Aarhus Green: A tetrafluoro-substituted derivative of fluorescein
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Abstract

The synthesis and characterization of a 2',4’,5tetrafluorinated derivative of fluorescein,
called Aarhus Green, is reported. As with related7’-@ifluorinated compounds,
tetrafluorination of the xanthene-derived moietyke®the more fluorescent anion accessible
over a larger pH range. However, in contrast tabliphed report, we find that fluorination in
the 4’ and 5’ positions does not appreciably deszabe fluorescence quantum yiald,Rather,
Aarhus Green has a reasonably lage(0.79 + 0.04). Moreover, Aarhus Green does not
efficiently sensitize the production of singlet gey and it is photostable. Thus, tetrafluorination
of the xanthene moiety in fluorescein derivativesm de a useful tool in the development of
fluorescent probes.
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Introduction

Fluorescein and derivatives of fluorescein are comiynused as fluorescent probem this
regard, a key issue is the pH of the medium in Whie molecule is dissolvéd. Specifically,
the quantum efficiency of fluorescenag, for the neutral molecule is small (~ 0.3 — d:2).
However, under alkaline conditions, where the xan#arelated chromophore/fluorophore exists
as the aniong is much largeri(e., 0.92 for fluoresceinj®® This point is illustrated in Figure 1.
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Figure 1. lllustration of the pH-dependent changes in flgogn that influence the quantum
yields of fluorescence and photosensitized singkggen, Q(alAg), production’ The principal
chromophore/fluorophore/sensitizer in this moleciglehe 7 system of the xanthene-derived
moiety.

In an attempt to render this fluorophore more wisefider physiological conditions or more
acidic conditions in general, it is acknowledgedttadding electron-withdrawing halogen atoms
to the xanthene-derived moiety reduces tikg palue. This has been explicitly shown, for
example, with the difluorinated derivatives Penmagia Greeh and Oregon Greén(see
structures in Figure 2). Thus, the fluorinated d#ives become a more useful probe simply
because they are strongly fluorescent over a lgpigenange.

H l Me l Me
LX) Xrrx
OH O (0] OH O (0] OH

Fluorescein Tokyo Green Pennsylvania Green
HO,C
C
CO,H Z > Co,H CO,H
F ! _ ! F F ! _— [ F F F
(0) (0) OH O (0) OH (0] OH
F F
Oregon Green 5(6)-carboxy-Oregon Green 4°,5-difluoro-Oregon Green

Figure 2. Structures of selected fluorescein derivativexywsh as the neutral species. The
accepted numbering system for these moleculesowrston the structure of fluorescein in the

upper left corner.
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It has also been shown that, relative to the aéspecies, the anion of the xanthene moiety
in such fluorescein derivatives is a poor photosizes for the production of singlet molecular
oxygen, Q(alAg).7 This is a desirable attribute in many applicatiomse would want a benign
probe that does not generate reactive oxygen sp#t could perturb the system under study.
Correlated to this is the fact that the anion isegally also more stable than the corresponding
neutral compound upon prolonged irradiatioe.,( because it does not make mucf(abxg) it
does not photobleach as readily).

As seen in Figure 2, Pennsylvania Green and Or&geen are fluorinated in the 2’ and 7’
positions of the xanthene moiety. This is importanthe context of work published by Sen
al.? Specifically, they indicated that fluorination tine 2’ and 7’ positions had little or no effect
on the quantum efficiency of fluorescence relativéhe fluorescein dianiorg(= 0.92), whereas
fluorination in the 4’ and 5’ positions decreaskd tluorescence quantum yield appreciably.

As a consequence of some recent work on the dewelot of a fluorescent sensor for
Oz(alAg,),7 called Aarhus Sensor Green, we set out to invastigproperties of 2',4',5",7-
tetrafluorinated derivatives of fluorescein. In trast to Suret al.,®> we found that fluorination in
the 4’ and 5’ positions of the xanthene moiety niid have an adverse effect on the fluorescence
guantum yield. Our observations were made usingdnepounds shown in Figure 3. Following
the tradition of nomenclature in this field.d., Tokyo, Pennsylvania, and Oregon Greens), we
call our parent tetrafluorinated derivative Aarl@reen.

Aarhus Green 5-carboxy-Aarhus Green

Figure 3. Structures of Aarhus Green and 5-carboxy-Aarhuse@r shown as the neutral
species.

