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General Information

All reagents were purchased and used without further purification. 1H spectra were recorded in 

CDCl3 or DMSO-d6 on 500 MHz NMR and 400 MHz NMR spectrometers and data are 

reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet), coupling constants (Hz) and integration. 13C spectra were recorded in CDCl3 

or DMSO-d6 on 126 MHz and 101 MHz NMR spectrometers and resonances (δ) are given in 

ppm. High resolution mass spectra were recorded on a time of flight (TOF) mass spectrometer. 

Aryl alkynoic acids were prepared according to the synthetic methods reported by our lab.1

General procedure for the synthesis of product 3

Aryl alkynoic acid (1.0 mmol), alkyl carboxylic acid (5.0 mmol), FeCl2 (13 mg, 0.1 mmol, 10 

mol%), Tris(2-pyridylmethyl)amine (TPA) (58 mg, 0.2 mmol, 20 mol%), PhI(OAc)2 (97 mg, 

3.0 mmol) and MeCN (5.0 mL) were added to the reaction vial. The mixture was stirred at 

room temperature under blue light (40 W) for 12 h. The solution was cooled to room 

temperature. The reaction mixture diluted with ethyl acetate and washed with the saturated 

NaCl solution. The organic layer was dried over magnesium sulfate. Evaporation of the solvent 

under reduced pressure provided the crude product, which was purified by column 

chromatography on silica gel with hexane and ethyl acetate.

General procedure for the synthesis of product 4

Aryl alkynoic acid (1.0 mmol), alkyl carboxylic acid (5.0 mmol), Fe(NO3)3∙9H2O (40 mg, 0.1 

mmol, 10 mol%), PhI(OAc)2 (97 mg, 3.0 mmol) and MeCN (5.0 mL) were added to the 

reaction vial. The mixture was stirred at room temperature under blue light (40 W) for 12 h. 

The solution was cooled to room temperature. The reaction mixture diluted with ethyl acetate 

and washed with the saturated NaCl solution. The organic layer was dried over magnesium 

sulfate. Evaporation of the solvent under reduced pressure provided the crude product, which 

was purified by column chromatography on silica gel with hexane and ethyl acetate.
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Characterization Data for the Products

O

O

2-(Phenylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3a):2

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 3a (177 mg, 
0.75 mmol, 75%) as a yellow oil after column chromatography eluting with n-hexane/EtOAc 
(400:1). 
1H NMR (500 MHz, CDCl3) δ 7.50 – 7.45 (m, 2H), 7.37 – 7.30 (m, 3H), 6.98 – 6.94 (m, 1H), 
6.91 (m, 1H), 6.90 – 6.86 (m, 2H), 5.12 (dd, J = 7.4, 2.5 Hz, 1H), 4.44 (dd, J = 11.3, 2.5 Hz, 
1H), 4.21 (dd, J = 11.3, 7.4 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 142.7, 142.4, 132.0, 129.1, 128.3, 121.9, 121.8, 121.6, 117.6, 
117.2, 87.7, 82.5, 67.4, 64.6.
MS (EI) m/z = 236 (M+)

O

O

2-(o-Tolylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3b): 

According to the general procedure, the reaction of 3-(o-tolyl)propiolic acid (160 mg, 1.0 
mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 3b 
(148 mg, 0.59 mmol, 59%) as a yellow oil after column chromatography eluting with n-
hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.32 – 7.27 (m, 2H), 7.21 (t, J = 7.6 Hz, 1H), 7.16 (d, J = 7.6 
Hz, 1H), 6.98 – 6.95 (m, 1H), 6.92 (m, 1H), 6.90 – 6.86 (m, 2H), 5.11 (dd, J = 7.4, 2.5 Hz, 1H), 
4.44 (dd, J = 11.3, 2.5 Hz, 1H), 4.21 (dd, J = 11.3, 7.4 Hz, 1H), 2.33 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 142.9, 142.6, 138.2, 132.7, 130.1, 129.2, 128.4, 122.1, 122.0, 
121.5, 117.8, 117.4, 88.1, 82.3, 67.6, 64.7, 21.3.
HRMS (FD-TOF) m/z: [M]+ Calcd for C17H14O2 250.09883; Found: 250.09867.

O

O

2-(m-Tolylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3c): 

According to the general procedure, the reaction of 3-(m-tolyl)propiolic acid (160 mg, 1.0 
mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 3c 
(155 mg, 0.62 mmol, 62%) as a yellow oil after column chromatography eluting with n-
hexane/EtOAc (400:1). 
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1H NMR (500 MHz, CDCl3) δ 7.43 (dd, J = 7.6, 1.2 Hz, 1H), 7.24 (dd, J = 7.5, 1.4 Hz, 1H), 
7.21 – 7.18 (m, 1H), 7.16 – 7.12 (m, 1H), 6.98 – 6.95 (m, 1H), 6.94 – 6.91 (m, 1H), 6.90 – 6.86 
(m, 2H), 5.16 (dd, J = 6.9, 2.5 Hz, 1H), 4.45 (dd, J = 11.2, 2.5 Hz, 1H), 4.25 (dd, J = 11.2, 6.9 
Hz, 1H), 2.39 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 143.0, 142.5, 140.9, 132.4, 129.6, 129.2, 125.7, 122.1, 122.0, 
121.5, 117.9, 117.3, 86.7, 86.6, 67.7, 64.7, 20.7.
HRMS (FD-TOF) m/z: [M]+ Calcd for C17H14O2 250.09883; Found: 250.09896.

