One-Pot Synthesis of Highly Fluorescent
2,5-Disubstituted-1,3a,6a-triazapentalene
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ABSTRACT
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highly fluorescent

A one-pot synthetic method was established for the preparation of 2,5-disubstituted-1,3a,6a-triazapentalenes. The fluorescence observation of the
synthetic 2,5-disubstituted-1,3a,6a-triazapentalenes revealed that the introduction of a substituent at the C5 position allowed a substantial change
in the fluorescence quantum yield with little effect on the fluorescence wavelength.

Fluorescent organic molecules are an important class of
compounds in modern science and technology and are
widely used for such applications as biological imaging
probes, sensors, lasers, and light-emitting devices." Thus,
the development of useful fluorescent organic molecules
has been a subject of intensive research due to their
importance to the advancement of many industries.” Re-
cently, we discovered that a 1,3a,6a-triazapentalene skele-
ton without an additional fused ring system was a compact
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and highly fluorescent chromophore that exhibited various
interesting fluorescence properties, such as a strong posi-
tive fluorescence solvatochromism and a noteworthy cor-
relation of the fluorescence wavelength with the inductive
effect of the 2-substituents.* > For example, the fluores-
cence of the 1,3a,6a-triazapentalenes shifted to longer
wavelengths along with increases in the Hamett o, value
of substituents on the benzene ring of 2-phenyl analogs
(Figure 1). Therefore, the 1,3a,6a-triazapentalene system
provides a breakthrough fluorescent molecule that en-
ables the same fluorescent chromophore to exhibit various
fluorescence colors. For expansion of the fluorescent
wavelength to the red color region, an introduction of an
additional electron-withdrawing substituent was consid-
ered to be effective. An alternative potential approach is
the introduction of an electron-donating substituent at
the C5 position so that the push—pull effect on the 107-
electron system could be enhanced. Thus, we became intri-
gued with the synthesis of 1,3a,6a-triazapentalenes possessing

(3) Namba, K.; Osawa, A.; Ishizaka, S.; Kitamura, N.; Tanino, K.
J. Am. Chem. Soc. 2011, 133, 11466-11469.

(4) The 1,3a,6a-triazapentalenes with an aryl fused system exhibit
very little fluorescence (®g = 0.0001). See: Albini, A.; Bettinetti, G.;
Minoli, G. J. Am. Chem. Soc. 1991, 113, 6928-6934.

(5) Other examples of the 1,3a,6a-triazapentalene derivatives without
an aryl fused system: (a) Koga, H.; Hirobe, M.; Okamoto, T. Tetra-
hedron Lett. 1978, 19, 1291-1294. (b) Chen, Y .; Wang, D.; Petersen, J. L.;
Akhmedov, N. G.; Shi, X. Chem. Commun. 2010, 46, 6147-6149.



i
AKC N. s ALNOPH
3\— I
2
1,3a,6a-

triaz ape ntalene
-OMe -Ph -CN -NO,

Aagﬂm(nnn 413 456 509 556

Figure 1. Fluorescence properties of 1,3a,6a-triazapentalene.

various substituents at the C5 position in order to elucidate
the push—pull effect on the fluorescence properties of the
1,3a,6a-triazapentalenes. To this end, we designed an azide
2 having methoxy and triflate groups at the C2 and C3
positions, respectively, which were expected to be more
stable than the corresponding azidoditriflates, as the pre-
cursor of 5-substituted-1,3a,6a-triazapentalenes 1. The
click reaction® of 2 with an alkyne would give the 1,2,3-
triazole 4 which may undergo a cyclization reaction to
afford the bicyclic triazolium ion 5. Finally, treatment of
the intermediate with a base would give the desired 5-sub-
stituted-1,3a,6a-triazapentalene 1 through elimination of
the methoxy group followed by aromatization (Scheme 1).
Our previous study showed that the basic treatment of the
corresponding free alcohol of 5, which was obtained by the
epoxide ring-opening reaction, afforded alkanenitrile un-
expectedly. Therefore, the methoxy group was adopted as
a leaving group. Herein, we describe the synthesis of 2,5-
disustituted-1,3a,6a-triazapentalenes and their interesting
fluorescence properties.

Scheme 1. Synthetic Plan of 2,5-Disubstituted-1,3a,6a-triaza-
pentalene
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The synthesis of azide fragment 2a started with easily avail-
able 3-chloro-1,2-propanediol 8. Nucleophilic displacement
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Scheme 2. Synthesis of the Azide Fragments 2a
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of the chloride with azide followed by selective protection
of the primary alcohol afforded 9, which was oxidized by
SO;ePyr-DMSO to give ketone 10.” The acetal formation
reaction of 10 simultaneously induced the removal of a
TBS group to give alcohol 11. Subsequent treatment of 11
with Tf,0 at —78 °C afforded the desired 2a as a precursor
of 5S-methoxy-1,3a,6a-triazapentalenes (Scheme 2).