Here, we report the synthesis of Aarhus Greentla@d-carboxy derivative of Aarhus Green
(Figure 3). We also present the results of expertmased to characterize the photophysical and
photochemical properties of these compounds. Weclegda that tetrafluorination of the
xanthene moiety in a fluorescein derivative doestnezessarily have adverse effects. Indeed,
tetrafluorination can have distinct advantages wéspect to difluorinated derivatives and, as
such, can be a useful tool in the developmentuairéiscent probes.
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Results and Discussion

Synthesis of Aarhus Green

The approach used to prepare the precursor oéttadltiorinated xanthene core in Aarhus Green
is shown in Scheme 1. Although this approach ieth@m published procedur&s’ compounds

4 and5 are, to our knowledge, novel.

OoN F OoN F  ~HHCO, HoN F
NaOMe 10 % Pd/C
MeOH MeOH
F F o°Ctort MeO OMe rt.4nh MeO OMe
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16 h 20 sec
69% F 82%
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Scheme 1.General synthetic scheme to prepare the precwofstire tetrafluorinated xanthene
moiety used in the preparation of both Aarhus Graaah5-carboxy-Aarhus Green.

For the addition of the aryl group to compousndve modified and optimized a procedure
originally published by Mottramet al.* (Scheme 2). The subsequent ring closure to make th
xanthene-related moiety was achieved using a shigidification of a procedure published by
Yang, et al.’ In this latter case, we prefer the more easilydhethHBr/AcOH instead of BBifor
the ring closure (Scheme 2) despite the need farakadditions of HBr/AcOH (possibly due to
leakage of HBr from the reaction vessel).

R

_HBUACOH__ =
ref'lux 32h

R=H, Aarhus Green (78 %)
R=CO,H, 5-CO,H-Aarhus Green (79%)

OMe O oor

2-bromotoluene
O O n- BuLl
MeO MeO OMe -78 OC tor.t

F o.n.
5

Scheme 2.Synthetic scheme to add the pendant aryl groupcandtruct the xanthene-related
core in both Aarhus Green and 5-carboxy-Aarhus iGreéer the preparation of Aarhus Green, 2-
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bromotoluene was used in the first step, whereagpoand9 was used for the preparation of 5-
carboxy-Aarhus Green.

Synthesis of 5-carboxy-Aarhus Green

To render a given fluorescent probe more usefutait be helpful to append a group that
facilitates further functionalization reactions.g(, attach the probe to a protein). For these
fluorescein derivatives, a carboxyl group often keowell*° As such, we set out to also prepare
5-carboxy-Aarhus Green.

To this end, the procedure shown in Scheme 2 Vgasused. However, to add the properly
functionalized pendant aryl group, the esgrshown in Scheme 3 was used instead of
2-bromotoluene used in the preparation of Aarhuse@rIn the ring closure reaction shown in
Scheme 2, this ester is hydrolyzed to yield therdds<arboxy group.

Bu/O ©
Boc,0
_DMAP
TrBuOH
Me 60°C,o.n. Me
69% Br

Scheme 3.Procedure to prepare the pendant aryl group usethé synthesis of 5-carboxy-
Aarhus Green!

It is important to note that, using this procedwve only obtain the 5-carboxy isomer. In the
approach used by Swet al.® to prepare the corresponding carboxylated 4’,8itdio Oregon
Greens, a mixture of the 5- and 6-carboxy isomexohtained (Figure 2 and Scheme 4).

Mixture of the 5- and 6-carboxy isomers

Scheme 4lllustration of the process used by Saial.® to make the carboxylated 4’,5™-difluoro-
Oregon Green that results in a mixture of the B @carboxy isomers.

Photophysical and photochemical properties: absorfpdn and emission spectra

The absorption and emission spectra of Aarhus Gaeershown in Figure 4. The data obtained
are consistent with those from other fluorinatedwagives of fluorescein.
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Figure 4. Absorption (solid line) and emission (dashed lisiggctra of Aarhus Green recorded in

a phosphate-buffered aqueous solution (pH 7.4).Fhgof the

absorption band is 509 nm and

the Amax Of the emission band is 529 nm. The corresponsipegtra of 5-carboxy-Aarhus Green
are essentially identical, with an absorptitaax of 511 nm and an emissidiax of 532 nm.

Photophysical and photochemical properties: fluoresence quantum yields

Quantum vyields of fluorescence were determineds&ected fluorescein derivatives at pH 7.4
(i.e., phosphate buffered solutions) and at pH 5.0. &legperiments were performed using an
alkaline HO-based solution of fluorescein as the standarth wit= 0.92 + 0.02. The data

obtained are shown in Table 1.

