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Nile Red (compound?) fluoresces at about 530 nm with good quantum vyields in apolar solvents. In
more polar ones its fluorescence emission shows a dramatic, and potentially useful, shift to about 640
nm, but its quantum yield is significantly reduced. Further, Nile Red has a very poor solubility in agueous
media. The hypothesis tested in this paper is that Nile Red derivatives that incorporate water-solubilizing
groups will tend to fluoresce witlgood quantum yields in aqueous media, and in the more useful
wavelength range around 640 nm. Thus three Nile Red derivatlve3, were prepared. Compourid

had three hydroxyl groups more than Nile Red, but was surprisingly insoluble in aqueous media. However,
the dicarboxylic acid?2 and carboxylic/sulfonic acid derivativé showed excellent water solubilities.
Spectral data fo2 and3 showed that they do indeed fluoresce with good quantum yields in the 640 nm
regionin aqueous medialhese properties of compoun@snd3 might be useful in the development of
fluorescent probes for biotechnology.

Introduction development of probes for intracellular imaging, for instance,
where emissions become increasingly more detectable with
wavelengths longer than that associated with autofluorescence
in the cell (typically above 550 nm).

Unfortunately, Nile Red itself has very poor solubility in
aqueous mediaso it is not a particularly useful dye for labeling

Nile Red, compound\, is a well-known fluorescent dye with
remarkable solvatochromic properties.In apolar solvents it
fluoresces with a high quantum yield in the region of 530 nm,
but in polar solvents the quantum yield is dramatically reduced
:ndréziemaegl'ssl'%g rrlnrf‘?)'i'lrr::rrne d?gﬁmscﬁ:::;cel:irgz'%azhgésenc’f most biomolecules. There has been some effort to prepare related

PP Y : . water-soluble derivatives of benzajphenoxazinium, “Nile
used extensively as a fluorescent reporter on the environment lue” 67p litt ideration has b d d
around molecules labeled with this dye. In other contexts Blue", systems3™ ut very littie consideration has been devotec
however, it would be desirable to use Nilé Red derivatives aé to development of Nile Red derivatives that could be used in
labels fo;a lications in biotechnolo§gspecially if the large aqueous medid.The closest published research that we are

ppiical 09¥sp yrn 9 aware of in this area is that by Briggs and co-workers at
bathochromic shift could be retainedithout significantly ham Co. f ina the 2-hvd i d derivatige
reducing the quantum vyield. This is particularly true for Amersham 0. featuring the 2-hydroxy Nile Re erivatizes
’ andD.?1%Their studies did not focus on the properties of these
dyes in water (the data given were in methanol), so questions
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(4) Golini, C. M.; Williams, B. W.; Foresman, J. B. Fluoresc.1998 (8) Long, J.; Wang, Y. M.; Meng, J. BChin. Chem Lett 1999 10,
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Results and Discussion
relating to bathochromic shifts and reduction of quantum yields ) ) o .
in aqueous media were not addressed. Our own unpublished Synthesis of Nile Red Derivatives 3. The synthesis
observations (made in the course of this study), however, showdeveloped for target dy& is shown in Scheme 1. 3-Amino-
that one of these derivatives, 2-hydroxy Nile Red, is not Phenol is known to undergo a facile Michael addition with
significantly soluble in aqueous media. acrylic acid to give a product that crystallizes out of the reaction

This paper concerns development of Nile Red derivatives that Mxture. This reaction gives good quality material on a
have (i) water solubility, (ii) significant quantum yields in multigram scale without necessitating chromatography. Esteri-

aqueous media, (iii) fluoresce over 600 nm (the more useful fication of the diacid formed in this way gives the diester
region for imaging in cells and tissues), and (iv) functional Which was isolated in good yields by an extraction procedure.
groups that facilitate attachment to biomolecules. Water solubil- Lithium aluminum hydride reduction f gave the correspond-