O

O

2-(p-Tolylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3d):2

According to the general procedure, the reaction of 3-(p-tolyl)propiolic acid (160 mg, 1.0 
mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 3d 
(173 mg, 0.69 mmol, 69%) as a yellow oil after column chromatography eluting with n-
hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.39 – 7.35 (m, 2H), 7.13 (d, J = 7.8 Hz, 2H), 6.98 – 6.95 (m, 
1H), 6.94 – 6.91 (m, 1H), 6.90 – 6.86 (m, 2H), 5.11 (dd, J = 7.5, 2.5 Hz, 1H), 4.44 (dd, J = 
11.3, 2.5 Hz, 1H), 4.21 (dd, J = 11.3, 7.5 Hz, 1H), 2.36 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 142.7, 142.4, 139.3, 131.9, 129.1, 121.9, 121.8, 118.5, 117.6, 
117.2, 87.9, 81.8, 67.5, 64.6, 21.5.

MS (EI) m/z = 250 (M+)

O

O

2-((2,3-Dimethylphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3e): 

According to the general procedure, the reaction of 3-(2,3-dimethylphenyl)propiolic acid (174 
mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the 
product 3e (169 mg, 0.64 mmol, 64%) as a yellow oil after column chromatography eluting 
with n-hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.26 (s, 1H), 7.22 (dd, J = 7.8, 1.6 Hz, 1H), 7.08 (d, J = 7.8 Hz, 
1H), 6.98 – 6.94 (m, 1H), 6.94 – 6.90 (m, 1H), 6.90 – 6.86 (m, 2H), 5.10 (dd, J = 7.5, 2.5 Hz, 
1H), 4.44 (dd, J = 11.3, 2.5 Hz, 1H), 4.20 (dd, J = 11.3, 7.5 Hz, 1H), 2.26 (s, 3H), 2.23 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 142.9, 142.6, 138.3, 136.8, 133.2, 129.8, 129.6, 122.0, 121.9, 
118.9, 117.8, 117.3, 88.3, 81.7, 67.7, 64.8, 20.0, 19.7.
HRMS (FD-TOF) m/z: [M]+ Calcd for C18H16O2 264.11448; Found: 264.11484.
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O

O
F3C

2-((4-(Trifluoromethyl)phenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3f): 

According to the general procedure, the reaction of 3-(4-(trifluoromethyl)phenyl)propiolic acid 
(214 mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the 
product 3f (189 mg, 0.62 mmol, 62%) as a yellow solid after column chromatography eluting 
with n-hexane/EtOAc (500:1). M.P. = 86-90 oC;
1H NMR (500 MHz, CDCl3) δ 7.61 – 7.56 (m, 4H), 6.99 – 6.95 (m, 1H), 6.95 – 6.87 (m, 3H), 
5.15 (dd, J = 7.0, 2.5 Hz, 1H), 4.45 (dd, J = 11.3, 2.5 Hz, 1H), 4.24 (dd, J = 11.3, 7.0 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 142.8, 142.3, 132.4, 131.0 (q, JC,F = 32.8 Hz), 125.5 (q, JC,F = 
1.2 Hz), 125.4 (q, JC,F = 3.8 Hz), 123.9 (q, JC,F = 272.3 Hz), 122.3, 122.1, 117.8, 117.4, 86.3, 
85.1, 67.3, 64.5.
HRMS (FD-TOF) m/z: [M]+ Calcd for C17H11O2F3 304.007057; Found: 304.07071.

O

O
OMe

2-((2-Methoxyphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3g): 

According to the general procedure, the reaction of 3-(2-methoxyphenyl)propiolic acid (176 
mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the 
product 3g (192 mg, 0.72 mmol, 72%) as a light yellow oil after column chromatography 
eluting with n-hexane/EtOAc (300:1). 
1H NMR (500 MHz, CDCl3) δ 7.43 (dd, J = 7.6, 1.7 Hz, 1H), 7.32 (m, 1H), 6.99 – 6.95 (m, 
1H), 6.94 – 6.91 (m, 1H), 6.91 (m 1H), 6.90 – 6.86 (m, 3H), 5.16 (dd, J = 7.6, 2.5 Hz, 1H), 
4.47 (dd, J = 11.3, 2.5 Hz, 1H), 4.23 (dd, J = 11.3, 7.6 Hz, 1H), 3.87 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 160.5, 142.9, 142.7, 134.2, 130.7, 122.0, 121.9, 120.5, 117.8, 
117.3, 110.9, 110.8, 86.5, 84.4, 67.7, 64.9, 55.9.
HRMS (FD-TOF) m/z: [M]+ Calcd for C17H14O3 266.09375; Found: 266.09374.

O

O
MeO

2-((3-Methoxyphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3h): 

According to the general procedure, the reaction of 3-(3-methoxyphenyl)propiolic acid (176 
mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the 
product 3h (181 mg, 0.68 mmol, 68%) as a yellow oil after column chromatography eluting 
with n-hexane/EtOAc (300:1). 
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1H NMR (500 MHz, CDCl3) δ 7.25 – 7.21 (m, 1H), 7.09 – 7.06 (m, 1H), 7.00 (m, 1H), 6.99 – 
6.95 (m, 1H), 6.92 (m, 1H), 6.91 – 6.90 (m, 1H), 6.88 (m, 2H), 5.12 (dd, J = 7.4, 2.5 Hz, 1H), 
4.44 (dd, J = 11.3, 2.5 Hz, 1H), 4.22 (dd, J = 11.3, 7.4 Hz, 1H), 3.80 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 159.4, 142.9, 142.5, 129.6, 124.7, 122.7, 122.1, 122.0, 117.8, 
117.4, 116.9, 115.9, 87.8, 82.4, 67.6, 64.7, 55.5.
HRMS (FD-TOF) m/z: [M]+ Calcd for C17H14O3 266.09375; Found: 266.09382.

