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Catalytic Type Excited-State N-H Proton Transfer Reaction in 7-

Aminoquinoline and Its Derivatives 

Kai-Hsin Chang,+ [a] Ying-Hsuan Liu,+ [a] Jiun-Chi Liu,[a] Yu-Chiang Peng,[b] Yu-Hsuan Yang,[b] Zhi-Bin 

Li,[b] Ren-Hua Jheng,[b] Chi-Min Chao,[b] Kuan-Miao Liu,*[b] and Pi-Tai Chou*[a] 

 

Abstract: 7-Aminoquinoline (7AQ) and its various amino derivation 

(NR-H), including Me-7AQ, Boc-7AQ, Ac-7AQ, Ts-7AQ and TFA-

7AQ, (Scheme 1), are strategically designed and synthesized to 

study their excited-state proton transfer (ESPT) properties. Due to 

the far separation between the proton donor NR-H and acceptor –N- 

sites, ESPT in 7AQ derivatives, if available, should proceed with 

protic solvent catalysis process. As a result, assisted by methanol 

molecules, Boc-7AQ, Ac-7AQ, Ts-7AQ and TFA-7AQ undergo 

ESPT in methanol, while ESPT is prohibited in Me-7AQ and 7AQ. 

ESPT is found to be influenced by acidity of NR-H and basicity of the 

proton-acceptor –N- in the quinoline moiety. The latter is varied by 

the NR-H substituent induced resonance effect to the quinoline –N- 

site. For those 7AQ derivatives undergoing ESPT, the increase of 

quinoline basicity results in faster rate of ESPT, implying that the 

proton donation from methanol to the quinoline moiety may serve as 

a key step for ESPT. Studies also conclude the existence of 

equilibrium between cis- and trans- type NR-H in terms of its 

hydrogen bond (H-bond) configuration with methanol, in which only 

the cis- H-bonded form undergoes methanol assisted ESPT. Except 

for TFA-7AQ, the interconversion between cis- and trans- 

configurations is much faster than rate of ESPT, yielding amino- 

(normal form) and imine- (proton transfer tautomer) like emissions 

with distinct relaxation dynamics. 

Introduction 

Recently, via tuning the electronic property of the substituent 

–R on the NR-H proton donor that forms intramolecular hydrogen 

bond (H-bond) with the proton acceptor –N- group in the 

polycyclic heterocycles, both dynamics and thermodynamics of 

the excited-state intramolecular proton transfer (ESIPT) reaction 

can be harnessed by tuning the H-bonding strength.[1-3] With the 

same ESIPT core moiety, the results established an empirical 

relationship in that the stronger intramolecular H-bonding 

strength is, the fast and more exergonic is ESIPT. Varying the 

NR-H electronic property can even reach excited-state 

equilibrium between normal and proton-transfer tautomer states, 

so that the ratiometric emission for the normal versus the proton-

transfer tautomer fluorescence can be fine-tuned, rendering 

white light generation.[4]  

In this study, for generalization, we lift the boundary of the 

unimolecular type ESIPT [5-14] and extend the research to the 

systems where proton donor (NR-H) and acceptors are far 

separated without formation of intramolecular H-bond. Therefore, 

the occurrence of excited-state proton transfer (ESPT), if 

available, requires assistance of surrounding solvents.[15-20] As 

for the –OH type of proton donor, a famous case in point should 

be ascribed to 7-hydroxyquinoline (7HQ, see Scheme 1a), in 

which the formation of a 2:1 (methanol: 7HQ) H-bonded complex 

via solvent reorganization is required for ESPT.[21-28] Studies of 

protic solvent molecules catalyzed ESPT may provide a valuable 

model to mimic the ubiquitous proton transfer reaction in bio-

media.[29-34]  

Herein, we report the probe of methanol catalyzed ESPT for 

the 7-aminoquinoline (7AQ) derivatives, in which the –OH group 

of 7HQ was substituted by various NR-H groups. One of the 

goals in this study is to probe the NR-H dependent ESPT 

reaction from amino- to imino- isomer (see Scheme 1b) by 

varying the electronic properties of the –R substituent. Unlike the 

intramolecular type ESPT, i.e., ESIPT, for which the relationship 

between H-bond strength and kinetics/thermodynamics can be 

probed (vide supra),[1-3] 7AQ derivatives lack the intramolecular 

H-bond and hence provide no available H-bond strength to 

access similar correlation. Alternatively, we intend to probe if 

there exists any relationship between solvent assisted ESPT and 

proton donor/acceptor sites. Accordingly, various 7AQ 

derivatives TFA-7AQ, Ts-7AQ, Ac-7AQ, Boc-7AQ, and Me-

7AQ were designed and synthesized, in which TFA, Ts, Ac, Boc 

and Me stand for trifluoroacetic, tosyl, acetyl, tert-

butyloxycarbonyl and methyl groups, respectively (see Scheme 

1c), to represent -R in the proton donating NR-H group. 

According to the –R electronic withdrawing strength, the acidity 

is expected to be in the order of TFA-7AQ > Ts-7AQ > Ac-7AQ, 

Boc-7AQ > Me-7AQ, which is also experimentally verified. 

Studies also show that the electronic properties of NR-H (and 

hence acidity) also influence the basicity of the proton-acceptor 

–N- in the quinoline moiety through the-resonance effect. As a 

result, ESPT in terms of thermodynamics and kinetics, is 

governed by the interplay between proton donor and acceptor 
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sites. Detail of results and discussion is elaborated in the 

following sections. 

Results and Discussion 

Syntheses. The parent compound 7AQ was synthesized from 

the reduction of 7-nitro-quinoline that could be obtained 

efficiently from the commercial available 1, 2, 3, 4-

tetrahydroquinoline through nitration and dehydrogenation.[35, 36] 

TFA-7AQ, Ts-7AQ, Ac-7AQ and Boc-7AQ were then 

synthesized from 7AQ by a standard protocol to incorporate the 

corresponding protecting groups TFA-, Ts-, Ac- and Boc- 

respectively. Me-7AQ was obtained by refluxing 7AQ with 

paraformaldehyde in basic methanol, followed by reduction with 

sodium borohydride.[37] DiMe-7AQ was synthesized following the 

traditional reductive amination procedure. All studied 

compounds were purified and showed > 99% purity by 1H-NMR 

and high resolution mass spectrometry (HRMS). Detailed 

synthetic routes and the corresponding characterization are 

elaborated in the experimental section. The X-ray structure for 

one of the 7AQs, Ac-7AQ, is shown in Figure 1, in which some 

informative bond distances and angles are denoted. Other 

crystal structures for TFA-7AQ and Ts-7AQ are showed in 

Figure S1, S2 of supporting information (SI). In Figure 1b, two 

nitrogen atoms located at NR-H and quinoline moieties for Ac-

7AQ are separated by 4.84 Å , which is too far to proceed with 

the intramolecular proton transfer. Note that in the crystal form 

Ac-7AQ favors a trans- configuration due to the lattice packing. 