Table 1. Quantum yields of fluorescencek, and Q(alAg) production, @, determined at

different pH values for several fluorescein derived

Compound ¢ ¢ A A
pH 7.4 pH50 pH74 pH 4.7
Fluorescein 0.92 0.14
Pennsylvania Green 091 0.05
5(6)-carboxy-4',5’-difluorofluorescein 0.43
5(6)-carboxy-4',5'-difluoro-Oregon Green  0.59
5(6)-carboxy-Oregon Green 0.92/¢592 0.80 0.027 0.26
4’ 5’-difluoro-Oregon Green 0.95 0.75 0.059 0.027
Aarhus Green 0.79 0.79 0.095 0.045
5-carboxy-Aarhus Green 0.77 0.76 0.092 0.037

2 Errors on all quantum yields determined in thisdgtare ~ + 5% of the value showhvalue

reported by Sunet al.> and Magdegt al.? ¢ From Pederseret
® From Sungt al., determined at pH 9.
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Let us first consider the data recorded under ratikaline conditions. It is clear that for the
2, 7’-difluoro substituted compound 5(6)-carboxye@Qon Green, data we recorded are
consistent with the data of Sua al.® In short, we both agree that this compound is lgigh
fluorescent withgs = 0.92.

However, our results differ from those of Seh al.® when considering the 4'5'-
difluorinated and 2',4',5’,7'-tetrafluorinated dedtives. To emphasize these data in particular,
they are presented in bold font in Table 1. Tha datorded by Suet al., indicate that when the
xanthene moiety is fluorinated in the 4° and 5’ iioss, the quantum yield of fluorescence is
comparatively small (0.43 and 0.59 for the examgleswn in Table 1). Indeed, these results
contributed to their overall conclusion that fluation in the 4 and 5 positions adversely
influences the fluorescence yield. It is also iegting to note that their data were recorded at the
more alkaline pH value of 9 which should drive #driilibrium shown in Figure 1 further to the
more fluorescent anionic forms. In contrast, dagar@corded from compounds fluorinated in the
4’ and 5’ position all have much larger quantumldgeof fluorescence than the corresponding
compounds of Surgt al. For example, Aarhus Green has a quantum yield.#d = 0.04 and
4’ 5'-difluoro-Oregon Greenife., tetrafluorofluorescein) has a quantum yield @50+ 0.05.
Admittedly, we did not examine the exact same camgs studied by Suet al. Specifically,
the dicarboxylated pendant phenyl group in the cumgs they studied might contribute to the
smaller values ofx that they report. Nevertheless, our data certaimdijcate that 4’ and 5’
fluorination on the xanthene moiety does not alwagge an adverse effect on the fluorescence
guantum yield of a fluorescein derivative.

The data in Table 1 also appear to show one alguatpected advantage of using a
tetrafluorinated derivative. The fluorescence quantyields of both Aarhus Green and
5-carboxy-Aarhus Green do not decrease as the pHca®ased from 7.4 to 5. This presumably
reflects the fact that the four electron withdragvifuorine atoms further stabilize the xanthene-
derived anion reducing theKp value of the compound. On the other hand, therdlsmence
guantum vyield of 5(6)-carboxy-Oregon Green, whishai difluorinated compound, decreases
slightly as the pH is reduced to a value of 5. Ehesints are supported by titration curves shown
in Figure 5. A complicating caveat here is that also observe a slight decrease in the
fluorescence quantum yield for 4’,5’-difluoro-OregGreen. To account for this observation, we
can only speculate that tloetho-substituted carboxyl group in the pendant arylugref the
Oregon Greens imparts unique behavior that sets #part from the Aarhus Greens that have a
methyl group in this same position.
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Figure 5. Plots of the normalized fluorescence intenditggainst solution pH for Aarhus Green
(filled circles), 5(6)-carboxy-Oregon Green (opeiarigles), and Pennsylvania Green (filled
squares). The solid lines were obtained using dldeneciprocal plot of against pH and yield
pKavalues of 3.1 £ 0.1, 4.2 £ 0.1, and 4.7 + 0.1tfa@se three compounds, respectively.