O

O
MeO

2-((4-Methoxyphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3i): 

According to the general procedure, the reaction of 3-(4-methoxyphenyl)propiolic acid (176 
mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the 
product 3i (170 mg, 0.64 mmol, 64%) as a colorless oil after column chromatography eluting 
with n-hexane/EtOAc (300:1). 
1H NMR (500 MHz, CDCl3) δ 7.43 – 7.40 (m, 2H), 6.96 (m. 1H), 6.91 (m, 1H), 6.90 – 6.86 
(m, 2H), 6.86 – 6.83 (m, 2H), 5.10 (dd, J = 7.5, 2.5 Hz, 1H), 4.44 (dd, J = 11.3, 2.5 Hz, 1H), 
4.20 (dd, J = 11.3, 7.6 Hz, 1H), 3.81 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 160.2, 142.7, 142.5, 133.5, 121.9, 121.8, 117.6, 117.2, 113.9, 
113.6, 87.8, 81.1, 67.5, 64.7, 55.3.
HRMS (FD-TOF) m/z: [M]+ Calcd for C17H14O3 266.09375; Found: 266.09371.

O

O
O

O

2-(Benzo[d][1,3]dioxol-5-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3j): 

According to the general procedure, the reaction of 3-(benzo[d][1,3]dioxol-5-yl)propiolic acid 
(190 mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the 
product 3j (151 mg, 0.54 mmol, 54%) as an orange oil after column chromatography eluting 
with n-hexane/EtOAc (300:1). 
1H NMR (400 MHz, CDCl3) δ 7.01 (dd, J = 8.0, 1.6 Hz, 1H), 6.98 – 6.94 (m, 1H), 6.94 – 6.90 
(m, 2H), 6.88 (m, 2H), 6.75 (d, J = 8.0 Hz, 1H), 5.98 (s, 2H), 5.09 (dd, J = 7.4, 2.4 Hz, 1H), 
4.43 (dd, J = 11.3, 2.5 Hz, 1H), 4.19 (dd, J = 11.3, 7.5 Hz, 1H);
13C NMR (101 MHz, CDCl3) δ 148.7, 147.5, 142.9, 142.6, 127.1, 122.1, 122.0, 117.8, 117.4, 
114.8, 112.0, 108.6, 101.6, 87.8, 81.0, 67.6, 64.7.
HRMS (FD-TOF) m/z: [M]+ Calcd for C17H12O4 280.07301; Found: 280.07307.

O

O
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2-([1,1'-Biphenyl]-4-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3k):2

According to the general procedure, the reaction of 3-([1,1'-biphenyl]-4-yl)propiolic acid (222 
mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the 
product 3k (166 mg, 0.53 mmol, 53%) as a light yellow oil after column chromatography 
eluting with n-hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.60 (d, J = 1.3 Hz, 1H), 7.59 – 7.53 (m, 5H), 7.47 – 7.43 (m, 
2H), 7.39 – 7.35 (m, 1H), 7.00 – 6.96 (m, 1H), 6.95 – 6.91 (m, 1H), 6.91 – 6.87 (m, 2H), 5.15 
(dd, J = 7.4, 2.5 Hz, 1H), 4.46 (dd, J = 11.3, 2.5 Hz, 1H), 4.24 (dd, J = 11.3, 7.4 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 142.9, 142.6, 142.0, 140.3, 132.6, 129.0, 127.9, 127.2, 127.1, 
122.1, 122.0, 120.6, 117.8, 117.4, 87.8, 83.2, 67.6, 64.8.
MS (EI) m/z = 312 (M+)

O

O

2-(naphthalen-1-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3l): 

According to the general procedure, the reaction of 3-(naphthalen-1-yl)propiolic acid (196 mg, 
1.0 mmol) and 1,4-Benzodioxane-2-carboxylic Acid (901 mg, 5.0 mmol) afforded the product 
3l (212 mg, 0.74 mmol, 74%) as an orange solid after column chromatography eluting with n-
hexane/EtOAc (400:1). M.P. = 106-110 oC;
1H NMR (500 MHz, CDCl3) δ 8.23 – 8.19 (m, 1H), 7.85 (m, 2H), 7.71 (dd, J = 7.1, 1.1 Hz, 
1H), 7.57 – 7.50 (m, 2H), 7.43 (dd, J = 8.3, 7.2 Hz, 1H), 7.01 (m, 1H), 6.97 (m, 1H), 6.93 – 
6.90 (m, 2H), 5.28 (dd, J = 6.7, 2.5 Hz, 1H), 4.54 (dd, J = 11.2, 2.5 Hz, 1H), 4.38 – 4.33 (dd, J 
= 11.2, 6.7 Hz 1H);
13C NMR (126 MHz, CDCl3) δ 143.0, 142.5, 133.4, 133.2, 131.2, 129.7, 128.4, 127.2, 126.7, 
126.1, 125.2, 122.2, 122.0, 119.3, 117.9, 117.4, 87.6, 86.0, 67.7, 64.8.
HRMS (FD-TOF) m/z: [M]+ Calcd for C20H14O2 286.09883; Found: 286.09878.

O

O

2-(Naphthalen-2-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3m): 

According to the general procedure, the reaction of 3-(naphthalen-2-yl)propiolic acid (196 mg, 
1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 
3m (175 mg, 0.61 mmol, 61%) as a white solid after column chromatography eluting with n-
hexane/EtOAc (400:1). M.P. = 79-82 oC;
1H NMR (500 MHz, CDCl3) δ 8.01 (s, 1H), 7.84 – 7.76 (m, 3H), 7.52 – 7.47 (m, 3H), 6.98 (m, 
1H), 6.93 (m, 1H), 6.91 – 6.87 (m, 2H), 5.17 (dd, J = 7.4, 2.5 Hz, 1H), 4.48 (dd, J = 11.3, 2.5 
Hz, 1H), 4.26 (dd, J = 11.3, 7.4 Hz, 1H);
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13C NMR (126 MHz, CDCl3) δ 142.9, 142.6, 133.4, 132.9, 132.5, 128.4, 128.2, 128.0, 127.9, 
127.2, 126.8, 122.1, 122.0, 119.0, 117.8, 117.4, 88.2, 82.9, 67.6, 64.8.
HRMS (FD-TOF) m/z: [M]+ Calcd for C20H14O2 286.09883; Found: 286.09886.