Here, the cis- and trans- forms are defined as the NR-H hydrogen 

atom is located at the same and different side of the quinoline 

nitrogen, respectively, taking the dihedral angle θ=∠HN(1’)–

C(7)C(8) as a reference. In this case, cis- and trans- forms are 

ascribed to θ= 0o and 180o, respectively. In single crystal the 

structure of Ac-7AQ is in trans- configuration by realizing that ∠

HN(1’)–C(7)C(8) are in 174.36o (see Figure 1). In methanol 

solvent, however, the cis- and trans- conformers, being hydrogen 

bonded by methanol molecules, are virtually in equilibrium (vide 

infra). 

 

Photophysical properties. Figure 2 shows the absorption and 

emission spectra of these 7AQ derivatives in methanol. Clearly, 

Me-7AQ and 7AQ, which are expected to possess the least and 

second least acidity among the studied 7AQ derivatives, exhibit 

solely one emission band maximized at around 443 nm and 442 

nm, respectively. The mirror image between absorption and 

emission spectra and regular Stokes shift of the emission peak 

wavelength infer lack of methanol solvent assisted ESPT. This 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The X-ray structure of Ac-7AQ with thermal ellipsoids shown at the 

50 % probability. The distance between N(1), N(1’) atoms and the dihedral 

angle θ=∠HN(1’)–C(7)C(8) (see Scheme 1 for numbering) are 4.84 Å and 

174.36 °, respectively. 
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Scheme 1. (a) The proposed alcohol catalyzed ESPT reaction of 7HQ 

derivatives. (b) The proposed alcohol catalyzed ESPT reaction of 7AQ 

derivatives. Note that for (a) and (b) the alcohol molecules assisted ESPT 

is depicted in a qualitative manner. Detail of mechanism will be discussed 

later. (c) Synthetic routes from 7AQ to various derivatives: (i) TFA, 

CH2Cl2; (ii) p-TsCl, pyridine, CH2Cl2; (iii) Ac2O, CH2Cl2; (iv) Boc2O, 

NaHMDS, THF; (v) PFA, NaOCH3. 
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viewpoint is further affirmed by the observation of only normal 

emission band maximized at 430 and 419 nm for Me-7AQ and 

7AQ, respectively, in acetonitrile (see Figure S3, S4) where no 

protic solvent molecules could catalyze ESPT. In addition, diMe-

7AQ, for which both N-H protons are replaced by the methyl 

groups to represent a non-proton transfer model, was 

synthesized (Figure S5). As a result, similar to Me-7AQ and 

7AQ, only one emission band was observed near 464 nm for 

diMe-7AQ in methanol (Figure S5). It is thus reasonable for us 

to conclude lack of methanol catalyzed ESPT in Me-7AQ and 

7AQ.  

On the other hand, carrying electron withdrawing groups to 

increase the acidity of the proton donor, Boc-7AQ, Ac-7AQ, Ts-

7AQ and TFA-7AQ exhibit dual emissions in methanol, 

consisting of a higher-energy emission band (the F1 band) 

maximized around 365~375 nm and a lower-energy emission 

(the F2 band) with peak wavelengths at 540 nm, 560 nm, 580 

nm and 582 nm for TFA-7AQ, Ts-7AQ, Ac-7AQ, and Boc-7AQ, 

respectively. In stark contrast, in aprotic solvents such as 

acetonitrile and dichloromethane, they all exhibit only one 

emission band at 450-500 nm (see Figure S6). The steady-state 

emission spectra thus clearly indicate the occurrence of ESPT 

for Boc-7AQ, Ac-7AQ, Ts-7AQ and TFA-7AQ catalyzed by the 

methanol molecules, forming an imine-like tautomer that exhibits 

the lower-energy F2 band at > 500 nm.  

To gain further insight into the methanol catalyzed ESPT 

reaction in title 7AQs, both absorption and fluorescence titration 

experiments were formed. Figure 3a shows the absorption 

titration spectra of Boc-7AQ titrated by methanol in cyclohexane. 

The formation of Boc-7AQ/MeOH H-bonded complexes can be 

clearly seen by the growth of a 350 nm shoulder throughout the 

titration. The Boc-7AQ H-bonded complex incorporating 

stoichiometric n MeOH molecules can be depicted as[38, 39] 

 
Boc­7AQs + 𝑛MeOH ⇌ Boc­7AQ/(MeOH)𝑛     (1) 

 
According to Benesi-Hildebrand derivation,[38, 39] the equation 

for the titration can be expressed as follows 

 
1

(𝐶𝑀𝑒𝑂𝐻)𝑛 = 𝐶0𝜖350Κ𝑎
1

𝐴350
− Κ𝑎         (2) 

 
 

Figure 2. The absorption and emission spectra derivatives (~1.0 x 10-5 

M) in methanol. The excitation wavelength for the emission was at the 

peak wavelength of the lowest absorption band. 
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Figure 3. (a) The absorption spectrum of Boc-7AQ in cyclohexane by adding 

various MeOH concentration. (b) the plot of 1 𝐶𝑀𝑒𝑂𝐻
1⁄  against 1 𝐴350⁄ . (c) the 

plot of 1 𝐶𝑀𝑒𝑂𝐻
2⁄  against 1 𝐴350⁄ . (d) the plot of 1 𝐶𝑀𝑒𝑂𝐻

3⁄  against 1 𝐴350⁄ . 
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where 𝐶𝑀𝑒𝑂𝐻  is concentration of methanol addition, 𝑛  is the 

molar equivalent of methanol, 𝐶0  is the concentration of Boc-

7AQ in cyclohexane, 𝜖350 is the absoprtion extinction coefficient 

at 350 nm, Κ𝑎 is the equilibrium constant for the formation of H-

bonded complex, 𝐴350 is the measured absorbance at 350 nm. 

Figure 3(b)-3(d) depict the plot of 1 (𝐶𝑀𝑒𝑂𝐻)𝑛⁄  (n = 1, 2 and 3) as 

a function of 1 𝐴350⁄ , which is expected to be linear under a 

specific stoichiometric number n for the complex formation. As a 

result, Figure 3(c) clearly indicates a linear fitting (R2 = 0.999) for 

the plot of 1 (𝐶𝑀𝑒𝑂𝐻)2⁄  versus 1 𝐴350⁄ , concluding the formation 

of a Boc-7AQ:methanol (1:2) H-bonded complex. Κ𝑎 was then 

deduced to be  ~4 × 102𝑀−2.  