ity was identified as the critical factor to reach most of these N9 diol 5 that was then nitrosylated under aqueous conditions.
goals, for the following reason. It is generally accepted that the 1n€ nitroso product proved to be somewhat unstable so it
reduced quantum yields of Nile Red in polar media are due to WaS used without further purification. Assembly of the benzo-
aggregation of the hydrophobic, flat, benajphenoxazinone [a]lphenoxazinone skeleton was achieved via condensation of
core structured! Logically, this type of aggregation could be e nitroso compoun@ with 1,6-dihydroxynaphthalene. The
suppressed or prevented by introducing water-solubilizing productl was |solate.d via flash ch.romatography.. This was the
groups into the dye structure. In the context of this research, Oy chromatographic step used in the synthesis so it proved
that might impart water solubility, increase the quantum yields, convenient to make this product on a several gram scale.

and facilitate the attachment of these dyes to water-soluble Scheme 2 shows the synthesis that was developed for the
biomolecules. Effects on fluorescence emission maxima that {arget dye2. Nitrosylation of the diestet (see below) afforded
occur by making the Nile Red scaffold water-soluble were 7 Which was used without purification due to stability and
unknowns that had to be tested, but we speculated that theh)_/groscopmlty issues. Condensation of this nltroso_ compound
desirable red-shift in the fluorescence maxima that is observedWith 1,6-dihydroxynaphthalene gave berglphenoxazinond.
for Nile Red in polar media was less likely to be due to an This compound was isolated via flash chromatography (thg first
aggregation effect than to stabilization of a relatively polarized &nd only one in the sequence). Aqueous hydrolysis of the diester

excited state. functionalities of8 gave the corresponding diackthat could
The considerations discussed above led us to attempt syn-P€ isolated via a simple acid base extraction procedure.
theses of the Nile Red derivativds-3, and investigate their Preparation of the final target, the sulfonic agids outlined

fluorescence properties in aqueous media (if possible). As stated” Scheme 3. Michael addition of acrylic acid with 3-aminophenol
above, the immediate objectives of this study were to identify " néar stoichiometric amounts gave the monoadgigeaction
water-soluble Nile Red derivatives that exhibit fluorescence Of this amine with 1,3-propane sultone gave the ring-opened
emission maxima above 600 nm and significant quantum yields Productl0. This was nitrosylated to give the very unstable nitro-
in aqueous media; dyes of this type could have general syl compoundL1, which was then condensed as above without
applications in biotechnology. In the more focused context of
our research on fluorescent dyes,.,i.development of the

(12) Burgess, K.; Burghart, A.; Chen, J.; Wan, C.-W.Rroc. SPIE-
Int. Soc Opt Eng 2000.

(13) Burghart, A.; Thoresen, L. H.; Chen, J.; Burgess, K.; Befgstro
(10) Simmonds, A. C.; Miller, J. N.; Moody, C. J.; Swann, E.; Briggs, F.; Johansson, L. B.-AChem Commun200Q 2203-2204.

M. S. J.; Bruce, |., Patent WO 9729154, 1997. (14) Jiao, G.-S.; Thoresen, L. H.; Kim, T. G.; Haaland, W. C.; Gao, F.;
(11) Valdes-Aguilera, O.; Neckers, D. &cc ChemRes 1989 22, 171~ Topp, M. R.; Hochstrasser, R. M.; Metzker, M. L.; Burgess@Rem Eur.
177. J. 2008 in press.
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TABLE 1. Spectroscopic Properties of the Nile Red Derivatives
1-3

Aabs € Aem fwhm

dye (nm) (M~lcm™ (nm) (nm) Pa solvent
1 542 24854 631 60 0.56 EtOH
2 520 4984 632 59 0.43 EtOH
2 560 7529 648 63 033 b
2 556 3400 647 70 0.07 c
3 548 5283 632 56 0.42 EtOH
3 558 7876 652 60 037 b
3 556 6209 650 66 0.18 c

aMeasured as specified previousfy.b pH 7.4 phosphate buffef.pH
9.0 borate buffer. Standards used for quantum yield measurement of
rhodamine B @ = 0.97 in ethanol) and rhodamine 16l € 1.0 in ethanol).

