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Abstract: A convenient potassiunert-butoxide catalyzed addition-elimination reacticash
been achieved usingko-cyclic enol ethers and aryl aldehydes as theistarhaterials. The
transition-metal free reaction proceeded smoothdy afford 1,3-dihydroisobenzofuran
derivatives with good to excellent yields. More wnantly, the resulting products were
discovered as novel fluorophores with good fluoeese properties and remarkable Stokes
shifts. Changing the nature of the substituentsl,@-dihydroisobenzofurans derivatives
allowed the maximum emission wavelengths to bedumstween 438 and 597 nm and the
Stokes shifts varied between 63 and 166 nm. Iniqodeit, derivativeC27 containing a
piperidyl and a cyano group showed the maximum sonswavelength of 597 nm and a

Stokes shift of 166 nm.
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1. Introduction

Fluorescent molecules have recently attracted fagni attention because of their
extensive applications in the dyeing industry amgarious fields of research [1-3]. Efficient,
high-yield strategies to synthesize fluorescenffslktls are therefore quite desirable [4-7],
particularly methods of generating "smart" fluorops with tunable fluorescent emission
[8-24]. These fluorescent scaffolds typically hasecore with extendedt-conjugated
aryl-(hetero)aryl motifs. Extending sucticonjugated systems by introducing a vinyl or
aromatic group can yield high-emission fluorophottbsit are particularly useful for
bioimaging [25-32].

Despite significant progress in this area, effilyergenerating small useful organic
fluorophores in biological applications remains relienge. One class of compounds with
substantial potential as tunable fluorophores adedihydroisobenzofuran derivatives, a new
type of vinylogous analogues of benzalphthalide],[3&ich can be served as a potential
medical intermediate. Little is known about how Hteicture of these derivatives influences
their fluorescence, which is a crucial questioncsint is possible that substituting the
1,3-dihydroisobenzofuran core may generate a divélsary of fluorophores with large
Stokes shifts.

Synthesis of 1,3-dihydroisobenzofuran derivativesjuires functionalizing benzylic
methylene, which typically relies on reactions bated by transition metal salts or
complexes [34-39]. This functionalization has ate®n achieved using metal-free catalysts
such as diphenyl phosphate [40], MsOH [41], chplabsphoric acids [42] and ammonium

salts [43, 44], in which oxidant was usually need&abther alternative is direct benzylic C-H



activation by photoredox catalysis [48]e recently reported a novel method for synthegizin
a new type of 1,3-dihydroisobenzofuran derivatiely reactingexo-cyclic enol ethers with
imines in the presence of stoichiometric potasstarttbutoxide {-BuOK, 1.2 equivalent)
[46].

Here we improve on that approach by reactmg-cyclic enol ethers with aldehydes
directly, instead of with imines, in the presenéaaatalytic amount afBuOK (20 mol%).
This method is much more efficient because it da#gequire the preparation of imines from
aldehydes and it does not release amine as a lolyigiroMore importantly, this approach
allows the concise generation of structurally déeet,3-dihydroisobenzofuran derivatives as
novel fluorophores with fluorescence emission wangths varying from 438 to 597 nm and

remarkable Stokes shifts of up to 166 nm.

2. Resultsand discussion
2.1. Reaction optimization

As shown in Table 1, we used){1-benzylidene-1,3-dihydroisobenzofuraflj and
4-methoxybenzaldehyd8{) as the model substrates to investigate the meaofiexo-cyclic
enol ether with aldehyde. Firstly, we screened is#vends of bases for the reaction Al
andB1 in DMF, and found that the reaction proceededffiaré the productC1 after 10 h in
46% yield at 80°C in the presence of 20 mol#%BuOK (entry 1). Other bases such as
KHMDS and KOH also gave similar results, but NaH/@anly 24% yield (entries 2-4).
When DBU and KCO; were used, no reaction was observed due to thke basacity (entries

5 and 6). Interestingly, adding 18-crown-6 (30 mpl#% the reaction substantially increased



the yield ofC to 80% after only 4.5 h at 8 (entry 7). Increasing the reaction temperature
to 110°C led to a complete reaction with 82% yield witBih (entry 8). The effect of organic
solvents was also examined, and it is noteworttat AMSO used in the reaction of
exo-cyclic enol ethers with iminéswas ineffective in the reation eko-cyclic enol ethers
with aldehydes and produ€tl was not detected (entry 9). The reactions in TiHEolene
gave substantially decreased yields and the rewctioacetonitrile or dichloroethane (DCE)
led to no desired product (entries 10-13). The arhoficatalyst proved crucial to the reaction
of A1 with B1, andC1 was not generated when the amount-BiOK was decreased to 10
mol% (entry 14).

<Table 1>

2.2. Substrate scope

Next, we studied the scope of the reaction usingeres of aldehydes and various
exo-cyclic enol ethers (Table 2). The reaction wasngrad in DMF at 110C, using 20
mol% of t-BuOK as the catalyst and 30 mol% of 18-crown-6thees additive. A series of
benzaldehydes witpara-substituted electron-donating groups, such as angthmethylthio,
t-butyl and methyl groups, readily reacted with diBydroisobenzofuraA to give the
productsC1-C4 in moderate to high yields, and the methoxy grgape the best yield of 81%.
The fact suggests that the stronger electron-dogatbility of methoxy group contributes to
the higher vyield. Notably, when more strongly alectdonating N,N-dimethylamino,
N-pyrrolidinyl, N-piperidinyl, N-morpholinyl were used as th@ara-substituents of

benzaldehyde, the reactionsffvith them proceeded smoothly to afford the prosl@&-C8



in excellent 88-99% vyields. In contrast, 2-methoaynd 3,4-dimethoxy substituted
benzaldehydes were tested in the reactions Ajtbnly 52% and 53% vyields were observed
for the product€9 andC10, respectively. Nevertheless, 2,4-dimethoxy beredalde reacted
with A to give productC11 in 90% vyield. The different yields betwe@10 andC11 reveals
that the electron-donating ability in ortho-positis stronger than that in meta-position. It is
noteworthy that benzaldehyde, benzaldehydes conggelectron-withdrawing substituents,
naphthaldehydes or alkylaldehydes were ineffegtivis catalytic reaction.

Subsequently, we tested the reactions of a seriesx@cyclic enol ethers with
4-(dimethylamino)benzaldehyddxo-cyclic enol ethers in which Rwas a phenyl ring
para-substituted with electron-donating methoxy andhylegroups or electron-withdrawing
chloro, trifluoromethyl, and cyano groups reactedllwo afford the desired products
C12-C16 in 83-89% vyields. If R of exo-cyclic enol ethers was changed to 2-methoxyphenyl,
2-chlorophenyl, 3-chlorophenyl or 2-naphthyl, treactions ofexo-cyclic enol ethers with
4-(dimethylamino)benzaldehyde also proceeded smotdhafford the product€17-C20 in
75%-93% vyields. Substituting the' Position ofexo-cyclic enol ethers with methyl or chloro
group gave product§€21 andC22 in 89% and 98% yield, respectively. Tea-cyclic enol
ether carrying two methoxy groups atdhd 4-methoxyphenyl at’Ryave producC23 in
only 53% vyield, while theexo-cyclic enol ether carrying a fluoro atom at" Rnd
4-fluorophenyl at R afforded productC24 in decreased 34% yield. Finally, we used
4-(piperidin-1-yl)benzaldehyde to react with thexo-cyclic enol ethers containing
4-hydroxymethylphenyl, 4-cyanophenyl at & a cyano group at'Rthe reactions produced

C25-C27 in 63-82% yields.



<Table 2>

2.3. Reaction Mechanism

Based on the experimental results, we proposedethetion mechanism aéxo-cyclic
enol etherd and aldehydeB (Scheme 1). First, deprotonation of exo-cyclic estbersA in
the presence @afBuOK affords intermediat®, which adds to aldehyd&sto produceE. The
oxygen anion B traps a proton, leading to the kegrmediate=. Then, deprotonation d¥
givesG which undergoes an E2 elimination to afford thareéesproductC.

