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Abstract— The irradiation of the title compounds [(£)-1] in nitrogen-saturated
methanol containing triethylamine (TEA) at room temperature was found
to quantitatively afford 2(1H)-benzo[f]quinolinone (2) and 3,4-dihydro-3-(3-
methyl-5-substituted 1,2,4-triazol-4-yl)-2(1H)-benzo[f]quinolinone 3)
derivatives, which were described as being formed via electron transfer
from TEA to the excited-state (E)-1. Analysis of solvent and substituent effects
on the composition ratio of 2 to 3 confirmed that this ratio is increased from 0.2
to 9.0 with an increase in the proton-donating ability and polarity of solvent as
well as in the electron-withdrawing ability of substituent bonded to the triazole

ring.

Excited-state chemistry for organic molecules has continued to contribute to the development of
convenient methods for synthesizing pharmaceutically useful heterocyclic compounds.® Particularly,
photoinduced electron transfer (PET) reactions have attracted much recent attention owing to the
potential that these reactions are able to construct many types of heteroatom-containing ring systems with
high efficiencies.*“¢ Taking into account the fact that intra- and intermolecular PET reactions in amino-
substituted stilbene and styrene derivatives result in an efficient conversion of these derivatives into the
nitrogen-containing heterocycles,” we embarked on a systematic study concerning the PET reaction of N-
acyl-a-dehydroarylalanines bearing a photoreactive C=C double bond.> So far we have succeeded in
constructing the dihydroquinolinone, isoquinoline and dihydrooxazole rings by controlling these PET
reactions. In the course of the study described above, the ring-opening reaction of (Z)-2-methyl-4-(1-
naphthylmethylene)-5(4H)-oxazolone with acetohydrazide was found to give (Z£)-2-(3,5-dimethyl-1,2,4-
triazol-4-yl)-3-(1-naphthyl)-2-propenoic acid.* This unexpected finding prompted us to investigate the
PET reaction of 1,2,4-triazole-substituted propenoic acid derivatives because little is known about the
photochemical behavior of these triazoles.> In order to develop a new mode of PET-initiated cyclization

and to shed some light on the cyclization mechanism, we designed and synthesized (Z)-2-(3-methyl-5-
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substituted 1,2,4-triazol-4-yl)-3-(1-naphthyl)-2-propenamides [(£)-1a—h; hereafter, referred to as 1,2,4-
triazole-substituted a-dehydronaphthylalaninamides] (Chart 1) and examined solvent and substituent
effects on the photoreactivity of (£)-1 in the presence of triethylamine (TEA) and the selectivity of (Z2)-1-

derived photoproducts.
H
RZ’N O Me
N Rl= R?= Me (la); R'= H, R*= Me (1b);
2 "N °N Rl= PhCH,, R%= Me (Lc); R'= Ph, R= Me @d);
1>=N Rl= 4-MeOCgH,, RP= Me (le); R'= 4-NCCgHg,
OO R R%= Me (1f); Rl= Me, R?= H (1g); R'= Me,
R2= PhCH, (1h)
(2)-1a—h

Chart 1

The starting (Z)-isomers [(Z£)-1a—h] were prepared in good yields by the ring-opening reactions of (Z)-4-
(1-naphthylmethylene)-2-methyl-5(4H)-oxazolone with equimolar amounts of the corresponding N-
substituted hydrazides in acetonitrile, followed by the condensation of the resulting triazole-substituted 2-
propenoic acids with primary amines in 1,4-dioxane or dimethyl formamide.® After a nitrogen-saturated
methanol solution of (Z)-1a (4.0x10~* mol dm, 200 mL) containing TEA (0.10 mol dm™) was irradiated
with Pyrex-filtered light (2280 nm) from a 400 W high-pressure Hg lamp for 0.5 h at room temperature
(conversion, 91%), the reaction mixture obtained was subjected to preparative thin layer or column
chromatography over silica gel (eluent: EtOAc, CHCI; or CHCI;-MeOH). Usual workup allowed us
to isolate 1-methyl-2(1H)-benzo[f]quinolinone (2a; isolated yield, 65%), 3,4-dihydro-3-(3,5-dimethyl-
1,2,4-triazol-4-yl)-1-methyl-2(1 H)-benzo[f]quinolinone (3a; 15%) and 3,5-dimethyl-1,2,4-triazole (4a;
40%).”  Although any attempts were not fruitful to isolate (E)-1a, a 'H NMR spectral analysis of the
reaction mixture obtained by the 1 min irradiation of the above methanol solution provided a strong
indication of the existence of this (F)-isomer. The same product distribution was observed when

methanol solutions of (Z)-1b—h were irradiated under the same conditions as above (Scheme 1).
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In addition to the extremely high photostability of 2a—4a, the finding that the photoreaction of (£)-1a in
methanol-TEA ([(Z)-1a]= 4.0x10~> mol dm™; [TEA]= 0.10 mol dm™, 10 mL) proceeds cleanly without
forming any other products under the parallel irradiation (made using a merry-go-round-type irradiation
equipment) allowed us to monitor this reaction by means of 'H NMR spectroscopy (Table 1). The data
of the Table demonstrate preferential formation of the benzoquinolinone derivative 2a and, hence, the

facile departure of the triazole ring from an (£)-1a anion radical intermediate probably formed via PET.

