¥itpmns (Table 2.3)
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Table 2.3 Absorbance properties of substituted hydroxyfunes

No. R X Y ADS. Amax g (x 10°)
(EtOH)
1 H H H 504 24.7
2 CN H H 548, 594 24.7,50.3
3 H Br Br 530 39.3
4 CN Br Br 576, 626 24.5,51.4
5 H | | 536 91.2
6 CN | | 586, 638 35.0, 80.0
7 H H | 520 86.0
8 CN H | 570, 618 16.6, 30.5
9 H t-Bu H 518 101.0
10 CN t-Bu H 564, 614 23.2, 47.4
11 H t-Bu | 532 90.8
12 CN t-Bu | 582, 636 33.6, 68.3

In 1871, Adolph Von Baeyer synthesized fluoresceih.was created by the
condensation of two equivalents of resorcinol vatie equivalent of phthalic anhydride
in the presence of a strong acid, usually conctdrsulfuric acid, and zinc chloride as a
catalyst* The formed dye has been proposed to consist difeatly linked donor-
acceptor system since both parts are not conjughtedo an orthogonal twist along the
axis>® These parts have been referred to as the benmdrth@xanthene moieties where
a back to back photoinduced electron transfer (Re@)irs* (Figure 2.4)

benzene moiety

twist
\ : “CO,H

a-PeT d-PeT

xanthene moiety
Figure 2.4 Implied donor-acceptor system.
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Fluorescein has a high molar absorptivity and gqodntum vyield in aqueous
environments (0.92 at pH ¥)*® making this probe ideal for biological applicaton
although it is dependent on pH, having a lactoroédd formed under acidic conditions
thus effectively inhibiting its fluorescent propeds Fluorescein does not transform
from an open form to a lactone form directly. &=st, it consists of five different
structural forms that shift according to pH changéshis alterations in the structure
causes fluorescein to undergo consecutively a laagemall and then another large
bathochromic shift (red shift) as the pH increaggsng from the neutral form, to the
anion and then to the dianion respectively (Figui 3%+

‘ CO, ‘ CO, ‘ CO,H
98 988 988
0 o) o HO o) o HO o) o

dianion anion neutral
pH>9 pKa ~ 6.4 pKa<5
ring opened phenolate ring opened phenol
¢0.93 ©0.36 neutral forms
l0g(€4g0) 4.90 log(g4g0) 4.23 ©0.29

log(g4g0) 3-43

‘ CO,H
10
+
HO o) o HO
H

cation lactone
pKa~2.1 pKa 2.4
Species Quantum Yield Lifetime (ns)
dianion 0.93 4.06 +0.02
anion 0.36 3.37 +0.02
neutral 0.29 2.97 #0.02
cation 0.9-1.0 35-44

Figure 2.5 pKa dependence of fluorescein.
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Originally fluorescein was synthesized by the higimperature condensation of
resorcinol and phthalic anhydride in the presentea strong acid, such as,50,
(Scheme 2.3), but variations to this procedure hactuded the use of a catalytic

amount of ZnGJ, solventless media and more recently microwavestassheating.

/@\ . © dilute OH OH
—_—
HO OH H,SO,
CHO
2 eq. 1eq. HO OH

conc'd. H,SO,4
¥ o I v—
HO OH

cat. ZnCl,

2 eq. 1 eq.

+H ‘ CO,H
eSS
HO o) o

Scheme 2.3Classical synthesis of fluorescein.

During the years, the improvement of fluorescerdbps, specially those of
fluorescein, has brought a lot of attention, maitilg way of efficiently synthesizing
them under milder conditions with relatively higkelds. Usually, synthesis of these
probes involves the use of zinc chloride as a gsitabr strongly acidic conditions at
high temperatures which result in the formationuoflesirable byproducts which are

difficult to separate from the desired product. régent years, the utility of microwave
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radiations have shown a remarkable improvementiéfdy and reaction time§>*
Also, different alternative reaction methodologiesich allow accelerated coupling of
both starting materials in a more efficient wayctsias Grignard reactions, have been
used, although they mostly consist of the improsgdthesis of fluorone¥. New,
tailored probes with required functional groupshet core of the probe has also required
the need of milder conditions which would not affé® added sites.

It has also been shown that the use of microwad®tran under solvent free
conditions efficiently enhances the yield and reacttime for the formation of
sulfonated fluoresceirf. In 2005, Lipparcet al reported the formation of isomerically
pure sulfonate-substituted fluorescelisin this case, the presence of the anhydride is
not necessary for the condensation with resorcimbich occurs at 90 °C in the presence
of methane sulfonic acid. A mixture of isomer®dained, but further protection with
pivaloyl anhydride allows the separation of eacbmser by crystallization from a
dichloromethane/diethyl ether mixture, obtaining erth as the
diisopropylethylammonium salt, which could thenhy&lrolyzed to the free fluorescein
form.

| have already mentioned two of the four most comrhalogenated fluorescein
derivatives, Eosin and Phloxin, but there is alsséRBengal, and Erythrosifig(Table)
Another very useful halogenated fluorescein, wiiak been exploited greatly by recent
research groups such as Necker's and Lippardticlgorofluorescein (DCF) (Figure
2.6). The synthesis of this important dye consists the condensation of 4-
chlororesorcinol with phthalic anhydride under tb@me typical conditions for the
formation of fluorescein. This dye form the baskeleton to which other fluoresceins
are derived, such as the Mannich produced chemorsealseady presented.
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q ®
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(6]
HO (6] (6]
DCF
Figure 2.6 Classical synthesis of dichlorofluorescein.

A difluorofluorescein, analogous to dichlorofluates has been synthesized,
although the synthesis of this compound calls toe prior formation of the 4-
fluororescorcinol. Even though this compound ismoeercially available, it was not at
the time the given reference was publisffedihe formation of 4-fluororesorcinol, they
claim, was the key in developing a series of floatéd fluoresceins, and by following
the same strategy, they were able to synthesihgoPefesorcinol, 2,4-difluororesorcinol
and 2,4,5-trifluororesorcinol, which allowed them dreate a series of polyfluorinated

fluoresceins also called "Oregon Green" dyes. (@dli7)

F OMe OMe
OoN X NaOMe (2.2 eq.) O:N X Pd/C,H,  H2N X
z F MeOH z OMe z OMe
Y Y Y
a-d a-d a-d
OMe OH
. cmpd. X Y 4
i) HNO X X
(h HNO, BB a H F H
. b F H H
(i) HPOg z OMe CH,Cl, z OH ¢ F F H
v ~ d F F F
a-d a-d

Figure 2.7 Synthesis of fluorinated resorcinols.

The actual synthesis of the fluorescein dyes reduminor modifications since

classical synthesis using zinc chloride at highperatures caused a large amount of the
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fluorinated resorcinol to sublime. For this reastiee use of methanesulfonic acid
(CH3SGOsH) as both a solvent and Lewis acid catalyst gawvargroved procedure with

higher yields under lower temperatures althoughftimmation of the fluorescein dye
using 2,4,5-trifluororesorcinol or 5-fluororesoreirfailed to give the desired product.
Purification of these dyes was accomplished byedidation, which allowed for easier
recrystallization or chromatography, followed bydhylyzation to obtain the free dye.
(Scheme2.4)

cmpd. X Y Z

X 0 a  H OF -

b E H -

c F F -

d H F F

e F F F

f H H F
Y. £ 0 g H F H
z h F F H
+ ¢} i H H H

HO OH
x z
Z O

Scheme 2.45ynthesis of Oregon Green Dyes.

More recently, a new derivative of Oregon Green syaghesized by Petersen
al. * This new dye, called "Pennsylvania Green" by thihars, is a hybrid of Oregon
Green and Tokyo Green. By combining the properbéseach dye, that is, the
incorporation of the fluorine atom at the 2'- artdposition, and replacing the benzoic
acid by a methyl group in the benzene moiety raspayg, it was possible to form a
monoanionic form of fluorescein, which combined hwithe ability of the attached
fluorine atoms to lower the pKof the system to 4.8, allows the fluorescencensitg of
the dye to remain high even under much acidic d@rdi than regular fluorescein. This
dye was synthesize via a route that utilizes arfine as an intermediate developed in a

novel approach.
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O
HO @] ¢}
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Scheme 2.5Synthesis of Pennsylvania Green.

Other synthesis of chlorinated fluoresceins incldgg2'7'-tetrachloro- and 4'5'-
dichloro-2'7'-dimethoxy-5(and 6)-carboxyfluoressin Even though these same
compounds have been reported previously in paténld,yttle et al. reported in 2001
an improved procedure for these same compoundshwdould be prepared in large

preparative amounts.
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Cl

cl cl
AcCl KMnO, COH
e RlaG
AlCly HO,C CO,H
cl O cl

Cl

CH5SO5H

Scheme 2.&8ynthesis of 4,7,2',7'-tetrachloro-(5 and 6)-cayffloorescein.

o)
CHO CHO L
cl H™ "0
Cl, mcpba Cl
OH OH
OCH, OCH, OH
OCHg
0
OH o
HO,C
NaOH cl o)
- s > MeO
OH CH5SO3H
OCHg HO

Scheme 2.Synthesis of 4',5'-dichloro-2',7'-dimethoxy-(5 &)ecarboxyfluorescein.

Although the synthesis of both compounds have eproved, no procedure for
the separation of the 5- and 6- isomers is giv&mrocedure for the separation of such
isomers was published in by Rossi and Rain which pivaloyl protection of the



23

carboxy fluorescein isomeric mixture, followed byhet formation of the
diisopropylamine salt, afford the 6- isomer in pdtgm as a precipitates. This
procedure has been claimed to be not easily repentjti and instead opted for the
reduction of the acid functionality, thus allowifgy easier separation of the isomers.
An improved procedure for the separation of the tamex by recrystallization from
methanol- or ethanol-hexane solvent systems wesreported?

In the course of our research, it was necessdipdcefficient procedures for the
separation of such 5- and 6- isomers, specificdlpse of halogenated fluorescein,
which are essential to the formation of our "Thiodopnd” energy transfer cassette
scheme® These 5- or 6-halofluorescein are valuable satestrfor various metal-
catalyzed coupling reactions such as Sonogashir&uauki-Miyaura, specially for
biological applications, since a mixture of isomewgould affect anisotropy
measurements, cause possible differences in quayialds, or interact differently with
the attached biomolecule. It is possible to obthedesired pure regioisomer from the
commercially 5- or 6-aminoflourescein, but this gmund, in its pure regioisomerically
pure form is extremely expensive and therefore desirable for preparative
work.(Scheme 2.8)

Y Y

z ) z
(i) HCI, NaNO,
0¢C,1h
CO,H CO,H

(i) KI
QU s OO
HO o] @] HO

H,, Z=H a: 60 %
, Z=NH, b: 55%

Scheme 2.8Synthesis of regioisomerically pure 5- and 6-idalafescein.
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It is also possible to obtain the desired 5- oraidyenated fluorescein by the
sequential recrystallization of the crude produicth® condensation of 4-halophthalic
anhydride and the desired resorcinol derivativegshsas 4-chlororesorcinol or 1,6-
naphthalenediol®

a

o (i) 200 T, 12 h
Br (i) Ac,0, reflux, 2 h
o + 0]
HO OH (iii) recrystallize from o
0 Ac,0 2-3 times O O
AcO o OAc

(i) 200 T, 12 h

O OH .
Br (i) Ac,0, reflux, 2 h
(@] +
(iii) recrystallize from
o OH Ac,0 2-3 times

Scheme 2.Bynthesis of Regioisomerically pure halofluoresai@rivatives.

