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The fluorescence emission intensity of the dansyl group is significantly diminished upon appending an ethyldimethylamino group to the N1
nitrogen substituent. Addition of acids and metal ions (i.e., Zn 2 to solutions of trimethylethylenediamine naphthalene sulfonamide (trinsyl)
2 produces a >25-fold increase in fluorescence intensity. Trinsyl probe 2 has been used as a diagnostic for the diffusion of protons and metal
ions in a network polymer as well as an optical reporter for the glass transition temperature.

The fluorescence emission of 1,5-dimethylaminonaphthaleneemission intensity when compared with the parent dansyl
sulfonamide (dansyl) derivatives (i.el) serves as an (1)."2However, upon addition of 1 equiv of acid or 4 equiv
important probe in both biologicehnd synthetic polymers.  of Zn?* ion to 2, a >25-fold enhancementf fluorescence
Dansyl chloride is a widely used derivatization reagent for emission intensity is exhibited. The location and substitution
end-group analysis of proteins and amino acid detection. pattern of the aminoethyl group is crucial in producing this
Dansy! derivatives are environmentally sensitive and are effect. The synthesis of trinsy is shown in Scheme 1.
known to exhibit large Stokes shifts along with varying

fluorescence quantum yields due to changes in the Iocal_

environment. o ) Scheme 1. Synthesis of TrinsyR
We report that the fluorescence characteristics of this probe N2

can be profoundly modified by appending an ethyldimethyl- % Etnyiene diamine, o0, Mo,
amino group to the N1 nitrogen substituent. The modified OO &z:‘s/ou— OO AOH, ACN
probe2 (trinsyl) exhibits significantly reduced fluorescence R
6 SOsNa 7 SOsH
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s Zn complexed trinsyR in a 1:1 mixture is estimated to be

less than 33%. The binding constant of°aaiphatic amine
- | for a proton is much higher, on the order of'4QpK, of
NS 10). In 1:1 mixture of protic acid and aliphatic amine at a

N ~
concentration of 1 M, approximately 99% of the amine

will be protonated. This agrees with our observations that

0=5=0 0=8=0 0=S=0 . .
\HCH,P YeCHP Hh\/\/hl:\ approximately 4 equiv of ZnGlare needed_for complete
1 2 3 fluorescence enhancement versus 1 equiv o§GCRHH.
Aex = 350 x = 344 Aex = 350 nm : .
xem=514:: tm=502 o 2 519 nm Intramolecular quenc_hlng of the flgorescence of aromatic
| | chromophores by amines by photoinduced electron transfer
s SN TMS S SN (PET) is well-precedentédand has been demonstrated
recently in striking examples of metal-enhanced intensity of
OO OO fluorescence emissidh.
0=8=0 0=s=0 The fluorescence enhancement accompanying proto-
. NHCH,Ph SHN\/\/NWJ\ nation or coordination of metal of the aliphatic amine (N2)
hey = 347 nm 0 prevents quenching by the pendant amine. Interestingly
hem =510nm the position of this pendant amine was found to be impor-

Figure 1. Dansyl derivatives and their fluorescence excitation and tant. I_:or example, the fluorescenc_e emlssllon.lnten.SIty of
emission maxima in acetonitrile (1M). N,N-dimethylaminoethyl sulfonamide derivatived is

essentially identical with that of dansyl benzylaminéJpon
o addition of 1 equiv of CECO,H, the fluorescence emis-
COH are shown in Figure 2a. An analogous plot of gjon intensitydecreases30%. Under similar conditions,
fluorescence intensity as a function of added*Z(CHs- the fluorescence emission intensity of dansyl prabe
CN) is shown in Figure 2b. In both cases, added electrophile 550 experiences a slight (3%jecrease The >25-fold

increasein fluorescene emission intensity of trinsyl probe
_ upon treatment with 1 equiv of GEO,H arises from
protonation of the most basic nitrogen (N2), which
removes the amine as a source for intramolecular quenching.
Similar regiochemical effects of PET have been observed
by de Silva et al.

Indeed, their explanation for the regiochemical effect on
guenching is consistent with the results of this study. The
donor—acceptor substitution pattern on the naphthalene ring
produces a strong dipole moment (internal charge transfer,
ITC) in the excited state. In models proposed by both de

= = Silva and Lewis (Figure 3), PET requires overlap of the

Wavelength (nm) ground-state dimethylamino lone pair (N2) with the positive

. . _ _ end of the molecular dipole at N1. This position corresponds
E'g;'é?\l?'tiégieﬁn\]\'listf]'ogEf(ljugzrﬁ?cgﬁgzg?%?gg %rnidm'l'n:éhizvfn(b) to. the LUMO of the e?«:ited state. Overlap (and PET) occurs
Emission fluorescence spectra of #@rinsyl 2 in CHsCN, titrated with facility in 2 but in 3, because of poor overlap of the
with ZnCly: 0, 1, 2, and 4 equivig, = 332 nm). N2 lone pair or repulsive interactions of N2 with the induced
electric field of the ITC, PET is not observéd.
) ] o Addition of CRCO;H also produces a blue shift from 339
produces a>25-fold increasein fluorescence emission 5 318 nm in the UV spectrum of trinsyl prok This
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with an electron poor aromatic rirtg. 112, 159-164. (b) Kimura, E.; Koike, TChem. Soc. Re 1998 27, 179~

By using this binding constant and a trin®doncentration 184.

