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Introduction Scheme 1. (a) Synthesis of 7-Azaserotonin and (b) the Structure
Perhaps one of the most prominent neurotransmitters is serotonin®’ Serotonin

(3-(2-aminoethyl)-H-indol-5-ol, 1a in Scheme 1), which is a @ Ve Gon
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neuropsychiatric disordefshe serotonin system may also play a MeONa, CuBr Q NaBH,, KN,
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neuropsychiatric disorders remains enigmatic, abnormalities in N H  sep(s VR SN &%)
serotonin signaling have been strongly implicated. * ¢
That such a small molecule like serotonin acts as a vital element Bt THE, THE NH, (b) NH,

in brain function has attracted much attention in synthetic chemistry. meo_ 2)BBr, CHiCh  HOL_» HO.
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Focus on derivatization of serotonin has been one of the intensive '\~ 0% SyoN N
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areas in medicinal chemistWhile most of the approaches lie in 7 o ’ 1:

the substitution effect on the parent serotonin, we are interested in
replacing the parent indole moiety with the 7-azaindole chromo-

] _ _ was oxidized with manganese triacetate in acetic acid &C7t®
phore, forming 7-azaserotonin (3-(2-aminoethyl)-5-bl-iyrrolo-

o ‘ ! give 4 with 50% yield. Subsequently, the 5-methoxy functional-
[2,3-b]pyridine, 1 in Scheme 1). Studies have shown great j;aion was established by step 4, in which compodimehs treated
differences in both the physical and photophysical properties i, 4 mixture ofN,N-dimethylformamide and methanol with sodium
between indole and azaindole systems. It has been well-establisheq,athoxide in the presence of copper(l) bromide, yieldirig 85%

that HOMO and LUMO for indole (azaindole) are ascribed 10 yielq |n step 5, to elaborate the derivatization of the 3-position of
pyrrole and benzene (pyridine) rings, respectivilly.comparison  7_5;aindole moietys was subjected to the Vilsmeier’ reaction, and

to indole, the electron withdrawing properties of pyridyl nitrogen g \\a5 achieved successfully in 60% yield.
in azaindole should lead to a further decrease of the LUMO level, In step 6,6 was first treated with sodium borohydride in binary

resulting in a smaller energy gap. Furthermore, the lower LUMO ¢ ents and then reacted with KCN. Note that this step is strongly
level prevents the electron ejection upon electronic excitation. As solvent-mixture dependent. Among various mixtures, MeOH/NH

a prototypical_example, 7-§1za_tryptophan has replaced tryptophanCHo (1:1, viv) maximized the yield of to 85%.

in numerous biological applicatiohswing to its longer wavelength Subsequently, reduction of the cyano group to the corresponding

absorption ¢ 300 nm), which can be free of the interference by  5ine was performed. The first attempt, incorporating reduction
natural tryptophan or other biochromophores. Moreover, its single- under hydrogen gas by Raney Ni catalyst, was not efficient.

exponential decay dynamics makes it apparently superior to rypto- ayernatively, reduction of the cyano group was realized with a
phan, which normally gives rise to complications due 10 itS 1 ,ane THF complex. However, further purification of the result-
blexponqr?tlal decay dynamiés. o o . ing amine derivative was subject to decomposition. To avoid this,
In ad_dltlon to the above ad"a“t?_ge& In view Of_ its biochemical without prepurification, we carried out the next step of the treatment
properties,1 may possess an additional pyridyl nitrogen capable i, gy, and successfully transformed the methoxy group to the

of hydrogen-bonding that may be more affini‘tive to the recgptor hydroxyl group, forming the target compound 7-azaserototjn (
of 1a, such thatl may act as a potential agonist or antagonist of 1"\ a5 then purified by twice recrystallization from methanol. In

_1a _rec_eptors. Herei_n, we repc_>rt the first synthe;islo;ﬁnd its summary, via Scheme 1,has been successfully prepared with an
intriguing photophysical properties, namely the excited-state proton- overall yield of ~10%. Detailed synthetic procedures as well as

transfer reaction. . . . . . ) characterization of the intermediates are elaborated in Supporting
The 7-step synthetic route fois depicted in Scheme 1, in which Information

comme_rmallly g\éalllable 7-_aza|r_1ct:|10kl)e se_rvegl asa startlnt? ma:erlal. Figure 1 depicts the absorption and emission spectiaaind
Step 1 involved halogenation with bromine in a mixture-bfitano 1 in ethanol. In comparison, the firsySS, absorption peak of

and water at room temperature to provide the tribromo derivative 354 1 is apparently red-shifted byL5 nm with respect to that
5 I L
2 (85%). In step 2,2 was then treated with zinc in acetic acid to of serotonin, supporting the lowering of LUMO and hence the

furnish3in 95% yield. Reduction of the amide function was realized decrease of the HOMELUMO energy gap by replacing the fused
with the borane-tetrahydrofuran complex, and the resulting indoline benzene ring (inla) with pyridine (in 1). Upon excitation,1a