In yet another approach, the fluorescence titration experiment 

was also performed, in which the tautomer emission intensity, 

originating from the proposed Boc-7AQ:methanol H-bonded 

complex, as a function of methanol concentration. Similarly, base 

on Benesi-Hildebrand derivation,[38, 39] the equation for the 

titration can be expressed in eq. (3) 

 
1

(𝐶𝑀𝑒𝑂𝐻)𝑛 = 𝛼𝐶0𝜖324Κ𝑎
1

𝐹580
− Κ𝑎       (3) 

 

where 𝐶𝑀𝑒𝑂𝐻  is concentration of methanol addition, 𝑛  is 

equivalent of methanol, 𝛼  is the instrument factor, 𝐶0  is the 

concentration of Boc-7AQ in cyclohexane, 𝜖324  is extinction 

coefficient at 324 nm which is the isosbestic point during the 

absorption titration, Κ𝑎  is the equilibrium constant, 𝐹580  is the 

tautomer fluorescence intensity at 580 nm. As a result, Figure 

4(a) depicts the tautomer emission spectra (F2) as a function of 

the added methanol concentration in cyclohexane. Figure 4(b)-

4(d) depicts the plot of 1 (𝐶𝑀𝑒𝑂𝐻)𝑛⁄  (n = 1, 2 and 3) as a function 

of 1 𝐹580⁄ , which is expected to be linear under a specific 

stoichiometric number n for the H-bonded complex formation. As 

a result, Figure 4(c) clearly indicates a linear fitting (R2 = 0.998) 

for the plot of  1 (𝐶𝑀𝑒𝑂𝐻)2⁄  versus 1 𝐹580⁄ . The reuslt not only 

reaffirms the absorption titration study, concluding the formation 

of a Boc-7AQ:methanol (1:2) H-bonded complex. It also proves 

that ESPT originates form the Boc-7AQ:methanol (1:2) 

hydrogen bonded complex.   
In an aim to probe the relationship regarding the acidity (proton 

donor) and basicity (proton acceptor), the pKa values of NR-H 

and N+-H (quinoline nitrogen) for 7AQ derivatives were 

measured by the pH-titration absorption spectrometry in 

aqueous solution (see Table 1, Figure S7-S15). As a result, the 

NR-H pKa for Me-7AQ and 7AQ was beyond the detection limit 

(> 14), while pKa of boc-7AQ and Ac-7AQ was measured to be 

~13.8 and ~13.2, respectively. Relatively strong acidity was 

obtained for Ts-7AQ (pKa 8.27) and TFA-7AQ (pKa 8.13). 

Therefore, the pKa values are in the order of Boc-7AQ > Ac-7AQ 

> Ts-7AQ > TFA-7AQ, inferring the increase of the NR-H acidity 

in a trend of Boc-7AQ < Ac-7AQ < Ts-7AQ < TFA-7AQ, which 

is in consistence with the increase of electron withdrawing 

strength.  

 

 

Interestingly, pKa of the N+-H (quinoline nitrogen) is also varied 

by the NR-H substituents. According to the titration data (see 

Table 1 and Figures S7-S15), pKa of the N+-H is in a trend of 

Me-7AQ (7.12) > 7AQ (6.57) > Boc-7AQ (5.39) > Ac-7AQ (5.14) 

> Ts-7AQ (4.70) > TFA-7AQ (4.45), so that the basicity of 

quinoline nitrogen is in the order of Me-7AQ > 7AQ > Boc-7AQ 

> Ac-7AQ > Ts-7AQ > TFA-7AQ. Therefore, the stronger 

electron withdrawing strength –R substituent (in NR-H) renders 

stronger NR-H acidity but weaker basicity of the quinoline 

nitrogen. The result may be expectable if one considers that NR-

H and quninoline N sites are mutually interacted via the -

conjugation. On the one hand, the increase of the R- electron 

withdrawing ability increases the NR-H acidity. On the other hand, 

the resulted decrease of electron donating ability for the NR-H 

nitrogen decreases its resonance effect through π-conjugation to 

the quinoline nitrogen, and hence decreases the basicity of the 

quinoline nitrogen. We are aware that a better approach to 

correlate the excited-state phenomena should rely on the 

excited-state pKa* (* denotes the electronically excited state) that 

commonly assessed by the pH fluorescence titration.  

Unfortunately, the fluorescence of 7AQ derivatives in aqueous 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. (a) The fluorescence spectrum of Boc-7AQ in cyclohexane by 

adding various MeOH concentration. (b) the plot of 1 𝐶𝑀𝑒𝑂𝐻
1⁄  against 1 𝐹580⁄ . 

(c) the plot of 1 𝐶𝑀𝑒𝑂𝐻
2⁄   against 1 𝐹580⁄  . (d) the plot of 1 𝐶𝑀𝑒𝑂𝐻

3⁄   against 

1 𝐹580⁄ . 
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Table 1. The pKa of NR-H and N+-H (quinoline) for the studied 7AQs 

structure NR-H N+-H of quinoline 

Me-7AQ - 7.12 

7AQ[40] - 6.57 

Boc-7AQ  ~13.8 5.39 

Ac-7AQ ~13.2 5.14 

Ts-7AQ 8.27 4.70 

TFA-7AQ 8.13 4.45 
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solution are too much complicated to be analyzed, consisting 

protonation, deprotonation and tautomerization in the excited 

state. Although pKa and pKa* are very different, in theory, it is 

reasonable to assume the validity of a similar trend among same 

moieties, and hence pKa will be used herein as a scale for the 

later discussion.  

 

Time-resolved fluorescence. We then applied time-correlated 

single photon counting (TCSPC) technique to probe the 

fluorescence relaxation dynamics. In this study, the femtosecond 

light source (~100 fs) coupled with multichannel plates as the 

detecting system gives a system response time of ~25 ps, which 

is fast enough to resolve the methanol catalyzed ESPT kinetics 

in this study (vide infra). For 7AQ and Me-7AQ where no proton-

transfer tautomer (imine-like) emission is observed in the steady-

state measurement (vide supra), the fluorescence kinetics, 

monitored at the normal emission peaks at 442 nm (7AQ) and 

443 nm (Me-7AQ) are fitted to be single exponential with a 

lifetime of 0.48 ns and 4.86 ns, respectively. The much different 

population decay time can be rationalized by the quenching of 

the fluorescence via torsional motion along the RHN(1’)-C(7) 

bond (see Scheme 1 for numbering of carbon atom). Upon → 
* excitation, the quinoline moiety becomes -electron deficient. 

Therefore, the stronger electron donating property for HNMe in 

Me-7AQ (cf. NH2 in 7AQ) induces stronger resonance effect, 

forming partial HNMe=C double bond that restricts the torsional 

motion and hence reduces quenching of the emission. This 

viewpoint is further supported by the 2.6% and 25.1% emission 

quantum yield for 7AQ and Me-7AQ in methanol, respectively. 

In other words, the RHN(1’)-C(7) rotation quenching emission 

plays an important factor for the dynamics of excited-state 

relaxation, which are also evidenced by the studies of other 7AQ 

derivatives, elaborated as follows. 