Spectroscopic Properties of Nile Red Derivatives 13.

In water, the Nile Red derivativé showed hardly any solu-
bility at all. Surprisingly, despite having a phenolic-OH, this
compound was still insoluble in pH 9 borate buffer (1 M) or

in sodium carbonate solution. Consequently, spectroscopic data
for this compound were only recorded in EtOH (Table 1).
Compoundl was shown to have a similar absorption and
emission wavelength maxima, and a slightly better quantum
yield than Nile RedA or the hydroxy Nile Red derivativ€

in EtOH.

Compound2 was more interesting for the purposes of this
study. This dye has good solubility (for spectroscopic purposes)
in EtOH, water 1 M phosphate buffer at pH 7.4,é&a M borate
buffer at pH 9.0. In EtOH, its spectral properties are similar to
those of compound®A, C, and 1 except that the molar
absorptivity was measured to be approximately one-fifth that

delay. Unfortunately, flash chromatography was used in each of 1, and the Stokes shift was slightly great2r 110 nm;1, 90

step of this procedure but, even so, the target mat8riahs

nm). In aqueous buffers, however, the Stokes shiftd fand2

isolated on about a 250-mg scale. Repetition of the sequencewere very similar. The quantum yield @fat pH 7.4 was quite
on a larger scale was not attempted here, but we suspect thagood (0.33), but at pH 9 it reduced to 0.07. This appears to

1-3 g of material could easily be made via this approach.

correlate with deprotonation of the phenolic hydroxyl, possibly

J. Org. ChemVol. 71, No. 20, 2006 7837
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FIGURE 1. Absorption at 10° M (dashed lines) and fluorescence ataM (solid lines) of dyesl—3 (a) in ethanol and dye—3 (b) in phosphate
buffer (pH 7.4) and (c) in borate buffer (pH 9.0).

corresponding to quenching of the fluorescence via charge Experimental Section
transfert® The full width at half-maximum height (fwhm) of
the emission foR is 70 nm or less. Sharp fluorescence emissions
facilitate resolution in experiments involving more than one
probe. The fwhm fo2 compares favorably with fwhm reported
for the water soluble Nile Blue derivatives mentioned earlier \yas cooled and ethanol (180 mL) was added and kept*a: for

12 h. The white precipitate that formed was filtered, washed with
ethanol (50 mL), and dried to obtain dicarboxylic acid (200.0 g,

(they have fwhm in the range of 8®3 nm)®

The sulfonic acid dy& also had good solubility in the three
media studied (Table 1). In EtOH its spectroscopic properties 80%). Mp 153-154°C (lit. mp 149-150°C). 'H NMR (300 MHz,
were unexceptional, and the quantum yield was quite good 8cetoneds) 6 7.02-6.98 (m, 1H), 6.286.24 (m, 2H), 6.19-6.17
(0.42). In both the neutral and basic buffers the absorption and
emission maxima were red-shifted but by only 18 nm or less
relative to ethanolic solutions of the dye. Interestingly, the
quantum yield of3 was comparable in EtOH or pH 7.4 buffer,
and still quite good (0.18) at pH 9, and almost double th&k of

those for compoun@.

Conclusions

All three of the dyes that are reported here are conveniently
accessible via syntheses that involve about 5 steps. Compound
1 and 2 can be produced on multigram scales since each 2362, 1741 cim.
synthesis only involves one chromatographic purification. The
route to dye3 that was developed here is less amenable to scale-m| ) was added dropwise at oC under vigorous stirring to a
up than the syntheses of the other two dyes, but, neverthelesssolution of LiAIH4 (820 mg, 21.6 mmol) in THF (10 mL) in a

usable quantities are accessible.
Two of the three dyes, i.e2 and3, have solubilities that are

