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1. General information

The starting materials were synthesized and used. "H, *C NMR spectra were recorded on avance bruker 500 MHz spectrometer, in
CDClI;. Chemical shifts (8) are given in ppm relative to tetramethylsilane (TMS) and calibrated to residual chloroform peaks.
Coupling constants (J) are reported in Hz and coupling patterns are described as s = singlet, d = doublet, t = triplet, q = quartet, quint=
quintet, hept = heptet, m = multiplet. Mass spectra were recorded on a Agilent 6530 Accurate- Mass Q-TOF [electron ionization (EI),
70 eV] and peaks are listed according to their m/z values. Melting points were measured with a Biichi Melting Point B-540 apparatus.
Column chromatography was performed with Merck silica gel 60 (60-120 mesh). Reactions were monitored by thin layer
chromatography (TLC) with aluminium sheets silica gel 60 F254 from Merck with detection by UV light and charring with KMnO4

stain.

2. General procedure for the syntheses of propargylic alcohol (1)’

LHMDS (1.2 equiv.) was added to a stirred solution of alkyl propiolate or phenyl acetylene (1.1 equiv.) in dry THF (15 ml.) at -78 °C
and stirred for 30 minutes at the same temperature. Aryl aldehyde (1 equiv.) was added slowly to the reaction mixture and the reaction
progress was monitored by TLC. After completion, the reaction mixture was quenched with saturated NH4Cl and extracted into
EtOAc thrice. The combined organic layers were washed with brine, dried over anhydrous Na,SOj4, solvent was removed under
reduced pressure and the crude product was purified by silica gel column chromatography (pet ether: EtOAc) to obtain the desired

product (1).

3. General procedure for the syntheses of fully substituted furocoumarins (3a-3i, 6a-6¢ and 7a-7¢):
A mixture of propargylic alcohol (1, 1.0 equiv.,) and 4-hydroxy-coumarin (2, 1.1 equiv.) were heated at 120 °C in presence of
Ca(OTH), (10 mol%) and BusNPF; (10 mol%). Heating was continued till completion of the reaction (monitored by TLC, generally 2-

3.5 h). After completion reaction mixture was brought to room temperature and was diluted with minimum amount water and



extracted with EtOAc thrice. The combined organic layers were washed with brine, dried over anhydrous Na,SO4. Solvent was
removed under reduced pressure and the crude product was purified by silica gel column chromatography (pet ether: EtOAc) to obtain

the desired product.

4. General procedure for the synthesis of fully substituted benzofurans (5a-50 and 8a-8d):

A mixture of propargylic alcohol (1, 1.0 equiv.,) and cyclohexane 1,3-dione (4, 1.1 equiv.) were heated at 120 °C in presence of
Ca(OTY), (10 mol%) and BusNPF; (10 mol%). Heating was continued till completion of the reaction (monitored by TLC, generally 2-4
h). After completion reaction mixture was brought to room temperature and was diluted with minimum amount water and extracted
with EtOAc thrice. The combined organic layers were washed with brine, dried over anhydrous Na;SO4. Solvent was removed under
reduced pressure and the crude product was purified by silica gel column chromatography (pet ether: EtOAc) to obtain the desired

product.

5. Characterization data for substituted furans

Ethyl 2-(4-0x0-3-phenyl-4 H-furo|[3,2-c|chromene-2-yl)acetate (3a)3

Light yellow solid, m.p. 107 °C, 73.7 mg, 91% yield, (eluent: Petroleum ether : EtOAc 88:12) ; '"H NMR (500
MHz, CDCls) & 7.91 (dd, J=7.5 Hz, J= 8 Hz, 1H), 7.55 - 7.51 (m, 3H), 7.49 - 7.45 (m, 3H), 7.44 - 7.42 (m, 1H),
7.37 - 7.34 (m, 1H), 4.24 (q, J = 7 Hz, 2H), 3.86 (s, 2H), 1.30 (t, J = 7 Hz, 3H) ppm; °C NMR (125 MHz, CDCl5)
: 0 168.75, 157.5, 157.2, 152.6, 147.3, 130.8, 129.8, 129.2, 128.8, 128.4, 126.6, 124.4, 121.0, 117.2, 112.6, 109.6,
61.7,32.9, 14.1 ppm.