O

O
Br

2-((4-Bromophenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3n): 

According to the general procedure, the reaction of 3-(4-bromophenyl)propiolic acid (225 mg, 
1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 
3n (202 mg, 0.64 mmol, 64%) as a pale yellow solid after column chromatography eluting with 
n-hexane/EtOAc (400:1). M.P. = 73-78 oC;
1H NMR (500 MHz, CDCl3) δ 7.48 – 7.44 (m, 2H), 7.35 – 7.31 (m, 2H), 6.97 – 6.94 (m, 1H), 
6.93 – 6.91 (m, 1H), 6.89 (m, 2H), 5.11 (dd, J = 7.2, 2.5 Hz, 1H), 4.43 (dd, J = 11.3, 2.5 Hz, 
1H), 4.21 (dd, J = 11.3, 7.2 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 142.7, 142.3, 133.4, 131.6, 123.5, 122.0, 121.9, 120.5, 117.6, 
117.2, 86.6, 83.7, 67.3, 64.5.
HRMS (FD-TOF) m/z: [M]+ Calcd for C16H11O2Br 313.99369; Found: 313.99374.

O

O
Cl

2-((4-Chlorophenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3o):2

According to the general procedure, the reaction of 3-(4-chlorophenyl)propiolic acid (181 mg, 
1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 
3o (179 mg, 0.66 mmol, 66%) as a pale yellow solid after column chromatography eluting with 
n-hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.42 – 7.38 (m, 2H), 7.32 – 7.29 (m, 2H), 6.96 (m, 1H), 6.93 – 
6.91 (m, 1H), 6.89 (m, 2H), 5.11 (dd, J = 7.2, 2.5 Hz, 1H), 4.43 (dd, J = 11.3, 2.5 Hz, 1H), 4.21 
(dd, J = 11.3, 7.2 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 142.7, 142.3, 135.2, 133.2, 128.7, 122.0, 121.9, 120.0, 117.6, 
117.2, 86.5, 83.5, 67.3, 64.5.
MS (EI) m/z = 270 (M+)

O

O
F

2-((4-Fluorophenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3p):2

According to the general procedure, the reaction of 3-(4-fluorophenyl)propiolic acid (164 mg, 
1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 
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3p (163 mg, 0.64 mmol, 64%) as a yellow solid after column chromatography eluting with n-
hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.48 – 7.44 (m, 2H), δ 7.04 – 6.99 (m, 2H), δ 6.96 (m, 1H), δ 
6.93 – 6.90 (m, 1H), δ 6.90 – 6.86 (m, 2H), δ 5.11 (dd, J = 7.3, 2.4 Hz, 1H), δ 4.43 (dd, J = 
11.3, 2.5 Hz, 1H), δ 4.21 (dd, J = 11.3, 7.3 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 163.1 (d, JC,F = 252 Hz), 142.9, 142.5, 134.2, 134.1, 122.1, 
122.0, 117.8, 117.4, 115.9 (d, JC,F = 21.4 Hz), 86.8, 82.5, 67.5, 64.6.

MS (EI) m/z = 254 (M+)

O

H O

O

4-((2,3-Dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)benzaldehyde (3q): 

According to the general procedure, the reaction of 3-(4- formylphenyl)propiolic acid (174 mg, 
1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 
3q (153 mg, 0.58 mmol, 58%) as a yellow solid after column chromatography eluting with n-
hexane/EtOAc (100:1). M.P. = 76-80 oC;
1H NMR (500 MHz, CDCl3) δ 10.01 (s, 1H), 7.84 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.2 Hz, 2H), 
6.99 – 6.94 (m, 1H), 6.94 – 6.91 (m, 1H), 6.91 – 6.87 (m, 2H), 5.16 (dd, J = 6.9, 2.5 Hz, 1H), 
4.45 (dd, J = 11.3, 2.5 Hz, 1H), 4.25 (dd, J = 11.3, 6.9 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 191.4, 142.8, 142.3, 136.2, 132.7, 129.6, 127.9, 122.3, 122.1, 
117.8, 117.5, 86.7, 86.6, 67.3, 64.5.

HRMS (FD-TOF) m/z: [M]+ Calcd for C17H12O3 264.07810; Found: 264.07810.

O

O

O

MeO

Methyl 4-((2,3-dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)benzoate (3r): 

According to the general procedure, the reaction of 3-(4-(methoxycarbonyl)phenyl)propiolic 
acid (204 mg, 1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded 
the product 3r (177 mg, 0.60 mmol, 60%) as a colorless oil after column chromatography 
eluting with n-hexane/EtOAc (200:1). 
1H NMR (500 MHz, CDCl3) δ 8.01 – 7.97 (m, 2H), 7.55 – 7.51 (m, 2H), 6.98 – 6.94 (m, 1H), 
6.92 (m, 1H), 6.90 – 6.86 (m, 2H), 5.14 (dd, J = 7.1, 2.5 Hz, 1H), 4.44 (dd, J = 11.3, 2.5 Hz, 
1H), 4.23 (dd, J = 11.3, 7.1 Hz, 1H), 3.92 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 166.5, 142.8, 142.4, 132.1, 130.5, 129.6, 126.3, 122.2, 122.1, 
117.8, 117.4, 86.9, 85.5, 67.4, 64.6, 52.5.
HRMS (FD-TOF) m/z: [M]+ Calcd for C18H14O4 294.08866; Found: 294.08872.
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O

O

O

1-(3-((2,3-Dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)phenyl)ethenone (3s): 