5 ; T ; (7) de Silva, A. P.; Nimal Gunaratne, H. Q.; Habib-Jiwan, J.; McCoy,
of 10°° M, calculation of the equilibrium concentration of C. P.; Rice, T. E.; Soumillion, JAngew. Chem.nt. Ed. Engl.1995 34,

a) b)

0.75 equiv

Arb Units
T
Arb Units

0.5 equiv

0.25 equiv
1

0 equiv
1L

500 450
Wavelength (nm)

1728-1731.
(3) Mcintyre, G. H. J.; Block, B. P.; Fernelius, W. @.Am. Chem. Soc. (8) (a) Lewis, F. D.; Li, L.; Kurth, T. L.; Kalgutkar, R. S.. Am. Chem.
1959 81, 529-535. Soc.200Q 122, 8573-8574. (b) Lewis, F. D.; Ahrens, A.; Kurth, T. L.
(4) Whidby, J. F.; Leyden, D. E.; Himel, C. M.; Mayer, R. J.. Phys. Photochem. Photobiol. S@004 3, 341-347. (c) Lewis, F. D.; Kalgutkar,
Chem.1971, 75, 4056-4059. R. S.; Kurth, T. L.J. Phys. Chem. 2004 108 1425-1434.

1582 Org. Lett, Vol. 8, No. 8, 2006



Scheme 2. Synthesis of TMS-Trinsy#
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Figure 3. Regiochemical effect of pendant amine on intramolecular ~ AcOH, ACN OO 2) benzyl amine, THE OO
guenching of the ICT excited state. 46% over 3 steps
SO,NHCH,Ph
1 SO;H 4 2 2

spectral shift may be attributed to the destablilization of the
ICT excited singlet stat_e ofth_e fluorophor_e_ bythe interaction and TMS-trinsyl 4 are 9.0 and 12.0,
of the protonated amine with the positive dipole of the
fluorphore. Similar observations are seen in the UV spectrum
of trinsyl probe2 when it is titrated with ZnGl

The substitution pattern on the aliphatic amine (N2) is also _
important. Dansyl derivatives incorporating a simple primary
ethylamine are fluorescent, and protonation of this nitrogen
does not affect fluorescence. Quenching ability is attributed
to the lowered oxidation potential of tertiary amines com-
pared to that of primary aminés.

We attempted the synthesis of a trimethylsilyl-substituted
trinsyl derivative9 with the goal of obtaining even greater
fluorescence quenching. The-Gi ¢ orbitals are higher in
energy than €&H or C—C ¢ orbitals and can interact with
the neighboring nonbonding orbital of the nitrogént? The

respectively. This
corresponds to alfy, value in aqueous solution for trinsgl
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result of this hyperconjugation is a decrease in oxidation
potentia¥1%13and an increase in basicityIt was anticipated
this would increase the quenching efficiency of the aliphatic

Rel Fluorescence Intensity (%)

amine and thus upon protonation effect a larger fluorescence

change.

nitrogens to obtain methylenetrimethylsilyl derivatil®
(Scheme 2). This derivative was carried on to trinsyl
analogue4 (TMS-trinsyl). The addition of CECOH or
ZnCl, to TMS-trinsyl 4 had no effect on its fluoresence
emission intensity.

TMS-trinsyl 4 had a similar pH profile to trinsy.
Titration of 10° M trinsyl probe2 and TMS-trinsyl4 in
agueous acidic solution with 10 N NaOH is shown in Figure
4. Titrations starting at approximately pH 2 and ending at

pH 12 resulted in a 12.5-fold increase fluorescence intensity

for trinsyl 2 while only a 2-fold increase for TMS-trinsyl.
Both exhibit the opposite behavior to dansyl derivative
which has a lowered fluorescence at acidic pH. The pH
values at the midpoints of the titration curve for tringyl

Czarnik, A. W.J. Fluoresc.1993 3, 65-68.
(10) Yoshida, J.; Isoe, Setrahedron Lett1987 28, 6621-6624.
(11) Yoshida, J.; Nishiwaki, KDalton Trans.1998 16, 2589-2596.
(12) Cooper, B. E.; Owen, W. J. Organomet. Chenl971, 29, 33—
40.
(13) Yoon, U. C.Acc. Chem. Red.992 25, 233-240.
(14) (a) Sommer, L. H.; Rockett, J. Am. Chem. Sod951, 73, 5130~
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Figure 4. Relative fluorescence intensity (%) vs pH value of10
Attempts at bis alkylation of the primary amine were, M trinsyl 2 in aqueous solution and TMS-trinsgl Titration of

however, unsuccessful; we observed alkylation on both TMS-trinsyl4 was performed in 30% MeOH aqueous solution due

to decreased solubility in #D. The excitationl was set at 332 nm

and the fluorescence emission maximum was recorded at each pH

value.