AcO

Similarly, the same complexing product could beaot®d using fluorescein. In
this case, a new synthetic strategy had to be dpedlto position both DPA units at the
desired positions, since the 2'- and 7'- sitesabg@ open for substitution and a mixture
of products could be obtained by using typical Manrconditions. The synthesis call
for the substitution of resorcinol with 2-methyloesinol in the standard fluorescein
condensation procedure, followed by protectionha phenolic groups in the lactone
form of the dye. The next step involves radicamination of both methyl groups in the
core, which could then be oxidized to the dialdehydhis intermediate not only can be
aminated under reducing conditions as shown, afigwsubstitution with DPA, but
leaving a very important precursor for other remtsias mentioned by Lippa?tl.
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Scheme 2.1@®Bynthesis of Zynpir-2.

Halogenated fluorescein dyes have been preparedtadeed. The insertion of
halogenated groups into the fluorescein main cfieets its electronic configuration in a
way that its spectroscopical properties differ frome another. The substitution in the
benzene moiety does not directly affects the flpboye as much as the substitution in
the xanthene part, as it is the actual fluoropladrtne molecule as can be seen in table
2.4
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Table 2.4 Structure and comparison of halogenated hydrogyfine derivatives

Abs.

Xanthene X Y Z (E}‘t%aﬁ)
Rose Bengal I I Cl 557
Erythrosin I I H 532
Phloxin Br Br Cl 548
Eosin Br Br H 523

Fluorescein has been used extensively as a colalamind cellular probe for
different targets, but due to its properties sushhah quantum yield, it has drawn
attention toward its use as a solid-state fluoroptor various applications. Strangely
as it may seem, fluorescein in a solid state bsifilsas not been studied deeply, but
rather when covalently bound to a solid matrix-These solid-state compounds show
different absorption and emission wavelengths dbfidy than those in aqueous
solutions Aex—=490, Aenr=515 nm) when covalently bound to starch or othaymers
(A1=490 nm =530 nm absorptioms=570 nm emission)(Figure 2.8). Some argue that
this shift in wavelengths may be due to a normal an charge transfer state (CT)
species present in the solid state while citingdifigs by the Ueno groufi difference in
polarization energy of the,Sand $ state, or wavelength bands identified as the
monomer or excimer emission.(PAT, 2008, 19, 3851392
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starch

Figure 2.8 Covalently bound fluorescein with starch.

Other solid supports used have been polymers apdlyuoers formed by the
oxidative coupling of fluorescein-containing bissdenes® In this case, two
approaches were used; direct polycondensatioruofdscein as a monomer or oxidative

coupling of fluorescein bis-acetylene to form theofescein polymer (figure 2.9).
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O COH Py / SOCI,
—»
988
HO o) o)
b
C er
CO,H =
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HO o) o)
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Coo\v/\v/\»/\\/“\/A\ooc

coupling monomer

Figure 2.9 Synthetic routes to form polymeric fluorescen.Direct polymerization of
fluorescein as a monomer atd formation of fluorescein bis-acetylene.

In both of the previous cases, a film was cast frampyridine solution and
remained relatively brittle when removed from thort. The polymers produced by
these routes show absorption band identical toettadsfluorescein, while emissions
ranged from and single maximum at 544 nm, to lomggarelength emissions at 560, 568
and 588 nm.

During the years, the improvement of fluorescerdbps, especially those of
fluorescein, has brought a lot of attention, sdcithe way of efficiently synthesizing
them under milder conditions with relatively higkelds. Usually, synthesis of these
probes involves the use of zinc chloride as a gsitabr strongly acidic conditions at
high temperatures that result in the formation rdesirable byproducts that are difficult
to separate from the desired product. In receatsyghe utility of microwave radiations

has shown a remarkable improvement in yields aadtien times'>*® Also, different
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alternative reaction methodologies which allow #sm@ded coupling of both starting
materials in a more efficient way, such as Grignaattions, have been used, although
they mostly consist of the improved synthesis obfones" New, tailored probes with
required functional groups at the core of the prbas also required the need of milder
conditions which would not affect the added sigsheme 2.5).

OH MeO ‘ OMe NBS

Mel NaOH (PhCOz)z

. O % ) o =
HO OH 96% MeO OMe

Cl O Cl
oo Yo
Br
MeO OMe

sat. NH,ClI
Cl O Cl Cl Br
+ Cl o +
MeO OMe
MeO OMe
OH MeO OMe
MeO OMe
13 % 6 % 15 %

Scheme 2.11Synthesis of fluorescein derivatives by altermateée.
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— Ph H 87
i) H* OMe H 96
NO, 73
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Scheme 2.11Continued.

The use of ortho-sulpho-benzoic acid in the conaieéms with phenols, or
resorcinol, for this matter, was first suggested1B84 by Remseff. This kind of
reaction relies on the use 2-sulfobenzoic acid dntg and condensing it with
resorcinol to form the desired sulfonated fluor@sce A practical protocol for the
synthesis ofo-sulfobenzoic anhydride is known since the early§f*®? and the
utility of this compound, which provides the samenéfits as the use of phthalic
anhydride, is also enhanced by the addition of &maoluble group, which also

eliminates the formation of regiosiomers.(Schen@g 2.
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Scheme 2.12Synthesis of 3-iodo-sulfobenzoic anhydride.
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X (i) MeSOH, 85 T, 12 h SO.H
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Z " HO OH (i) precipitate by adding A
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HO (e} (@]

X =Br, |

4- or 5- isomer 2 eq.

Scheme 2.13Synthesis of 5- or 6-halogenated fluoresceins.

It has also been shown that the use of microwadi@tian under solvent free
conditions efficiently enhances the yield and reacttime for the formation of
sulfonated fluoresceirfé.In 2005, Lipparcet al reported the formation of isomerically
pure sulfonate-substituted fluorescelnsn this case, the presence of the anhydride is
not necessary for the condensation with resorcimbich occurs at 90 °C in the presence
of methane sulfonic acid. A mixture of isomer®i®ained, but further protection with
pivaloyl anhydride allows the separation of eacbmsr by crystallization from a
dichloromethane/diethyl ether mixture, obtaining erth as the
diisopropylethylammonium salt, which could thenHyalrolyzed to the free fluorescein

form.
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It is interesting to know, however, that the corsidion of sulfonated resorcinol
with phthalic anhydride provided unsubstituted fesrein as the major product.
Likewise, direct sulfonation of fluorescein withnfiing sulfuric acid provides only
unreacted starting materigl.

+
HO OH HO4S CO,H 90 T O X ‘
HO 0 0

Scheme 2.14Synthesis of regioisomerically pure 5- and 6lbrescein.

We have already mentioned two of the four most comnhalogenated
fluorescein derivatives, Eosin and Phloxin, butreéhes also Rose Bengal, and
Erythrosine®* (Table) Another very useful halogenated fluorasceivhich has been
exploited greatly by recent research groups suchNaskers and Lippard, is
dichlorofluorescein (DCF). The synthesis of thimpbrtant dye consists on the
condensation of 4-chlororesorcinol with phthalichgdride under the same typical
conditions for the formation of fluorescein. Tlige forms the basic skeleton to which
other fluoresceins are derived, such as the Manprclduced chemosensors already
presented.
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DCF

Scheme 2.15Classical synthesis of dichlorofluorescein.

This derivative of fluorescein can be manipulatedhany different ways, and
due to its interesting spectroscopical properbesame the focus of my research at the

end of my graduate education.
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CHAPTER Il

MICROWAVE-ASSISTED SYNTHESES OF
REGIOISOMERICALLY PURE BROMORHODAMINE

DERIVATIVES

Regioisomerically pure, bromo-substituted rhodamuterivatives would be
desirable starting materials for elaboration ofofescent dyes via organometallic
coupling reactions. We required them for synthesfesuperior fluorescent dyes for
multiplexing in applications like high-throughputNB. sequencing®®* However, the
well-established condensation route to rhodamisesat ideal to make brominated
derivatives because it can give two regioisomeradpcts that can be hard to separate
(Figure 3.1a). The corresponding compounds witleauboxylic acid functionalities,
that have been called “rosamin&3’had not previously been reported with one halogen
substituent but we found them interesting becaustke bromorhodamine syntheses,
condensation reactions to form them should givey ame regioisomer (Figure 3.1b).
Literature routes to rosamines involve extendedh liggnperature reactions that tend to

give complicated mixture®.

*Reprinted with permission from “Microwave-Assist&yntheses of Regioisomerically
Pure Bromorhodamine Derivatives”, Jiao, G.-S.; f@as. C; Burgess, KOrganic
Letters 5(20),2003 3675-3677. Copyright 2009 American Chemical 8tyci
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Z=Br,Y=HandZ=H,Y =Br

regioisomeric
bromorhodamines

b Br Br

(i) heat O co,

R

H
Q + CHO (ji) oxidize X ‘ _ O
RoN OH RoN* o NR,

regiosiomerically pure
bromorosamines

Figure 3.1 Regioisomerically pure bromorhodamines are habtain via
condensationg, but the corresponding rosamine derivatives should
be more accessiblb,

Rosamined — 4 were made via the reactions of 4-bromobenzaldelyttethe
phenolic amine$ — 8. Preparation o8 was chosen as a model system. Attempts to
optimize reaction conditions using NMR were comgtied by the extent of impurities
formed at the high temperatures involved, and Isplubilities of the products in some
solvent systems. Consequently, a UV-based methasl developed. Standardized
concentrations of the reagents were reacted uralgyus conditions, an aliquot of the
reaction mixture was then diluted in DMF, allowedaxidize in the air until the UV
showed no change, then analyzed via UV. Figura 3l@strates that the starting
materials do not absorb significantly above 350 mhereas the desired products do.
Thus the extent of conversion was obtained vidiareéed UV plot.