According to the general procedure, the reaction of 3-(3-acetylphenyl)propiolic acid (188 mg, 
1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 
3s (178 mg, 0.64 mmol, 64%) as a white oil after column chromatography eluting with n-
hexane/EtOAc (100:1). 
1H NMR (500 MHz, CDCl3) δ 8.05 (m, 1H), 7.94 (ddd, J = 7.8, 1.8, 1.2 Hz, 1H), 7.67 – 7.64 
(m, 1H), 7.45 - 7.42 (m, 1H), 6.99 – 6.94 (m, 1H), 6.94 – 6.91 (m, 1H), 6.91 – 6.87 (m, 2H), 
5.14 (dd, J = 7.1, 2.5 Hz, 1H), 4.45 (dd, J = 11.3, 2.5 Hz, 1H), 4.24 (dd, J = 11.3, 7.1 Hz, 1H), 
2.60 (s, 3H);
13C NMR (126 MHz, CDCl3) δ 197.2, 142.8, 142.4, 137.3, 136.3, 132.1, 128.9, 128.8, 122.4, 
122.2, 122.0, 117.8, 117.4, 86.7, 83.8, 67.4, 64.6, 26.8.
HRMS (FD-TOF) m/z: [M]+ Calcd for C18H14O3 278.09375; Found: 278.09352.

O

O
NC

4-((2,3-Dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)benzonitrile (3t): 

According to the general procedure, the reaction of 3-(4-cyanophenyl)propiolic acid (171 mg, 
1.0 mmol) and 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 mmol) afforded the product 
3t (154 mg, 0.59 mmol, 59%) as a white solid after column chromatography eluting with n-
hexane/EtOAc (200:1). M.P. = 108-112 oC;
1H NMR (500 MHz, CDCl3) δ 7.63 – 7.60 (m, 2H), 7.57 – 7.53 (m, 2H), 6.97 – 6.93 (m, 1H), 
6.92 (m., 1H), 6.91 – 6.87 (m, 2H), 5.15 (dd, J = 6.7, 2.5 Hz, 1H), 4.43 (dd, J = 11.3, 2.5 Hz, 
1H), 4.24 (dd, J = 11.3, 6.7 Hz, 1H);
13C NMR (126 MHz, CDCl3) δ 142.8, 142.2, 132.7, 132.2, 126.6, 122.3, 122.1, 118.3, 117.8, 
117.5, 112.7, 87.1, 85.8, 67.2, 64.4.

HRMS (FD-TOF) m/z: [M]+ Calcd for C17H11O2N 261.07843; Found: 261.07868.
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But-1-yne-1,4-diyldibenzene (4a):7

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 3-phenylpropanoic acid (751 mg, 5.0 mmol) afforded the product 4a (117 mg, 0.57 mmol, 
57%) as a yellow liquid after column chromatography eluting with n-hexane. 
1H NMR (500 MHz, DMSO) δ 7.36 – 7.32 (m, 5H), 7.30 (m, 4H), 7.24 – 7.19 (m, 1H), 2.85 
(t, J = 7.3 Hz, 2H), 2.70 (t, J = 7.3 Hz, 2H);
13C NMR (126 MHz, DMSO) δ 140.4, 131.1, 128.5, 128.2, 127.9, 126.2, 123.1, 90.1, 81.1, 
34.3, 20.9.

MS (EI) m/z = 206 (M+)

1-Methyl-4-(4-phenylbut-3-yn-1-yl)benzene (4b):3

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 3-(p-tolyl)propanoic acid (821 mg, 5.0 mmol) afforded the product 4b (130 mg, 0.59 mmol, 
59%) as a colorless oil after column chromatography eluting with n-hexane. 
1H NMR (500 MHz, DMSO) δ 7.36 – 7.31 (m, 5H), 7.19 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.7 
Hz, 2H), 2.80 (t, J = 7.3 Hz, 2H), 2.66 (t, J = 7.3 Hz, 2H), 2.27 (s, 3H);
13C NMR (126 MHz, DMSO) δ 137.4, 135.1, 131.1, 128.8, 128.6, 128.4, 127.9, 123.2, 90.2, 
81.0, 33.9, 21.0, 20.6.

MS (EI) m/z = 220 (M+)

F

1- Fluoro -4-(4-phenylbut-3-yn-1-yl)benzene (4c):3

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 3-(4-fluorophenyl)propanoic acid (841 mg, 5.0 mmol) afforded the product 4c (150 mg, 
0.67 mmol, 67%) as a yellow oil after column chromatography eluting with n-hexane. 
1H NMR (500 MHz, DMSO) δ 7.38 – 7.28 (m, 7H), 7.15 – 7.09 (m, 2H), 2.84 (t, J = 7.3 Hz, 
2H), 2.69 (t, J = 7.3 Hz, 2H);
13C NMR (126 MHz, DMSO) δ 160.9 (d, JC,F = 243 Hz), 136.6 (d, JC,F = 3.0 Hz), 131.1, 130.3 
(d, JC,F = 7.56 Hz), 128.5, 127.9, 123.1, 114.8 (d, JC,F = 21.42 Hz), 89.9, 81.2, 33.4, 20.9.

MS (EI) m/z = 224 (M+)
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Cl

1- Chloro -4-(4-phenylbut-3-yn-1-yl)benzene (4d):3

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 3-(4-chlorophenyl)propanoic acid (923 mg, 5.0 mmol) afforded the product 4d (144 mg, 
0.60 mmol, 60%) as a yellow oil after column chromatography eluting with n-hexane. 
1H NMR (500 MHz, DMSO) δ 7.39 – 7.28 (m, 9H), 2.84 (t, J = 7.2 Hz, 2H), 2.70 (t, J = 7.2 
Hz, 2H);
13C NMR (126 MHz, DMSO) δ 139.5, 131.1, 130.8, 130.5, 128.5, 128.1, 128.0, 123.1, 89.8, 
81.3, 33.5, 20.6.