Photophysical and photochemical properties: singlebxygen quantum yields
In a previous study, we demonstrated that the cativel addition of more fluorine atoms to the
xanthene chromophore in fluorescein derivatives afluences the quantum yield of sensitized
Oz(alAg) production,g.” In short, by shifting thek, to smaller values, one favors the formation
of the xanthene-derived anion over a larger pH easge Figure 1) which, in turn, is a poorer
O,(a'Ag) sensitizer than the neutral form of the chromaplio

The data shown in Table 1 are also consistent thighmodel. Specifically, 5(6)-carboxy-
Oregon Green, which is a difluorinated compoundsiizes the production of £&'Ag) with a
yield of 0.26 at pH 4.7. However, the three tetrafinated compounds examined in this study all
have yields of sensitizedzalAg) production that are much smaller at pH 4.7.

Photophysical and photochemical properties: photolglaching

Another important parameter of a molecule used fasosescent probe is the extent to which it
degradesi(e., bleaches) upon prolonged irradiatiord.Although many events can contribute to
this potentially complicated process, there is rukd that the photobleaching process is
generally exacerbated in oxygen-containing solgtiand under conditions in which an excited
state of the probe can sensitize the producticy('Ay).

In an attempt to quantify the relative susceptipibf selected fluorescein derivatives,
including Aarhus Green and 5-carboxy-Aarhus Greéerphotobleaching, we used a technique
published by Suset al.® in which percent changes in the fluorescence sitgwof the compound
were monitored as a function of elapsed irradiatiore. The resultant data, shown in Table 2,
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indicate that fluorination indeed also imparts ¢gee@hotostability to the fluorescein derivative.
This conclusion is consistent with those of $ual.,*> and Mottraret al.*

Table 2. Parameters that quantify the susceptibility of ctel@ fluorescein derivatives to
photobleaching in air-saturated aqueous solutiopsia/.4

Compound Bleaching Parametet
pH 7.4
Fluorescein 25
5(6)-carboxy-Oregon Green 12
4',5’-difluoro-Oregon Green 7
Aarhus Green 8
5-carboxy-Aarhus Green 10

@ Percentage decrease of fluorescence intensitysumeghat thelmax of emission, upon 30 min of
irradiation in a fluorimeter at thén.x of the compound’s absorption spectrum. In all sase
solutions were prepared to have an absorbancd @it @max.

Conclusions

We have prepared and characterized new fluorinaemavatives of fluorescein that have
desirable properties for use as a fluorescent priglost of these properties reflect the fact that
the xanthene-derived chromophore/fluorophore ha lsibstituted with four fluorine atoms.
Moreover, we demonstrate that the placement ofifiecatoms at the 4’ and 5’ positions on the
xanthene moiety in the fluorescein derivative doesnecessarily have an adverse effect on the
guantum vyield of fluorescence. Given the propertie®arhus Green reported herein, it could
also serve as a useful fluorescence quantum yiatdiard over a large pH range.

Experimental Section

General. The instrumentation and approaches used to qudhidrescence quantum yields and
Oz(alAg) quantum yields have been reported previolsly.

The general methods used for the preparation,tisnlgpurification and characterization of our
compounds have likewise been reported previoldByriefly, air- and moisture sensitive
reactions were conducted in flame-dried glasswadeuan atmosphere of argon. Anhydrous
solvents were dried over aluminum oxide and dispérisom a solvent purification system. All
other chemicals were used as received without duntlurification. Flash chromatography was
carried out on silica gel 60 (230-400 mesh). TL@lgsis was conducted on silica gel coated
aluminum foil (Kieselgel 60 F254). Microwave heatedctions were performed using a Biotage
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Initiator 2.0 microwave synthesizer. The, **C and'°F NMR spectra were recorded at 400, 100
and 376 MHz, respectively. The chemical shifts floe NMR spectra are reported in ppm
relative to the solvent residual peak. HRMS wendgomed on a LC TOF (ES) instrument. The
synthesis and characterization of 1,3-difluoro-@&ethoxy-5-nitrobenzene2) and 3,5-
difluoro-2,4-dimethoxyanilined) are published elsewheté!?