<Scheme 1>

2.4. Photophysical properties

After the facile preparation of these 1,3-dihydobienzofuran derivatives, we then
examined their photophysical properties. The UVoghison spectra of compoundxl-C27
in dichloromethane are shown in Fig. 1. As shownFig. la-le, we can see that the
maximum absorption wavelength of each product itides diifference. In general, the products
C1-C4 andC9-C11 bearing MeO, SMe&t-Bu or Me groups have similar absorption spectra
and their absorption peaks are located around 88ihrthe range of 350 and 450 nm, which
suggests that the above substituents possesstihiar ®lectron-donating ability. In contrast,
when piperidyl,N,N-dimethyl, pyrrolidyl and morpholinyl were introded to form products
C5-C8 andC12-C27, the absorption peaks are all red-shifted. Thalt®gre ascribed to the
stronger electron-donating ability of N atom thanS2and C atoms. In particular, compounds
C16 and C26-C27 containing N,N-dimethyl or piperidyl in combination with strong

electron-withdrawing cyano group obviously red-shibsorption peaks to 438 and 431 nm.



Such Ds-A molecules may contribute to electron transfemfrdonor to acceptor and thus
making the absorption peaks red-shift. In the raingm 350 to 500 nm, we calculated the
maximum molar absorption coefficient of each pradara the results were recorded in Table
3. Among all of the product&5 shows the best light absorption ability.

<Fig. 1>

In order to study the solvent effect on the absonpspectra of our target products, we
took compoundC16 for example and found that the absorption spectrae mearly no
difference in solvents with different polarity (Fig). The absorbance @16 in toluene is
smaller than that in other solvents. The spectr&iCl,, EtOAc, THF and dioxane are
nearly overlapped. When the test was studied in Q& DMSO, the absorption peaks are
slightly red-shifted.

<Fig. 2>

Subsequently, we tested the fluorescence propépyoductsC1-C27. The fluorescence
spectra were depicted in Fig. 3a-3e and the maximongsion wavelengthdd may of each
product were listed in Table 3. The Stokes shifs wacordingly obtained frome.max and
Aa-max and the fluorescence quantum yiefbleX of each product was calculated by using
Rhodamine 6G as the standard (0.88 in ethanol). [4F corresponding calculation
equations are presented in Supporting Informatis.shown in Table 3, the compounds
C1-C4 and C9-C11 which carry methoxy, methylthia-butyl or methyl groups on one

benzene ring showed poor fluorescence quantum syiedith the maximum emission



wavelengths Xg.may ranging from 438 to 473 nm. In contrast, compau@8-C8 carrying
dimethylamine, pyrrolidine, piperidine or morphaisubstituent on one benzene ring showed
stronger fluorescence in GEI, (enhancedr compared with those @1-C4 andC9-C11 in
Table 3), which are consistent with those repobgdfou for 1,2-disubstituted benzimidazole
fluorescent scaffolds [48]. Moreover, compour@s-C8 also exhibited large Stokes shifts
ranging from 108 to 126 nm and red-shiftednax values ranging from 505-523 nm. The
results obtained further demonstrate the stronigetren-donating ability of N atom than O,
S and C atoms, which helps to electron transittomfground state to excitation state upon
irradiation by light.

<Fig. 3>

Analysis of the compound seri€d2-C20 andC21-C24 reflected that substitution with
electron-donating nitrogen atom red-shifiedn.x and increased the Stokes shift. In the case
of compoundsC12-C20, which carry N,N-dimethylamino group on one benzene ring,
attaching OMe, Me, ClI, GFor CN groups to the other benzene ring increasgdx and the
Stokes shift. For example, compou@d5 with a para-trifluoromethyl group showed an
Ae-max Of 550 nm and a Stokes shift of 142 nm; compo@ié with a para-cyano group
showed arke.max Of 582 nm and a Stokes shift of 144 nm. A simitand was found in the
compound serie€21-C24, in which the 1,3-dihydroisobenzofuran core walstituted by
methyl, chloro, methoxy or fluoro group. To our muse, compound24 which carries two
fluoro groups, gave the highest fluorescence quangield in our experiment scop@;

0.15). In comparison with compoun@42 andC17, we can see that the position of methoxy



exerts influences on fluorescent properties in Wigd7 has a lowerdg but a red-shifted
emission wavelength thail©12. Further introduction of two methoxy groups on the
1,3-dihydroisobenzofuran core @f12 decrease®r and induces slight blue-shift @t max
Nevertheless, compound313 and C21 have no obvious change in fluorescent properties
(Table 3). WhenN,N-dimethyl and methyl inC13 were replaced by piperidyl and
hydroxymethyl, the resulting compou@P5 has the samég and 18 nm red-shift dfe.max
compared with those @13. The influence of substituent position on fluoesscproperties
was further investigated on compouri@it, C18 andC19 in which chlorine atom wagara-,
ortho- andmeta-substituted. As shown in Table 3, we can seettiegt have a similakg-max
andC18 has a smalle®r but a large Stokes shift th&i4 andC19. When chlorine atom was
substituted on the 1,3-dihydroisobenzofuran cordoton C22, the fluorescence quantum
yield and Stokes shift are both increased due ¢ostiort Da-A structure. Optimizing the
donor-acceptor structure also allowed us to reft-shinax and increase the Stokes shift. For
instance, compound815 and C16 containing trifluoromethyl or cyano group have den
Ae-max @and remarkable Stokes shifts due to the strongtrelewithdrawing ability of the
substituents. Changing the substitution on the d&emzring fromN,N-dimethylamino to
piperidinyl and attaching a cyano group to the othenzene ring afforded compou?,
which exhibited the longegk.max in our experiment (597 nm) and an impressive takeft

of 166 nm. Thé\e.max and Stokes shift are sharply decreased upon chanipe position of
cyano group, takingC26 for example, the two values are decreased by 445dnem,
respectively. The superior fluorescence propemie€£27 are attributed to the substantial
contribution of an intramolecular charge transt&T() from the electron donor (piperidinyl)
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to the electron acceptor (CN) upon excitation giati[17, 18].

<Table 3>

3. Experimental
3.1. Materials and instruments

All manipulations were carried out under a nitrogeémosphere using standard Schlenk
techniques. DMF was distilled under reduced presdtwm calcium hydride. THF and
toluene were distilled under nitrogen from sodiuemiophenone. Acetonitrile and
1,2-dichloroethane were distilled under nitrogemfrcalcium hydride. DMSO was dried with
activatory 4A molecular sieves before useBuOK (1 M in THF) and KHMDS (0.91 M in
THF) used in the catalytic reactions were purchaBedh a commercial source. The
exo-cyclic enol ethers, 4-(piperidin-1-yl)benzaldehyde(pyrrolidin-1-yl)benzaldehyde and
4-morpholinobenzaldehyde were prepared accordingitdoature methods [49-54]. Other
chemicals were obtained from commercial sources] arere used without further
purification.

'H NMR and**C NMR were recorded on Bruker 400 MHz spectrom&t®MS were
obtained on a Waters LCT Premier XE spectromettr agetonitrile or methanol as solvent.
The UV absorption and fluorescence spectra wetedessing UV-Vis spectrophotometer and
fluorescence spectrophotometer provided by Va@dremical shifsd, ppm) in theH NMR
spectra were recorded using TMS as internal stan@remical shifs if°C{*H } NMR
spectra were internally referenced to CE@I= 77.16 ppm).