MS (EI) m/z = 240 (M+)

Br

1-Bromo-4-(4-phenylbut-3-yn-1-yl)benzene (4e):3

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 3-(4-bromophenyl)propanoic acid (1145 mg, 5.0 mmol) afforded the product 4e (197 mg, 
0.69 mmol, 69%) as a yellow oil after column chromatography eluting with n-hexane. 
1H NMR (500 MHz, DMSO) δ 7.49 (d, J = 8.2 Hz, 2H), 7.32 (m, 5H), 7.27 (d, J = 8.2 Hz, 2H), 
2.82 (t, J = 7.2 Hz, 2H), 2.69 (t, J = 7.2 Hz, 2H);
13C NMR (126 MHz, DMSO) δ 139.8, 131.1, 131.0, 130.8, 128.5, 127.9, 123.0, 119.3, 89.8, 
81.3, 33.5, 20.6.

MS (EI) m/z = 284 (M+)

Pent-1-yne-1,5-diyldibenzene (4f):4

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 4-phenylbutanoic acid (821 mg, 5.0 mmol) afforded the product 4f (126 mg, 0.57 mmol, 
57%) as a colorless oil after column chromatography eluting with n-hexane. 
1H NMR (500 MHz, DMSO) δ 7.40 (m, 2H), 7.37 – 7.32 (m, 3H), 7.29 (m, 2H), 7.23 (m, 2H), 
7.19 (m, 1H), 2.76 – 2.68 (t, J = 7.6 Hz, 2H), 2.41 (t, J = 7.1 Hz, 2H), 1.88 – 1.80 (m, 2H);
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13C NMR (126 MHz, DMSO) δ 141.3, 131.2, 128.5, 128.4, 128.3, 127.9, 125.8, 123.2, 90.2, 
81.0, 34.2, 29.9, 18.1.

MS (EI) m/z = 220 (M+)

(Cyclohexylethynyl)benzene (4g):2

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and cyclohexanecarboxylic acid (641 mg, 5.0 mmol) afforded the product 4g (112 mg, 0.61 
mmol, 61%) as a colorless liquid after column chromatography eluting with n-hexane. 
1H NMR (400 MHz, CDCl3) δ 7.41 – 7.38 (m, 2H), 7.30 – 7.26 (m, 2H), 7.26 – 7.24 (m, 1H), 
2.63 – 2.53 (m, 1H), 1.88 (m, 2H), 1.79 – 1.72 (m, 2H), 1.55 (m, 3H), 1.35 (m, 3H);
13C NMR (101 MHz, CDCl3) δ 131.23, 127.80, 127.06, 123.75, 94.13, 80.13, 32.37, 29.31, 
25.58, 24.58.

MS (EI) m/z = 184 (M+)

O

4-(Phenylethynyl)tetrahydro-2H-pyran (4h):2

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and tetrahydro-2H-pyran-4-carboxylic acid (651 mg, 5.0 mmol) afforded the product 4h (125 
mg, 0.67 mmol, 67%) as a yellow liquid after column chromatography eluting with n-
hexane/EtOAc (400:1). 
1H NMR (500 MHz, DMSO) δ 7.42 – 7.37 (m, 2H), 7.37 – 7.31 (m, 3H), 3.80 (m, 2H), 3.44 
(m, 2H), 2.91 – 2.84 (m, 1H), 1.87 – 1.79 (m, 2H), 1.64 – 1.55 (m, 2H);
13C NMR (126 MHz, DMSO) δ 131.3, 128.5, 128.0, 122.9, 92.9, 81.0, 65.5, 32.0, 26.1.

MS (EI) m/z = 186 (M+)

O

2-(Phenylethynyl)tetrahydrofuran (4i):2

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and tetrahydrofuran-2-carboxylic acid (581 mg, 5.0 mmol) afforded the product 4i (108 mg, 
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0.63 mmol, 63%) as a yellow liquid after column chromatography eluting with n-
hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.43 (m, 2H), 7.32 – 7.27 (m, 3H), 4.81 (m, 1H), 4.02 (m, 1H), 
3.86 (m, 1H), 2.23 (m, 1H), 2.14 – 2.04 (m, 2H), 1.99 – 1.90 (m, 1H);
13C NMR (126 MHz, CDCl3) δ 131.8, 128.4, 128.3, 122.9, 89.2, 84.6, 68.7, 68.1, 33.6, 25.6.

MS (EI) m/z = 172 (M+)

((1-Methylcyclohexyl)ethynyl)benzene (4j): 8

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 1-methylcyclohexanecarboxylic acid (711 mg, 5.0 mmol) afforded the product 4j (121 mg, 
0.61 mmol, 61%) as a colorless oil after column chromatography eluting with Pentane. 
1H NMR (500 MHz, DMSO) δ 7.36 (s, 2H), 7.33 (m, 3H), 1.73 (d, J = 12.6 Hz, 2H), 1.60 (m, 
5H), 1.32 – 1.22 (m, 5H), 1.20 – 1.10 (m, 1H);
13C NMR (126 MHz, DMSO) δ 131.2, 128.5, 127.8, 123.3, 96.5, 81.7, 38.9, 32.7, 29.9, 25.3, 
23.0.

MS (EI) m/z = 198 (M+)

(3r,5r,7r)-1-(Phenylethynyl)adamantane (4k):2

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and (3r,5r,7r)-adamantane-1-carboxylic acid (901 mg, 5.0 mmol) afforded the product 4k (149 
mg, 0.63 mmol, 63%) as a colorless oil after column chromatography eluting with n-hexane. 
1H NMR (500 MHz, CDCl3) δ 7.40 – 7.37 (m, 2H), 7.28 – 7.23 (m, 3H), 2.00 (m, 3H), 1.96 
(m, 6H), 1.72 (m, 6H);
13C NMR (126 MHz, CDCl3) δ 131.6, 128.1, 127.3, 124.1, 98.4, 79.3, 42.9, 36.4, 30.0, 28.0.