of 9.0, which is quite close to thekp; value of tetraethyl-
enediamine (K.1 = 9.2 and Ky, = 5.2 in water). A K,
value of 12.0 for TMS-trinsy# also follows our expectations

of an increased basicity. The reduced quenching efficiency
of TMS-trinsyl 4 as compared to that of trinsglmay be a
result of steric hindrance in exciplex formation caused by
the increased size of the trimethylsilyl substituents. It has
been shown that steric bulk can adversely affect the quench-

ing efficiency of amined®

Trinsyl probe2 offers a sensitive diagnostic for protons
(9) Beeson, J. C.. Huston, M. E.: Pollard, D. A.; Venkatachalam, T. K.; and metal ions. An example of its utility is given below.
The differential functionality of the dansyl molecule allows
for synthesis of probes that can be covalently incorporated
into synthetic polymers or attached to proteins. Fluorescence
intensity measurements can then be used to monitor proton

5134. (b) Abel, E. W.; Farrow, G. WJ. Inorg. Nucl. Chem198Q 42,
541-545.

(15) (a) Cheung, S. T.; Ware, W. R. Phys. Chem1983 87, 466—
473. (b) Wang, Y Chem. Phys. Letf1985 116, 286—-291.
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or ion flux.'®* We demonstrate this by synthesis and copo-
lymerization of methacrylamide prolie To ensure compat-
ibility with free radical polymerization the trifluoroacetic acid
salt5 was covalently incorporated into a macroporous cross-
linked copolymer by copolymerization with ethyleneglycol
dimethacrylate and methyl methacrylate (4@:3) in aceto-
nitrile. The resulting polymer particles were suspended in
CH,C1, and treated with 4 equiv of diethylamine, which
resulted in adecreasein fluorescence emission intensity.
Addition of 4 equiv of trifluoroacetic acid resulted in
recovery of fluorescence intensity (Figure 5). Similar results
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Figure 5. Plot of fluorescence emission intensit¢ g = 472 nm;

Aex = 332 nm) vs time for a stirred suspension of macroporous

cross-linked poly(ethylene glycol)dimethacrylate doped with probe

5in CH,C1,. Time A (arrow) corresponds to addition of diethy-

lamine (4:1 amine:probe) and time B (arrow) corresponds to

addition of CRCO,H (4:1 acid:probe).

are obtained upon addition of Znions at the second stage.

These changes in fluorescence intensity were completely

reversible. The rates of recovery and diminution of fluores-

intensity was measured at different temperatures. Figure 6
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Figure 6. Fluorescence emission intensity of PMMA doped with
trinsyl 2 as a function of temperatur@ef, = 472 nm;lex = 332
nm).

shows the plot of fluorescence emission intensity versus
temperature. As the temperature increasedeareasein
fluorescence intensity is observed. This is attributed to a
change in free volume of the polym¥rThe excited state
of the probe can return to the ground state by either
fluorescing or internal conversion (dissipation of excess
energy by friction or momentum transfer to the polymer
matrix). As the polymer is heated, its free volumereases
and the probe is more free to rotate and vibrate, causing an
increase in the occurrence of internal conversion. A transition
temperature at approximately 4@ can be observed in the
plot. This correlates to the glass transition temperatiige (
of 42 °C for the material, as measured by DSC.

In summary, we have developed a simple and sensitive
fluorescent probe, trinsyR. Unlike dansyl, trinsyl2 is

cence emission intensity are related to the rate at which thesesensitive to the presence of Zrions and protic acids. We

reagents diffuse throughout the bulk material.

have demonstated its use as a diagnostic of proton and ion

Fluorescent molecules have been shown to be usefuldiffusion in solids as well as the determinationBf The

nondestructive probes for the determination of physical
properties of polymeric materiaté Blending trinsyl2 with
commercial PMMA provides a method to determine Tge
and changes in free volume of the polym&r.

Trinsyl molecule2 and PMMA My, = 3 x 10°) were
dissolved in chloroform. After evaporation the solid was
ground into small particles. The fluorescence emission

(26) (a) Klok, H.; Mdler, M. Macromol. Chem. Phy4.996 197, 1395-
14009. (b) Shea, K. J.; Stoddard, G. J.; Sasaki, CM#cromolecule4989
22, 4303-4308.

(17) Bosch, P.; Catalina, T. C.; Peinado, Chem. Eur. J2005 11,
4314-4325.

(18) Loutfy, R. O.Macromoleculed981, 14, 270-275.
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application of this probe to the development of sensors for
acidic molecules is currently underway.
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