1,3-Difluoro-5-iodo-2,4-dimethoxybenzene (4)3,5-Difluoro-2,4-dimethoxyaniline3) (4.13 g,
21.8 mmol) was added to a stirred solution of agaddCl (0.3 M, 72 mL) kept at 4 °C. The
stirred mixture was treated with a cold sodiumitatsolution (2.50 g, 36.2 mmol) in water (49
mL). After stirring for 30 min, sodium iodide (1&8, 72.4 mmol) was added slowly. The
reaction mixture was slowly allowed to reach ro@mperature overnight. The reaction was
neutralized with 1 M NaOH and the aqueous layerseevextracted with dichloromethane, and
the combined organic fractions were dried {8&,;), and solvents removeth vacuo. The
obtained residue was purified with flash columnochatography (pentane/EtOAc, 7:3) giving
pure4 as an oil (4.56 g, 69%MR; (pentane/EtOAc, 7:3) = 0.38H NMR (400 MHz, CDCY): dy
ppm 7.34-7.25 (m, 1H), 4.03-3.97 (m, 3H), 3.91-3186 3H).°F NMR (377 MHz, CDGJ): J¢
ppm 132.8 (s, 1F), 141.5 (s, 1EC NMR (100 MHz, CDGJ): éc ppm 153.2 (m), 150.7 (m),
150.0 (m), 147.5 (m), 145.5 (m), 138.0 (m), 12@@a, 0 22.3, 3.3 Hz), 81.4 (d] 9.3 Hz), 62.0
(m), 61.6 (m). HRMS gH,F,10, [M + H]"; calculated 300.9537, found 300.9536.
Bis(3,5-difluoro-2,4-dimethoxyphenyl)methanone (5). 1,3-Difluoro-5-iodo-2,4-dimethoxy-
benzene4) (300 mg, 1.00 mmol) was added to a microwaveti@avessel and dissolved in dry
MeCN (4.2 mL). Upon addition of dicobalt octacarpb(228 mg, 0.667 mmol) bubbling was
observed. The vessel was sealed and put in a mawesynthesizer. The synthesizer was set to a
temperature of 250 °C and the time to 2 minute® iftadiation was started and subsequently
stopped after the temperature reached 130 °C, sippaitely 20 seconds. After cooling to room
temperature, the reaction mixture was filtered digfoCelite, solvents removea vacuo and the
residue was purified by flash column chromatografdighloromethane/pentane, 1:5.was
obtained as a clear oil (307 mg, 82%&j)(dichloromethane/pentane, 1:1) = 0.66.NMR (400
MHz, CDChk): d4 ppm 7.08 (dd) 11.1, 2.2 Hz, 2H), 4.10 (s, 6H), 3.70 @1.5 Hz, 6H).°F
NMR (377 MHz, CDC}): 5z ppm 133.8 (m, 2F), 144.4 (m, 2EJC NMR (100 MHz, CDGJ): d¢
ppm 189.9, 150.5 (dd} 245.5, 4.3 Hz), 148.6 (dd,148.6, 5.7 Hz), 144.4 (dd,10.8, 3.3 Hz),
140.6 (ddJ 14.4, 12.1 Hz), 127.6 (d, 5.8 Hz), 111.4 (dd) 21.7, 3.4 Hz), 62.2 (d] 5.8 Hz),
61.8 0 4.0 Hz) HRMS G7H14F40s [M + H]; calculated 375.0856, found 375.0850.
2,4,5,7-Tetrafluoro-6-hydroxy-9-(o-tolyl)-3H-xanthen-3-one (Aarhus Green). A round
bottomed flask was flame dried and flushed withoarg2-Bromotoluene (128L, 1.07 mmol)
which was dissolved in dry THF (5.3 mL) was addethe flask under an argon atmosphere and
cooled in a dry ice/acetone batihBuLi (1.6 M in hexane, 66&L, 1.07 mmol) was slowly
added to the cooled reaction mixture. Upon stirfimgl h a solution 06 (40 mg, 0.107 mmol)
dissolved in dry THF (0.5 mL) was added slowly. Tieaction was allowed to reach room
temperature overnight, upon which it was quenché&l slow addition of water. The aqueous
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layer was extracted three times with dichlorome¢hamd the combined organic fractions were
dried (MgSQ) and solvents removad vacuo. The obtained residue, containidverified by
HRMS), was added to a round bottomed flask to whicsolution of HBr (6 mL, 33 wt% in
acetic acid) was cautiously added. A reflux condengas fitted and the reaction was heated to
reflux. Every approximately™hour additional HBr (1 mL, 33 wt% in acetic acidis added.
After 32 h the reaction mixture was cooled to raemperature. Water was cautiously added and
the aqueous layer was extracted three times withlaliomethane, dried (MgSPand the
solvents were removedn vacuo. The obtained solid was purified using flash calum
chromatography (chloroform/methanol/acetic acid31lj) to giveAarhus Green as a dark red
solid (31 mg, 78%)R;: (chloroform/methanol/acetic acid, 17:3:1) = 0.38.NMR (400 MHz,
methanold,): oy ppm 7.57 — 7.41 (m, 3H), 7.23 @y.4 Hz, 1H), 6.56 (d) 11.0 Hz, 2H), 2.06
(s, 3H)."°F NMR (377 MHz, methanaty): 132.3 (ddJ 18.5, 11.3 Hz, 2F), 163.5 (d,18.6 Hz,
2F).*3C NMR (100 MHz, methanal): 157.5 (m), 155.0 (m), 154.9 (m), 144.9 (m), B4¢n),
143.8 (m), 142.5 (m), 142.4 (m), 137.3, 133.6, 83131.1, 130.1, 127.2, 108.7 (H22.2 Hz),
19.5. HRMS GgH10F403 [M + H]™; calculated 375.0642, found 375.0644.