Figure 3.2b shows how this method was used to mi@terthat a good yield of
product3 could be obtained at 150 °C using 5 min microwaxediation time. These
reactions were performed using 60 % sulfuric asidh® medium. Similar experiments
using methanesulfonic acid as solvent gave inferesults. Shorter periods of

irradiation gave diminished vyields, whereas longemes gave no advantage.
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Consequently, 10 min microwave irradiation at 1680was set as a standard to compare
with typical thermal syntheses of this system (#ction time was increased from 5 to

10 min because the scale of the reactions wasraiseased). Preparations of the other
dyes were similarly optimized.

a

Br

=
< LTI 2
RoN* o NR, RoN OH

1R=H;2R=Me 5R=H;6R=Me

1.
0.94 ===reaction mixture
0.8 -3

0.74
0.64
0.54
0.44
0.34
0.24
0.14
0 T T T T
200 250 300 350 400 450 500 550 600 650 700

wavelength (nm)

==4-bromobenzaldehyd¢

—

_Figure 3.2 aUV spectra of reactants, product and a typicattiea mixture in the
microwave synthesisb Temperature anc% téme optimization for the microevaynthesis
of 3.
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Figure 3.2 Continued.

Table 3.1 compares isolated yields of compouhedd under various microwave

and thermal conditions. Reaction times in the aviave reactions were significantly

shorter; thus the transformations could be perfdrnmore conveniently in the

microwave apparatus, and, perhaps more importatitl/,process of optimizing the

reaction conditions was more facile. In each cellranil was added after the reaction

period, then the mixtures were stirred for at Id&smin at 25 °C to ensure oxidation of

the intermediate condensation product.
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Table 3.1 Isolated yields of the dyes under microwave dedrhal conditions

dye microwave thermal

temp./time vyield temp./time vyield
(°C,min) (%) (°C,h) (%)

1 150, 20 27 160,24 8

2 90, 30 41 160,22 12

3 90, 30 38 90,18 35
150, 10 73

4 150, 10 53 160, 24 5

21n 60 % HSO, unless otherwise indicated’ After microwave, 2 equiv. chloranil was added te th
reaction mixtures to ensure complete oxidatioantthe products were isolated via flash chromafigra
“Neat: no solvent or acid.

Compoundd —4 are highly colored in solution (dilute EtOH sobuts are
yellow, pink, magenta, and purple respectively) fdct, they are so strongly colored
that it is difficult to recrystallize them, simpbecause it is almost impossible to see
when the solid dissolves and when crystals formnggquently, there is some ambiguity
about the counter ion for these salts, but we belibey are obtained from the syntheses
as hydroxide salts.

Figure 3.3 shows the UV absorption and fluoresceamession spectra df — 4.
Their fluorescence maxima span the range 532 néiGonm in EtOH. Consequently,
these molecular fragments can be used as accedptoenergy transfer cassettes to

enable fluorescence detection in multiplexing vedlwesolved emission maxima.
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Figure 3.3 aUV spectra, and fluorescence emission spectra of dyes4 in EtOH.

In conclusion, the high temperatures required formgation of rhodamine
derivatives are easily obtained via microwave mgatiMicrowave-assisted syntheses of
compoundsl — 4 were efficiently optimized and rapidly repeated aaglirect result.
There is a high probability that microwave-heatigp could be applied to make similar
systems like fluoresceins and other xanthene-bases. In this work, use of 4-
bromobenzaldehyde to give the rosamine compounterrahan 3-bromophthalic

anhydride to give rhodamines circumvents the isguegioisomer formation.
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CHAPTER IV

MICROWAVE-ASSISTED FUNCTIONALIZATION OF BROMO-

FLUORESCEIN AND BROMO-RHODAMINE DERIVATIVES *

Methods to form fluorescein and rhodamine dyes clpi feature high
temperature condensation reactions that are ndilyesdapted to form small libraries of
derivatives**>®” A project in these laboratories to prepare fluoees tags for labeling
and observation of several biomolecules in oneesyétled us to consider ways of
linking fluorescein and rhodamine fragments. Mspecifically, it was necessary to link
them to form twisted systems that would be conjedatf they became planar.
Consequently, we decided to investigate organofieetuplings of starting materials
that could be used to prepare a diverse set of. dyex this purpose we compared
conventional and microwave heatifgpf palladium-catalyzed reactions featuring the
regioisomerically pure brominated starting matsrla&nd2.>®

The most obvious way to couple fragmehtand2 is to form an organometallic
species from one of them, then couple this withather. Suzuki couplin§$might be
preferred because they are high yielding and exparially convenient. Use of this
method would require that one component be comndeéde boronic acid, hence it was
necessary to decide which. Molecules Ikgrhodamines lacking a carboxylic acid
functionality) have been calletbsamine$® Experimentally, they tend to be more
difficult to manipulate than the fluorescein detivas 1, because of their charge. We

hypothesized that their positive charge also makes aryl bromide more electron

*Reprinted with permission from “Microwave-assistadctionalization of Bromo-
fluorescein and Bromo-rhodamine Derivatives”, HanCastro, J. C.; Burgess, K.
Tetrahedron Letters14(52),2003 9359-9362. Copyright 2009 Elsevier.
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deficient than in compound. Electron deficient aryl bromides tend to give reno
efficient coupling reactions in catalytic cyclesvatving oxidative addition, while the
transmetallation component is less sensitive totelric factors® Consequently, it was
decided to focus on formation of the boron-contagnfragment from the fluorescein

derivativel.

borylation
Suzukior ._
Sonogashira -
o Br _ heat/microwave

Initially, attempts were made to borylateusing pinacolboran€:”* since that
reagent is cheaper than the corresponding dibaragents. Conventional heating was
investigated first. The 1,1'-diphenylphosphinot@enyl-based catalyst, Pd@ppf)
gave poor conversion and much of the material Was formed was the unwanted
reduction product (Table 4.1, entry 1; similar results were obtaineing 100 °C

reaction temperature, data not shown).
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Table 4.1 Borylation of 5-bromofluorescein diacetdte

entry®  borylating agent base catalyst solvent  heating oteth reactant/product rafio
(temp °C, time) 1:3:4

1 H-BO,CeH12 NEt;  PdCh(dppf) dioxane conventional 90:0.0:10
(80, 20 h)

2 H-BO,C¢H1, NEt PdCLPBuU,OH), dioxane conventional 0.0:15:85
(80, 20 h)

3 H1,Cs0:B-BO,CeH12  NEt; PdCL(PBU,OH), dioxane conventional 94:3.0:3.0
(80, 20 h)

4 H1,Cs0:B-BO,CeH12  KOAc  PAChLPBU,OH), dioxane conventional 35:50:15
(80, 20 h)

5 H1,Cs0:B-BO,CeH12 KOAc  PAChLPBU,OH), toluene conventional 0.0:80:20
(100, 20 h)

6 H1,Cs0:B-BO,CeH1,  KOAc  PdClL(dppf) toluene  microwave, 50W 85:15: 0.0
(25 to 147, 5 min)

7 H12Cs0-B-BO,CsH1,  KOAc  PdCl(dppf) toluene  microwave, 100 61:39: 0.0
(25 to 157, 5 min)

8 H12Cs0-B-BO,CsH1,  KOAc  PdCl(dppf) toluene  microwave, 200 0.0 :>98: 0.0
(25 to 238, 15 min)

9 H1,Cs0:B-BO,CeH1,  KOAc  PdClL(dppf) toluene  microwave 0.0 :>98:0.0
(150, 5 min)

& Constant power, temperature allowed to vary.

® Variable power, constant temperature.
¢ Determined byH NMR; errors estimated as5t%

One of Li's phosphinite catalyst§,that has proved useful for other coupling

reactions, was then investigated; it gave soméefdesired product, but reduction was

still a complication (entry 2). It seemed likehat the hydrogen that gave the reduction

product was derived from the pinacolborane, heheebbrylating agent was switched to

dipinacolatodiboro

ﬁ3'74

Entries 4 and 5 demonstrate that when the basealso

switched to KOAc then an appreciable conversiothéodesired product was obtained.

Still, however, reduction products were formedméy be that the adventitious hydrogen

that causes formation of these reduction prodscsslvent-derived.
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At this stage, it became evident that the optinmzaprocess was too slow due to
the reaction times involved, hence subsequentestifdcused on microwave acceleration
of the reactiond>’® These reactions were performed using sealed tirbes CEM
Discover instrument that allows either the microevgower or the reaction temperature
to be held constant, and the temperature in theiosavessel to be monitored. Control
of the reaction temperature would not be an opfiegmdomestic microwave instrument
was used. Entries 6 — 8 illustrate that if the eows modulated then the reaction
temperature rises abruptly. These erratic exparimmare scientifically unsatisfying
because they would be hard to reproduce, espeallp different instrument or for
different reaction scales. However, they did illate that high temperatures were
tolerated. Finally, entry 9 shows the most favtgatonditions identified. The diboron
reagent with KOAc as base, microwave heated dativiely high temperature for a short
time gave approximately 98 % selectivity for thesided product. A 93 % yield of the
desired product was isolated when this reaction vegeated on a 1 mmol scale
(microwave, 150 °C, 10 min) and the crude matevis purified via crystallizatiofY.

It was convenient to store compouBidoecause when it is hydrolyzed to the
corresponding deacylated boronic acdid cyclotrimerization to the corresponding
boroxine ensues. Consequently, the boro&atas hydrolyzed (KCOs, 1:1 THF/HO, 3
h; 79 %) to5 then isolated immediately prior to use in Suzwamling reactions.

Scheme 4.Ehows three model reactions that were performexyatuate Suzuki
couplings to compoun8. A water-soluble palladium catalyst gave a sugemsult to
Pd(PPh), under these conditions, and the best isolated yoél the product6 was

obtained from the microwave-accelerated transfaomah a sealed vessel.
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OMe OMe

B(OH), l
Br
1 mol % cat.
HO,C HO,C

3eq K,CO3
_—
A
O = O 1:1 acetone/H,0 O O
HO o o) 100 C, 10 min HO o o
5

6

reaction 1

catalyst/heating isolated

yield (%)
Pd(PPhs),/microwave 52 SOzNa
Pd(PArz)4/microwave 81 Ar =
Pd(PArg)4/conventional 60 oy

Scheme 4.1Model reactions.

Scheme 4.2 illustrates how these findings were #pgatied to the coupling of the
rosamine2 with compound5.”® The water soluble catalyst was used to couple the
rosamine fragments, the product was convertedpimigc form, then the counterion was
metathesized to thetra(3,5-trifluoromethylbenzene)boronate (BArF) anitims allows

convenient chromatography isolation of the product.
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HO 0] o
L <9
HO,C l

+~
B(OH), ’T‘ cr O

5 2

(i) 2 mol %
Pd(PAr3),

3 eq. K2003
acetone/H,0 (1/1)
100 C, 15 min
microwave

(i) H* then
NaBARF

57 % isolated yield

Scheme 4.2Formation of cassette via Suzuki reaction.

