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Table S1. Optimization of the reaction conditions.a

1aa 4Ph
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R R

catalyst (x equiv.)
solvent, temp., time

entry catalyst (x equiv.) solvent time (h) temp. (ºC) yield(%)b

1 FeCl3 (0.2) MeCN 4 80 0
2 AlCl3 (0.2) MeCN 4 80 0
3 ZnCl2 (0.2) MeCN 4 80 0
4 Cu(OTf)2 (0.2) MeCN 4 80 0
5 Zn(OTf)2 (0.2) MeCN 4 80 0
6 DMAP (1.0) MeCN 4 80 11
7 DBU (1.0) MeCN 4 80 8
8 DABCO (1.0) MeCN 4 80 32
9 Cs2CO3 (1.0) MeCN 4 80 30
10 NaHCO3 (1.0) MeCN 4 80 35
11 TMG (1.0) MeCN 4 80 43
12 TMG (1.0) MeCN 8 80 46
13 TMG (1.0) MeCN 10 80 47
14 TMG (1.0) MeCN 12 80 48
15 TMG (1.0) MeCN 20 80 45
16 TMG (1.0) MeCN 32 80 46
17 TMG (0.5) MeCN 12 80 40
18 TMG (1.5) MeCN 12 80 53
19 TMG (2.0) MeCN 12 80 45
20 TMG (3.0) MeCN 12 80 41
21 TMG (1.5) MeCN 12 90 60
22 TMG (1.5) DCE 12 90 12
23 TMG (1.5) THF 12 90 n.r.
24 TMG (1.5) EtOAc 12 90 n.r.
25 TMG (1.5) DMSO 12 90 n.r.
26c TMG (1.5) MeCN 12 90 55
27d TMG (1.5) MeCN 12 90 64
28e TMG (1.5) MeCN 12 90 59

aReaction conditions: propargylamine 1aa (0.1 mmol), 4-hydroxy-6-
methylpyridin-2(1H)-one 4 (0.1 mmol), and catalyst (20 mol%) in solvent (2 mL) 
under air atmosphere. bIsolated yields. cThe amount of 1aa was 2.0 equivalences. 
dThe amount of 1aa was 3.0 equivalences. eThe amount of 1aa was 4.0 
equivalences.
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2. X-ray crystallographic data of 
compound 3aa

 
Figure S1. ORTEP drawing of compound 3aa (30% probability for the thermal ellipsoid).

Table S1. Crystal data and structure refinement for compound 3aa.
CCDC number 2295482
Identification code 220330a_0m_a
Empirical formula C21H16O4
Formula weight 332.34
Temperature 300.00 K
Wavelength 0.71073 Å
Crystal system triclinic
Space group P-1
Unit cell dimensions a = 8.460(7) Å α= 79.660(10)°.

b = 11.802(9) Å β= 83.815(11)°.
c = 17.491(14) Å γ= 89.445(11)°.

Volume 1708(2) Å3
Z 4
ρcalc 1.292 g/cm3
μ 0.089 mm-1
F(000) 696.0
Crystal size 0.21 × 0.2 × 0.19 mm3
2Θ range for data collection 2.38 to 55.034°.
Index ranges -10 ≤ h ≤ 10, -15 ≤ k ≤ 15, -22 ≤ l ≤ 22
Reflections collected 19706
Independent reflections 7626 [Rint = 0.0428, Rsigma = 0.0646]
Data / restraints / parameters 7626 / 0 / 455
Goodness-of-fit on F2 0.995
Final R indexes [I>=2σ (I)] R1 = 0.0545, wR2 = 0.1180
Final R indexes [all data] R1 = 0.1211, wR2 = 0.1415
Largest diff. peak/hole 0.13 and -0.20 e.Å-3

The purified compound 3aa is dissolved in a mixed 
solvent of dichloromethane and n-hexane, and 
placed in a dark cabinet to slowly evaporate. After 
several days, a colourless bulk crystal is obtained. 
The X-ray crystal-structure determinations were 
obtained on a Bruker Smart CCDC APEX-2 
diffractometer (graphite- monochromated Mo Kα 
radiation, λ=0.71073 nm) at 300 K. 
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3. X-ray crystallographic data of 
compound 5aa

 
Figure S1. ORTEP drawing of compound 5aa (30% probability for the thermal ellipsoid).

Table S1. Crystal data and structure refinement for compound 5aa.
CCDC number 2295483
Identification code 20221017i
Empirical formula C21H17NO3
Formula weight 331.36
Temperature 300.00 K
Wavelength 0.71073 Å
Crystal system monoclinic
Space group P21/c
Unit cell dimensions a = 6.9547(6) Å α= 90°.

b = 19.975(2) Å β= 90.477(4)°.
c = 12.2707(14) Å γ= 90°.