MS (EI) m/z = 236 (M+)

O Cl
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1-Chloro-4-((2-methyl-4-phenylbut-3-yn-2-yl)oxy)benzene (4l): 

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 2-(4-chlorophenoxy)-2-methylpropanoic acid (1073 mg, 5.0 mmol) afforded the product 
4l (168 mg, 0.62 mmol, 62%) as a yellow oil after column chromatography eluting with n-
hexane/EtOAc (400:1). 
1H NMR (500 MHz, CDCl3) δ 7.41 – 7.36 (m, 2H), 7.34 – 7.29 (m, 3H), 7.27 – 7.23 (m, 2H), 
7.21 – 7.18 (m, 2H), 1.72 (s, 6H);
13C NMR (126 MHz, CDCl3) δ 154.5, 131.6, 129.0, 128.6, 128.5, 128.2, 123.2, 122.6, 91.1, 
86.3, 73.8, 29.8.

HRMS (FD-TOF) m/z: [M]+ Calcd for C17H15ClO 270.08059; Found: 270.08030.

O

(3-Phenoxybut-1-yn-1-yl)benzene (4m):6

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 2-phenoxypropanoic acid (831 mg, 5.0 mmol) afforded the product 4m (151 mg, 0.68 
mmol, 68%) as a colorless oil after column chromatography eluting with n-hexane/EtOAc 
(400:1). 
1H NMR (500 MHz, CDCl3) δ 7.45 – 7.39 (m, 2H), 7.37 – 7.28 (m, 5H), 7.14 – 7.09 (m, 2H), 
7.02 (m, 1H), 5.12 (q, J = 6.6 Hz, 1H), 1.78 (d, J = 6.6 Hz, 3H);
13C NMR (126 MHz, CDCl3) δ 157.7, 131.9, 129.5, 128.6, 128.3, 122.6, 121.4, 116.0, 88.5, 
85.8, 64.4, 22.5.

MS (EI) m/z = 222 (M+)

N
Boc

tert-Butyl 2-(phenylethynyl)pyrrolidine-1-carboxylate (4n):5

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid (1076 mg, 5.0 mmol) afforded the 
product 4n (157 mg, 0.58 mmol, 58%) as a yellow oil after column chromatography eluting 
with n-hexane/EtOAc (70:1). 
1H NMR (500 MHz, CDCl3) δ 7.39 (s, 2H), 7.28 (s, 3H), 4.70 (m, 1H), 3.51 (s, 1H), 3.36 (s, 
1H), 2.12 (m, 3H), 1.92 (s, 1H), 1.49 (s, 9H);
13C NMR (126 MHz, CDCl3) δ 154.3, 131.7, 128.4, 128.1, 123.4, 90.1, 81.7, 79.8, 48.9, 45.8, 
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34.0, 28.7, 23.9.

MS (EI) m/z = 271 (M+)

N
Boc

tert-Butyl 2-(phenylethynyl)piperidine-1-carboxylate (4o):5

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 1-(tert-butoxycarbonyl)piperidine-2-carboxylic acid (1146 mg, 5.0 mmol) afforded the 
product 4o (174 mg, 0.61 mmol, 61%) as a white solid after column chromatography eluting 
with n-hexane/EtOAc (70:1). M.P. = 95-98 oC;
1H NMR (500 MHz, CDCl3) δ 7.42 (s, 2H), 7.30 (m, 3H), 5.29 (s, 1H), 3.96 (d, J = 10.7 Hz, 
1H), 3.11 (s, 1H), 1.85 (m, 2H), 1.76 – 1.60 (m, 3H), 1.58 – 1.31 (m, 10H);
13C NMR (126 MHz, CDCl3) δ 154.8, 131.9, 128.4, 128.2, 123.3, 87.8, 84.2, 80.1, 45.0, 40.7, 
30.9, 28.6, 25.5, 20.3.

MS (EI) m/z = 285 (M+)

Br

(9-Bromonon-1-yn-1-yl)benzene (4p):9

According to the general procedure, the reaction of 3-phenylpropiolic acid (146 mg, 1.0 mmol) 
and 8-bromooctanoic acid (1116 mg, 5.0 mmol) afforded the product 4p (117.3 mg, 0.42 mmol, 
61%) as an orange oil after column chromatography eluting with n-hexane;
1H NMR (500 MHz, DMSO) δ 7.39 – 7.35 (m, 2H), 7.36 – 7.30 (m, 3H), 3.53 (m, 2H), 2.41 
(t, J = 7.0 Hz, 2H), 1.84 – 1.77 (m, 2H), 1.57 – 1.50 (m, 2H), 1.41 (m, 4H), 1.33 (m, 2H);
13C NMR (126 MHz, DMSO) δ 131.2, 128.5, 127.8, 123.3, 90.6, 80.6, 35.1, 32.2, 28.1, 28.0, 
27.6, 27.4, 18.5.

MS (EI) m/z = 278 (M+) 

Molecular Weight: 279.22

Formation of compound 7 and 8
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3-Phenylpropiolic acid (146 mg, 1.0 mmol), 1,4-benzodioxane-2-carboxylic acid (901 mg, 5.0 
mmol), PhI(OAc)2 (97 mg, 3.0 mmol) and MeCN (5.0 mL) were added to the reaction vial. 
The mixture was stirred at room temperature for 12 h. The solution was cooled to room 
temperature. The reaction mixture diluted with ethyl acetate and washed with the saturated 
NaCl solution. The organic layer was dried over magnesium sulfate. Evaporation of the solvent 
under reduced pressure provided the crude product, which was purified by column 
chromatography on silica gel with hexane and ethyl acetate (20:1). Compound 7 (55.5 mg, 0.21 
mmol) and compound 8 (125.8 mg (90% purity ->113.2 mg, 0.38 mmol)) were obtained.