Table 1.Relation between irradiation time and composition of each compound
obtained by the irradiation of(Z)-1a in MeOH-TEA at room temperature

Irradiation Composition (%) Composition ratio
time (min)  (7)}-1a  (E)-la 2a 3a 4a 2a/3a
0 100 0 0 0 0 -
10 28.6 44.5 11.8 3.7 11.4 3.2
30 18.8 27.1 23.8 7.2 23.1 3.3
60 11.9 14.9 32.6 10.1 30.5 3.2
120 4.0 5.7 395 12.3 38.5 32
300 0.0 0.0 44.0 13.6 42 .4 3.2

3[(Z)-1a]= 4.0x10~> mol dm™>; [TEA]= 0.10 mol dn1°.

Because the aminocarbonyl nitrogen in (Z)-1a is not able to cyclize to the products 2a and 3a without its
isomerization, the (£)-1a anion radical may serve as a precursor to these two cyclization products. In
order to obtain evidence in support of a PET mechanism, the effects of TEA concentration on the
fluorescence of (Z)-1a ([(Z)-1a]= 5.0x10~* mol dm >; [TEA]= 0-0.10 mol dm ) and on the (Z)-1a-derived
product distribution and composition ([(Z)-1a]= 4.0x10~> mol dm™; [TEA]= 0-0.010 mol dm>; 2>280 nm,
parallel irradiation) were examined in nitrogen-saturated methanol. The former effect led us to derive
the Stern-Volmer equation: Io/I = 1 + 1.9[TEA], where I and I, refer to the fluorescence intensities of 1a
with and without TEA, respectively. The latter effect permitted the observation that in the absence
of TEA the 1 h irradiation affords 2a, 3a and 4a in the composition ratio of about 1:1:1 along with minor
amounts of unknown products, showing that the olefinic carbon and triazole nitrogen single bond
[C(C=0O)-N bond] is susceptible to homolytic cleavage eventually giving 2a—4a as major photoproducts.
Additionally, the decrease in TEA concentration (0.10—0.010 mol dm™) exerted a negligible effect on
the composition ratio of 2a to 3a (3.2—3.2 at the 1h irradiation). Thus, the amine concentration effects
described above substantiate the almost exclusive participation of a PET mechanism in the TEA
concentration range of 0.010-0.10 mol dm .

Taking into account the potential that the use of (Z£)-1a in which the amide hydrogen labeled with a
deuterium atom provides significant information regarding a PET mechanism, after the H-D exchange
reaction of (Z)-1a (4.0x10~ mol dm ) in MeOD-TEA (0.10 mol dm, 10 mL) had been completed (12 h
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incubation), deuteriated la [(£)-1a-d] was irradiated for 1 h on a merry-go-round-type irradiation
equipment (Scheme 2). 'H NMR spectral analysis of 2a-d and 3a-d in DMSO-d, obtained after usual
work-up, clearly showed incorporation of a deuterium atom into the 3-positions on the quinolinone and

dihydroquinolinone rings. If we combine this finding with the electron-withdrawing 1,2,4-triazol-4-yl
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group® as well as with the mechanism previously proposed for the PET reaction of N-acyl-o-
dehydronaphthylalanines, we are led to propose Scheme 3 in which an initially-formed
naphthylmethylene anion radical intermediate [(£)-IA] and an anion radical intermediate [(£)-IB] formed
by intramolecular ET in (£)-IA, which are in equilibrium with each other, are assumed to play key roles
in controlling the composition ratio of 2 to 3. As already discussed in our previous study,@’l—’ hydrogen
shift and back ET in the (E)-IA/TEA cation radical pair generates TEA and the enol-type biradical
intermediate I1, which undergoes coupling, tautomerization and then hydrogen shift to eventually afford
the triazole-substituted dihydrobenzoquinolinone derivative 3. It has also previously been suggested
that the naphthylmethylene anion radical formed by ET from TEA to N-benzoyl-a-
dehydronaphthylalanine alkyl esters may reduce intramolecularly the N-benzoyl chromophore to greatly
enhance the nucleophilicity of the amide carbonyl oxygen.®® This suggestion renders the assumption of
the anion radical intermediate (£)-IB reasonable. Homolytic cleavage of the C(C=0)-N bond, hydrogen
shift and the subsequent cyclization in (£)-IB give the radical intermediate III, triazolate anion and TEA
cation radical. The process that reaches the benzoquinolinone and 1,2,4-triazole derivatives 2 and 4 is
completed by back ET from III to the cation radical followed by proton transfer to the triazolate anion.
On the other hand, the excited-state (Z)-isomer should also readily accept an electron from TEA forming
the anion radical intermediate (Z)-1 but there existed negligible amounts of (Z)-I-derived products. It is
thus very likely that this anion radical is deactivated to eventually revert to (Z£)-1 and/or (E£)-1.