System7 would be totally conjugated were it not for thasts imposed by the
adjacent aromatic rings. For comparison, analdggis structure with alkyne units
inserted between the rings were desired, hence omawe-assisted Sonogashira
couplingg® of the dyes were investigated.

Alkyne 8 was formed in a two step process that involvedt ficoupling
trimethylsilylethyne with the protected fluorescdiinder microwave conditions (5 mol
% Pd(PPK)4, Cul, NEg, DMF, 120 °C, 25 min; 84 % isolated). Like thehet
microwave reactions reported in this paper, thigptiog was performed in a sealed tube.

The procedure for sealing tubes for use in the owiave instrument by crimping on an
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aluminum ring is very easy. Use of such seale@édubr reactions such as this where
volatile reagents are used is clearly an advantaDeprotection of the alkyne was
performed using TBAF (2 equiv., GAI,, -78 °C, 5 min; 90 %).

Scheme 4.3 illustrates how the alky®&as coupled with the bromorosamie
to give the desired alkyne-containing prod@ctia a microwave accelerated coupling
using the water-soluble catalyst. The product fitbm step was hydrolyzed directly to
remove the acetate groups, acidified, then the teoiom was exchanged with BArEo
assist chromatographic isolation.

However, Figure 4.1 shows the UV absorption spestichfluorescence emission
spectra of these molecules. The most significaatiuires are that for the molecufeand
9 but not6, emission in the 520 nm region, that would beilatted to the fluorescein
component of these systems, is greatly suppressest, of the fluorescence @fand9

occurs at a longer wavelength characteristic oftisamine fragment.



Br

(i) 5 mol % Pd(PAr3),
5 mol % Cul, NEt;
DMF, microwave
120 C, 25 min

.
’

(i) Ko,CO4
1:1 MeOH/CH,Cl,
25<C,12h
(i) HCl 5
(iv) NaBARF, MeOH
(v) chloranil

9 45 % isolated yield

Scheme 4.3Formation of cassette via Sonogashira reaction.

a7
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1 —6
0.9 —7
0.8 —9

380 430 480 530 580 630
wavelength (nm)

_—7
0.6 —9

450 500 550 600 650 700
wavelength (nm)

Figure 4.1 a UV absorption, ané fluorescence emissi@pectra
of compounds$, 7 and9.

Organometallic coupling reactions are rarely usedunctionalize fluorescein-
and rhodamime-based systems. Here, halogenated dsge transformed into
organoboron compounds, biaryls, and alkynes. Eka&in and rhodamine derivatives
tend to be stable to high temperatures, so theyntng expected to be amenable to
microwave assisted steps. Indeed, the couplingsritbed here worked well using bursts
of microwave irradiation applied to give high termgdeares for relatively short times.
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CHAPTER V

SYNTHESIS OF REGIOISOMERICALLY PURE 5-

FUNCTIONALIZED 2',7'-DICHLOROFLUORESCEINS -~

Fluorescein undergoes transitions between varionigation states at pH levels
around physiological (Figure 5.1 a). Quantum \gelthd extinction coefficients of
fluorescein therefore may change significantly &g pH of the solvent varies.
Consequently, fluorescein is non-ideal, or at ledi$ficult to use, for many quantitative
biochemical experiments that rely on intensitylobfescence.

The phenolic-OH groups of 2’,7’-dichlorofluoresceire more acidic than those
of the parent compound because of inductive statiin of the phenolate form. 2’,7'-
Dichlorofluorescein therefore is completely ionizadpH levels near physiological and
even slightly below? Figure 5.1b shows data recorded for this papereih the pH of
a 2',7-dichlorofluorescein  solution was variedoand physiological levels; the
fluorescence of the solution remained near stabté the pH of the medium fell to 5
and below. This dye therefore has some attribtitat fluorescein does not. To be
widely useful, however, probes such as these mamge lfunctional groups that allow
them to be attached to biomolecules. This usuallglves preparation of derivatives as

regioisomeric mixtures then separation via rectljssion **->*°°

* Reprinted with permission from: Castro, J. C.; &kalov, A.; Burgess, KSynthesis
2009 1224-1226. Copyright 2009 Georg Thieme Verlagt§aut - New York.
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Figure 5.1. a; lonization states of fluorescein at various pttle; andb; pH
dependence of fluorescence intensity for fluoresusi 2',7'-dichlorofluorescein.
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Separation of the isomers of 5-nitro-2’,7’-dichlbomrescein was pivotal to the
success of this project. Fortunately, 3-nitrophthanhydride could be condensed with
chloro-2,4-dihydroxybenzene on a large scale t@ givmixture of the 5- and 6-nitro
isomers. Treatment of this mixture with acetic \ahide gave the diacetate This
material was recrystallized six times from acetithydride to give the pure 5-nitro
compound. Thiprocedure gave 46 % of the target material anddcoahveniently be
performed to give 35 g of the desired product.

An ammonia solution in ethanol (or methanol) wasdusor removal of the
acetate groups from the lactodewhich gave the free, ring-opened forZn This
intermediate is then subjected directly to reductbthe nitro group
via treatment with hydrogen and Raney Ni to giveftlee amin®.?®

Amine 3 could be functionalized in several ways to endbie be conjugated to
biomolecules. Two approaches were chosen to rdltesthis: formation of an azide
and conversion to the dichlorotriazine derivative The azidet is suitable for copper-
mediated azide-to-alkyne coupling reacti8h¥ Compoundb is of particular interest to
us for its ability to add nucleophilic groups senjiely.?® The fluorescein analog of this
compound’ has been used extensively by us as a linker tan fdivalent
peptidomimetic$®®®  However, we have found that direct binding asshgsed on

measurement of fluorescence for these mimics regjwery careful control of pH.
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NO,

‘ CO.H
NH3/EtOH H,, Raney Ni

Cl X Cl 3
neat, 200 C, 24 h 25¢C,1h MeOH, 5 % H,0
o (ii) Ac,0, 150 T, 19 h HO ) o] 25<C,15h

(iii) recrystallization

2 0% 59 %
X
I
NS
Ns Cl)\N NH
cl
O (i) NaNO,, 1:1 H,O/HCI W I O
COH i) NaNO,, 1:1 Hj CO,H
o 2 0<,1h oS al e
X - _ > A
(i) NaN3, solvent MeOH, CH,Cl,, 0C, 2 h
HO o o 0t025C,3h HO o o
4 75% 3 5 86%

Scheme 5.1Derivatization of 5-nitro-2’, 7’-dichlorofluoresmn.

The procedures outlined in this report are scaldblgreparative quantities.
Syntheses of the 5-nitro and (5 amino-) 2’, 7’-dticbfluorescein are easily obtained in
multi-gram scale (ca. 35 g or above). The subs#qderivatization into the azido

dichlorofluorescein is also scalable.
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CHAPTER VI

CONCLUSION: USEFUL FUTURE POTENTIAL OF 2',7°-

DICHLOROFLUORESCEIN

Earlier research from these laboratories has pemtlucassettes based on
conjugation of fluorescein donors with rhodamineegtors (Figure 6.7%* The first
generation of these probesy A, had very poor water solubility, but later desiglise
B, are soluble in agueous media. However, sevenaldavements are necessary, and the
most important of these are: (i) improved energpsfer efficiencies between the donor
and the acceptor in aqueous media; and, (ii) gredispersion of the fluorescence

outputs.

donor HO NMe, acceptor

%ﬂ/\ o
@)

Dallalb

O
+N M82
co,

A
first generation cassette

Figure 6.1 Nile red fluorophores.



donor

HO

HO,C

CO,H
N

acceptor

HO,C

B
second generation cassette

-

COOH

Nile Red

OH

@“\'
Hogs/\?\l 0

COOH
E

Figure 6.1 Continued.
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Nile Red,C, has a very poor water solubility but otherwise cdde properties
as a potential acceptor in cassettes, notably ens# the region of 648 nm (phosphate
buffer, pH 7.4). Recent developments from theberi@ories demonstrated methods to
prepare water soluble, functionalized, 2-hydroxjeNRed derivatives lik® andE. In
this paper, we demonstrate how such compounds eantégrated into through bond
energy cassettes, and report on the spectroscogpenpies of the first fluorescein/Nile
Red cassettes of this kind. Specifically, the Bgaés and spectroscopic properties of
cassetted — 3 are reported (Figure 6.2). Casseltés a model compound with no
functional group to allow convenient attachmenttomolecules, whil€2 and 3 have
such a group. The dichlorofluorescein functioyaldf cassettes3 and 4 was
investigated as a likely design upgrade since plaaticular donor functionality is less
sensitive to pH changes (Figure 6.3) Finallysette4 has two desirable features that
are not inherent in structurds— 3: a handle on the donor part, and lack of an alkyne
linker. It is beneficial to include the handle foconjugation on the donor part because
this is intended to be constant in sets of cass@ttemultiplexing. To include the handle
on the acceptor part tends to be less practicausecthen every acceptor synthesis has
to accommodate this, and that is extra work. Dmiebf the alkyne linker removes
brings the donor and acceptor fragments closerthiegethis may have increase the
efficiency of donor-to-acceptor energy transfert ltualso perturbs the molecular
geometry and that may have unknown effects.



donor acceptor

SO4H
donor O) acceptor

sites to allow
conjugation
to biomolecules

1

N y
— \_coH

HO,C

donor acceptor

less pH sensitivity N
under physiological /—/ ‘\—COZH
conditions HO,C

3
Figure 6.2 Synthesized cassettes.
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donor (0] Cl no alkyne acceptor
linker
@)
HO,C
k4
"h dIl" ©
andle" on
HO Cl
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N
_/

0.8 - J
[}
/
/
0.6 - ,
’
4
0.4 - / -
=—0.05 M Citric acid +
1M NaOH
=20 mM TRIS + 1M
0.2 - HCI
-//
0 +— —T T T T T T
1 2 3 4 5 6 7 8 9

Figure 6.3.Intensity pH dependency of DCF and fluorescein.

It was therefore required to develop a synthetithwdology toward the desired
fluorescein “donor”. In our laboratory, we haveealdy developed a strategy toward the
multiscale synthesis of 5-bromo-2’, 7’-dichloflusoein. This is achieved by the high
temperature condensation of 4-chlororesorcinolhwit-bromophthalic anhydride,

followed by sequential recrystallization from acetinhydride to yield the 5-bromo
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isomer in high yield and purity. By following Koidelead into the synthesis of 1'-
alyllflourescein (figure 6.3), we were able to nfgdour approach to form the allyl
analog of 2’, 7’-dichlorofluorescein required totain our desired compound (Figure
6.4) in a multistep approach which led us to obthm diacid target in relatively good

yield. (Scheme 6.1)

Figure 6.4 Allyl dichlorofluorescein prepared by Koide.