Figure 5 shows the fluorescence kinetics of those 7AQ 

derivatives showing ESPT properties in the steady-state 

measurement, so the emission dynamics can be monitored at 

both F1 (amino- form) and F2 bands (imine- form). Upon 

monitoring at the F1 band (Figure 5(a)), on the one hand, the 

kinetic traces for Ac-7AQ, Boc-7AQ, Ts-7AQ and TFA-7AQ all 

consist of two decay components. On the other hand, shown in 

Figure 5(b), the F2 band reveals a long rise component from 

tens to few hundred picoseconds, followed by a long population 

decay. All pertinent data are listed in Table 2. Using Boc-7AQ 

as an example, upon monitoring at the F1 band (380 nm) the 

emission decay is fitted by two single exponential decay 

components with lifetime of 212 ps and 1.72 ns, while the F2 

band is fitted to comprise a rise of 209 ps and a decay of 359 ps. 

The decay of 212 ps of the F1 band, within the experimental error 

of ±10 ps, is identical with the rise of 209 ps of the F2 band, 

supporting a precursor-successor type of kinetic relationship. 

Note that for the methanol catalyzed ESPT of 7HQ, which 

requires formation of stoichiometric 2:1 methanol:7HQ H-bonded 

complex, followed by H-bond reorganization and proton transfer, 

the rate of overall ESPT has been reported to be ~(170 ps)-1 [22,24].  

Therefore, for Boc-7AQ it is reasonable to conclude the time 

constant of methanol assisted ESPT to be ~210 ps. Following 

ESPT, the resulted imine-like tautomer emission undergoes a 

population decay with a time constant of ~360 ps.  

A remaining kinetic issue for Boc-7AQ is in regard to the origin 

of the fluorescence component with a 1.72 ns lifetime when 

monitoring at the F1 band. For the case of 7-hydroxyquinoline 

(7HQ) it has been well established that ESPT requires formation 

of stoichiometric 2:1 methanol:7HQ H-bonded complex, followed 

by the reorganization of these H-bonds relays and then proton 

transfer, to account for the overall rate of methanol catalyzed 

ESPT [24]. Due to the similar geometry (angle and distance) 

between proton donating and accepting sites, it is reasonable to 

expect that 7AQ derivatives, if ESPT is available in methanol, 

should hold similar mechanism as that in 7HQ, except for a 

distinct difference. Depending on the size and electronic 

properties of the –R group (in NR-H), we may expect to have 

different types of methanol/7AQs H-bonding configurations in 

the ground state, which are classified as trans- and cis- H-

bonding configurations, the definition of which has been given in 

the early X-ray characterization section (vide supra). Shown in 

Figure 6, the trans-configuration, in which the NR-H proton 

donating site is too far away from the accepting –N- sites to form 

2:1 (methanol: 7AQs) H-bonded complex, requires rotation of 

the NR-H site along the RHN(1’)-C(7) bond during the excited-

 
Figure 5. The fluorescence kinetics of Boc-7AQ, Ac-7AQ, Ts-7AQ and TFA-

7AQ in methanol. The excitation wavelength: 310 nm. The emissions are 

monitored at peak wavelength (see Table 2) of the F1 band (a) and F2 band 

(b). IRF: instrument response function 
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state lifespan, forming the cis-configuration to proceed with 

ESPT. Therefore, the rotational dynamics along RHN(1’)-C(7) 

play an important role for ESPT elaborated below.  

Standing on the above viewpoint, the weak electron 

withdrawing –R group such as Boc- leads to stronger N- electron 

donating strength, endowing the BocHN(1’)-C(7) bond with a 

partial double-bond-like character that inhibits the trans-cis 

rotation along the BocHN(1’)-C(7) bond in the excited state. This 

explains the 1.72 ns component for the F1 emission band, which 

can be ascribed to the population decay time of the trans-

configuration that does not undergo ESPT. Further support is 

given by the ratio of the pre-exponential value of ~1:1 for long 

(1.72 ns) versus short (212 ps) decay component monitored at 

the F1 band (380 nm, see Figure 5(a) and Table 2), indicating a 

nearly equal distribution in the initial prepared tans- and cis- H-

bond configurations. Theoretically, there should be no 

preference in population for either cis- or trans- configuration, 

considering a random H-bonding distribution between 7AQs and 

methanol solvents, giving a ~1:1 ratio for the trans- versus cis- 

configurations. Note that in this classification we neglect those 

non-planar H-bond configurations with respect to the quinoline 

moiety. This is because strong resonance effect should make 

RHN(1’)-C(7) a double bond-like strength, which makes the H-

N(1’)-R-C(7) plane nearly coplanar to the quinoline moiety. This 

viewpoint will be verified in the later theoretical approaches. 

Due to similar electronic properties between acetyl (Ac-) and 

Boc- groups, the same interpretation can be applied to the Ac-

7AQ for which the time constant of 216 ps and 0.97 ns (Table 2) 

monitored at the F1 normal emission band can be ascribed to the 

lifetime of cis- and trans- H-bond configured Ac-7AQ in methanol, 

respectively, in which the cis-configuration undergoes ESPT, 

while ESPT is prohibited in trans-configuration. Further support 

is given by the 213 ps rise component of the F2 imine-tautomer 

band (Table 2 and Figure 5(b)), which is identical with the decay 

of the fast component of the F1 band, showing a precursor-

successor relationship caused by ESPT. As for Ts-7AQ, the 

tosyl group has stronger electron withdrawing than that of Boc- 

and Ac- groups, so that the (Ts)HN(1’)-C(7) bond is subject to a 

more single bond-like rotation. However, the size of Ts- is 

significantly larger than Boc- and Ac-, which plays a counter 

effect to slow down the rotation. As a result, the 0.84 ns and 245 

ps (Table 2) decay components resolved for the F1 band of Ts-

7AQ are assigned to the lifetime of the trans- and cis- 

configurations, respectively, in which the cis-configuration 

undergoes methanol assisted ESPT, the time constant of which 

also well matches the rise time of the F2 band (244 ps).  

As for TFA-7AQ, we expect the strongest electron withdrawing 

properties for TFA among the studied 7AQs. Therefore, the 

(TFA)HN(1’)-C(7) bond is most probably a single bond like. This, 

together with its small size (cf. the Ts- group), should lead to a 

fast rotation along (TFA)HN(1’)-C(7) bond. Experimentally, 

shown in Figure 5 and Table 2, two decay components of 46 ps 

and 369 ps are resolved for the F1 band of TFA-7AQ, in which 

370 ps is nearly identical with the rise component of the F2 band 

(375 ps). Therefore, the time constant of ~370-375 ps attributed 

to ESPT seems to be unambiguous. This makes the assignment 

of 46 ps to the decay time constant of the trans-configuration 

interesting, which indicates that the rate of trans-cis 

Table 2. The excited-state relaxation dynamics of 7AQ derivatives in methanol monitored by the rise and decay of the fluorescence at different wavelengths. 

structure QY (%) 
normal form  tautomer form 

monitored (nm) τ1 (ps) τ2 (ps)  monitored (nm) τ1 (ps) τ2 (ps) 

Me-7AQa 25.1 445 4860 -  - - - 
7AQa 2.6 450 477 -  - - - 

Boc-7AQb 14.2 380 
212          

(42.59%) 
1724      

(57.41%) 
 600 

209                               
(-50.35%) 

359                            
(49.65%) 

Ac-7AQb 9.6 380 
216         

(45.76%) 
972        

(54.24%) 
 600 

213                               
(-50.77%) 

481                             
(49.23%) 

Ts-7AQb 6.6 365 
245         

(46.00%) 
841        

(54.00%) 
 600 

244                             
(-45.61%) 

1418                          
(54.39%) 

TFA-7AQb 2.8 370 
46            

(56.96%) 
370        

(43.04%) 
 550 

375                                 
(-49.22%) 

2877                              
(50.78%) 

a The excitation wavelength: 266 nm (8.2 MHz); b The excitation wavelength: 310 nm (82 MHz). 