In Table 2 are collected solvent and substituent effects on the conversion (photoreactivity) of the starting
alaninamide 1, the selectivity of 2 and 3 and the composition ratio of 2 to 3. Inspection of the solvent
effect in protic and aprotic solvents confirmed that while the photoreactivity of 1a is not much affected by
either polarity or proton-donating ability, the selectivity of the benzoquinolinone derivative 2 is markedly
influenced by these two solvent properties. Intriguingly, upon changing the protic solvent from 2-
propanol to methanol containing 50 vol% water, the selectivity of 2 was increased by a factor of 2.3, and
then a comparison of this selectivity estimated in methanol (76%) and acetonitrile (29%) of comparable
polarity to each other substantiates that as compared to the polarity of solvent, its proton-donating ability
plays a more important role in controlling the product selectivity (product composition ratio). These
solvent effects on the selectivity can be explained on the basis of the effects on the equilibrium between
the anion radical intermediates (£)-IA and (£)-IB shown in Scheme 3: an increase in the proton-donating
ability stabilizes the latter intermediate to a more extent than the former through much stronger hydrogen
bonds to the triazolyl anion radical in (£)-IB, resulting in a large shift of the above equilibrium to the IB
side. The increased solvent polarity is considered to exert the same effect on this equilibrium reaction
by accelerating the intramolecular ET to the triazole chromophore within the intermediate (E)-IA. The
above-mentioned considerations of solvent effects on the product selectivity, therefore, led us to conclude
that the relative composition of (E£)-IA and (E)-IB in the equilibrium state determines this selectivity. If
our conclusion is valid, the introduction of the substituent R' enabling the stabilization of an unpaired
electron in the triazole ring is predicted to increase the selectivity of 2 by shifting the equilibrium to the
IB side. As seen from Table 2, the selectivity is increased in the order of R'= H < Me ~ PhCH, < 4-
MeOCgHy < Ph < 4-NCCgH,4, being consistent with our prediction and, hence, providing additional
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evidence for the equilibrium between the two anion radical intermediates.

While there are several synthetic studies aiming at the construction of a pharmaceutically useful
quinolinone ring,® convenient photochemical routes to quinolinone and its derivatives are scarcely
known.” In addition to 1-methyl-2(1H)-benzo[f]quinolinone (2a), 2(1H)- and 1-benzyl-2(1H)-

benzo[f]quinolinones (2g and 2h) were also obtained in 63% and 77% selectivities, respectively (Table 2),

Table 2. Solvent and substituent effects on the conversion ofl, the selectivity of2 and 3 and
the composition ratio of2 to 3, obtained by the 1 h irradiation of(Z)-1 in a given solvent
containing TEA at room temperature

21 Rl R2 Slvent Conversion Selectivity (%)¢  Composition ratio
(%) 2 3 2/3
la Me Me MeOH 61 76 24 3.2
la Me Me EtOH 54 61 39 1.9
la Me Me i-PrOH 46 36 64 0.6
la Me Me MeCN 62 29 71 0.4
la Me Me CH,d, 65 18 82 0.2
la Me Me MeOH-H,O 44 80 20 4.1
(B:1vhv)
la Me Me  MeOH-H,O 37 82 18 4.6
(1:1 v/v)
1b H Me MeOH 62 71 29 2.4
1c PhCH» Me MeOH 65 77 23 3.3
1d Ph Me MeOH 61 86 14 6.1
le 4-MeOCgHs Me MeOH 52 83 17 4.9
1If 4-NCCgHs Me MeOH 62 90 10 9.0
19 Me H MeOH 48 63 37 1.7
1h Me PhCH» MeOH 52 77 23 3.3

2[(Z)-1]= 4.0x107> mol dm™>; [TEA]= 0.10 mol dn1>.

®Conversion was estimated by dividing the sum of composition for2 and 3 by the sum of
composition for £)-1, (E)-1, 2 and 3.

“Selectivity of 2 and 3 was evaluated by dividing the composition for2 or3 by the sum of
composition for2 and 3.

and, hence, it is possible to synthesize photochemically 2(1H)-benzo[f]quinolinone and its related
derivatives in high yields by choosing methanol as a solvent and p-cyanophenyl or phenyl group as a
substituent bonded to the triazole ring. The use of chromatography over silica gel enables the rapid

separation of these derivatives from the reaction mixtures.
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