have carboxylic acid functionalities, and these could be activate

and used to conjugate the dyes to biomolecules. The fluores-
cence of dy& is significantly diminished under basic conditions,
but this effect is less fd8. Applications in biotechnology involve
near-neutral pH values much more frequently than basic onesyz) 552 (d, 1H,) = 8.1 Hz) 3.12 (t, 4H,) = 6.0 Hz), 2.8+-2.73
so this characteristic is not a serious drawback for2ly@énder
near-neutral conditions, the quantum yieldsZ@nd3 are good
(>0.3), and they emit fluorescence as reasonably sharp peaks(ESI): 225.13 (M). IR (neat) 3350, 2921, 2854 crh
Overall, dyes2 and 3 retain the desirable bathochromic shift
that Nile Red exhibits in alcoholic media relative to apolar ones, ML) was added, over a period of 1 h, via a syringe pump at the
except that they can be dissolved in aqueous salt solutions.'ate of 0.2 mL per min, to a solution &f(2.0 g, 8.9 mmol) in HCI
Further, the undesirable reduction of quantum yield that is
observed for Nile Red on moving to more polar media is not a
significant issue for the water-soluble dyes.

(15) Nagy, K.; Gokturk, S.; Biczok, LJ. Phys Chem A 2003 107,

8784-8790.
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Syntheses of Compounds 111: 3-[(2-Carboxyethyl)(3-hy-
droxyphenyl)amino]propionic Acid.'” A solution of 3-amino-
phenol (109.0 g, 1 mol) in acrylic acid (185 mL, 3 mmol) and
water (90 mL) was heated to 7€ for 3 h. The reaction mixture

(m, 1H), 3.64 (t, 4HJ = 4.5 Hz), 2.59 (t, 4H,) = 4.5 Hz).13C
NMR (75 MHz, acetonek) 6 172.6, 158.6, 148.6, 130.0, 104.0,
104.2, 99.6, 46.8, 31.7. MS (ESI): 253.04{M
Compound 4. A solution of the dicarboxylic acid as prepared

above (10.0 g, 39.5 mmol) in methanol (500 mL) along with HCI
¢ > - (10.0 M, 1 mL) was refluxed for 12 h. The reaction mixture was
in this medium. Moreover, the fwhm of the fluorescence cooled and the MeOH was evaporated under reduced pressure. The
emission peaks for the aqueous buffers were slightly lower than residue was dissolved in EtOAc (100 mL) and the organic layer
was washed with water (% 20 mL). The organic layer was
evaporated to dryness under reduced pressure to4/adda yellow
semisolid (7.0 g, 63%)R: 0.7 (50% EtOAc/hexane)H NMR (300
MHz, CDs0D) ¢ 7.05-6.95 (m, 1H), 6.25-6.15 (m, 3H), 3.65 (s,
6H), 3.59 (t, 4H,J = 7.2 Hz), 2.58 (t, 4H,) = 7.2 Hz).13C NMR

75 MHz, CD;OD) ¢ 173.3, 158.4, 148.5, 130.1, 104.6, 104.2, 99.9,

1.1, 46.9, 32.1. MS (ESI): 281.36 (Y IR (neat) 3442, 2960,

Compound 5. A solution of 4 (1.0 g, 3.6 mmol) in THF (15

three-necked flask fitted with a reflux condenser (the reaction is
exothermic); a thick white precipitate was formed almost im-

satisfactory for applications as biological markers. They both Mediately, and TLC (1:1 hexane/EtOAc) affeh showed complete

gdisappearance @f The reaction mixture was quenched with water

and filtered to remove the solid residues. The resulting filtrate was
concentrated under reduced pressure to yae{d30 mg, 90%) as

a white solid R; 0.2 (1:1hexane/EtOAc}H NMR (300 MHz, CDy-

OD) 6 6.31 (t, 1H,J = 8.1 Hz), 5. 62 (s, 1H), 5.56 (d, 1H,= 7.2

(m, 4 H), 1.33 (t, 4 HJ = 6.3 Hz).13C NMR (75 MHz, CROD)
5 167.5, 149.9, 128.9, 108.9, 105.1, 101.5, 60.0, 48.7, 30.3. MS

Compound 6.Sodium nitrite (0.92 g, 13.3 mmol) in water (11.2

(9.0 mL, 10.0 M) and water (4.5 mL) at €. The mixture was
stirred for 2.5 h at C and filtered to remove residual impurities.