Br,
neat I COZH
O 200, 19 200C, 190 C cl
HO o o
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Ac,0 O KOH
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recrystallized from Ac,O
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Scheme 6.1Stepwise synthesis of desired product.
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Br
‘ CO,H Ac0
—_—
Cl ‘ \ cl reflux, 4 h
HO (0] (@]
™
100 %

(i) O3, acetone, 78 C

L

(ii) Jones', -78-25 C, 6 h

Jones' = chr207 + H2504

85 %

Scheme 6.1Continued.

The attempts to incorporate this compound intoetéss with Nile Red as an
acceptor resulted in very poor yields, unable tly itharacterized the obtained
compound. Preliminary data suggested the preswrtbe cassette, but further attempts
to obtain higher amounts were unsuccessful probdiyto the solubility differences
between both molecules.

Future studies in this system should be attempted.
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APPENDIX: EXPERIMENTAL

General Procedures. Melting points are uncorrected. High field NMigectra were
recorded on Varian Unity Plu¢H at 300 MHz,*C at 75 MHz) or Inova’H at 500
MHz, *C at 125 MHz) NMR spectrometers. Chemical shifts reported in units of
ppm relative to solvent (CDg! 7.27 ppm for*H and 77.0 ppm fot*C; CD;OD: 3.30
ppm for *H and 49.0 ppm for®C). Mass spectra were obtained from the Mass
Spectrometry Applications Laboratory at Texas A&Mnilersity.  Thin layer
chromatography was performed using silica gel 684H2ates. Flash chromatography
was performed using silica gel (230-600 mesh). ydrbixy-N-methyl-2,2,4-trimethyl-
|,2-dihydroquinoliné was prepared following the literature procedu®ther chemicals
were purchased from commercial suppliers and useeeeived. All the experiments

involving microwave irradiation were performed o€&M Discover instrument.
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6-amino-9-(4-bromophenyl)-3H-xanthen-3-iminium.

3-Aminophenol (1.00 g, 9.17 mmol) and 4-bromaaddehyde (0.85 g, 4.59 mmol)
were dissolved in 20 mL CHEI The solvent was then removiedvacuo The mixture
was suspended in 20 mL of ice-cold 60%5By. A condenser was fitted, and the flask
was placed in the microwave reactor and heated5® °C for 20 min (constant
temperature mode). The nitrogen cooling flow wppliad in order to maximize the
power . Then tetrachloro-1,4-benzoquinone (1.69%.89 mmol) was added to the
solution, and allowed to stir at room temperatue 0 min. The dark brown mixture
was neutralized with 45 mL 10 M potassium hydroxo@H=7. The mixture was then
extracted with 5 %-PrOH/CHCI, (3 x 100 mL). The combined organic layers were
washed with brine (200 mL) and water (200 mL), doeer NaSO, and the solvent was
removed under reduced pressure. The residue webkerfupurified by flash
chromatography (5 to 15% MeOH/GQEl,) to give the title compound as a red-orange
solid (0.47 g, 27 % vyield). (R 0.10 (10 % MeOH/CEKCL); 'H NMR (1:1
CDsOD/CDCl, 500 MHz):6=6.79 (d,J = 2.2 Hz, 2H), 6.82 (dd] = 9.3 Hz, 2.2 Hz,
2H), 7.21 (d,J = 9.3 Hz, 2H), 7.27 (dJ = 8.5 Hz, 2H), 7.76 (d] = 8.5 Hz, 2H); °C
NMR (1:1 CD;OD/CDCk, 125 MHz): 6 = 98.4, 113.8, 117.7, 125.3, 131.5, 131.6,
132.6, 132.7, 157.5, 159.0, 160.3; MS (E8/} 365/367 (M).
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N-(9-(4-bromophenyl)-6-(dimethylamino)-3H-xanthen-3-ylidene)N-

methylmethanaminium.

3-Dimethylaminophenol (5.00 g, 36.0 mmol) and 4rbobenzaldehyde (3.37 g, 18.0
mmol) were dissolved in 50 mL dichloromethane dreldolvent was removed vacuo
to make a homogenous mixture. The mixture was gumpended in 70 mL ice-cold
60% HSO,. A condenser was fitted, and the flask was hegmi¢lde microwave reactor
for 30 min at 90°C (constant temperature mode) with vigorous stitrinA nitrogen
cooling flow was applied throughout to maximize tip®wer. Tetrachloro-1,4-
benzoquinone (“chloranil’, 8.85 g, 36.00 mmol) wadded to the solution, which was
then stirred at room temperature for 15 min. Thekdsiolet mixture was neutralized
with ca. 150 mL of 10 M potassium hydroxide to pH7. The mixture was then
extracted with 5 %-PrOH/CHCI, (3 x 200 mL). The combined organic layers were
washed with brine (200 mL) and water (300 mL), tltgied over NgSO, and the
solvent was removed under reduced pressure. Bslusewas further purified by flash
chromatography (5 to 10% MeOH/@EL,) to give the title compound as a dark violet
solid (2.69 g, 41 %). Mp = 22°C (dec); R 0.27 (10 % MeOH/CECly); 'H NMR
(CDCl3;, 300 MHz):6=3.38 (s, 12H), 6.91 (d,= 2.4 Hz, 2H), 7.02 (ddl = 9.5 Hz, 2.4
Hz, 2H), 7.29 (dJ = 8.3 Hz, 2H), 7.33 (d] = 9.5 Hz, 2H), 7.78 (d] = 8.3 Hz, 2H); **C
NMR (CDCk, 125 MHz): 6 = 41.5, 97.4, 113.5, 114.9, 125.3, 130.9, 1313&..4,
132.6, 156.6, 157.6, 157.9 MS (ESI) m/z 421/423)(M
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5-bromo-julolidinorosamine

8-Hydroxyjulolidine (1.00 g, 5.29 mmol) and 4-brobemzaldehyde (0.49 g, 2.65 mmol)
were dissolved in 20 mL CHEI The solvent was then removiedvacuo The mixture
was suspended in 20 mL of ice-cold 60%5By. A condenser was fitted, and the flask
was heated in the microwave reactor with vigorstiging for 10 min at 150C
(constant temperature mode). Throughout, the getnocooling flow was applied in
order to maximize the power. Tetrachloro-1,4-bepmaone (0.98 g, 3.98 mmol) was
added to the solution, which was then stirred ahrdeemperature for 10 minThe dark
blue mixture was neutralized wita. 45 mL 10 M potassium hydroxide to pH¥. The
mixture was then extracted with 5 P&PrOH/CHCIl; (3 x 100 mL). The combined
organic layers were washed with brine (200 mL) avater (200 mL), dried over
NaSQO, and the solvent was removed under reduced peesdthe residue was further
purified by flash chromatography (5 to 10% MeOHACH) to give the title compound
as a dark violet solid (1.05 g, 73 % yield). MA40° C (dec); RO0.18 (10 % MeOH/
CH.Cl,); *H NMR (CDCk, 500 MHz):5 = 1.99 (pJ = 5.5 Hz, 4H), 2.10 (p] = 5.5 Hz,
4H), 2.70 (tJ = 6.0 Hz, 4H), 3.02 (t) = 6.0 Hz, 4H), 3.53 (t) = 5.5 Hz, 4H), 3.56 (1]

= 5.5 Hz, 4H), 6.73 (s, 2H), 7.20 @3z 8.5 Hz, 2H), 7.87 (d] = 8.5 Hz, 2H); *CNMR
(CDCls, 125 MHz):6 = 19.5, 19.8, 20.5, 27.5, 50.4, 50.8, 105.4, 11228.8, 124.0,
126.1, 130.9, 131.5, 132.0, 151.1, 152.0, 152.6 (E&): m/z 525/527 (M).
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Extended 5-bromo rosamine

7-HydroxyN-methyl-2,2, 4-trimethy-1,2-dihydroquinoling1.50 g, 7.39 mmol) and 4-
bromobenzaldehyde (0.68 g, 3.69 mmol) were dissoine20 mL CHC4. The solvent
was then removeth vacuo A condenser was fitted, and the flask was lieatehe
microwave reactor with vigorous stirring for 10 mam 150°C (constant temperature
mode). A nitrogen cooling flow was applied throaghto maximize the power . The
reaction mixture was dissolved in 20 mL 5 % MeOH{CH and tetrachloro-1,4-
benzoquinone (1.36 g, 5.54 mmol) was added to dhdign, which was then stirred at
room temperature for 10 minThe solvent was removed under reduced pressure. Th
residue was further purified by flash chromatogsato 10% MeOH/CHLCI,) to give
the title compound as a dark blue solid (1.13 g, %3yield). R 0.20 (10 %
MeOH/CH,Cl,); *H NMR (CDCk, 500 MHz): = 1.46 (s, 12H), 1.79 (d, = 1.2 Hz,
6H), 3.17 (s, 6H), 5.49 (d,= 1.2 Hz, 2H), 6.1 (s, 2H), 6.85 (s, 2H), 7.27J¢;, 8.3 Hz,
2H), 7.76 (dJ = 8.3 Hz, 2H); **C NMR (CDC}, 125 MHz):5 = 18.4, 29.3, 33.3, 59.8,
96.2, 113.5, 121.4, 123.6, 124.8, 125.4, 130.9,5,3132.3, 132.7, 152.8, 153.3, 158.3;
MS (ESI)m/z 553/555 (M).