Volume 1704.6(3) Å3
Z 4
ρcalc 1.291 g/cm3
μ 0.087 mm-1
F(000) 696.0
Crystal size 0.29 × 0.26 × 0.23 mm3
2Θ range for data collection 5.26 to 54.952°.
Index ranges -9 ≤ h ≤ 8, -25 ≤ k ≤ 25, -15 ≤ l ≤ 15
Reflections collected 30892
Independent reflections 3885 [Rint = 0.1407, Rsigma = 0.0746]
Data / restraints / parameters 3885 / 0 / 229
Goodness-of-fit on F2 1.022
Final R indexes [I>=2σ (I)] R1 = 0.0549, wR2 = 0.1119
Final R indexes [all data] R1 = 0.1343, wR2 = 0.1430
Largest diff. peak/hole 0.27 and -0.21 e.Å-3

The purified compound 5aa is dissolved in a mixed 
solvent of dichloromethane and n-hexane, and 
placed in a dark cabinet to slowly evaporate. After 
several days, a colourless bulk crystal is obtained. 
The X-ray crystal-structure determinations were 
obtained on a Bruker Smart CCDC APEX-2 
diffractometer (graphite- monochromated Mo Kα 
radiation, λ=0.71073 nm) at 300 K. 
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4. X-ray crystallographic data of 
compound 10aa

 
Figure S1. ORTEP drawing of compound 10aa (30% probability for the thermal ellipsoid).

Table S1. Crystal data and structure refinement for compound 10aa.
CCDC number 2295484
Identification code 230523c_sq
Empirical formula C21H17NO3
Formula weight 331.36
Temperature 300.00 K
Wavelength 0.71073 Å
Crystal system tetragonal
Space group I41/a
Unit cell dimensions a = 23.118(12) Å α= 90°.

b = 23.118(12) Å β= 90°.
c = 14.243(9) Å γ= 90°.

Volume 7612(9) Å3
Z 16
ρcalc 1.157 g/cm3
μ 0.078 mm-1
F(000) 2784.0
Crystal size 0.09 × 0.08 × 0.07 mm3
2Θ range for data collection 3.358 to 49.5°.
Index ranges -27 ≤ h ≤ 27, -27 ≤ k ≤ 25, -16 ≤ l ≤ 16
Reflections collected 26587
Independent reflections 3248 [Rint = 0.1790, Rsigma = 0.0923]
Data / restraints / parameters 3248 / 320 / 267
Goodness-of-fit on F2 1.014
Final R indexes [I>=2σ (I)] R1 = 0.0862, wR2 = 0.1958
Final R indexes [all data] R1 = 0.2022, wR2 = 0.2671
Largest diff. peak/hole 0.14 and -0.18 e.Å-3

The purified compound 10aa is dissolved in a mixed 
solvent of dichloromethane and n-hexane, and 
placed in a dark cabinet to slowly evaporate. After 
several days, a colourless bulk crystal is obtained. 
The X-ray crystal-structure determinations were 
obtained on a Bruker Smart CCDC APEX-2 
diffractometer (graphite- monochromated Mo Kα 
radiation, λ=0.71073 nm) at 300 K. 
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5. 1H, 13C and/or 19F NMR spectra for all compounds
2-Benzyl-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3aa)
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2-(4-Fluorobenzyl)-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ab)
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2-(4-Chlorobenzyl)-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ac)
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2-(4-Bromobenzyl)-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ad)
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3-(2-Hydroxyphenyl)-6-methyl-2-(4-(trifluoromethyl)benzyl)-4H-furo[3,2-c]pyran-4-one (3ae)
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2-([1,1'-Biphenyl]-4-ylmethyl)-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one 
(3af)
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3-(2-Hydroxyphenyl)-6-methyl-2-((4'-propyl-[1,1'-biphenyl]-4-yl)methyl)-4H-furo[3,2-
c]pyran-4-one (3ag)
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2-(3-Fluorobenzyl)-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ah)
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2-(3-Chlorobenzyl)-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ai)
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2-(3-Bromobenzyl)-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (product 3aj)
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3-(2-Hydroxyphenyl)-6-methyl-2-(thiophen-2-ylmethyl)-4H-furo[3,2-c]pyran-4-one (3ak)
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2-Benzyl-3-(2-hydroxy-5-methylphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ba)



S21

2-(4-Chlorobenzyl)-3-(2-hydroxy-5-methylphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3bc)
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2-(4-Bromobenzyl)-3-(2-hydroxy-5-methylphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3bd)
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3-(2-Hydroxy-5-methylphenyl)-6-methyl-2-(4-methylbenzyl)-4H-furo[3,2-c]pyran-4-one 
(product 3bl)
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3-(2-Hydroxy-5-methylphenyl)-6-methyl-2-((4'-propyl-[1,1'-biphenyl]-4-yl)methyl)-4H-
furo[3,2-c]pyran-4-one (3bg)
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2-(4-Fluorobenzyl)-3-(2-hydroxy-5-methoxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one 
(3cb)
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2-(4-Chlorobenzyl)-3-(2-hydroxy-5-methoxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one 
(3cc)
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2-(4-Bromobenzyl)-3-(2-hydroxy-5-methoxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one 
(3cd)
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2-Benzyl-3-(5-fluoro-2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (product 3da)
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3-(5-Fluoro-2-hydroxyphenyl)-6-methyl-2-(4-methylbenzyl)-4H-furo[3,2-c]pyran-4-one (3dl)
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2-Benzyl-3-(5-chloro-2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ea)