3.2. Synthesis route
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Typical Procedure for the Preparation of 1,3-Dihydroisobenzofuran Derivatives. A
flame-dried sealed tube equipped wako-cyclic enol ether (0.3 mmol) and 18-crown-6 (23.8
mg, 0.09 mmol) was pumped to vacuum and exchangéd mitrogen for three times.
Aldehyde (0.45 mmol), solution dfBuOK in THF (60uL) and DMF (1 mL) were then
added successively under nitrogen atmosphere. Tkena was stirred at 118C and the
reaction was monitored by TLC. After completiontloé reaction, the mixture was cooled and
concentrated aqueous solution of JIHwas added to quench the reaction. The resulting
mixture was extracted with GBI, and the organic phase was washed with concentoaites
and dried over N&QO,. The solvent was evaporated under reduced presmutethe residue
was passed through column chromatography on gjétéo afford the desired product

(1Z,32)-1-Benzylidene-3-(4-methoxybenzylidene)- 1,3-dihydroisobenzofuran (C1) [46].
Column chromatography (eluent = petroleum etheyletbetate 80:1 v/v) on silica gel gave a
light green solid (79.5 mg, 81% yield). Mp: 112-12%C; *H NMR (400 MHz, CDC}, 25°C)

9 7.90 (d,J = 7.40 Hz, 2H), 7.87 (d] = 8.80 Hz, 2H), 7.62-7.68 (m, 2H), 7.40-7.46 (iH)5
6.98 (d,J = 8.84 Hz, 2H), 6.18 (s, 1H), 6.16 (s, 1H), 3.883H); °C NMR (100.6 MHz,
CDCl, 25°C) 6 158.5, 152.0, 150.5, 135.3, 134.1, 133.6, 129.9,3,2128.9, 128.7, 128.4,
127.9, 126.5, 120.0, 119.7, 114.2, 99.6, 99.2,;98BMS (ESI, TOF) calcd for £H190,"
[M+H]": 327.1380, found: 327.1389.

(1Z,32)-1-Benzylidene-3-(4-(methylthio)benzylidene)- 1,3-dihydroisobenzofuran  (C2).
Column chromatography (eluent = petroleum etheyletbetate 80:1 v/v) on silica gel gave a
light yellow-green solid (54.0 mg, 53% vyield). Mp23.8-126.8°C; *H NMR (400 MHz,
CDCls, 25°C) 6 7.89 (d,J = 7.88 Hz, 2H), 7.84 (d] = 8.28 Hz, 2H), 7.63-7.68 (m, 2H),

12



7.41-7.46 (m, 4H), 7.28-7.33 (m, 3H), 6.20 (s, 1B15 (s, 1H), 2.54 (s, 3H}*C NMR
(100.6 MHz, CDCJ, 25°C) ¢ 151.9, 151.6, 136.7, 135.1, 133.9, 133.9, 1329,3, 129.3,
128.9, 128.7, 128.5, 126.8, 126.7, 120.0, 119.8,¥® 4, 16.1; HRMS (ESI, TOF) calcd for
C23H100S' [M+H]™: 343.1151, found: 343.1151.

(1Z,32)-1-Benzylidene-3-(4-(tert-butyl)benzylidene)-1,3-dihydroisobenzofuran ~ (C3).
Column chromatography (eluent = petroleum etheyletbetate 100:1 v/v) on silica gel gave
a light green solid (59.7 mg, 56% yield). Mp: 13437.0°C; *H NMR (400 MHz, CDC}, 25
°C) § 7.92 (d,J = 7.88 Hz, 2H), 7.85 (d] = 8.28 Hz, 2H), 7.65-7.67 (m, 2H), 7.40-7.47 (m,
7H), 6.19 (s, 2H), 1.38 (s, 9H)*C NMR (100.6 MHz, CDGJ, 25°C) § 152.0, 151.4, 149.8,
135.2, 134.1, 133.9, 132.3, 129.3, 129.1, 128.8,6.4128.4, 126.6, 125.6, 120.0, 119.9, 99.8,
99.6, 34.8, 31.5; HRMS (ESI, TOF) calcd fogel8,s0" [M+H]*: 353.1900, found: 353.1880.

(1Z,32)-1-Benzylidene-3-(4-methylbenzylidene)-1,3-dihydroisobenzofuran (C4).
Column chromatography (eluent = petroleum etheyletbetate 100:1 v/v) on silica gel gave
a grass-green solid (46.4 mg, 50% vyield). Mp: 11012.2°C; *"H NMR (400 MHz, CDGC},
25°C) 5 7.91 (d,J = 7.56 Hz, 2H), 7.81 (dl = 8.08 Hz, 2H), 7.63-7.67 (m, 2H), 7.40-7.46 (m,
5H), 7.23-7.28 (m, 2H), 6.18 (s, 1H), 6.18 (s, 1RM0 (s, 3H);"*C NMR (100.6 MHz,
CDCl, 25°C) 6 152.0, 151.3, 136.6, 135.2, 134.1, 133.8, 1329,4], 129.3, 129.1, 128.7,
128.5, 128.5, 126.6, 120.0, 119.9, 99.9, 99.5,;MBMS (ESI, TOF) calcd for £H1s0"
[M+H]": 311.1430, found: 311.1434.

4-((2)-((2)-3-Benzylidene sobenzofuran-1(3H)-ylidene)methyl)-N,N-dimethylaniline
(C5) [46]. Column chromatography (eluent = petroleum etheyledcetate 80:1 v/v) on silica

gel gave a yellow solid (100.4 mg, 99% vyield). Mpt5.6-148.2°C; *H NMR (400 MHz,
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CDCl;, 25°C) 6 7.92 (d,J = 7.84 Hz, 2H), 7.82 (d] = 8.72 Hz, 2H), 7.59-7.65 (m, 2H),
7.34-7.49 (m, 5H), 6.79 (dl = 8.68 Hz, 2H), 6.14 (s, 2H), 3.03 (s, 6Hjc NMR (100.6
MHz, CDCk, 25°C): § 152.3, 149.3, 135.6, 134.4, 133.3, 129.8, 129.8,612128.4, 126.2,
123.5, 119.9, 119.4, 112.5, 100.5, 98.5, 40.6; HR{&SI, TOF) calcd for gHNO"
[M+H]": 340.1696, found: 340.1705.

1-(4-((2)-((2)-3-Benzylidenei sobenzofuran-1(3H)-ylidene)methyl ) phenyl) pyrrolidine
(C6) [46]. Column chromatography (eluent = petroleum etheyletcetate 80:1 v/v) on silica
gel gave a dark yellow solid (100.2 mg, 91% yieMj: 195.8-199.2C; *H NMR (400 MHz,
CDCl;, 25°C) 6 7.92 (d,J = 7.44 Hz, 2H), 7.82 (d] = 8.72 Hz, 2H), 7.59-7.65 (m, 2H),
7.33-7.46 (m, 4H), 7.21-7.26 (m, 1H), 6.64 Jc& 8.36 Hz, 2H), 6.15 (s, 1H), 6.14 (s, 1H),
3.38 (br s, 4H), 2.04 (4 = 6.52 Hz, 4H)"*C NMR (100.6 MHz, CDG, 25°C) 5 152.4,
148.8, 146.8, 135.6, 134.6, 133.2, 129.9, 129.8B.6,2128.3, 128.2, 126.1, 122.4, 119.9,
119.3, 111.8, 100.9, 98.3, 47.7, 25.6; HRMS (ESDFT calcd for GgH24NO' [M+H] ™
366.1852, found: 366.1860.

1-(4-((2)-((2)-3-Benzylidenei sobenzofuran-1(3H)-ylidene)methyl ) phenyl ) piperidine
(C7) [46]. Column chromatography (eluent = petroleum etheyledcetate 80:1 v/v) on silica
gel gave a yellow-green solid (109.4 mg, 96% yieMp: 142.0-146.0°C; *H NMR (400
MHz, CDCk, 25°C) 6 7.91 (d,J = 7.48 Hz, 2H), 7.82 (d} = 8.80 Hz, 2H), 7.60-7.66 (m, 2H),
7.37-7.46 (m, 4H), 7.22-7.26 (m, 1H), 7.00 Jc& 8.04 Hz, 2H), 6.16 (s, 1H), 6.14 (s, 1H),
3.26 (t,J = 5.32 Hz, 4H), 1.75 (br s, 4H), 1.60-1.65 (m, 2HC NMR (100.6 MHz, CDGJ,
25°C): 6 152.2, 150.7, 149.9, 135.4, 134.3, 133.5, 129.6,212128.6, 128.4, 126.3, 125.7,
119.9, 119.5, 116.1, 100.2, 98.8, 50.3, 25.9, 2ABMS (ESI, TOF) calcd for SHeNO"
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[M+H]": 380.2009, found: 380.2017.