 
Figure 6. The proposed trans- and cis- type random H-bonding configurations 

using Boc-7AQ as an example. The dihedral angle is defined as θ= ∠

HN(1')C(7)C(8). The cis and trans forms of 7AQs are ascribed to the structure 

with θ=∠HN(1')C(7)C(8)=0o and θ=∠HN(1')C(7)C(8)=180o, respectively. Upon 

excitation, ESPT is prohibited in the trans-methanol hydrogen bonded 

complex, while the cis-methanol H-bonded complex undergoes methanol 

assisted ESPT via the formation of Boc-7AQ:methanol (1:2) cyclic H-bonding 

configuration (see structure in red). 
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interconversion is faster than that of ESPT. In other words, 

kinetically, one can consider a pre-equilibrium between trans-cis 

configuration, followed by the methanol assisted ESPT from the 

cis-configuration. For this case, the kinetic derivation depicted in 

the supporting information (see Scheme S1, and eq. (27), (28), 

(30), (31)) indicates that the normal emission (F1 band) of trans-

configuration should exhibit a fast decay time constant, which is 

the reciprocal of sum of the forward and reverse conversion rate 

constants and is experimentally measured to be 46 ps. Moreover, 

both cis- and trans- configurations undergo the same population 

decay time of 370 ps. In other words, both configurations 

contribute to the F2 band. The imine tautomer (F2 band) that 

originates from ESPT of the cis-configuration has corresponding 

rise time of 375 ps, followed by a population decay time of 2.88 

ns. The derived kinetic expression thus well explains the 

experimental results. 

 

Theoretical approach   Prior to discussing the structure-

ESPT relationship for 7AQs, computational studies were carried 

out in an aim to gain insight into the thermodynamics of ESPT. 

Early absorption and emission titration experiments have 

concluded the formation of a 7AQs:methanol (1:2) hydrogen 

bonded complex that is required for ESPT. We then performed 

the calculation the thermodynamics of ESPT based on 7AQs: 

methanol (1:2) hydrogen bonded complex. In this approach, the 

geometry of the ground state was optimized by the density 

functional theory (DFT). The excited-state structures and the 

related optical properties were calculated with time-dependent 

density functional theory (TDDFT) methodology with a CAM-

B3LYP hybrid function.[41, 42, 43] The 6-31+G(d,p) basis set was 

employed for all atoms. Both calculations for ground and excited 

state are incorporated with a polarizable continuum model 

(PCM)[44] in methanol. The results are showed in Table S1 of the 

supporting information. Table S1 also lists the calculated 

absorption (normal) and emission (normal and tautomer) energy 

in terms of wavelength (nm), which, is comparable with the 

experimental data despite a trend of blue shift for all calculated 

7AQs. Note that the applied CAM-B3LYP hybrid function 

commonly results in higher energy.[43, 45] 

Clearly, the calculated ∆E (the free energy difference between 

normal and tautomer forms in the S1 state) is in the order of TFA-

7AQ (-12.4 kcal/mol) < Ts-7AQ (-12.3 kcal/mol) < Boc-7AQ (-

6.7 kcal/mol) < Ac-7AQ (-5.7 kcal/mol) < 7AQ (-2.7 kcal/mol) < 

Me-7AQ (-2.0 kcal/mol) (Figure 7). Although the results cannot 

reflect the prohibition of ESPT in 7AQ and Me-7AQ, their trend 

in exegonicity of ESPT for the title 7AQs is consistent with the 

experimental results.  

    Also, the calculation of the energy required for interconversion 

between cis- and trans- form in the ground as well as the lowest 

lying singlet excited states was performed. Due to the complexity 

of the solvent hydrogen bonding structures, for which the 

computation approach is formidable at current stage, we instead 

calculated the energy of cis- to trans- conversion by scanning 

dihedral angle θ in every 10o for 7AQs, while the solute-solvent 

interaction is based on the polarizable continuum model 

(PCM).[44] In the ground state, the results (see Figure 8 and 

below) show a trend of cis-to-trans barrier in the order of TFA-

7AQ (1.9 kcal/mol) ≈ Ts-7AQ (1.9 kcal/mol) < Ac-7AQ (2.4 

kcal/mol) < Boc-7AQ (2.9 kcal/mol). This small value, together 

with near isoenergetics between cis- and trans- forms, allows the 

thermally activated interconversion between cis- and trans- 

configurations in the ground state, as confirmed by the 

 

Figure 8. The calculated energy for various 7AQs as a function of the 

diherdral angle θ=∠HN(1')C(7)C(8) by scanning θ in every 10o in (a) the 

ground state and (b) the lowest lying singlet excited state in methanol, in 

which the surrounding methanol sovlents are treated by the polarizable 

continuum model. Note that θ = 0o and 180o are ascribed to cis- and 

trans- forms, respectively.  
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Figure 7. The relative energies between normal and proton-transfer 

tautomer in ground and in the first singlet excited states for 7AQs. In this plot, 

we intentionally set the ground state of each 7AQ derivative to be zero. 
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experimental observation. Also, the calculation (see Figure 8(a)) 

clearly indicates the existence of equilibrium between cis- and 

trans- forms in the ground state. This is expectable because both 

cis- and trans- forms are subject to the same solvation 

environment. 

Upon electronic excitation, the energy difference between 

optimized cis- and trans- forms was also calculated in the S1 

state. The result shown in (Figure 8(b)) also supports the similar 

energy between trans- and cis-configuration. In sharp contrast, 

however, despite the similar trend of TFA-7AQ (7.6 kcal/mol) < 

Ts-7AQ (7.7 kcal/mol) < Ac-7AQ (9.7 kcal/mol) < Boc-7AQ 

(10.3 kcal/mol) (see Figure 8(b)), the magnitude of rotational 

barrier for the cis-trans conversion in the S1 state is significantly 

larger than that of the ground state. The result manifests the 

influence of RHN(1’)-C(7) resonance induction in the excited 

state, giving more RHN(1’)-C(7) double bond character (cf. 

ground state) that hinders the rotation. Due to the lack of 

information on the specific methanol H-bond configuration and 

viscosity influence, the rate of interconversion was not 

accessible. However, the large barrier obtained for Ac-7AQ (9.7 

kcal/mol) and Boc-7AQ (10.3 kcal/mol) support the inhibition of 

the cis-/trans- interconversion in the excited state, while the 

smallest barrier of 7.6 kcal/mol for TFA-7AQ, together with its 

small size (cf. Ts-7AQ), infers feasible cis-/trans- interconversion, 

in a qualitative manner. 