O
O

O

2-Oxo-2-phenylethyl 3-phenylpropiolate (7):10

M.P. = 87-89 oC;
1H NMR (500 MHz, CDCl3) δ 7.96 – 7.92 (m, 2H), 7.65 – 7.60 (m, 3H), 7.53 – 7.45 (m, 3H), 
7.41 – 7.37 (m, 2H), 5.49 (s, 2H);
13C NMR (126 MHz, CDCl3) δ 191.1, 153.4, 134.2, 134.1, 133.3, 131.0, 129.1, 128.7, 128.0, 
119.5, 88.1, 80.1, 67.2.

MS (EI) m/z = 264 (M+)

O
O

O
O

O

2-Oxo-2-phenylethyl 2,3-dihydrobenzo[b][1,4]dioxine-2-carboxylate (8):

M.P. = 89-92 oC;
1H NMR (500 MHz, CDCl3) δ 7.91 – 7.87 (m, 2H), 7.62 (m, 1H), 7.49 (m, 2H), 7.06 – 7.00 
(m, 1H), 6.97 – 6.80 (m, 3H), 5.52 (dd, J = 16.2, 1.1 Hz, 1H), 5.44 – 5.38 (m, 1H), 5.03 (m, 
1H), 4.56 – 4.46 (m, 2H).
13C NMR (126 MHz, CDCl3) 191.0, 167.6, 143.1, 142.3, 134.3, 134.2, 129.1, 127.9, 122.3, 
122.1, 118.5, 117.5, 72.0, 66.9, 65.1.

HRMS (FD-TOF) m/z: [M]+ Calcd for C17H14O5 298.08357; Found: 298.08339.
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2-(Phenylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3a)
1H NMR

13C NMR
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2-(o-Tolylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3b)
1H NMR
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13C NMR
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2-(m-Tolylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3c)
1H NMR
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13C NMR

2-(p-Tolylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3d)
1H NMR
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13C NMR
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2-((2,3-Dimethylphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3e)
1H NMR
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13C NMR

2-((4-(Trifluoromethyl)phenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3f)
1H NMR
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13C NMR
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2-((2-Methoxyphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3g)
1H NMR
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13C NMR
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2-((3-Methoxyphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3h)
1H NMR
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13C NMR

2-((4-Methoxyphenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3i)
1H NMR
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13C NMR
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2-(Benzo[d][1,3]dioxol-5-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3j)
1H NMR



S34

13C NMR

2-([1,1'-Biphenyl]-4-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3k)
1H NMR
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13C NMR
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2-(Naphthalen-1-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3l)
1H NMR
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13C NMR
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2-(Naphthalen-2-ylethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3m)
1H NMR
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13C NMR
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2-((4-Bromophenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3n)
1H NMR
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13C NMR
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2-((4-Chlorophenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3o)
1H NMR
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13C NMR

2-((4-Fluorophenyl)ethynyl)-2,3-dihydrobenzo[b][1,4]dioxine (3p)



S44

13C NMR



S45

4-((2,3-Dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)benzaldehyde (3q)
1H NMR



S46

13C NMR



S47

Methyl 4-((2,3-dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)benzoate (3r)
1H NMR



S48

13C NMR

1-(3-((2,3-Dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)phenyl)ethenone (3s)
1H NMR



S49

13C NMR



S50

4-((2,3-Dihydrobenzo[b][1,4]dioxin-2-yl)ethynyl)benzonitrile (3t)
1H NMR



S51

13C NMR



S52

But-1-yne-1,4-diyldibenzene (4a)
1H NMR

13C NMR



S53

1-Methyl-4-(4-phenylbut-3-yn-1-yl)benzene (4b)
1H NMR

13C NMR



S54

1- Fluoro -4-(4-phenylbut-3-yn-1-yl)benzene (4c)
1H NMR

13C NMR



S55

1- Chloro -4-(4-phenylbut-3-yn-1-yl)benzene (4d)
1H NMR



S56

13C NMR

1- Bromo -4-(4-phenylbut-3-yn-1-yl)benzene (4e)
1H NMR



S57

13C NMR

Pent-1-yne-1,5-diyldibenzene (4f)
1H NMR



S58

13C NMR



S59

(Cyclohexylethynyl)benzene (4g)
1H NMR

13C NMR



S60

4-(Phenylethynyl)tetrahydro-2H-pyran (4h)
1H NMR

13C NMR



S61

2-(Phenylethynyl)tetrahydrofuran (4i)
1H NMR

13C NMR



S62

((1-Methylcyclohexyl)ethynyl)benzene (4j)
1H NMR

13C NMR



S63

(3r,5r,7r)-1-(Phenylethynyl)adamantane (4k)
1H NMR

13C NMR



S64

1-Chloro-4-((2-methyl-4-phenylbut-3-yn-2-yl)oxy)benzene (4l)
1H NMR



S65

13C NMR

(3-Phenoxybut-1-yn-1-yl)benzene (4m)
1H NMR



S66

13C NMR



S67

tert-Butyl 2-(phenylethynyl)pyrrolidine-1-carboxylate (4n)
1H NMR

13C NMR



S68

tert-Butyl 2-(phenylethynyl)piperidine-1-carboxylate (4o)
1H NMR

13C NMR



S69

(9-Bromonon-1-yn-1-yl)benzene (4p)
1H NMR

13C NMR



S70

2-Oxo-2-phenylethyl 3-phenylpropiolate (7)
1H NMR

13C NMR



S71

2-Oxo-2-phenylethyl 2,3-dihydrobenzo[b][1,4]dioxine-2-carboxylate (8)
1H NMR

13C NMR