S34

3-(5-chloro-2-hydroxyphenyl)-2-(4-fluorobenzyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3eb)
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3-(5-chloro-2-hydroxyphenyl)-2-(4-chlorobenzyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ec)
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2-(4-Bromobenzyl)-3-(5-chloro-2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one 
(product 3ed)
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3-(5-Chloro-2-hydroxyphenyl)-6-methyl-2-(4-methylbenzyl)-4H-furo[3,2-c]pyran-4-one (3el)
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3-(5-Chloro-2-hydroxyphenyl)-2-(4-methoxybenzyl)-6-methyl-4H-furo[3,2-c]pyran-4-one 
(3em)
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2-Benzyl-3-(5-bromo-2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3fa)
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3-(5-Bromo-2-hydroxyphenyl)-2-(4-chlorobenzyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3fc)
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3-(5-Bromo-2-hydroxyphenyl)-2-(4-bromobenzyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3fd)
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2-Benzyl-3-(2-hydroxy-5-iodophenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ga)
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2-Benzyl-3-(3,5-dibromo-2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3ha)
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2-Benzyl-6-(tert-butyl)-3-(2-hydroxyphenyl)-4H-furo[3,2-c]pyran-4-one (3aab)
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2-Benzyl-3-(2-hydroxyphenyl)-6-methylfuro[3,2-c]pyridin-4(5H)-one (5aa)
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2-(4-Fluorobenzyl)-3-(2-hydroxyphenyl)-6-methylfuro[3,2-c]pyridin-4(5H)-one (5ab)
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2-(4-Chlorobenzyl)-3-(2-hydroxyphenyl)-6-methylfuro[3,2-c]pyridin-4(5H)-one (5ac)
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2-(4-Bromobenzyl)-3-(2-hydroxyphenyl)-6-methylfuro[3,2-c]pyridin-4(5H)-one (5ad)



S51

2-([1,1'-Biphenyl]-4-ylmethyl)-3-(2-hydroxyphenyl)-6-methylfuro[3,2-c]pyridin-4(5H)-one 
(5af)
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3-(2-Hydroxyphenyl)-6-methyl-2-((4'-propyl-[1,1'-biphenyl]-4-yl)methyl)furo[3,2-c]pyridin-
4(5H)-one (5ag)
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2-(4-Fluorobenzyl)-3-(2-hydroxy-5-methylphenyl)-6-methylfuro[3,2-c]pyridin-4(5H)-one 
(5bb)
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2-Benzyl-3-(2-hydroxy-5-methylphenyl)-6-methylfuro[3,2-c]pyridin-4(5H)-one (5ca)
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3-(5-Bromo-2-hydroxyphenyl)-6-methyl-2-(4-methylbenzyl)furo[3,2-c]pyridin-4(5H)-one 
(product 5fl)



S57

2-Benzyl-3-(2-hydroxyphenyl)-4H-furo[3,2-c]chromen-4-one (7)
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4-(2-Hydroxyphenyl)-2-phenyl-4H,5H-pyrano[3,2-c]chromen-5-one (8)
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2-(Cyclohex-2-en-1-yl)-4-(2-hydroxyphenyl)-7-methyl-4H,5H-pyrano[4,3-b]pyran-5-one (8a)
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4-(2-Hydroxyphenyl)-7-methyl-2-pentyl-4H,5H-pyrano[4,3-b]pyran-5-one (8b)
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(Z)-3-(2-Aminophenyl)-2-benzylidene-6-methyl-2,3-dihydro-4H-furo[3,2-c]pyran-4-one 
(10aa)
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(Z)-3-(2-Aminophenyl)-2-(4-bromobenzylidene)-6-methyl-2,3-dihydro-4H-furo[3,2-c]pyran-
4-one(10ad)
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(Z)-3-(2-Amino-5-fluorophenyl)-2-benzylidene-6-methyl-2,3-dihydro-4H-furo[3,2-c]pyran-4-
one(10da)
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(Z)-3-(2-Amino-5-bromophenyl)-2-benzylidene-6-methyl-2,3-dihydro-4H-furo[3,2-c]pyran-4-
one(10fa)
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2-Benzyl-3-(2-methoxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (11)
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2-Benzyl-3-(2-(benzyloxy)phenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (12)
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2-Benzyl-3-(2-((diphenylphosphaneyl)oxy)phenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (13)
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2-(2-benzyl-6-methyl-4-oxo-4H-furo[3,2-c]pyran-3-yl)phenyl trifluoromethanesulfonate (14)
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2-Benzyl-3-(2-hydroxyphenyl)-6-methyl-4H-furo[3,2-c]pyran-4-one (3aa-d)