4-(4-((2)-((2)-3-Benzylidene sobenzofuran-1(3H)-ylidene)methyl ) phenyl)morpholine
(C8) [46]. Column chromatography (eluent = petroleum etheyledcetate 60:1 v/v) on silica
gel gave a yellow-green solid (100.5 mg, 88% yieMp: 189.6-192.2C; 'H NMR (400
MHz, CDCk, 25°C) 6 7.91 (d,J = 6.52 Hz, 2H), 7.85 (d} = 8.68 Hz, 2H), 7.61-7.67 (m, 2H),
7.39-7.45 (m, 5H), 6.97 (d,= 8.68 Hz, 2H), 6.17 (s, 1H), 6.14 (s, 1H), 3.0 €& 4.80 Hz,
4H), 3.25 (t,J = 4.88 Hz, 4H)}*C NMR (100.6 MHz, CDG, 25°C) § 152.1, 150.3, 149.8,
135.4, 134.2, 133.6, 129.6, 129.2, 128.8, 128.8,41226.8, 126.4, 120.0, 119.6, 115.5, 99.8,
99.1, 67.0, 49.1; HRMS (ESI, TOF) calcd forgd,sNO," [M+H]™: 382.1802, found:
382.1803.

(1Z,32)-1-Benzylidene-3-(2-methoxybenzylidene)- 1,3-dihydroi sobenzofuran (C9).
Column chromatography (eluent = petroleum etheyletbetate 80:1 v/v) on silica gel gave a
light yellow-green solid (50.7 mg, 52% yield). Mp73.4-176.4°C; *H NMR (400 MHz,
CDCl, 25°C) 6 8.47 (dd,J; = 1.48 Hz,J, = 7.80 Hz, 1H), 7.90 (dJ = 7.52 Hz, 2H),
7.72-7.75 (m, 1H), 7.64-7.67 (m, 1H), 7.38-7.43 4H), 7.22-7.26 (m, 2H), 7.10 @d,= 7.48
Hz, 1H), 6.94 (d,J = 8.16 Hz, 1H), 6.66 (s, 1H), 6.18 (s, 1H), 3.923H);**C NMR (100.6
MHz, CDCk, 25°C) § 156.3, 152.0, 151.9, 135.2, 134.3, 133.8, 129.9,212129.1, 128.7,
128.5, 127.9, 126.5, 124.0, 120.9, 120.2, 119.9,51199.5, 93.5, 55.7; HRMS (ESI, TOF)
calcd for GsH1O," [M+H]™: 327.1380, found: 327.1329.

(1Z,32)-1-Benzylidene-3-(3,4-dimethoxybenzylidene)-1,3-dihydroisobenzofuran (C10)
[46]. Column chromatography (eluent = petroleum etheyledcetate 60:1 v/v) on silica gel

gave a light green solid (57.0 mg, 53% yield). M64.8-166.6°C; *"H NMR (400 MHz,
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CDCls, 25°C) 6 7.89 (d,J = 7.32 Hz, 2H), 7.62-7.67 (m, 3H), 7.35-7.43 (rhl) 47.29-7.31
(m, 1H), 7.21-7.25 (m, 1H), 6.92 (@= 8.36 Hz, 1H), 6.18 (s, 1H), 6.16 (s, 1H), 4.603H),
3.94 (s, 3H),13C NMR (100.6 MHz, CDGJl 25°C) 6§ 152.1, 150.5, 149.1, 148.2, 135.3, 134.1,
133.7, 129.3, 129.0, 128.6, 128.4, 128.2, 126.6,91219.9, 119.6, 111.3, 111.2, 100.0, 99.3,
56.3, 56.0; HRMS (ESI, TOF) calcd fopfEl»10s" [M+H]": 357.1485, found: 357.1495.

(1Z,32)-1-Benzylidene-3-(2,4-dimethoxybenzylidene)-1,3-dihydroisobenzofuran (C11).
Column chromatography (eluent = petroleum etheyletbetate 60:1 v/v) on silica gel gave a
yellow-green solid (96.1 mg, 90% vyield). Mp: 123.87.6°C; '*H NMR (400 MHz, CDC},
25°C) 5 8.40 (d,J = 8.64 Hz, 1H), 7.89 (d} = 7.44 Hz, 2H), 7.68-7.71 (m, 1H), 7.63-7.66 (m,
1H), 7.38-7.44 (m, 4H), 7.21-7.26 (m, 1H), 6.64,(@d= 2.40 Hz,J,= 8.68 Hz, 1H), 6.58 (s,
1H), 6.52 (dJ = 2.44 Hz, 1H), 6.15 (s, 1H), 3.90 (s, 3H), 3.893H);°C NMR (100.6 MHz,
CDCls, 25°C) 6 159.9, 157.6, 152.2, 150.6, 135.5, 134.5, 13336,0, 129.2, 128.7, 128.6,
128.4,126.3, 119.9, 119.8, 117.1, 104.9, 98.91,98.5, 55.7, 55.6; HRMS (ESI, TOF) calcd
for CogH2103" [M+H]™: 357.1485, found: 357.1488.

4-((2)-((2)-3-(4-Methoxybenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N,N-dimet
hylaniline (C12) [46]. Column chromatography (eluent = petroleulmegethyl acetate 60:1
v/v) on silica gel gave a yellow solid (92.1 mg8%ield). Mp: 156.4-159.4C; *H NMR
(400 MHz, CDC4, 25°C) § 7.86 (d,J = 8.80 Hz, 2H), 7.82 (dl = 8.80 Hz, 2H), 7.58-7.62 (m,
2H), 7.35-7.38 (m, 2H), 6.98 (d,= 8.88 Hz, 2H), 6.82 (br s, 2H), 6.12 (s, 1H),16(&, 1H),
3.88 (s, 3H), 3.03 (s, 6H}°C NMR (100.6 MHz, CDGJ, 25°C): 6 158.1, 150.9, 149.5, 149.2,
134.2, 133.6, 129.6, 128.8, 128.4, 123.7, 119.6,411114.1, 112.6, 99.9, 98.3, 55.5, 40.7;
HRMS (ESI, TOF) calcd for £H24/NO," [M+H]*: 370.1802, found: 370.1810.
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N,N-Dimethyl-4-((Z2)-((Z)-3-(4-methylbenzylidene)i sobenzofuran-1(3H)-ylidene)methy
laniline (C13) [46]. Column chromatography (eluent = petroleum etheyletbetate 80:1 v/v)
on silica gel gave a yellow solid (91.2 mg, 86%ldjeMp: 164.6-168.2C; 'H NMR (400
MHz, CDCk, 25°C) 6 7.82 (d,J = 8.32 Hz, 4H), 7.58-7.63 (m, 2H), 7.35-7.38 (rhi)2
7.23-7.26 (m, 2H), 6.80 (d} = 8.32 Hz, 2H), 6.12 (s, 2H), 3.03 (s, 6H), 2.40 3H); °C
NMR (100.6 MHz, CD{, 25°C): § 151.7, 149.4, 149.3, 136.0, 134.4, 133.5, 132.9,712
129.4, 129.0, 128.4, 128.3, 123.6, 119.8, 119.2,611100.2, 98.6, 40.7, 21.5; HRMS (ESI,
TOF) calcd for GsH24NO™ [M+H] " 354.1852, found: 354.1855.