74

CHAPTER IV

-

o. .0

N

(@]
g
AcO (@] OAc

3-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2H+3H-spirow-3',6'-diyl

diacetate

A typical procedure is given for entry 9. A mirtuof 5-bromofluorescein diacetate
(495 mg, 1.0 mmol), dipinacolatodiboron (279 md., tnmol), PdCi(dppf) (7.3 mg,
0.01 mmol), and KOAc (294 mg, 3.0 mmol) in 4 mL toluene was sealed in a
microwave tube. The reaction tube was microwasdueat 150 °C for 10 min. After
cooling, the reaction mixture was poured into agqisedH,Cl solution. The mixture was
extracted with benzene and the organic extract washed with aqueous NaHGO
solution and aqueous NaCl solution successivelyie @rganic layer was dried over
anhydrous Ng50O, and evaporated under reduced pressure. The gmatkict was
purified by solidification from benzene/EtOH to gis06 mg (93% yield) A as a white
solid. Characterization & mp 241 °C (dec)*H NMR (CDCk): & = 8.51 (s, 1H), 8.10
(d,J=7.5Hz, 1H), 7.19 (d) = 7.5 Hz, 1H), 7.10 (m, 2H), 6.80 (m, 4H), 2.32&Hl),
1.38 (s, 12H)*C NMR (CDCE): 6 = 169.0, 168.8, 155.2, 152.0, 151.5, 141.3, 131.9,
129.0, 125.7, 123.4, 117.7, 116.4, 110.4, 84.%,84.9, 21.1. HRMS (ESth/z(M* +

H) calcd. for GoH2sBOg: 543.1824. Found: 543.1815.
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2-(6-hydroxy-3-oxo-3H-xanthen-9-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxabmlan-2-
yl)benzoic acid

A mixture  of 3-0x0-5-(4,4,5,5-tetramethyl-1,3Jxaborolan-2-yl)-81-
spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl diate (300 mg, 0.55 mmol) and®O;
(382 mg, 2.76 mmol) in 10 mL of THF/® (1/1) was stirred at room temperature for 3
h. The reaction mixture was acidified with concategd HCI. The resulting solid was
filtered and washed with 4 and diethyl ether successively. The solid wasddunder
reduced pressure to give 164 mg (79% yield) of fbo-2-(6-hydroxy-3-oxo-8-
xanthen-9-yl)benzoic acid as a yellow solid. M23C (dec).'H NMR (DMSO-dg): &
=10.09 (s, 2H), 8.42 (s, 2H), 8.39 (s, 1H), 8.d4)(= 7.5 Hz, 1H), 7.21 (d] = 7.5 Hz,
1H), 6.66 (m, 2H), 6.53 (m, 4H}°C NMR (DMSO+g): & = 169.0, 159.4, 154.2, 151.8,
141.0, 130.2, 129.1, 125.5, 123.0, 112.6, 109.8,2182.9. HRMS (ESIn/z(M* + H)
calcd. for GoH14BO7: 377.0833. Found: 377.0817.
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4-(6-hydroxy-3-oxo-3H-xanthen-9-yl)-4'-methoxybiphenyl-3-carboxylic acid

A mixture of5 (50 mg, 0.13 mmol), 4-bromoanisole (0.050 mL, Od@ol), Pd(P(3-
CeHsSOsNa))4, (3.2 mg, 0.0013 mmol) and,&0O; (55 mg, 0.40 mmol) in 2 mL of
acetone/HO (1/1) was microwave heated in a sealed tube @t°’COfor 10 min. After
cooling, the reaction mixture was poured into 6 Klksolution. The mixture was
extracted with 25%PrOH/CHC} and the organic extract was washed with agueous
NaCl solution. The organic layer was dried ovehyalious NaSO, and evaporated
under reduced pressure. The crude product wasfigguriby flash column
chromatography (C¥Cl,/MeOH = 15/1) to give 47 mg (81% yield) 6fas an orange
solid. Characterization & mp 174 °C (dec)*H NMR (DMSO-dg): 8= 10.11 (s, 2H),
8.12 (s, 1H), 8.02 (d] = 8.0, 1.5 Hz, 1H), 7.77 (d,= 7.0 Hz, 2H), 7.30 (d] = 8.0 Hz,
1H), 7.07 (d,J = 7.0 Hz, 2H), 6.68 (d] = 2.0 Hz, 2H), 6.63 (d] = 9.0 Hz, 2H), 6.56
(dd,J = 8.5, 2.5 Hz, 2H), 3.82 (s, 3HY’C NMR (DMSO4s): 5= 168.6, 159.5, 159.5,
151.8, 150.7, 141.8, 133.7, 130.7, 129.1, 128.3,11224.4, 121.4, 114.6, 112.6, 109.6,
102.2, 83.1, 55.2. HRMS (ES#)/z (M" - H) calcd. for G/H170s: 437.1025. Found:
437.1009.
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N-(9-(3'-carboxy-4'-(6-hydroxy-3-oxo-3H-xanthen-9-yl)biphenyl-4-yl)-6-
(dimethylamino)-3H-xanthen-3-ylidene)N-methylmethanaminium.

A mixture of5(38 mg, 0.10 mmol)2 (45 mg, 0.10 mmol), Pd(P(3:8,SO:Na)), (4.8
mg, 0.0020 mmol), and O3 (41 mg, 0.30 mmol) in 3 mL of acetone® (1/1) was
microwave heated in a sealed tube at 100 °C fomitb After cooling, the reaction
mixture was poured into 6 N HCI solution. The mpe was extracted with 25%
iPrOH/CHC} and the organic extract was washed wifOH The organic layer was
dried over anhydrous N8O, and evaporated under reduced pressure. To aocsohft
crude product in 10 mL of Ci€l,/H,0O (1/1) was added 133 mg (0.15 mmol) of sodium
tetra(3,5-trifluoromethylbenzene)boronate (NaBARRhe mixture was stirred at room
temperature for 12 h. The mixture was extracteth 5% iPrOH/CHC}E and the
organic extract was washed with®1 The organic layer was dried over anhydrous
NaSO; and the solvent removed under reduced pressuree cfude product was
purified by flash column chromatography (&H,/MeOH = 15/1) to give 87 mg (57%
yield) of 7 as a purple solid. Characterizatiorizofmp 120 °C (dec)*H NMR (DMSO-
ds): & = 10.16 (s, 2H), 8.37 (s, 1H), 8.24 (W= 8.0 Hz, 1H), 8.17 (d] = 8.5 Hz, 2H),
7.67 (s, 4H), 7.68 (dl = 8.0 Hz, 2H), 7.60 (s, 8H), 7.43 @= 7.5 Hz, 1H), 7.37 (d] =

9.5 Hz, 2H), 7.18 (dd] = 9.5, 2.5 Hz, 2H), 6.99 (d,= 2.5 Hz, 2H), 6.70 (d] = 2.5 Hz,
2H), 6.67 (d,J = 9.0 Hz, 2H), 6.58 (dd] = 9.0, 2.5 Hz, 2H), 3.28 (s, 12H)YC NMR
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(DMSO-dg): 3 = 168.5, 160.9 (q] = 49.4 Hz), 159.6, 157.1, 156.9, 156.5, 152.1,951
141.0, 140.1, 134.4, 134.0, 131.7, 131.2, 13®9,11, 128.5 (m), 127.5, 127.3, 124.8,
124.0 (qJ = 271 Hz), 122.6, 117.6, 114.7, 112.7, 112.7,4,0902.3, 96.3, 83.1, 40.5.
Anal. calcd for GsH4sBF24N2Og: C, 58.61; H, 2.95; found: C, 58.58; H, 3.02.
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5-ethynyl-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl diaetate.

A mixture of 5-bromofluorescein diacetate (0.248 & mmol), trimethylsilylacetylene
(54.0 mg, 0.55 mmol), Pd(P(38:SO;Na))4 (59.5.0 mg, 25.0 mmol), copper(l) iodide
(5.0 mg, 25.0 mmol), and triethylamine (1.014 g0l@®mol) in 0.5 mL DMF was
microwave heated in a sealed tube at A2€r 25 min. in constant temperature mode.
After cooling, 10 mL of diethyl ether were addedhe solution and filtered over celite.
The filtrate was then poured in 10.0 mL 0.1 M HChe product was extracted with 2 x
20 mL diethyl ether and dried over #}0,, filtered and the solvent removed under
reduced pressure. The solid was further purifieéldsh chromatography (5%
MeOH/CHCI,) to give 0.215 g (84% vyield) &as a pale yellow solid. Characterization
of 8. Rf 0.55 (35 % EtOAc/hexanes)H-NMR (CDCl, 300 MHz):5 = 0.29 (s, 9H),
2.33 (s, 6H), 6.82 (m, 4H), 7.10 (m, 2H), 7.13Jd; 8.1 Hz, 1H), 7.75 (dd} = 8.1 Hz,
1.2 Hz, 1H), 8.11 (s, 1H}*C-NMR (CDCk, 75 MHz):5=-0.3, 21.1, 81.8, 102.6,
110.5, 116.0, 117.8, 124.1, 125.6, 126.5, 128.8,92435.5, 151.5, 152.1, 186.8; MS
(ESI): m/z513 (M+H)'.
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N-(9-(4-((3-carboxy-4-(6-hydroxy-3-oxo-8i-xanthen-9-yl)phenyl)ethynyl)phenyl)-6-
(dimethylamino)-3H-xanthen-3-ylidene)N-methylmethanaminium.