(16) Williams, A. T. R.; Winfield, S. A.; Miller, J. N.Analyst1983

108 10671071.

(17) Mitskyavichyus, V. Y Chem Heterocycl Compd 1996 32, 456—

458.
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The filtrate was evaporated under reduced pressure, the residuel31.5, 128.2, 125.0, 124.4, 119.3, 110.9, 108.9, 105.0, 97.5, 47.2,

dissolved in methanol, dried with magnesium sulfate, and filtered, 32.6. MS (ESI): 421.01 (M- H)". IR (neat) 3425, 3059, 2928,

and methanol was evaporated to yiedd(1.54 g, 74%). This 1637 cnrl.

somewhat unstable, hygroscopic nitroso compound was used inthe  Compound 9.3-Aminophenol (5.0 g, 4.6 mmol) in acrylic acid

next step without further purificatiom; 0.4 (90% EtOAc/MeOH). (4.7 mL, 6.9 mmol) and water (3 mL) was heated to°@for 12

'H NMR (300 MHz, CBOD) 6 7.70 (d, 1H,J = 10.2 Hz), 7.26 h. The reaction mixture was cooled to room temperature then the

(d, 1H,J = 10.2 Hz), 6.49 (s, 1H), 4.02 (d, 2”,= 7.4 Hz), 3.98 solvent was evaporated under reduced pressure. The residual

(d, 2H,J = 7.4 Hz), 3.81-3.66 (br, 4H), 2.02-1.86 (br, 4H).13C material was purified by flash chromatography eluting with 1:1

NMR (75 MHz, CD;OD) 6 166.1, 163.6, 144.8, 123.4, 120.0, 98.0, hexane/EtOAc to affor® as a white semisolid (3.3 g, 40%%

58.3, 51.1, 31.8. MS (ESI): 254.24 () 0.3 (EtOAc).'H NMR (300 MHz, CR:OD) 6 6.93 (s, 1H), 6.2%
Compound 1.Compounds (1.0 g, 3.5 mmol) was dissolved in 6,12 (m, 3H), 4.3+4.27 (m, 1H), 3.343.30 (m, 2H), 2.642.52

50 mL of dry distilled DMF and solid 1,6-dihydroxynaphthol then  (m, 2H).23C NMR (75 MHz, CQOD) 6 175.1, 158.1, 149.6, 129.8,
HCI (2 mL, 10.0 M) were added in that order. The reaction mixture 105.5, 104.8, 100.2, 39.8, 33.5. MS (ESI): 181.08"{M

was heated to 13TC for 5 h and cooled to room temperature, then Compound 10.A solution of9 (3.0 g, 16.5 mmol) and propane
the DMF was removed under reduced pressure. The residual materyione (5.0 g, 41.2 mmol) in DMF (20 mL) was heated, with

ial was purified by flash chro_matography eluting with 1:10 MeOH/ stirring, to 130°C for 3 h. The solvent was evaporated under

EtOAc to affordl as a red solid (740 mg, 54%3; 0.3 (Q0%EtOAC/  requced pressure and crude residue purified by flash chromatog-

MeOH). *H NMR (300 MHz, DMSOde) 6 10.41 (s, 1H), 7.94 (d,  raphy initially eluting with EtOAc to remove all of the unreacted

1H,J = 8.4 Hz), 7.86 (d, 1HJ = 2.7 Hz), 7.56 (d, 1HJ = 9.0 sultone and then eluting with 1:1 MeOH:EtOAc to affct@ (2.4