4-((2)-((2)-3-(4-Chlorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N,N-dimethy
laniline (C14) [55]. Column chromatography (eluent = petroleuhesgfethyl acetate 80:1 v/v)
on silica gel gave an orange-yellow solid (99.8 88§ yield). Mp: 179.2-181.2C; 'H NMR
(400 MHz, CDC4, 25°C) § 7.84 (d,J = 8.60 Hz, 2H), 7.78 (dl = 8.84 Hz, 2H), 7.60-7.64 (m,
2H), 7.37-7.41 (m, 4H), 6.80 (d,= 8.28 Hz, 2H), 6.16 (s, 1H), 6.09 (s, 1H), 3.846H);°C
NMR (100.6 MHz, CDGJ, 25°C) 6 152.7, 149.4, 149.2, 134.5, 134.2, 133.1, 13128,8,
129.4, 129.4, 128.7, 128.4, 123.3, 119.9, 119.2,611100.9, 97.3, 40.6; HRMS (El, TOF)
calcd for G4H20CINO [M]™: 373.1233, found: 373.1230.

N,N-Dimethyl-4-((2)-((Z)-3-(4-(trifluoromethyl)benzylidene)isobenzofuran-1(3H)-ylid
ene)methyl)aniline (C15). Column chromatography (eluent = petroleum etligyleacetate
80:1 v/v) on silica gel gave a dark yellow soli®@16 mg, 82% yield). Mp: 207-208°€; *H
NMR (400 MHz, CDC}, 25°C) 6 7.99 (d,J = 8.20 Hz, 2H), 7.79 (dJ = 8.88 Hz, 2H),
7.61-7.66 (m, 4H), 7.36-7.46 (m, 2H), 6.80 Jc& 8.92 Hz, 2H), 6.19 (s, 1H), 6.14 (s, 1H),
3.05 (s, 6H),13C NMR (100.6 MHz, CDGJl 25°C) 6 154.0, 149.6, 149.0, 139.2, 134.8, 132.8,
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129.9, 129.8, 128.5, 128.1, 127.6, 127.2, 126.6,517y,J = 3.81 Hz), 123.3, 122.9, 120.2,
119.5, 112.5, 101.6, 97.0, 40.6; HRMS (El, TOF)cdalor GsH,oFsNO [M]™: 407.1497,
found: 407.1499.
4-((2)-((2)-3-(4-(Dimethylamino)benzylidene)isobenzofuran-1(3H)-ylidene)methyl ) be
nzonitrile (C16). Column chromatography (eluent = petroleum ethigyleacetate 60:1 v/v)
on silica gel gave an orange solid (92.1 mg, 84étdyi Mp: 199.2-202.2C; *H NMR (400
MHz, CDCk, 25°C) 6 7.96 (d,J = 8.32 Hz, 2H), 7.77 (d} = 8.72 Hz, 2H), 7.62-7.68 (m, 4H),
7.37-7.47 (m, 2H), 6.79 (dl = 8.76 Hz, 2H), 6.22 (s, 1H), 6.11 (s, 1H), 3.86 H); °C
NMR (100.6 MHz, CDGJ, 25°C) 6 154.9, 149.7, 148.8, 140.4, 134.9, 132.5, 13238,1],
130.0, 128.5, 128.3, 122.7, 120.3, 119.7, 119.3,411108.4, 102.3, 96.8, 40.5; HRMS (El,
TOF) calcd for GsH2oN2O [M]*: 364.1576, found: 364.1577.
4-((2)-((2)-3-(2-Methoxybenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N,N-dimet
hylaniline (C17) [46]. Column chromatography (eluent = petroleulmegethyl acetate 60:1
v/v) on silica gel gave a yellow solid (91.2 mg8@ield). Mp: 187.4-190.2C; *H NMR
(400 MHz, CDC}, 25°C) § 8.50 (d,J = 7.72 Hz, 1H), 7.81 (d] = 8.56 Hz, 2H), 7.71 (d] =
6.88 Hz, 1H), 7.58-7.61 (m, 1H), 7.35-7.38 (m, 2FR1-7.24 (m, 1H), 7.09-7.14 (m, 1H),
6.93 (d,J = 8.20 Hz, 1H), 6.78 (d] = 8.60 Hz, 2H), 6.59 (s, 1H), 6.12 (s, 1H), 3.923H),
3.01 (s, 6H);13C NMR (100.6 MHz, CDG 25 °C): § 156.3, 152.4, 149.4, 149.3, 134.4,
133.8, 129.7, 129.2, 129.0, 128.3, 127.3, 124.6.72120.9, 120.2, 119.3, 112.6, 110.6,
100.2, 92.2, 55.8, 40.6; HRMS (ESI, TOF) calcd @agH.4,NO," [M+H]™: 370.1802, found:
370.1775.
4-((2)-((2)-3-(2-Chlorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N,N-dimethy

18



laniline (C18) [46]. Column chromatography (eluent = petroleuhe#gfethyl acetate 80:1 v/v)
on silica gel gave a yellow solid (84.2 mg, 75%ldjeMp: 154.2-157.2C; *H NMR (400
MHz, CDCk, 25°C) 6 8.55 (d,J = 7.92 Hz, 1H), 7.71-7.80 (m, 3H), 7.61 {c& 7.52 Hz, 1H),
7.33-7.44 (m, 4H), 7.11-7.19 (m, 1H), 6.76 Jd= 8.68 Hz, 2H), 6.55 (s, 1H), 6.16 (s, 1H),
3.02 (s, 6H),13C NMR (100.6 MHz, CDGJl 25°C) 6 153.6, 149.4, 149.0, 134.6, 133.4, 133.2,
132.4, 129.8, 129.7, 129.6, 128.5, 127.1, 126.8,212120.4, 119.4, 112.5, 101.2, 94.0, 40.6;
HRMS (ESI, TOF) calcd for §H»,CINO* [M+H]": 374.1306, found: 374.1306.

4-((2)-((2)-3-(3-Chlorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N,N-dimethy
laniline (C19) [55]. Column chromatography (eluent = petroleuhesgfethyl acetate 80:1 v/v)
on silica gel gave an orange solid (101.3 mg, 908ty Mp: 118.6-120.6C; *H NMR (400
MHz, CDCk, 25°C) 5 8.22 (t,J = 1.68 Hz, 1H), 7.82 (dl = 8.88 Hz, 2H), 7.61-7.64 (m, 2H),
7.52 (d,J = 7.76 Hz, 1H), 7.29-7.42 (m, 3H), 7.20 (dd= 1.00 Hz,J, = 7.96 Hz, 1H), 6.84
(d, J = 8.80 Hz, 2H), 6.19 (s, 1H), 6.08 (s, 1H), 3.836H);**C NMR (100.6 MHz, CDGJ
25°C) ¢ 153.3, 149.5, 149.0, 137.4, 134.6, 134.5, 13229,8] 129.7, 129.5, 128.4, 127.8,
126.5, 126.0, 123.1, 120.1, 119.4, 112.7, 101.31,920.6; HRMS (EIl, TOF) calcd for
C24H20CINO [M]": 373.1233, found: 373.1229.