A mixture of 8 (88 mg, 0.2 mmol), 2 (92 mg, @r2nol), tetrakis(triphenylphosphine)
palladium (11 mg, 5 % mol), copper(l) iodide (2 g% mol), and triethylamine (304
mg, 3.0 mmol) in 0.5 mL DMF was microwave heated isealed tube at 12Q for 15
min. in constant temperature mode. After coolib@6 mg of potassium carbonate (1.2
mmol) were added to the solution and stirred af@%or 6 h. The solution was then
poured into 20 mL of methanol, and acidified to pi2 with concentrated HCI. To this
solution, 60 mL of 25 %PrOH / CHC} were added and washed with 3 x 100 mL water,
the organic layer was dried over anhydrous3\@, filtered and concentrated vacuo
To the dark purple residue, 20 mL of a 1:1CH/H,O solution were added, and 106
mg (0.12 mmol) of sodium tetra(3,5-trifluoromethhzene)boronate (NaBARF) were
added and the mixture stirred at Z5for 12 h. The mixture was once again extracted
with 25 %iPrOH/CHC}E and the organic extract was washed wit©H The organic
layer was dried over anhydrous JS&, and the solvent removed under reduced
pressure. The crude product was purified by flaslumn chromatography (10 %
MeOH/CH,Cl,) to give 62 mg (38 % vyield) of 9 as a purple softti NMR (DMSO-dg
500 Mhz):5 = 10.16 (s, 2H), 8.19 (s, 1H), 7.99 (s 8.0 Hz, 1H), 7.93 (d] = 8.5 Hz,
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2H), 7.72 (s, 3H), 7.62 (s, 6H), 7.38 (&= 8.0, 1H), 7.32 (d) = 9.5 Hz, 2H), 7.17 (dd]
= 9.5, 2.5 Hz, 2H), 6.99 (d,= 2.5 Hz, 2H), 6.70 (d] = 2.5 Hz, 2H), 6.65 (d] = 9.0 Hz,
2H), 6.58 (dd,J = 9.0, 2.5 Hz, 2H), 3.30 (s, 12H)’C NMR (DMSO4ds, 125 Mhz):
5=HRMS (ESI)m/z(M*) calcd for GsH33N206" 697.2339 found 697.2363.
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5-bromo-2',7'-dichlorofluorescein-3',6'-diacetate. 50.0 g of 4-chlororesorcinol (346
mmol) and 35.7 g of 4-bromophthalic anhydride (B5Wmol) were heated to 200 °C for
24 h. It was then allowed to cool to room tempaebefore venting the flask. A dark
orange/brown solid was obtained and dissolved fhiicgent amount of 1 N NaOH (ca.
1.5 L). This solution was filtered and the reswgtfiltrate carefully acidified to pH 2.5
using concentrated HCI in an ice bath. An orangeipitate was obtained, this mixture
was allowed to stand in an ice bath for about Efote filtrating. The orange solid was
collected by filtration, and dissolved in 25'B®OH/CHC}, dried over NgSO,, filtered
and concentrated in vacuo. The orange solid obdlawvas dried under vacuum and 300
mL of acetic anhydride was then added, and thetisaluefluxed at 150 °C for 4 h. It
was then concentrated in vacuo, and ca. 150 mh feegtic anhydride added. The
solution was heated then allowed to crystallizéhisTrecrystallization was repeated at
least six more times to increase the purity ofdasired isomer obtaining 35.5 g (40 %)
of the desired product as a white crystalline solidp = 235 - 237 °C'H NMR (500
MHz, CDCkL): 6=8.21 (ddJ=1.8, 0.7 Hz, 1H), 7.88 (dd,= 7.9, 1.9 Hz, 1H), 7.17 (s,
2H), 7.12 (ddJ = 8.2, 0.7 Hz, 1H), 6.80 (2, 2H), 2.38 (s, 6)c NMR (125 MHz,
DMSO-d6): & = 168.0, 166.6, 150.0, 149.4, 148.4, 138.8, 12928.3, 128.0, 126.2,
124.0, 122.0, 117.2, 113.2, 80.0, 20.4; ES HRMScdcafor G4H;13BrCl,0;
(M+Li) ":568.9382; found: 568.9344. TLC (60% EtOAc/HexarRsy 0.80
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5-bromo-2',7'-dichlorofluorescein. 10 g of 5-bromo-2',7'-dichlorofluorescein diacetate
(17.7 mmol) and 9.8 g of potassium carbonate (#Or#bl) were combined and stirred in
a 1:1 mixture of methanol/THF at 25 °C for 4 h. eTdark brown/orange solution
obtained was filtered and concentrated in vacube d@btained solid was dissolved in
water and carefully acidified to pH 2.5 using 1 KCIH The precipitate obtained was
filtered, dissolved in 25 %rOH/CHCE, washed with 2 x 200 mL brine, 2 x 200 mL
H,O, dried over Nz5Q,, filtered and concentrated in vacuo obtaining @.6-99%) of
the desired product as a brick red color sotid.NMR (500 MHz, CROD): & = 8.21 (d,
J=1.9 Hz, 1H), 7.95 (dd] = 8.0, 1.9 Hz, 1H), 7.19 (d,= 8.0 Hz, 1H), 6.83 (s, 2H),
6.71 (s, 2H);**C NMR (125 MHz, DMSQOd6): & = 166.9, 155.3, 150.4, 150.1, 138.6,
128.5, 128.4, 127.9, 126.0, 123.5, 116.4, 109.98.6,062.1; ES HRMS calcd for
CooHoBrCl,0s (M-H): 476.8932; found: 476.8940. TLC (10 % MeOHKCH) R; =
0.46
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5-bromodichlorofluorescein diallyl. 10.5 g (21.9 mmol) of 5-bromo-2',7'-
dichlorofluorescein and 12.09 g (87.5 mmol) pdtasscarbonate were combined in
150 ml DMF and stirred at 25 °C for 10 min. Tostkplution, 7.6 ml (87.5 mmol) allyl
bromide was added dropwise and stirred for 24 he feBaction mixture was cooled to 0
°C in an ice bath and added to 500 ml ice cold wate bright orange precipitate was
obtained. It was filtered and dried under vacuuhime product was further purified by
recrystallization from EtOH obtaining 10.2 g (85 ®6)a bright orange solid*H NMR
(500 MHz, CDC}): 6 = 8.46 (dJ = 2.0 Hz, 1H), 7.95 (ddl = 8.2, 2.0 Hz, 1H), 7.22 (d,
J=8.0 Hz, 1H), 7.04 (s, 1H), 7.02 (s, 1H), 6.951(d), 6.61 (s, 1H), 6.15 (m, 1H), 5.77
(m, 1H), 5.57 (ddJ = 17.3, 1.3 Hz, 1H), 5.44 (dd,= 10.5, 1.2 Hz, 1H), 5.22 (dd,=
7.1 Hz, 1.1 Hz, 1H), 5.16 (s, 1H), 4.77 (&= 5.4 Hz, 2H), 4.6 (dJ = 6.5 Hz, 2H);"*C
NMR (125 MHz, CDCY): 6 = 177.8, 163.6, 158.7, 157.9, 152.7, 148.7, 13635,8,
134.9, 132.6, 132.2, 132.1, 131.3, 131.0, 128.1,31224.9, 121.0, 120.2, 119.5, 118.1,
115.0, 106.1, 101.5; ES HRMS calcd fogeld:/BrCl,0s (M+Li)": 564.9796; found:
564.9791; TLC (10 % MeOH/Ci€I,) R = 0.66
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5-bromo-4'-allyl-2',7'dichlorofluorescein-3-allyl ester. 8.2 g (15.1 mmol) of 5-
bromodichlorofluorescein diallyl was heated to 2@0in diphenyl ether and stirred for 7
h. It was then allowed to cool to room temperatufée resulting solution was passed
through a silica gel column eluting with 100 % £H) to remove diphenyl ether. The
desired product was eluted with 10 % MeOHACH obtaining 7.8 g (95 %) of desired
product as a red/orange soltti NMR (300 MHz, CROD): & = 8.46 (s 1H), 8.07 (dd,

=, 1H), 7.42 (d,) =, 1H), 7.10 (s, 1H) 7.04 (s, 1H), 7.03 (s, 1H9%B(m, 1H), 5.59 (m,
1H), **C NMR (125 MHz, DMSOde): 3 = 163.3, 148.6, 136.2, 135.1, 133.5, 132.7,
131.4, 128.0, 126.5, 123.6, 118.6, 115.4, 114.8,20(65.8, 27.2; ES HRMS calcd for
Ca6H17BrCl,0s (M-H): 556.9558; found: 556.9547; TLC (10 % MeOH/{Hp) Ry =
0.65
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5-bromo-4'-allyl-2',7'-dichlorofluorescein. 8.2 g (15.1 mmol) of 5-bromo-4'-allyl-
2', 7'dichlorofluorescein-3-allyl ester and 3.2 ¢5.&/ mmol) of lithium hydroxide
monohydrate in 300 ml dioxane/water (10:3) wasusedtl at 100 °C for 3 h. The
solution was allowed to cool for 12 h. It was thesncentrated in vacuo to almost
dryness. dkD (400 ml) was added and stirred, acidifed withE2GI until a precipitate
formed and stirred for another 10 min. It wasefiéd, and the solid dissolved in 200 ml
25% 'PrOH/CHCE, washed with 2 x 200 ml 0.1 N HCl and 2 x 100 rh,@. The
combined aqueous layers were extracted with 1 xr@0R5%'PrOH/CHC} and added
to previous organic. Dried over p&0O,, filtered and concentrated in vacuo. Obtained
7.8 g (>99%) of the desired product as a red sdkitiNMR (500 MHz, DMSOds): & =
8.09 (d,J = 1.9 Hz, 1H), 7.93 (dd} = 8.2, 2.1 Hz, 1H), 7.42 (d,= 8.2 Hz, 1H), 7.20 (s,
1H), 6.74 (s, 1H), 6.04 (m, 1H), 5.44 (ddbF 17.2, 1.8 Hz, 1H), 5.32 (dd,= 10.7, 1.6
Hz, 1H), 4.75 (d,J = 5, 2H);**C NMR (125 MHz, DMSOde): 5 = 176.7, 163.8, 161.3,
157.5, 155.55=, 154.31=, 135.2, 132.9, 131.8, 13130.9, 130.0, 124.8, 123.5, 121.1,
120.1, 119.2, 116.6, 116.3, 116.0, 114.5, 103.3,2;2€S HRMS calcd for
Ca3H13BrCl,0s (M-H): 516.9245; found: 516.9240; TLC (10 % MeOH/CH) R; =
0.60.
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5-bromo-4'-allyl-2',7'-dichlorofluorescein-3',6'-diacetate. 7.8 g (15.1 mmol) of 5-
bromodichlorofluorescein alllyl was refluxed inetic anhydride at 150 °C for 4 h. It
was then concentrated in vacuo. Recrystallizeoh fagetic anhydride to afford 7.5 g (80
%) of the desired product as a crystalline whitédsomp: 200.1 - 2002.4 °C*H NMR
(500 MHz, CDCH): 6 = 8.21 (s, 1H), 7.87 (dd,= 8.3, 1.7 Hz, 1H), 7.21 (s, 1H), 7.13 (d,
J=28.3, 1H), 6.88 (s, 1H), 6.77 (s, 1H), 5.89 (H),15.15 (dJ = 1.6 Hz, 1H), 5.12 (d]

= 1.6 Hz, 1H), 3.56 (s, 1H), 2.38 (s, 6H};C NMR (125 MHz, CDGJ): & = 168.3,
168.0, 167.2, 150.6, 150.0, 148.9, 148.3, 147.8,21334.0, 129.1, 128.9, 128.1, 126.6,
126.0, 125.2, 123.9, 123.6, 123.2, 117.3, 117.7,001113.2, 81.3, 29.5, 20.9, 20.8; ES
HRMS calcd for G/H1/BrClL,O; (M+H)™: 602.9613; found: 602.9603; TLC (60 %
EtOAc/Hexanes) R=0.78
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5-bromo-2',7'-dichloro-4'-carboxyfluorescein-3',6'-diacetate. 0.5 g (0.8 mmol) of 5-
bromodichlorofluorescein diacetate allyl dissolvedb0 ml acetone was cooled to -78
°C. The solution was flushed with oxygen for 1Gnthen ozonolysed for 45 min. The
solution was quenched with 5 eq. of Jone's reaf¢s€r.Os ; H.SO, in H,O) and
allowed to slowly warm to 25 °C for 12 h. The g@o was then filtered, and the
resulting solution concentrated in vacuo until mokthe acetone had evaporated. A
yellow precipitate was formed which was collectadfitiration. Washed with 2 x 200
ml H,O and dried under high vacuum NMR (500 MHz, CROD): 8= 8.22 (s, 1H),
7.93 (ddJ=2.9, 8.3, 1H), 7.21 (d,= 8.3, 1H), 6.87 (s, 1H), 6.75 (s, 2H), 3.73 (4);2
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AcO O o O OAc
2', 7'-dichloro-5-ethynyl-3-oxo-3-spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl
diethanoate  2',7'-dichloro-3-oxo-5-((trimethylsilyl)ethynylBH-spiro[isobenzofuran-
1,9'-xanthene]-3',6'-diyl diethanoate (290 mg, ©6.48mol) was dissolved in 10 mL
CH,Cl,. Then the mixture was cooled to -%8 for 15 min. To the solution was added
tetrabutyl ammonium fluoride (TBAF, 1.50mL, 1.0Mjogwise. Then the solution was
slowly warmed up to room temperature. The reacsoivent was removed under
reduced pressure and the crude product was pubfiethsh column eluting with 66%
hexane:ethyl acetate to give the desired produat\aiite yellow solid (125 mg, 49%).
'H NMR (500 MHz, CDGJ): & = 8.15 (m, 1H), 7.81 (dd,= 8.0, 1.5 Hz, 2H), 7.17(dd,
= 8.0, 1.0 Hz, 1H), 7.15 (s, 2H), 6.86 (s, 2H),73(8, 1H), 2.36 (s, 6H)°C NMR (125
MHz, CDCk): 6 = 167.9, 167.5, 151.4, 149.6, 148.5, 139.2, 128,8, 126.0, 125.2,
124.1, 122.7, 117.0, 112.8, 81.2, 80.5, 80.4, 2RALDI MS calcd for GeH1sCloO;"
(M+H)*: 509.0117; found: 509.0167; TLC (50 % EtOAc-HexanRf = 0.50.
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CHAPTER VI

5-nitro-2',7'-dichlorofluorescein-3',6'-diacetate.