Having prepared the azide fragment 2a, we next attem-
pted the cascade reaction leading to 1,3a,6a-triazapenta-
lene. Although the click reaction of 2a with phenylacety-
lene (3a) was stopped at the 1,2,3-triazole 4a, refluxing
after the click reaction induced the cyclization to afford the
bicyclic triazolium ion 5a. However, subsequent direct
elimination of the methoxy group by coexisting triethylamine
did not proceed. The use of DBU as a stronger base and the
use of p-TsOH under acidic conditions were also unsuccess-
ful, whereas the use of KHMDS at —78 °C was later found to
give the desired 2-phenyl-5-methoxy-1,3a,6a-triazapenta-
lene 1a in 64% yield from 2a. This is the first example of
the synthesis of 2,5-disubstituted-1,3a,6a-triazapentalenes
without an additional fused ring system (Scheme 3). Thus,
the one-pot preparative method for the 2,5-disubstituted-
1,3a,6a-triazapentalenes was established.

We next examined the introduction of various substitu-
ents at the C5 position in order to elucidate the effect of the
S-substituent on the fluorescence properties (Table 1).
First, 4-cyanophenyl acetylene (3b) was adopted as an
alkyne fragment because the cyanophenyl group exhib-
ited a high fluorescence quantum yield and the excel-
lent stability to UV irradiation among the various
2-substituents.’ The similar sequential reaction of 2a with
3b afforded the desired 2-cyanophenyl-5-methoxy-1,3a,6a-
triazapentalene 1b in 60% yield (entry 1). The click reac-
tion of methyl analog 2b® with 3b afforded the bicyclic
triazolium ion without reflux conditions. Subsequent di-
rect treatment with KHMDS at —78 °C resulted in the
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Scheme 3. Synthesis of 2-Phenyl-5-methoxy-1,3a,6a-triazapen-
talene 1a
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desired 5-methylsubstituted-1,3a,6a-triazapentalene 1c in
63% yield (entry 2). Next, the reaction of cyano analog 2¢’
was attempted in order to examine the opposite effect of
the electron-withdrawing group, and the desired 5-cyano-
1,3a,6a-triazapentalene 1d was obtained in 57% yield
(entry 3). In addition, the effect of the aromatic substituent
was also intriguing. Since the corresponding triflate of 2d'°
easily induced the [1,2]-shift of the phenyl group during
column purification, the synthesis was started with a
triflation reaction of alcohol 2d to afford the desired
S5-phenyl analog 1e in 19% yield (entry 4).

Table 1. Synthesis of the Various 5-Substituents of
2-(4-Cyanopheyl)-1,3a,6a-triazapentalenes
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2 ‘
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“Isolated yield. ® Reflux condition was not needed. ¢ Corresponding
triflate was used without purification.
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Having prepared the various 5-substituents of 2-cyano-
phenyl-1,3a,6a-triazapentalenes, we investigated their
fluorescence properties (excited at 370 nm) (Table 2).
Although the introduction of an electron-donating group
at the C5 position was expected to induce a longer-
wavelength shift, the methoxy-substituted analog 1b ex-
hibited a similar absorption and fluorescence maxima with
those of unsubstituted 1f.> The methyl analog lc also
showed a small longer-wavelength shift of the fluorescence
maximum. Neither shift was assigned to the wavelength
shift of the phenyl analog le despite the extended -
conjugation system. In contrast, the fluorescence maxi-
mum of cyano analog 1d shifted to a shorter wavelength,
indicating that the electron-withdrawing group has an
effect on the fluorescence wavelength. Although the ex-
pected shifts of the fluorescence wavelength were not
observed, it was especially noteworthy that the fluores-
cence quantum yields (®p) of all 5-substituted-1,3a,6a-
triazapentalenes 1b—le were dramatically increased.''
This suggested that the introduction of an electron-donat-
ing group at the C5 position allowed a substantial increase
in @ without any effect on the fluorescence wavelength,
and the 5-substituted-1,3a,6a-triazapentalene system eas-
ily provides access to potentially useful fluorescent probes
exhibiting a high fluorescence quantum yield.

Table 2. Fluorescence Properties of 5-Substituted-1,3a,6a-tria-
zapentalenes 1b—e and Unsubstituted 1f in Dichloromethane

NZ 1b 1c 1d 1e 1t
H—@ﬁﬁ CgH CN

R = OMe R =Me R=CN R=Ph R=H
Raps ™ (nm) 378 385 360 383 381
g™ (NM) 505 518 453 506 509
P 0.57 0.55 0.45 0.48 0.18

color

Finally, we examined the effect of the application of a
S-substituent in the variously colored 1,3a,6a-triazapenta-
lenes on the increment of ®g without a significant shift of
the fluorescence wavelength (Table 3). The methyl analog
2b was adopted as the azide fragment due to its ready
availability and high fluorescence quantum yield of 1c. The
click reaction of 2b with phenyl acethylene (3a) followed by
basic treatment afforded a desired 2-phenyl-5-methyl-
1,3a,6a-triazapentalene 1g in 81% yield. As we expected,

(9) The cyano substituent 2¢ was converted from ketone 10 via a
cyanohydrin forming reaction followed by methylation reactions; see
Supporting Information.