N,N-Dimethyl-4-((2)-((Z)-3-(naphthal en-2-ylmethyl ene)isobenzofuran-1(3H)-ylidene)
methyl)aniline (C20) [46]. Column chromatography (eluent = petroleumegtithyl acetate
80:1 v/v) on silica gel gave an orange-yellow s¢li@8.5 mg, 93% vyield). Mp: 178.5-180.5
°C; H NMR (400 MHz, CDC4, 25°C) 6 8.55 (s, 1H)7.90-7.94 (m, 4H), 7.82-7.87 (m, 2H),
7.67-7.69 (m, 1H), 7.62-7.64 (m, 1H), 7.38-7.50 &H), 6.86 (d,J = 8.84 Hz, 2H), 6.29 (s,
1H), 6.19 (s, 1H), 3.06 (s, 6HY*C NMR (100.6 MHz, CDG, 25°C) 6 151.7, 148.4, 148.3,
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133.4, 133.0, 132.3, 132.1, 131.2, 128.8, 128.7,4.2127.1, 126.9, 126.7, 126.2, 125.7,
125.1, 124.5, 122.5, 118.9, 118.4, 111.5, 99.76,939.6; HRMS (ESI, TOF) calcd for
CagH24NO" [M+H]™: 390.1852, found: 390.1861.
4-((2)-((2)-3-Benzylidene-5-methylisobenzofuran-1(3H)-ylidene)methyl)-N,N-dimethy
laniline (C21) [55]. Column chromatography (eluent = petroleuhesgfethyl acetate 80:1 v/v)
on silica gel gave a yellow solid (94.6 mg, 89%ldjeMp: 163.0-166.0C; *H NMR (400
MHz, CDCk, 25°C) 6 7.91 (d,J = 7.84 Hz, 2H), 7.81 (d} = 8.72 Hz, 2H), 7.40-7.51 (m, 4H),
7.20-7.26 (m, 2H), 6.79 (d,= 8.64 Hz, 2H), 6.11 (s, 1H), 6.08 (s, 1H), 3.826H), 2.45 (s,
3H); 3C NMR (100.6 MHz, CDG, 25°C) 6 152.3, 149.5, 149.2, 138.6, 135.7, 133.7, 132.2,
130.6, 129.6, 128.6, 128.4, 126.1, 123.8, 120.0,211112.7, 99.7, 98.3, 40.7, 21.8; HRMS
(El, TOF) calcd for GsH23NO [M]*: 353.1780, found: 353.1781.
4-((2)-((2)-3-Benzylidene-5-chloroisobenzofuran-1(3H)-ylidene)methyl)-N,N-dimethyl
aniline (C22) [55]. Column chromatography (eluent = petroleunegtithyl acetate 80:1 v/v)
on silica gel gave a yellow solid (109.5 mg, 98%lg). Mp: 175.5-178.5C; *H NMR (400
MHz, CDCk, 25°C) 6 7.89 (d,J = 7.60 Hz, 2H), 7.79 (d} = 8.76 Hz, 2H), 7.60 (s, 1H), 7.51
(d, J = 8.28 Hz, 1H), 7.44 (f] = 7.56 Hz, 2H), 7.32-7.35 (m, 1H), 7.23-7.28 (1H),16.78 (d,
J = 8.72 Hz, 2H), 6.11 (s, 2H), 3.03 (s, 63 NMR (100.6 MHz, CDGJ, 25°C) 5 151.1,
149.5, 148.5, 135.1, 134.9, 134.2, 133.0, 129.8,512128.7, 128.5, 126.6, 123.2, 120.5,
119.9, 112.5, 101.1, 99.6, 40.6; HRMS (EIl, TOF)cdalor G4H2CINO [M]™: 373.1233,
found: 373.1234.
4-((2)-((2)-5,6-Dimethoxy-3-(4-methoxybenzylidene)isobenzofuran-1(3H)-ylidene)met
hyl)-N,N-dimethylaniline (C23). Column chromatography (eluent = petroleum ethieyle
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acetate 40:1 v/v) on silica gel gave a brown-yellsalid (68.2 mg, 53% vyield). Mp:
179.6-182.6C; 'H NMR (400 MHz, CDC4, 25°C) 6 7.84 (d,J = 8.56 Hz, 2H), 7.79 (d] =
8.60 Hz, 2H), 6.96-7.01 (m, 4H), 6.81 (b= 8.28 Hz, 2H), 5.96 (s, 1H), 5.94 (s, 1H), 3.89 (
6H), 3.87 (s, 3H), 3.02 (s, 6H)*C NMR (100.6 MHz, CDGJ, 25°C) § 157.9, 151.1, 150.8,
149.7, 149.1, 129.3, 128.6, 127.4, 126.7, 124.8,111112.7, 101.1, 100.9, 98.4, 96.8, 56.3,
55.5, 40.7; HRMS (EI, TOF) calcd fonf,7NO,4 [M]™*: 429.1940, found: 429.1937.
4-((2)-((2)-5-Fluoro-3-(4-fluorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N,
N-dimethylaniline (C24). Column chromatography (eluent = petroleum etkieyleacetate
80:1 v/v) on silica gel gave a yellow solid (37.9,M84% yield, 0.12 mmdtBuOK and 0.18
mmol 18-crown-6 were used). Mp: 190.8-193@ 'H NMR (400 MHz, CDC}, 25°C) &
7.84-7.89 (m, 2H), 7.75 (d,= 8.48 Hz, 2H), 7.53-7.57 (m, 1H), 7.24-7.26 (H),17.10-7.14
(m, 3H), 6.78 (d,J = 8.40 Hz, 2H), 6.07 (s, 1H), 6.05 (s, 1H), 3.836H);*°C NMR (100.6
MHz, CDCk, 25°C) 6 164.4, 162.7, 162.0, 160.3, 151.0, 149.4, 14835,0.(d,Jc.F = 9.55
Hz), 131.4, 131.3, 130.5, 130.0 (&,r = 7.85 Hz), 129.6, 123.2, 121.1 (&,r = 9.08 Hz),
117.4 (dJc.r = 24.7 Hz), 115.6 (dlc.r = 21.4 Hz), 112.5, 106.2 (de.r = 24.4 Hz), 100.3,
98.4, 40.6; HRMS (El, TOF) calcd forg10F,NO [M]*: 375.1435, found: 375.1443.
(4-((2)-((2)-3-(4-(Piperidin-1-yl)benzylidene)isobenzofuran-1(3H)-ylidene)methyl ) phe
nyl)methanol (C25). Column chromatography (eluent = petroleum ethigyleacetate 10:1
v/v) on silica gel gave a yellow solid (99.0 mg%8¥ield, 0.12 mmot-BuOK and 0.18 mmol
18-crown-6 were used). Mp: 196.6-198@ *H NMR (400 MHz, CDC}, 25°C) ¢ 7.91 (d,J
= 8.00 Hz, 2H), 7.81 (dl = 8.64 Hz, 2H), 7.63 (] = 8.12 Hz, 2H), 7.44 (d} = 8.12 Hz, 2H),
7.37-7.41 (m, 2H), 7.00 (d,= 8.48 Hz, 2H), 6.15 (s, 2H), 4.74 (s, 2H), 3.26) € 4.84 Hz,
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4H), 1.73-1.75 (m, 4H), 1.61-1.65 (m, 2HJC NMR (100.6 MHz, CDGJ, 25°C) § 152.3,
150.8, 149.9, 138.8, 135.0, 134.4, 133.5, 129.8,22128.6, 128.5, 127.4, 125.7, 119.9,
119.5, 116.2, 100.3, 98.5, 65.5, 50.3, 25.9, 24BMS (El, TOF) calcd for gH>7NO, [M] ™
409.2042, found: 409.2039.
(1Z,32)-3-Benzylidene-1-(4-(piperidin-1-yl)benzylidene)-1,3-dihydroi sobenzofuran-5-c
arbonitrile (C26) Column chromatography (eluent = petroleum etheyledcetate 60:1 v/v)
on silica gel gave an orange-yellow solid (77.0 68§ yield). Mp: 236.6-239.%C; 'H NMR
(400 MHz, CDC}, 25°C) 6 7.88-7.91 (m, 3H), 7.81 (d,= 8.80 Hz, 2H), 7.60-7.68 (m, 2H),
7.43-7.48 (m, 2H), 7.28-7.31 (m, 1H), 6.98 Jc& 8.84 Hz, 2H), 6.24 (s, 1H), 6.20 (s, 1H),
3.27-3.31 (m, 4H), 1.74 (br s, 4H), 1.63-1.65 (1);2°C NMR (100.6 MHz, CDGJ, 25°C)
o 151.2, 150.4, 148.3, 137.7, 134.6, 133.9, 1323D,2, 128.8, 128.6, 127.1, 124.4, 124.2,
120.2, 118.8, 115.7, 111.6, 103.7, 100.7, 49.88,284.5; HRMS (EI, TOF) calcd for
CagH24N20 [M]*: 404.1889, found: 404.1890.
4-((2)-((2)-3-(4-(Piperidin-1-yl)benzylidene)isobenzofuran-1(3H)-ylidene)methyl ) benz
onitrile (C27). Column chromatography (eluent = petroleum etligyleacetate 60:1 v/v) on
silica gel gave an orange-yellow solid (99.5 mg%8gield). Mp: 227.8-230.6C:; *H NMR
(400 MHz, CDCH4, 25°C) § 7.95 (d,J = 8.28 Hz, 2H), 7.76 (dl = 8.68 Hz, 2H), 7.62-7.68 (m,
4H), 7.38-7.48 (m, 2H), 6.99 (d,= 8.56 Hz, 2H), 6.21 (s, 1H), 6.12 (s, 1H), 3.2313(m,
4H), 1.74-1.76 (m, 4H), 1.63-1.67 (m, 2HJC NMR (100.6 MHz, CDGJ, 25°C) § 154.8,
151.0, 149.3, 140.3, 134.7, 132.7, 132.3, 130.8.8,2128.8, 128.3, 124.8, 120.3, 119.7,
119.6, 115.8, 108.5, 101.9, 97.1, 50.0, 25.8, 4ES (El, TOF) calcd for &H,4N-0 [M]™:
404.1889, found: 404.1891.
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4. Conclusions