11.6 g (60.4 mmol) of 4-nitrophthalic anhydride ahd.46 g (120.8 mmol) of 4-
chlororesorcinol were heated to 200 °C for 24 hwads then allowed to cool to room
temperature before venting the flask. A dark oedlogpwn solid was obtained and
dissolved in sufficient amount of 1 N NaOH (ca. L)0 This solution was filtered and
the resulting filtrate carefully acidified to pH52using concentrated HCI in an ice bath.
An orange precipitate was obtained, this mixturs aidowed to stand in an ice bath for
about 1 h before filtrating. The orange solid wabBected by filtration, and dissolved in
25 %'PrOH/CHCE, dried over NgSOQ, filtered and concentrated in vacuo. The orange
solid obtained was dried under vacuum and 300 mécetic anhydride was then added,
and the solution refluxed at 150 °C for 4 h. Itswvihen concentrated in vacuo, and ca.
150 ml fresh acetic anhydride added. The solutias heated then allowed to
crystallize. This recrystallization was repeatédeast six more times to increase the
purity of the desired isomer obtaining 16.1 g (5P @fothe desired product as a white
crystalline solid. M.p. = compound decomposes aual210 °C;*H NMR (500 MHz,
CDCl): 6=8.91 (ddJ = 2.2, 0.6 Hz, 1H), 8.6 (dd,= 8.3, 2.2 Hz, 1H), 7.42 (d,= 9.1
Hz, 1H), 7.21 (s, 2H), 6.87 (s, 2H), 2.23 (s, 6% NMR (126 MH, CDC})): & = 168.0,
166.2, 156.8, 149.6, 149.1, 130.8, 128.7, 128.7,31225.7, 123.3, 121.6, 116.1, 113.3,
80.9, 20.8. ES HRMS calcd forAE1sCI,NOg (M + Li)* : 536.0127; found: 536.0121.
TLC (60 % EtOAc/Hexanes):{R= 0.73; Anal. Calcd for &H13CI,NOg: C, 54.36; H,
2.47; 0O, 27.16. Found C, 54.29; H, 2.53; O, 27.41.
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NO,

O CO,H

Cl N Cl

HO O o) O o
5-nitro-2',7'-dichlorofluorescein.
2.4 g (4.52 mmol) of 5-nitro-2',7'-dichlorofluoresi diacetate and 2.5 g (18.1 mmol) of
potassium carbonate were combined and stirredlid anixture of methanol/THF at 25
°C for 4 h. The dark brown/orange solution obtdimes filtered and concentrated in
vacuo. The obtained solid was dissolved in water@refully acidified to pH 2.5 using
1 N HCI. The precipitate obtained was filteredsstilved in 25 %PrOH/CHC}, washed
with 2 x 200 mL brine, 2 x 200 mLJ@, dried over Ng5Q,, filtered and concentrated in
vacuo obtaining 1.84 g (90 %) of the desired prodsca brick red color solid. M.p. =
compound decompose¥d NMR (500 MHz, CROD): & = 8.85 (d,J = 2.2 Hz, 1H),
8.62 (dd,J = 8.4, 2.3 Hz, 1H), 7.51 (d,= 8.4 Hz, 1H), 6.86 (s, 2H), 6.78 (s, 2C
NMR (75 MHz, COD): 6 = 168.6, 157.9, 152.5, 151.2, 131.4, 129.7, 12¥22.3,
119.2, 114.5, 111.3, 105.1; ES HRMS calcd fosHgCI,NO; (M - H) : 443.9756;

found: 443.9837; TLC (10 % MeOH/CHIl): R = 0.59; Anal. Calcd for
CooH11CIbNO7: C, 53.59; H, 2.47; N, 3.13. Found: C, 53.582H4; N, 2.87.
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NH,

O CO,H

Cl N Cl

HO O o) O o
5-amino-2',7'-dichlorofluorescein.
1.0 g (1.88 mmol) of 5-nitro-2',7'-dichlorofluoresie diacetate was dissolved in 20 ml of
MeOH:THF (5:1) mixture. To this solution, 5 mL 2N NH; in MeOH was added and
allowed to stir at 25 °C for 2 h, after which timieC showed completion of the reaction.
It was then concentrated under vacuum. The oldaiesdue was dissolved in 15 mL of
5 % H,O/MeOH. To this solution, 110 mg (1.88 mmol) Ramigkel was added and
stirred under hydrogen (1 atm) for 1.5 h. (It mpbrtant to stop the reaction
immediately after starting material has disappéarékhe reaction mixture was filtered
through celite and concentrated under vacuum. a yurther purified by silica gel
column chromatography (1:1 MeOH/@El;), and the obtained dark red solid
recrystallized from approximate 1:1 mixture of E4FHOH obtaining 460 mg (59 %) of
fine red crystals. M.p.= decomposes at about 128H@QIMR (500 MHz, DMSO+dg): &
=11.06 (s, 1H), 7.04 (d,= 1.8 Hz, 1H), 7.00 (dd] = 2.1 Hz; 8.2 Hz, 1H), 6.95 (d,=
8.2 Hz, 1H), 6.88 (m, 2H), 6.66 (m, 2H), 5.19 (iH); °C NMR (126 MHz, DMSOd):
0 = 169.6, 155.6, 155.6, 151.0, 150.9, 139.6, 13828.8, 127.9, 124.9, 124.9, 122.9,
116.7, 112.2, 107.5, 104.3, 95.0, 82.0, 56.7, 19@3F MS calcd for gH1:CI,NOs:

416.00; found: 416.99 (M+H); TLC (30 % MeOH/@El,): R; = 0.63. Anal. Calcd for
Co0H11CIoNOs: C, 57.71; H, 2.66; N, 3.37. Found: C, 57.78; H13N, 3.24.



105

2000

1500

1000

500

£99°9 —

€880
G¥6'9
2969

866'9 ——->

c00°L
8L0L
0¥0°L
€v0L

PO0°LL

) > 2.00

|rww 518

— - ﬁ Fam

50

ppm (f1)



106

N3

‘ CO,H
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5-azido-2’, 7’-dichlorofluorescein (4). 15 mg (0.036 mmol) of 5-amino-2’, 7'-
dichlorofluorescein was dissolved in 2 mL of®HHCI (1:1) and 1 mL absolute ethanol,
sonicated until dissolved and cooled to O °C incanbath. To this solution, 5 mg (0.072
mmol) of NaNQ dissolved in 0.5 mL of B0 was added dropwise to the previous
solution. The reaction was placed under nitrogsh @lowed to stir for 1 h until TLC
indicated the reaction was complete. At this pdntyg (0.043 mmol) of Naj\dissolved

in 0.1 mL HO was added dropwise and the solution was allowesiarm slowly to 25
°C while stirring for 6 h. It was then washed wiziX 50 mL brine solution, dried over
anhydrous Ng5O, filtered and concentrated under vacuum. It wathér purified by a
silica gel column chromatography (10 % MeOHACH) obtaining 8 mg (47 %) of an
orange solid. R= 0.59 (10 % MeOH/CKLCI,); M.p: compound decomposes ca. 159
°C;'H NMR (500 MHz, CDCJ) 5 = 7.69 (d,J = 1.9 Hz, 1H), 7.33 (dd] = 8.3, 2.2 Hz,
1H), 7.14 (d,J = 8.3 Hz, 1H), 6.94 (s, 2H), 6.72 (s, 2HJC NMR (126 MH, 10 %
CD;OD/ CDCk): o= 168.5, 151.3, 143.1, 128.7, 128.5, 126.5, 1261K.3, 110.8,
104.0, 90.9; HRMS-ESm/z (M - H) calcd for GoHoCIoN3Os: 439.9846; found:
439.9841; Anal. Calcd for igHoCl:N3Os: C, 54.32; H, 2.05; N, 9.50. Found C, 51.50;
H, 3.33; N, 7.08
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HO O o] ‘ o)
5-(4,6-dichloro-1,3,5-triazin-2-ylamino)-2-(2,7-dibloro-6-hydroxy-3-oxo-3H-
xanthen-9-yl)benzoic acid
A solution of 5-amino-2',7'-dichlorofluorescein 908y (2.16 mmol) in methanol (25
mL) was added dropwise into a solution of cyanehride (518 mg; 2.81 mmol) in
CH.Cl, at 0°C. The reaction mixture was stirred at@ for 2 h. After that conc. HCI
(0.7 mL) was added and reaction stirred for 1h &CO0 The reaction mixture was
concentrated under vacuum. It was further puribgdilica gel column chromatography
(d=2cm, h=15cm, 1:9 MeOH/GEI, + 0.1% AcOH), the product was obtained as
dark yellow solid. Yield 1.05 g (86 %). M.p. = comynds decomposes at about 320 °C;
'H NMR (500 MHz, DMSOde): & = 11.61 (s, 1H), 11.12 (s, 1H), 8.33 (o= 1.9 Hz,
1H), 7.95 (dd,) = 1.9Hz; 8.3 Hz, 1H), 7.39 (d,= 8.3, 1H), 6.91 (s, 2H) ), 6.74 (m, 2H);
3C NMR (126 MHz, DMSQdg): & = 171.2, 170.2, 169.7, 169.7, 168.6, 164.7, 155.9,
155.8, 150.8, 139.9, 129.1, 129.1, 129.0, 127.6,3,2117.0, 111.0, 104.3, 56.7, 19.3.
TOF MS caled for @H;0ClI4N4Os 564.16; found: 562. (M-H); TLC (10 %
MeOH/CH,Cl, +0.1% AcOH): TLC (10 % MeOH/C}LCI, +0.1% AcOH): R= 0.61.
Anal. Calcd for GsH10CI4sN4Os: C, 48.97; H, 1.79; N, 9.93. Found: C, 49.05; (02N,
9.92.
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