In the NR-H type of excited-state intramolecular proton 

transfer (ESIPT), conclusion has been drawn in that the stronger 

is the intramolecular H-bond, the faster is the rate of ESIPT.[1,2] 

As for 7AQs the lack of intramolecular H-bond forbids us to probe 

relevant correlation. Thus, instead of the use of H-bonding 

strength, we would like to probe if ESPT kinetics, similar to the 

above thermodynamic relationship, can be drawn based on the 

acidity of 7AQs; that is, the more acidic is NR-H, the faster the 

ESPT kinetics is for 7AQs. Accordingly, a plot of the rate of 

methanol assisted ESPT as a function of pKa for those 7AQs 

exhibiting ESPT is shown in Figure 9(a). To our surprise, on the 

contrary, the result indicates that the more acidic is NR-H, the 

slower the ESPT kinetics is for 7AQs. For example, TFA-7AQ is 

the most acidic among the studied 7AQs whereas its ESPT time 

constant of 375 ps is slower than 208 ps of Boc-7AQ that has 

the least acidity among the ESPT 7AQs. On the other hand, 

alternatively, an attempt was also made by plotting the rate of 

ESPT for 7AQs as a function of the basicity of quinoline nitrogen, 

for which the higher pKa of –NH+- indicates lower conjugated –

N- base (Figure 9(b)). The results show that the higher basicity 

is the quinoline –N-, the fast rate of ESPT is for 7AQs. Thus, on 

the one hand, the trend of ESPT thermodynamics correlates with 

the electron donating-withdrawing ability and hence the acidity of 

NR-H. That is, the more acidic is the NR-H of 7AQs the more 

exergonic is ESPT. On the other hand, the rate of ESPT 

increases as increasing the quinoline –N- basicity, implying that 

the proton donation to the quinoline –N- site may serve as a rate 

determining step for methanol catalyzed ESPT in 7AQs. 

Conclusions 

In conclusion, a comprehensive photophysical study has been 

carried out on a new class of amino-type ESPT compounds 

7AQs with an aim of shedding light on the protic solvent 

(methanol) assisted ESPT reaction. Using Boc-7AQ as an 

example, the excited-state relaxation mechanism is clearly 

depicted in Figure 6. In methanol, both cis- and trans- forms of 

Boc-7AQ are in equilibrium and they exhibit identical absorption 

spectra. On the one hand, upon exciting the trans form, due to a 

large energy barrier, the trans-to-cis conversion is prohibited 

during the lifespan in the excited state. Therefore, the excited 

trans- form gives a long population lifetime of 1.72 ns. On the 

other hand, the excitation of the cis- form undergoes methanol 

assisted ESPT with an overall time constant of 209 ps, which is 

the time required to achieve a Boc-7AQ:methanol (1:2) cyclic 

hydrogen bonded complex (see Figure 6, structure in red) and 

execute proton transfer, giving rise to a normal and a tautomer 

emission with a lifetime of 209 ps and 360 ps, respectively. 

Except for TFA-7AQ the interconversion between cis- and trans- 

configurations in the excited state is inhibited due to the large 

barrier created by the partial RHN(1’)-C(7) double-bond 

character via the resonance induction effect. Experimentally, 

ESPT for Me-7AQ and 7AQ is thermally unfavorable, but is 

allowed in Boc-7AQ, Ac-7AQ, Ts-7AQ and TFA-7AQ.  

 

Figure 9. (a) The plot of rate constant for ESPT of 7AQs as a function of 

the NR-H acidity in pKa. (b) The rate constant for ESPT of 7AQs as a 

function of the pKa of -NH+- (quinoline nitrogen). The rate constants were 

obtained by fluorescence dynamics and pKa values were measured via 

pH titration experiment. 

10.1002/chem.201904027

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.



FULL PAPER    

 

 

 

 

 

Different from previously published N-H intramolecular H-

bonded molecules undergoing ESIPT,[1,2] 7AQs do not possess 

intramolecular H-bond. Therefore, the previously established 

correlation among H-bond strength, ESIPT kinetics and ESIPT 

thermodynamics cannot be applied. Nevertheless, for 7AQs the 

results show that the more acidic is the NR-H the more exergonic 

is ESPT whereas the rate of ESPT increases as increasing the 

quinoline –N- basicity. The latter may infer that the rate 

determining step for methanol catalyzed ESPT lies in the proton 

donation to the quinoline –N- site. 

Experimental Section 

All reactions were carried out in oven- or flame-dried glassware under 

a positive pressure of argon. All reagents and solvents were purchased 

commercially and used without further purification. TLC was performed 

on Merck 5735 DC-plastikfolien Kieselgel 60 F254 precoated plates. 

Flash column chromatography was performed on silica gel (Merck 7736 

Kieselgel 60H). 1H and 13C NMR spectra were recorded on Bruker AVIII 

or Varian Unity-400 MHz spectrometers in CDCl3, or d6-DMSO. The 

chemical shifts were reported in δ ppm relative to the internal standard. 

HRMS data was obtained from a Waters LCT Premier XE (ESI-TOF/MS) 

and FOEL JMS-HX110. HR-FAB mass spectra and HR-EI mass spectra 

were conducted on a JMS-700 double focusing mass spectrometer 

(JEOL, Tokyo, Japan) with a resolution of 8000(3000) (5% valley 

definition). The FT-IR spectra were recorded on a Bomen-MB-100 FT-IR 

spectrometer. 

7-Nitro-1, 2, 3, 4-tetrahydroquinoline. 1, 2, 3, 4-tetrahydroquinoline 

(5.305 g, 39.8 mmol) was added dropwise into conc. H2SO4 (15 mL) in 

an ice bath. After stirring for 30 mins, it was added dropwise the mixture 

of conc. HNO3 (3 mL) in conc. H2SO4 (8 mL) and stirred at 0℃ for another 

3 hrs. The result was poured into ice water and neutralized to pH = 6 with 

Na2CO3(aq). After filtration, the filtrate was extracted with EtOAc (3 x 20 

mL). The organic layer was dried over anhydrous MgSO4, concentrated, 

and purified by silica column chromatography (EtOAc/Hexanes 1:10) to 

afford the title compound (3.920 g, 55% yield) as orange oil. 1H-NMR (400 

MHz, d6-DMSO, ppm) δ = 7.26 (s, 1H), 7.21 (dd, J = 8.2, 2.4 Hz, 1H), 

7.05 (d, J = 8.0 Hz, 1H), 6.40 (s, 1H), 3.22 (t, J = 6.4 Hz, 2H), 2.74 (t, J = 

6.4 Hz, 2H), 1.79 (m, 2H). HRMS (EI, m/z): calcd for (C9H11N2O2)+: 

179.0815; Found: 179.0809. 