In summary, we have developed a facile method mthggize 1,3-dihydroisobenzofuran
derivatives using-BuOK as the catalyst. The resulting compounds ¢uoto be served as
tunable fluorophores, for which the maximum emissi@avelengths ranged from 438 to 597
nm and the Stokes shift reached up to 166 nm. &kelts might open a gate for the further
application of the readily available 1,3-dihydrdisozofuran framework as the novel
chromophore in electronic devices and fluorescemabes.
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Scheme and Figure captions

Scheme 1. Reaction mechanism-&uOK catalyzedxo-cyclic enol ether®\ and aldehydes
B.

Fig. 1. UV-vis absorption spectra of compou@isC27 in CH,Cl, (10° M) at 25°C.

Fig. 2. UV-vis absorption spectra of compou®ib in different solvents (I®M) at 25°C.

Fig. 3. Fluorescence spectra of compoufdsC27 in CH,Cl, (10° M) at 25°C. Aamax Of

each product was chosen as the excitation wavélengt
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Table 1. Optimization of conditions for the reactionAf with B1.2

CHO
/©/ Catalyst
+ /T >
MeO Solvent

B1

Cc1

entry catalyst solvent temfQ) time (h) yield (%)
1 t-BuOK DMF 80 10 46
2 KHMDS DMF 80 10 44
3 KOH DMF 80 10 43
4 NaH DMF 80 10 24
5 DBU DMF 80 10 n.d.
6 KoCOs DMF 80 10 n.d.
7° t-BuOK DMF 80 4.5 80
g° t-BuOK DMF 110 2 82
g° t-BuOK DMSO 110 2 n.d.
10° t-BuOK THF 110 2 45
11° t-BuOK toluene 110 2 14
1z t-BuOK MeCN 110 2 n.d.
13F t-BuOK DCE 110 2 n.d.
14° t-BuOK DMF 110 10 n.d.

®Reaction conditionsA1 (0.2 mmol), B1 (0.3 mmol), catalyst (0.04 mmol), solvent (1.0 mupless
otherwise noted’Determined byH NMR using PhSiMeas the internal standaf@0 mol% of 18-crown-6

was added10 mol% oft-BuOK and 15 mol% of 18-crown-6 were used, n.dotdetected.
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Table 2. Reaction ofxo-cyclic enol ethers with aldehydes usitrBuOK as the Catalysét.

R 0 RICHO t-BuOK (20 mol %)
+

\ DMF, 18-crown-6, 110°C

X=0Me, 2h,C1,81%

X =8Me, 5h, C2, 53% 2 h, C5, 99%
X =t-Bu, 5 h, C3, 56%

X = Me, 3 h, C4, 50%

2h, C8,
88%

A
ol
\

(D

X =0Me, 3 h, C12, 83%
X =Me, 2h, C13, 86%
X=Cl, 3 h, C14,89%

X =CF3, 3 h, C15, 82%
X=CN, 2 h, C16, 84%

X =OMe, 8 h, C17, 80%

X =Me, 6 h, C21, 89%
X=Cl, 7h, C18, 75%

X=Cl, 2h, C22, 98%

H, 3 h, C26, 63%
N, 3 h, C27, 82%

<
1
ol

4 h, C23, 53% 9 h, C24, 34%"

®Reaction conditionsexo-cyclic enol ethersA (0.3 mmol), aryl aldehydeB (0.45 mmol),t-BuOK (0.06
mmol), 18-crown-6 (0.09 mmol), DMF (1.0 mL), 1£C. ®0.12 mmol oft-BuOK and 0.18 mmol of

18-crown-6 were used. Isolated yields are shown.
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Table 3. UV absorption and fluorescence emission propedie®smpound<1-C27.2

product  emax(10-M*cmi)  ®:x100 AA-max AE-max Stokes shift
(nm) (nm) (nm)
Ci 3.10 0.21 376 448 72
C2 2.75 0.30 386 450 64
C3 3.02 0.081 375 438 63
C4 2.59 0.20 373 472 99
C5 3.80 4.31 404 515 111
C6 2.83 5.06 414 522 108
Cc7 2.93 5.52 397 523 126
C8 3.50 2.90 390 505 115
C9 2.61 0.070 376 448 72
Ci10 3.27 0.29 380 466 86
C1u1 3.23 0.43 386 473 87
Ci12 3.06 9.36 407 508 101
C13 2.80 6.37 405 511 106
Cl4 2.85 4.31 413 527 114
Ci15 2.48 2.43 408 550 142
Cl6 2.10 2.25 438 582 144
C17 3.36 2.53 406 521 115

C18 3.28 1.12 402 532 130
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2Spectral properties of compour@s-C27 in CH,Cl, solution (10 M) at 25°C.
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1. Calculation equations for fluorescence quantum yield ®¢
The fluorescence quantum yield (®g) was calculated using the following equation [1, 2]:
D, — @, x AN P @
A onS K
Where @y is the standard fluorescence quantum yield (Rhodamine 6G, ®s= 0.88), A;and A are
the respective absorbance of the samples and standard at the excitation wavelengths, n; and ns are
the the refractive index of CH,Cl, and EtOH, F; and F; are the areas under the fluorescence

emission curves of samples and the standard, respectively.
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2. Copies of 'H and *C NMR Spectra

'H NMR of (1Z,32)-1-benzylidene-3-(4-methoxybenzylidene)-1,3-dihydroisobenzofuran (C1)
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'H NMR of (1Z,32)-1-benzylidene-3-(4-(methylthio)benzylidene)-1,3-dihydroisobenzofuran
(C2)
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'H NMR of (1Z,32)-1-benzylidene-3-(4-(tert-butyl)benzylidene)-1,3-dihydroisobenzofuran (C3)
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3C NMR of (12,32)-1-benzylidene-3-(4-(tert-butyl)benzylidene)-1,3-dihydroisobenzofuran (C3)
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'H NMR of (1Z,32)-1-benzylidene-3-(4-methylbenzylidene)-1,3-dihydroisobenzofuran (C4)
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'H NMR of 4-((2)-((2)-3-benzylideneisobenzofuran-1(3H)-ylidene)methyl)-N,N-dimethylaniline
(C5)
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'H NMR of 1-(4-((2)-((2)-3-benzylideneisobenzofuran-1(3H)-ylidene)methyl)phenyl)pyrrolidine
(C6)
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'H NMR of 1-(4-((2)-((2)-3-benzylideneisobenzofuran-1(3H)-ylidene)methyl)phenyl)piperidine