(10) The phenyl substituted analog 2d was prepared from 2-phenyl-2-
propene-1-ol in the same manner as 2b.

(11) Fluorescence quantum yields were estimated by using 9,10-
diphenylanthracene (9,10-DPA) in cyclohexane as a standard (P =
0.91).

Org. Lett,, Vol. 14, No. 21, 2012



Table 3. Click Reaction of 2b with Various Acetylenes 3 and
Fluorescence Properties of Various 5-Methyl-1,3a,6a-triaza-
pentalenes in Dichloromethane

Me,
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MeO, Me > (5 mol %)
N ot + = i
S\XI/ ~ TEA (5 equiv) 2
(1.2 equiv) iy KHMDS, -78 °C
2b 3 THF 1 =Y

=
=

entry alkyne (Hammett o) yield?  2.,™ (nm)  @¢ color
- 3b:R=CN(0.71)  1c:63% 518 0.55
(509)° (0.18)"
18 3a:R=H (0.00) 1g:81% 422 0.074 )
(419)*  (0.030)
o0 3c:R=Ph(0.04) 1h:59°% 466 0.27
(456)° (0.24)
3@  3d:R=0Me(-0.28) 1i:72% 421 0.025 -
(413)°  (0.062)'

goc 3e:R=NO,(081) 1j:27° 575 0.022 !L

(556)°  (0.16)' | —

“Excited at 340 nm. ” Excited at 370 nm.  The reaction was con-

ducted at —78 to 0 °C by using Et,NLi as a base. ¢Isolated yield..

¢ Fluorescence maximum of corresponding 5-unsubstituted analog. /
Fluorescence quantum yield of corresponding 5-unsubstituted analog.

the ®@f value of 1g was substantially increased compared
with that of the corresponding S5-unsubstituted-1,3a,6a-
triazapentalene, and the fluorescence wavelength showed
a small longer-wavelength shift (Table 3, entry 1). The
similar one-pot reaction of 2b with 4-biphenylacetylene 3¢
afforded 2-(4-biphenyl)-5-methyl-1,3a,6a-triazapentalene
1h in 59% yield, and 1h also exhibited an increase of @
with a small longer-wavelength shift (entry 2). The reac-
tions of (4-methoxyphenyl)acetylene 3d and (4-nitro-
phenyl)acetylene 3e also gave the corresponding 2,5-dis-
ubstituted-1,3a,6a-triazapentalenes 1i and 1j in 72%
and 27% yields, respectively. Surprisingly, however, 1i
and 1j showed a considerable decline in @, although the
fluorescence spectral shifts exhibited the same tendency
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toward a slightly longer shift (entries 3 and 4). Therefore, it
was found that the introduction of a C-5 substituent did
not entirely increase the ® of the 1,3a,6a-triazapentalenes.
However, we found that the change in @ in the case of the
electron-withdrawing substituents (Hammet o, value 0 (H)
~ (.71 (CN)) at the C-2 position increased P, whereas an
electron-donating (0, = —0.28 (OMe)) and the much stron-
ger electron-withdrawing substituent (o, = 0.81 (NO,))
exhibited a substantial decline in ®g. Thus, the 1,3a,6a-
triazapentalenes provide a useful fluorescent system in which
the ®¢ value can be easily modified by introducing 5-sub-
stituents based on the Hammet o}, value of 2-substituents.

In this study, an efficient and versatile method was esta-
blished for the preparation of 2,5-disubstituted-1,3a,6a-
triazapentalene, and the effect of a S5-substituent on the
fluorescence properties was elucidated. The introduction
of a 5-substituent substantially enhanced the fluorescence
quantum vyield (®g) of the 1,3a,6a-triazapentalenes with
little effect on the fluorescence wavelength, and the ten-
dency for the ®f value could be estimated from the
Hammet o, value of the 2-substituent. Therefore, the
1,3a,6a-triazapentalenes as fluorescent chromophores pro-
vide an innovative fluorescent system that can tune both
the fluorescence wavelength and quantum yield. That is,
the fluorescence wavelength and quantum yield can be
controlled by the 2- and 5-substituents, respectively. Ap-
plications of the 1,3a,6a-triazapentalene system as functio-
nalized fluorescent probes in the life sciences fields are
currently being investigated in our laboratory.
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