Hz), 7.06 (dd, 1HJ = 6.0, 2.4 Hz), 6.82 (d, 1H] = 8.4 Hz), 6.66 g, 48%) as a dark brown semisolf@.0.2 (1:1 EtOAc:MeOH)!H

(s, 1H), 6.14 (s, 1H), 4.63 (d, 4H,= 4.8 Hz), 3.47 (d, 4H) = NMR (300 MHz, CDOD) & 8.47 (s, 1H), 7.046.94 (m, 1H),

1.5 Hz), 1.66-1.78 (br, 4H).13C NMR (75 MHz, DMSO¢g) 6 6.31-6.22 (br, 2H), 6.10 (d, 1H]) = 9.0 Hz), 3.68-3.58 (m, 4H),

182.3,161.3, 152.3, 151.9, 147, 139.4, 134.4, 131.4, 128.2, 124.5,5 gg (t, 2H,J = 6.0 Hz), 2.5 (t, 2HJ = 6.0 Hz), 2.08-1.96 (br,

119.1, 110.7, 108.7, 104.8, 97.2, 96.9, 58.9, 48.3, 30.6. MS (ESI): 3H). 13C NMR (75 MHz, CQOD) 6 172.8, 159.2, 149.3, 130.0,

395.16 (M+ H)*. IR (neat) 3358, 2918, 2847 cth 104.6, 103.8, 99.8, 60.9, 49.7, 33.8, 28.1, 23.2. MS (ESI): 302.06
Compound 7.Sodium nitrite (1.32 g, 19.2 mmol) in water (10 (M — H)~. IR (neat) 3403, 2910, 1626 cth

mL) was added over a period of 50 min with a syringe pump at Compound 11.To a solution of10 (0.5 g, 1.6 mmol) in HC|

the rate of 0.2 mL per minute to a solution4{5.0 g, 17.8 mmol) (2.0 mL, 10.0 M)' and water (1 mL) at. EI:'Wés added sodium

in HCI (6.0 mL, 10.0 M) and water (3 mL) at @C. The mixture P : : :
. . L - nitrite (0.13 g, 1.8 mmol) dissolved in water (2 mL) over a period
\‘II'VF?: fslltg;etg 58;35\/2 a;gie%ndr‘;'clitgrrergéocrsano;/:szogg 'tg]pilggzes' of 10 min with a syringe pump at the rate of 0.2 mL per min. The
p u u p u y mixture was stirred fo3 h at 0°C and filtered to remove residual

g, 74%) after drying. This somewhat unstable nitroso compound imouriti .
. purities. The filtrate was evaporated under reduced pressure to
was directly used for the next stelg. 0.4 (90% EtOAc/MeOH). yield 11 (0.4 g, 74%). The crude product was very moisture

IH NMR (300 MHz, CQxOD) ¢ 7.60 (d, 1H,J = 9 Hz), 7.15(d, PR : : I
1H, J = 12.0 Hz), 6.34(s, 1H), 4.09(d, 4H,= 27.0 Hz), 3.54(s, fs()ernts;telvr?,e;(ttv;?:ptherefore used directly without further purification

6H), 2.81-2.73 (m, 4H). IR t) 3383, 2967, 2362, 1729 .
) (m ) (neay em Compound 3. A solution of crudell (0.39 g, 1.1 mmol) and

~113C NMR (75 MHz, acetonek) 6 182.1, 163.1, 157.5, 134.3, . .
104.8,104.7,99.7, 4.3, 39.5, 22.6. MS (ESI): 311.23fmy+.  L6-dihydroxynaphthol (0.2 g, 1.2 mmol) in DMF (15 mL) was
Compound 8.1,6-Dihydroxynaphthol (1.85 g, 11.6 mmol) with heated to reflux for 5 h. The DMF was evaporated under reduced