7-Nitroquinoline. To a solution of 7-nitro-1, 2, 3, 4-tetrahydroquinoline 

(500 mg, 1.94 mmol) in CH2Cl2 (60 mL) was added DDQ (879.5 mg, 3.88 

mmol) and the mixture was stirred for 30 mins. The solid was removed 

and the filtrate was extracted with CH2Cl2 (3 x 20mL) followed by washing 

with brine. The combined organic extracts were dried over anhydrous 

MgSO4. After filtration and concentration under reduced pressure, the 

residue was purified by silica chromatography (EtOAc/Hexanes 1:5) to 

afford 7-nitroquinoline (312 mg, 92%) as yellow oil. 1H-NMR (400 MHz, 

d6-DMSO, ppm): δ = 9.10 (dd, J = 4.0, 1.2 Hz, 1H), 8.80 (s, 1H), 8.57 (d, 

J = 8.4 Hz, 1H), 8.33 (dd, J = 5.4, 2.4 Hz, 1H), 8.26 (d, J = 8.8 Hz, 1H), 

7.76 (dd, J = 8.4, 2.0 Hz, 1H). HRMS (EI, m/z): calcd for (C9H7N2O2)+: 

175.0508; Found: 175.0513. 

7-Aminoquinoline (7AQ). A suspension of SnCl2 (4.355 g, 22.97 mmol) 

in conc. HCl (35 mL) was added to a solution of 7-nitro-quinoline (1 g, 

5.74 mmol) in acetic acid (17.5 mL). The mixture was heated at 70℃ for 

30 mins and then allowed to cool to room temperature. The mixture was 

treated with 10% NaOH(aq) to pH = 12 and then extracted with CH2Cl2 (3 

x 10 mL). The combined organic extracts were dried over anhydrous 

MgSO4. After filtration and concentration under reduced pressure, the 

residue was purified by silica chromatography (EtOAc/Hexanes 1:5) to 

afford 7AQ (691 mg, 83%) as brown solid. 1H-NMR (400 MHz, d6-DMSO, 

ppm): δ = 8.55 (dd, J = 4.0, 1.6 Hz, 1H), 7.98 (dd, J = 8.0, 1.6 Hz, 1H), 

7.57 (d, J = 8.4 Hz,1H), 7.04 (dd, J = 8.0, 4.4 Hz, 1H), 6.96 (dd, J = 8.4, 

2.0 Hz, 1H), 6.90 (d, J = 2.0 Hz, 1H), 5.73 (2H, s). HRMS (EI, m/z): calcd 

for (C9H9N2)+: 145.0760; Found: 145.0754. 

2,2,2-Trifluoro-N-(quinolin-7-yl)acetamide (TFA-7AQ). To a solution of 

7AQ (162 mg, 1.12 mmol) in CH2Cl2 (5 mL) was added 2,2,2-

trifluoroacetic acid (190 uL, 1.35 mmol) and the mixture was stirred at 

room temperature for 16 hrs. The result was neutralized carefully with 

10% NaOH(aq) and then extracted with CH2Cl2 (3 x 10 mL).  The combined 

organic extracts were dried over anhydrous MgSO4 and the filtrate was 

concentrated. The residue was purified by silica chromatography 

(EtOAc/Hexanes 1:3) to afford TFA-7AQ (204 mg, 75% yield) as white 

solid. 1H NMR (400 MHz, CDCl3, ppm) δ = 8.91 (dd, J = 4.4, 1.6 Hz, 1 H), 

8.44 (brs, 1 H), 8.23 (d, J = 1.6 Hz, 1 H), 8.14 (dd, J = 8.4, 1.6 Hz, 1H), 

7.88 (dd, J = 8.8, 2.0 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1 H), 7.40 (dd, J = 8.4, 

4.4 Hz, 1 H). 13C NMR (100 MHz, d6-DMSO, ppm) δ = 155.2, 144.5, 142.0, 

141.3, 130.6, 122.3, 121.7, 115.3, 115.0, 95.1 ppm. IR (KBr, cm-1) 3213, 

2993, 1716, 1630, 1566, 1504, 1466, 1441, 1394, 1319, 1279, 1204, 

1151, 841, 753. HRMS (EI, m/z): calcd for C11H8N2OF3 (M+H)+: 

241.0589; Found: 241.0589.  

4-Methyl-N-(quinolin-7-yl)benzenesulfonamide (Ts-7AQ). To a 

solution of 7AQ (100 mg, 0.69 mmol) in pyridine (2 mL) was added p-

toluenesulfonyl chloride (158 mg, 0.83 mmol) and the mixture was stirred 

at room temperature for 16 hrs. The solution was neutralized carefully 

with 10% HCl(aq) and extracted with CH2Cl2 (3 x 10 mL). The combined 

organic extracts were dried over anhydrous MgSO4. After filtration and 

concentration under reduced pressure, the residue was purified by silica 

chromatography (CH3OH/CH2Cl2 1:50) to afford Ts-7AQ (165 mg, 79% 

yield) as yellow solid. 1H-NMR (400 MHz, d6-DMSO, ppm): δ = 10.73 (s, 

1H), 8.75 (d, J = 4.0 Hz, 1H), 8.18 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.8 Hz, 

1H), 7.70 (d, J = 8.0 Hz, 2H), 7.61 (s, 1H), 7.37-7.29 (m, 4H), 2.26 (s, 3H). 
13C NMR (100 MHz, d6-DMSO, ppm) δ = 151.1, 148.1, 143.5, 138.9, 

136.9, 135.6, 129.8, 126.7, 124.4, 120.3, 120.1, 115.6, 20.9 ppm. IR (KBr, 

cm-1) 3062, 2873, 1626, 1579, 1510, 1450, 1362, 1323, 1158, 1091, 972, 

836, 663. HRMS (FAB, m/z): calcd for C16H15N2O2S (M+H)+: 299.0854; 

Found: 299.0854. 