tert-Butyl 4-bromo-3-methylbenzoate (9).DMAP (0.170 g, 1.395 mmol) and Boc-anhydride
(2.02 g, 4.65 mmol) were added to a stirred susperes 8 (1.00 g, 4.65 mmol) i-BuOH (23
mL). The suspension was heated to 60 °C, upon wdligtarting materials were solubilized and
the evolution of gas was observed. After beingesiovernight the reaction was cooled to room
temperature. The reaction was diluted with waterd aextracted three times with
dichloromethane. The organic fractions were conthizied (MgSQ) and the solvents were
removed by rotatory evaporation to give a cleawoudess oil. Purification by flash column
chromatography (pentane/dichloromethane, 9:1) adfid® (0.870 g, 69%) as a colorless oail.
Product structure and purity were verified by HRMS$, *°F and**C NMR, and the data were
found to be in accord with what has previously besorted for this compourfd.
3-Methyl-4-(2,4,5,7-tetrafluoro-6-hydroxy-3-oxo-3-xanthen-9-yl)benzoic acid (5-CGH-
Aarhus Green). Compound (181 mg, 0.668 mmol) was dissolved in dry THF (h0) in a
flame dried flask under an argon atmosphere antédao a dry ice/acetone batirBuLi (1.6 M

in hexanes, 0.420 mL, 0.668 mmol) was added drapwsng a syringe. The reaction was
stirred for 30 min at the same temperatdrés0 mg, 0.134 mmol) dissolved in THF (3 mL) was
added dropwise and the reaction was allowed tdhreamm temperature overnight. The reaction
was quenched by slow addition of saturated,GlHand THF was removed under reduced
pressure. The aqueous layer was extracted 3 tintesdiehloromethane. The organic fractions
were combined and the solvents removed under rddpoessure. The crude mixture was
purified by flash column chromatography (pentan®/At, 19:1) giving a residue containirfg
(verified by HRMS). The residue was added to a dobottomed flask to which a solution of
HBr (6 mL, 33 wt% in acetic acid) was cautiouslydad. A reflux condenser was fitted and the
reaction was heated to reflux. Every approximaﬁétlylour an additional HBr (1 mL, 33 wt% in
acetic acid) was added. After 32 h the reaction e@ded to room temperature. Water was
cautiously added and the agueous layer was extrdistee times with dichloromethane, dried
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over MgSQ. The obtained solid was purified using flash catunchromatography
(chloroform/methanol/acetic acid, 189:10:1) to gov€ O,H-Aarhus Green (44 mg, 79%) as a
red solid.Rs (chloroform/MeOH/AcOH, 100:25:1) = 0.38H NMR (400 MHz, methanot): dy
ppm 8.16 (s, 1H), 8.10. (d,8.0 Hz, 1H), 7.42 (d] 7.9 Hz, 1H), 6.70 (d] 10.4 Hz, 2H), 2.15 (s,
3H). °F NMR (377 MHz, RO): 5 ppm 131.1 (ddJ 17.2, 11.3 Hz, 2F), 162.0 (d,17.2 Hz, 2F)
13C NMR (100 MHz, methanath): 168.9, 155.5, 153.6, 152.9, 143.6, 143.5, 14™4,2, 138.3,
137.1, 134.0, 133.1, 130.7, 128.6, 114.6, 114.8,5..09.3, 19.5. HRMS 4H¢F405 [M + H]™;
calculated 419.0543, found 419.0437.

5(6)-Carboxy-Oregon Green and 4’,5’-difluoro Oregon Green were prepared using the
procedure of Suet al.® The characterization data obtained for the compqnepared were in
accord with what had been published.
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