HCI (2.0 mL, 10.0 M) was added to a solution f(4.0 g, 11.6 pressure and the residual material was purified by flash chroma-
mmol) in MeOH (100 mL) all in one portion. The reaction mixture  (09raphy; eluting with EtOAc removed any unreacted 1,6-dihy-
was refluxed for 5 h. The solvent was evaporated and the residuedroxyn‘""phf’hOI and then e_Iutlng W'th 11 EtOAc.MeOIj affordd
was purified by flash chromatography with 90% EtOAc/MeOH (0:25 9, 53%) as a red solig; 0.15 (1_'1 EtOAc: MeOH)H NMR
eluant to afford8 as a red solid (2.8 g, 54%R: 0.7 (90%EtOAc/ (500 MHz, CDOD) 6 8.07 (d, 1H,J = 8.5 Hz), 8.00 (s, 1H), 7.65
MeOH). 'H NMR (300 MHz, DMSOdy) 6 7.94 (d, 1H,J =9 (4 1H,J=9.0Hz), 7.10 (d, 1H] = 8.5 Hz), 6.97 (d, 1H) = 9.0
HZ), 7.86 (S, 1H), 7.58 (d, 1H] =9 HZ), 7.09-7.05 (m, 1H), HZ), 6.76 (S, 1H), 6.24 (S, 1H), 3.83 (t, 2Bl=7 HZ), 3.69 (t, 2H,
6.81-6.78 (m’ 1H), 6.69 (S, 1H), 6.13 (S, 1H), 3.70 (t, 4H=6.0 J=8.0 HZ), 2.92—12.89 (m, 2H), 2.68 (t, 2H)=75 HZ), 2.14 (t,
Hz), 3.60 (s, 6H), 2.652.60 (t, 4H,J = 6.0 Hz).13C NMR (75 2H:J = 9.0 H2).™%C NMR (75 MHz, CDOD) 6 184.2, 174.3,
Mtz DMSO.de) & 182.4, 172.4, 161.4, 152.1, 150.9, 146.8, 140.7, 161.3,152.9,151.6,146.9, 139.6, 134.6, 131.2, 127.6, 125.4, 124.2,
134.3,131.4,128.2, 124.9, 124.5, 119.3, 110.7, 108.9, 105.1, 97.7,118.1, 111.2, 108.6, 103.8, 96.8, 50.6, 49.6, 31.8, 22.8. MS (ESI):
52.2, 46.9, 32.1. MS (ESI): 450.14 (Y IR (neat) 3422, 2955, ~ 471.06 (M—H)".
1734 cm. _ )
Compound 2.A solution of K,CO; (276 mg, 2 mmol) dissolved Acknowledgment. We thank Dr. Michael J. Collins and
in 5 mL of water was added to a solution®{100 mg, 0.2 mmol) CEM Corporation for their support with microwave technologies
in MeOH/water (1:1). The reaction mixture was heated td°@0 (which was used in exploratory studies) and the TAMU/LBMS-
for 36 h. The solvent was evaporated under reduced pressure; théApplications Laboratory directed by Dr. Shane Tichy for
crude mixture was then dissolved in water (10 mL) and washed assistance with mass spectrometry. Support for this work was
with EtOAc (3 x 5 mL). The aqueous layer was acidified with  provided by The National Institutes of Health (GM72041) and

HCI (45 drops, 10.0 M) to pH 45. This aqueous layer was by The Robert A. Welch Foundation.
extracted with CHCI,/2-propanol (3x 5 mL, 1:1) and the organic

layer was evaporated under reduced pressure to ZJi{f&0 mg,
60%) as a blue soliddH NMR (300 MHz, DMSO#s) ¢ 7.95 (d,
1H,J = 9.0 Hz), 7.88-7.87 (m, 1H), 7.62 (d, 1H]) = 9 Hz), 7.09
(dd, 1H,J = 8.7, 2.7 Hz), 6.82 (d, 1H] = 9.3 Hz), 6.69 (s, 1H),
6.16 (s, 1H), 3.76:3.65 (br, 4H), 2.58-2.51 (br, 4H)13C (75 MHz,
DMSO-dg) 6 182.3, 173.5, 161.5, 152.2, 151.1, 146.9, 140.4, 134.3, JO061369V
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