N-(Quinolin-7-yl)acetamide (Ac-7AQ). To a solution of 7AQ (165 mg, 

1.14 mmol) in CH2Cl2 (5 mL) was added acetic anhydride (162 uL, 1.72 

mmol) and the mixture was stirred at 70℃ for 10 hrs. The reaction solution 

was neutralized carefully with 10% NaOH(aq) and extracted with CH2Cl2 

(3 x 10 mL). The combined organic extracts were dried over anhydrous 

MgSO4. After filtration and concentration under reduced pressure, the 

residue was purified by silica chromatography (CH3OH/CH2Cl2 1:50) to 

afford Ac-7AQ (181 mg, 85% yield) as white solid.  1H NMR (400 MHz, 

d6-DMSO, ppm) δ = 10.28 (s, 1H), 8.80 (d, J = 4.4 Hz, 1 H), 8.38 (s, 1 H), 

8.23 (d, J = 8.0 Hz, 1 H), 7.87 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1 

H), 7.37 (dd, J =8.0, 4.0 Hz, 1 H), 2.10 (s, 3H). 13C NMR (100 MHz, d6-

DMSO, ppm) δ = 169.0, 150.7, 148.4, 139.5, 135.9, 128.5, 125.2, 120.8, 

120.0, 116.7, 24.6 ppm. IR (KBr, cm-1) 3052, 3012, 2345, 1675, 1623, 

1586, 1545, 1500, 1458, 1435, 1370, 1353, 835. HRMS (FAB, m/z): calcd 

for C11H11N2O (M+H)+: 187.0871; Found: 187.0876. 

tert-Butyl quinolin-7-ylcarbamate (Boc-7AQ). To a solution of 7AQ 

(500 mg, 3.47 mmol) in anhydrous THF (10 mL) was added NaHMDS 

(3.81 mL, 7.63 mmol, 2M in THF) at room temperature under nitrogen 

atmosphere. The mixture was stirred for 15 mins and then di-tert-butyl 

dicarbonate (794 mg, 3.64 mmol) in anhydrous THF (5 mL) was added 

dropwise into the solution. The reaction mixture was stirred overnight 
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after which time the solvent was removed under reduced pressure. The 

residue was diluted with water and extracted with EtOAc (3 x 15 mL).  The 

combined organic extracts were dried over anhydrous MgSO4. After 

filtration and concentration under reduced pressure, the residue was 

purified by silica chromatography (EtOAc/Hexanes 1:1) to afford Boc-

7AQ (680 mg, 80%) as white solid. 1H-NMR (400 MHz, d6-DMSO, ppm) 

δ = 9.74 (1H, s), 8.77 (dd, J = 4.4, 1.6 Hz, 1H), 8.21-8.17 (m, 2H), 7.83 

(d, J = 8.8 Hz, 1H), 7.63 (dd, J = 8.8, 2.0 Hz, 1H),7.34 (dd, J = 8.4, 8.0 

Hz, 1H), 1.50 (s, 9H). 13C-NMR (100 MHz, CDCl3, ppm) δ = 152.8, 151.0, 

148.9, 139.9, 136.0, 128.8, 124.9, 120.0, 119.9, 115.6, 81.3, 28.6 ppm. 

IR (KBr, cm-1) 3212, 2993, 1726, 1630, 1565, 1505, 1466, 1441, 1394, 

1286, 1117, 842, 754. HRMS (EI, m/z): calcd for C14H17N2O2 (M+H)+: 

245.1290; Found: 245.1281. 

N-Methylquinolin-7-amine (Me-7AQ). To a mixture of 7AQ (50 mg, 0.34 

mmol) and sodium methoxide (94 mg, 1.73 mmol) in methanol (5 mL) was 

added the methanol solution (1 mL) of paraformaldehyde (14 mg, 0.47 

mmol). After refluxing for 12 hrs, sodium borohydride (13 mg, 0.34 mmol) 

was added and stirred for another 2 hrs. The solvent was then removed 

under reduced pressure and the residue was extracted with CH2Cl2 (3 x 

5 mL) and washed with water. The combined organic extracts were dried 

over anhydrous Na2SO4. After filtration and concentration under reduced 

pressure, the residual solid was purified on aluminium oxide (CH2Cl2 as 

eluent) to give Me-7AQ (37 mg, 70% yield) as yellow liquid. 1H NMR (400 

MHz, CDCl3, ppm) δ = 8.71 (dd, J = 4.4, 2.0 Hz, 1H), 7.94 (dd, J = 8.0, 

1.6 Hz, 1H), 7.54 (d, J = 8.8 Hz, 1H), 7.09 (dd, J = 8.0, 4.4 Hz, 1H), 7.02 

(d, J = 2.4 Hz, 1H), 6.89 (dd, J = 8.4, 2.0 Hz, 1H), 4.13 (brs, 1H), 2.95 (d, 

J = 4.8 Hz, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ = 150.5, 150.4, 150.1, 

135.6, 128.4, 121.7, 118.4, 117.2, 104.4, 30.5 ppm. IR (KBr, cm-1) 3326, 

3246, 3058, 2929, 1904, 1725, 1623, 1536, 1464, 1400, 1356, 1321, 

1279, 1220, 1147, 1061, 973, 945, 824, 764, 667. HRMS (EI, m/z): calcd 

for (C10H10N2)+: 158.0844; Found: 158.0849. 

N,N-Dimethylquinolin-7-amine (diMe-7AQ). A mixture of 7AQ (62 mg, 

0.43 mmol), paraformaldehyde (130 mg, 4.32 mmol) and sodium 

cyanoborohydride (136 mg, 2.16 mmol) in acetic acid (3 mL) was stirred 

at room temperature for 22 hrs. 25% NaOH(aq) was added to neutralize 

the acetic acid. The mixture was extracted with CH2Cl2 (3 x10 mL) and 

washed with water. The combined organic extracts were dried over 

anhydrous Na2SO4. After filtration and concentration under reduced 

pressure, the residual solid was purified on silica gel (CH3OH/CH2Cl2 

1:60) to give diMe-7AQ (50 mg, 67% yield) as yellow liquid. 1H NMR (400 

MHz, CDCl3, ppm) δ = 8.71 (dd, J = 4.4, 1.6 Hz, 1H), 7.94 (dd, J = 8.0, 

1.6 Hz, 1H), 7.62 (d, J = 8.8 Hz, 1H), 7.19-7.12 (m, 2H), 7.08 (dd, J = 8.0, 

4.4 Hz, 1H), 3.08 (s, 6H). 13C NMR (100 MHz, CDCl3, ppm) δ = 151.0, 

150.4, 149.9, 135.3, 128.2, 120.8, 117.1, 116.1, 106.7, 40.4 ppm. IR (KBr, 

cm-1) 3378, 2925, 2854, 2806, 1935, 1719, 1622, 1510, 1438, 1357, 1240, 

1151, 1064, 969, 823, 763, 663, 613. HRMS (EI, m/z): calcd for 

C11H12N2
+: 172.1000; Found: 172.0998. 

Spectroscopic measurement.  

Steady-state absorption spectra were recorded using Hitachi U-3310 

spectrophotometer, emission spectra were measured by Edinburgh 

FS920 fluorometer. Picosecond time-resolved studies were performed 

with an Edinburgh FL 900 TCSPC system with femtosecond oscillator 

(Tsunami, Spectra-Physics) with a central output wavelength at 800 nm. 

The polarization was set at a magic angle (54.7°) with respect to the pump 

polarization direction to eliminate anisotropy. The excitation light source 

of 266 nm is generated from 800 nm of Tsunami byβ-barium metaborate 

(β-BBO). The pKa measurements were performed with pH meter (PH-

500) that was corrected by buffer solution (phosphate) pH7 and pH4 

(Fisher Chemical). 
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