 National Taiwan University. ?XthItS a normal emission band with peak vya\{elength at 333 nm
*Industrial Technology Research Institute. in ethanol, while in sharp contrast, dual emission appearel in
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Figure 1. Absorption (dash) and emission (solid) spectrdafgray) and
1 (black) in ethanol. Emission spectrum dfin pH = 7 is shown by the
red solid line. The excitation wavelength is 300 nm. Inset shows the relax-
ation dynamics ofl in ethanol, monitored at 340 nm (red) and 540 nm
(green).
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Figure 2. The proposed excited-state behaviorlaf alcohol and water.

consisting of short wavelength (the Band) and long wavelength
(the R, band) bands maximized at 365 (the#and) and 538 nm
(the R, band), respectively. The fluorescence excitation spectra
monitored at the Fand F bands are identical and are also the
same as the absorption profile. The result eliminates the possibility
that the dual emission is resulting from trace impurities. Further-
more, the ratio of the Fversus the Fband is concentration
independent from 1¢—10-2 M in ethanol, discarding a proposal
that the E band originates from aggregation. Alternatively, the
results can more plausibly be rationalized by the ethanol (or
methanol) catalyzed proton-transfer reactionifdepicted in Figure

2. Figure 2 depicts a two-step proton-transfer mechanism, in which
there exists a fast equilibrium between the 1:1 alcdho}tlic HB
structure (C*) and other complexes generally described as 2:1
alcoholll noncyclic HB structure (N*). Proton-transfer thus takes
place from C*, resulting in a green proton-transfer tautomer (T*)
emission.

The scheme proposed above is based on a well-established

mechanism associated with 7-azaindole and its corresponding
analogue$. Further support of this precursesuccessor type of

proton-transfer mechanism is rendered by the relaxation dynamics,

in which a single-exponential decay time of 3&030 ps for the

F1 band (monitored at 340 nm), within experimental error, correlates
well with the 385+ 40 ps risetime of the Fband (monitored at
540 nm, see the inset in Figure 1). Interestingly, however, a unique
emission maximized at 395 nmx (~ 0.5 ns) was observed fdrin
aqueous solution (pH: 7, see Figure 1). The fact that we could
not resolve any steady-state emission and rise-decay dynamics o
the F, band, in combination with the good fluorescence yield (0.15),
leads us to propose that® assisted excited-state proton transfer
may be prohibited in aqueous solution. We further carried out the
luminescence study at pH 11.5, in which the deprotonation of

—OH (pK4 =~ 9.6) should be>95% (see Figure S1 in Supporting
Information), and found that the corresponding emission spectrum
(Amax = 395 nm, see Figure S1) is the same of that inpH. In
view of the different absorption spectra with the same emission
profiles, we tentatively propose that the excited-state proton
dissociation takes place in pH 7, giving rise to a 395 nm anionic

1 emission. Given the evidence of large a Stokes-shifted 395 nm
emission forl in neutral water, it is reasonable to expect that such
an anionic species can be further stabilized by solvation, such that
the further proton transfer is highly thermally unfavorable (see
Figure 2). Studies in low pH<5.0) are rather complicated owing

to the protonation at the pyridyl nitrogen site.

In conclusion, the first synthesis and spectroscopic studiés of
are reported. The differentiation of photophysics between alcohol
(solvent catalyzed proton-transfer reaction) and water (deprotona-
tion) are intriguing. In view of bioapplications, we thus suspect
that oncel is in certain hydrophilic medium, similar to that in
alcohol, a water catalyzed excited-state proton-transfer reaction may
take place, allowing it to serve as a suitable molecular probe. We
also performed the molecular dynamic approacheslfasing a
homology model of human 5-H§ serotonin receptor to investigate
the difference of interaction to the 5-Hg receptor betweerda
and 1. Our preliminary data indicate thathas larger association
strength than that dfa, exhibiting its great potential to serve as a
5-HT,g agonist or antagonist for the treatment of aggression or
depression. We thus believe that exploratiod ofay spark a broad
spectrum of interest in the fields of medicinal chemistry and
biophysics.
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