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A. ortho-GFP Synthetic Chromophore; Excited State Intramolecular
Proton Transfer via a Seven-membered Ring Hydrogen Bonding
System

In this study, a structural isomer o

of the core emission N
chromophore 4-(4- \< N
hydroxybenzylidene)-1,2 HO ‘K
dimethyl-1H-imidazol-5(4H)- GFP chromophore ( para-HBDI )

one (para-HBDI) in green
fluorescence  protein  (GFP),
namely ortho-HBDI, has been

synthesized. ortho-HBDI 2

possesses a seven-membered 9 N hv
ring hydrogen bond, from which

the excited-state intramolecular oOH "( ESIPT

proton transfer (ESIPT) takes

place, resulting in a remarkable Synthetic chromophore
proton transfer tautomer  ( ortho-HBDI)
emission of ~ 605 nm in organic

solvents. Both deuterium isotope experiments and theoretical approaches point to an
essentially barrierless potential energy surface along the ESIPT reaction. ESIPT also
takes place in the solid film of ortho-HBDI, resulting in a ~ 595 nm tautomer emission
with a quantum yield as high as 0.4. In sharp contrast, unless in the presence of GFP
under a hydrogen-bond network, the GFP free para-HBDI gives nearly no emission in
both solution and solid. While the bioactivity of ortho-HBDI is pending further
exploration, its future chemical derivation is versatile. In an ongoing project, via the
functionalization at C(1) and C(9) positions, the proton-transfer emission can be tuned to
a broad range from green to deep red with high emission efficiency in solid film,
generating a new series of isomers of para-HBDI with remarkable excited state
intramolecular proton transfer properties.

B. Extensive spectral tuning of the proton transfer emission from 550 to
675 nm via a rational derivatization of 10-hydroxybenzo[h]- quinoline.



In this study, on the basis of a ESIPT system HBQ, we have systematically synthesized a
new series of derivatives, such that the proton-transfer emission

can be extensively tuned from 550 nm (1) to ~680 nm (6), the . Q/\ .
<y LN
) ‘

emission yield of which obeys the energy gap law. For the case S
of 1-3, the emission quantum yield was measured to be > 0.13
in ethyl acetate, and ASE was readily observed,
generating a new family of proton transfer fluorescence M. (s%)
dyes. Future applications of this series of ESIPT o/ oo OH Ny

moleucles can be greatly expanded. For example, via

mixing e.g. 1 (Aemr~550 nm), 3 (Aen~605 nm) and the Db, NC oy + Nc (%)
methoxylated derivative of 4, in which ESIPT is ~ ™ e OH Ny ™
prohibited (emisison Ama~ 420 nm, ® ~ 0.3 in ethyl

acetate),14 a qualitative white light generation can be ”J _mcesa (15%)_>H3CO
1 1 CH,Cly R N
achieved with a regular UV lamp (366 nm). o 0”5“ ,

<30fs

O,, LN~
»

enol-normal form (N) Keto-tautomer form (T)

3

1 CHy

OH N\

Via mixing compounds 1, 3 and 4a, a qualitative white light generation can be
achieved in ethyl acetate with a regular UV lamp (366 nm)

C. Spectroscopy and Femtosecond Dynamics on 2-(2’-Hydroxy-4’-
diethylaminophenyl)benzothiazole; The Role of Solvent Polarity in the
Excited-State Proton Transfer Reaction



Detailed insights into the excited state enol (N*)-keto(T*) intramolecular proton transfer
(ESIPT) reaction in 2-(2’-hydroxy-4’-diethylaminophenyl)benzothiazole (HABT) have
been investigated via steady state and femtosecond fluorescence up-conversion
approaches. In cyclohexane, in contrast to the ultrafast rate of ESIPT for the parent 2-(2’-
hydroxyphenyl) benzothiazole (>2.9 + 0.3 x 10" s™), HABT undergoes a relatively slow
rate (~5.4 + 0.5 x 10" s) of ESIPT. In polar, aprotic solvents competitive rate of proton
transfer and rate of solvent relaxation were resolved in the early dynamics. After reaching
the solvation equilibrium in the normal excited state (Neq*), ESIPT takes place with an
appreciable barrier. The results also show N¢q*(enol) <> Teq*(keto) equilibrium, which
shifts toward Nq* as the solvent polarity increases. Temperature dependent relaxation
dynamics further resolved a solvent induced barrier of 2.12 kcal/mol for the forward
reaction in CH,Cl,. The observed spectroscopy and dynamics are rationalized by a
significant difference in dipole moment between N¢o* and Tq*, while the dipolar vector
for the enol form in the ground state (N) is in between that of N¢q* and Teq*. Upon N —
N* Franck Condon excitation, ESIPT is energetically favorable, and its rate is
competitive with the solvation relaxation process. Upon reaching equilibrium
configurations Neg* and Tey*, forward and/or backward ESIPT takes place with an
appreciable solvent polarity induced barrier due to differences in polarization equilibrium

between N* and Teq*.
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