(C7)

J _QJ N

m 1
= o
o =
000" 0-— - Fo o
o
\m/ 000" 0-—
195°T L~ =
509" T c
919" 1T - Wy 5]
629°1T == =5y m
E&.a.\ Fo ~
SPLTT =
.W, SE5 T—
proe)
THIE Lo Q
mmm.mv —— <00 S
692" € i
0% 9 c
95T 9 Fr m
LBE" 5+ = PEE &
LOO" L = sre-t w
E2Z "L 1 8se " €
E¥E" LA e T 988°¢€
652" L ) mma.mv
GLE" LA - 016" €
SLE™ LA © ST Nl
£8E "L - 4 ko s N
0BE" LA 50 G
LBE" LA : S
AE L Sl
20%°L _ e 80 5 o
0% L _ ) 7o N SPL 94
FIP L— —= “EL ¥ c 89T "9+
EEF L _ =46 3 oum..u;
ZSb L ~ Lo S 286 "9
809" L 'S8k D BSZ " LA
¥19° L > z6t " Lo|
£zs L c o7 L\l
6Z9° L F o <} 01% "L /,____
£E9° LA =} omw.h%
6E9°L = vy L
A N 919 "L—
P59 L= 2 c Tes L
608" L 3 BEI "L
TE8°L 1 Qm.h.\
€06 L ™ 199 L
. L= 9€8 " L)
ZEZBL- " - ~~ |
__\‘ \ N 8se L
) o Les ]
G16"L
N
N—r
1
NJ
1
<
Y
o
ad
=z
I
-

line (C8)

S9

y

o

o
< 2
w

@

2]

10

11




'H NMR of (1Z,32)-1-benzylidene-3-(2-methoxybenzylidene)-1,3-dihydroisobenzofuran (C9)
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3C NMR of (12,32)-1-benzylidene-3-(2-methoxybenzylidene)-1,3-dihydroisobenzofuran (C9)
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'H NMR of (1Z,32)-1-benzylidene-3-(3,4-dimethoxybenzylidene)-1,3-dihydroisobenzofuran

(C10)
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'H NMR of (1Z,3Z)-1-benzylidene-3-(2,4-dimethoxybenzylidene)-1,3-dihydroisobenzofuran
(C11)
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¥3C NMR of (1Z,32)-1-benzylidene-3-(2,4-dimethoxybenzylidene)-1,3-dihydroisobenzofuran
(C11)
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'"H NMR of 4-((2)-((2)-3-(4-methoxybenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-

N,N-dimethylaniline (C12)
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'H NMR of N,N-dimethyl-4-((2)-((Z)-3-(4-methylbenzylidene)isobenzofuran-1(3H)ylidene)-

methylaniline (C13)
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'H NMR of 4-((2)-((2)-3-(4-chlorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-
N,N-dimethylaniline (C14)
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'H NMR of N,N-dimethyl-4-((2)-((Z)-3-(4-(trifluoromethyl)benzylidene)isobenzofuran-1(3H)-

ylidene)methyl)aniline (C15)

(=}
™M = (=}
un un (=]
(=} u .
. M (=
™M — i

S {/_Q "
e,
i N
\/ER
|
I
I
|
i ! \ Iy l
L
T T T T T T T T T T T T T
5 a 2 1 0 ppm

13 12 11 10 9 8 7
PPN

&
R @ e
edfed = ed i 2|2

500 ¢

3C NMR of N,N-dimethyl-4-((Z)-((2)-3-(4-(trifluoromethyl)benzylidene)isobenzofuran-1(3H)-

ylidene)methyl)aniline (C15)
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'H NMR of 4-((2)-((2)-3-(4-(dimethylamino)benzylidene)isobenzofuran-1(3H)-ylidene)meth-
yl)benzonitrile (C16)
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3C NMR of 4-((2)-((2)-3-(4-(dimethylamino)benzylidene)isobenzofuran-1(3H)-ylidene)meth-
yl)benzonitrile (C16)
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'H NMR of 4-((2)-((2)-3-(2-methoxybenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N,N-

dimethylaniline (C17)
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'H NMR of 4-((2)-((2)-3-(3-chlorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-N, N-

dimethylaniline (C19)
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'H NMR of N,N-dimethyl-4-((2)-((Z)-3-(naphthalen-2-ylmethylene)isobenzofuran-1(3H)-yli-

dene)methyl)aniline (C20)
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'H NMR of 4-((2)-((2)-3-benzylidene-5-methylisobenzofuran-1(3H)-ylidene)methyl)-N,N-di-

methylaniline (C21)
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'H NMR of 4-((2)-((2)-3-benzylidene-5-chloroisobenzofuran-1(3H)-ylidene)methyl)-N,N-di-

methylaniline (C22)

b T e e el el L e B e B B el I B — m 8
OO NA AN M A IO UM ™M u (=}
L R T T - N I g o L .
P N = - <
b b L L L L L L A
= ——— AW e
'_""‘“"‘ﬁz%n' —
— ’
N
(L pe
cl \Q\_‘/—\
W
| | |
[ [
o I l |
A A
T T T T T T T T T
1 10 9 8 7 3 4 3 1 0 ppm
A, g 1 11
1) 3 -1 ) = =
L= =A== E=10= ] [=] - (=]
L—' —|c|c el :5]‘—' - (.:i|



'H NMR of 4-((2)-((2)-5,6-dimethoxy-3-(4-methoxybenzylidene)isobenzofuran-1(3H)-ylidene)-
methyl)-N,N-dimethylaniline (C23)
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3C NMR of 4-((2)-((2)-5,6-dimethoxy-3-(4-methoxybenzylidene)isobenzofuran-1-(3H)-ylid-
ene)methyl)-N,N-dimethylaniline (C23)
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'"H NMR of 4-((2)-((2)-5-fluoro-3-(4-fluorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-

N,N-dimethylaniline (C24)
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3C NMR of 4-((2)-((2)-5-fluoro-3-(4-fluorobenzylidene)isobenzofuran-1(3H)-ylidene)methyl)-

N,N-dimethylaniline (C24)
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'H NMR of (4-((2)-((2)-3-(4-(piperidin-1-yl)benzylidene)isobenzofuran-1(3H)-ylidene)methyl)-
phenyl)methanol (C25)
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3C NMR of (4-((2)-((2)-3-(4-(piperidin-1-yl)benzylidene)isobenzofuran-1(3H)-ylidene)methyl)-
phenyl)methanol (C25)
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'"H NMR of (1Z,32)-3-benzylidene-1-(4-(piperidin-1-yl)benzylidene)-1,3-dihydroisobenzofu-
ran-5-carbonitrile (C26)

[=}
T T Ty R R T R Tl e s A= =+ g @ - =TT =]
oA~ Mo~ NMmoo ol mh o o~ ™M = Mo (=
S R R R R e RS s = Moy [~ W w .
[l e 2 S s ol ol ol el ol o o L R VY ™M MM o i
e I:r//,l B I S \.I./ L\. /./

T e [ N

Y
.'r_ "-N\.-J.l
Ny Y
oy A
Jl [ el I
NCTE
.".___/

| J :”L . J | )

T
10 9 8 7

6 5 4 3 2 1 0 ppm
BN X i
EEEEEE B g 23]

3C NMR of (12,32)-3-benzylidene-1-(4-(piperidin-1-yl)benzylidene)-1,3-dihydroisobenzofu-
ran-5-carbonitrile (C26)
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'H NMR of 4-((2)-((2)-3-(4-(piperidin-1-yl)benzylidene)isobenzofuran-1(3H)-ylidene)meth-
yl)benzonitrile (C27)
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13C NMR of 4-((2)-((2)-3-(4-(piperidin-1-yl)benzylidene)isobenzofuran-1(3H)-ylidene)meth-
yl)benzonitrile (C27)
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