Ethyl 2-(4-0x0-3-(p-tolyl)-4H-furo[3,2-c]chromene-2-yl)acetate (3b)

Brown solid, m.p. 107 °C, 66.4 mg, 80% vyield, (eluent: Petroleum ether: EtOAc 88:12); '"H NMR (500 MHz,
CDCls): §7.91 (d, J= 8 Hz, 1H), 7.52-7.50 (m, 1H), 7.46-7.43 (m, 3H), 7.35 (t, J= 7.5 Hz, 1H), 7.30 (d, J = 8
Hz, 2H), 4.26 (q, J = 7.25 Hz, 2H), 3.87 (s, 2H), 2.43 (s, 3H), 1.32 (t, J = 7.25 Hz, 3H) ppm; "C NMR (125
MHz, CDClL): & 168.8, 157.6, 157.1, 152.5, 147.1, 138.2, 130.7, 129.6, 129.1, 126.2, 124.4, 123.4, 120.9,
117.1, 112.6, 109.6, 61.7, 32.9, 21.3, 14.2 ppm; HRMS (ESI) m/z calcd. for C»nHs0s [M + H]" 379.1176;

found 379.1194.

Ethyl 2-(3-(4-methoxyphenyl)-4-ox0-4 H-furo|3,2-c|chromene-2-yl)acetate (3¢)

Yellow solid, m.p. 109.2 °C, 67.6 mg, 83 % yield, (eluent: Petroleum ether: EtOAc 88:12); "H NMR (500
MHz, CDCls): § 7.91 (dd, J = 7.5 Hz, J = 7.5 Hz, 1H), 7.53-7.44 (m, 4H), 7.37-7.34 (m, 1H), 7.03-7.01 (m,
2H), 4.26 (q, J = 7 Hz, 2H), 3.87 (s, 3H), 3.86 (s, 2H), 1.32 (t, J = 7 Hz, 3H) ppm; *C NMR (125 MHz,
CDCls): 6 168.8, 159.6, 157.1, 152.5, 146.9, 131.0, 130.7, 124.4, 123.2, 121.3, 120.9, 117.1, 113.9, 112.7,
109.6, 61.7, 55.3, 32.9, 14.2 ppm; HRMS (ESI) m/z caled. for CoHgNaOs [M + Na]™ 385.1046; found

MeO

385.1062.

Ethyl 2-(3-(4-bromophenyl)-4-oxo0-4H-furo[3,2-c|chromen-2-yl)acetate (3d)3

Yellow solid, m.p. 128 °C, 64 mg, 85% yield, (eluent: Petroleum ether: EtOAc 88:12); '"H NMR (500 MHz,
CDCl3): 6 7.93 (dd, J = 8 Hz, J = 8 Hz, 1H), 7.63-7.61 (m, 2H), 7.56-7.54 (m, 1H), 7.47-7.43 (m, 3H), 7.40-7.36
(m, 1H), 4.26 (q, J = 7.25 Hz, 2H), 3.85 (s, 2H), 1.32 (t, J= 7 Hz, 3H) ppm; *C NMR (125 MHz, CDCl;): &
168.5, 157.5,157.3, 152.6, 147.4, 131.6, 131.4, 131.0, 128.1, 124.5, 122.8, 122.5, 121.0, 117.2, 112.5, 109.3, 51.9, 32.9, 14.1 ppm.

(3d)
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Ethyl 2-(3-(4-chlorophenyl)-4-oxo0-4 H-furo[3,2-c]chromen-2-yl)acetate (3e)3

Yellow solid, m.p. 129.6 °C, 60.1mg, 78% vyield, (cluent: Petroleum ether: EtOAc 88:12); '"H NMR (500 MHz,
CDCl): 6 7.92 (dd, J= 8 Hz, J= 8 Hz, 1H), 7.56 -7.53 (m, 1H), 7.50 — 7.44 (m, 5H), 7.38 - 7.35 (m, 1H), 4.25 (q,
J=17.25Hz, 2H), 3.83 (s, 2H), 1.30 (t, J= 7.25 Hz, 3H) ppm; °C NMR (125 MHz, CDCl;): § 168.5, 157.5, 157.3,
152.6, 147.4, 134.8, 131.1, 130.9, 129.0, 128.7, 128.0, 127.7, 124.5, 122.5, 121.0, 117.2, 112.5, 109.4, 61.8, 32.9,

Ethyl 2-(3-(4-fluorophenyl)-4-oxo0-4 H-furo[3,2-c]chromen-2-yl)acetate (3f)

Brown solid, m.p. 73 °C, 66mg, 80 % yield, (eluent: Petroleum ether: EtOAc 88:12); 'H NMR (500 MHz, CDCl;):
0 7.94 (d, J =8 Hz, 1H), 7.57-7.53 (m, 3H), 7.47 (d, J = 8 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.22 — 7.16 (m, 2H),
427 (q, J=7.25 Hz, 2H), 3.85 (s, 2H), 1.32 (t, J = 7 Hz, 3H) ppm; *C NMR (125 MHz, CDCL3): & 168.6, 157.2,
152.6, 147.3, 131.6, 131.5, 130.9, 125.2, 124.5, 122.6, 121.0, 117.2, 115.6, 115.4, 112.6, 61.8, 32.9, 29.7, 14.1




Methyl 2-(4-o0x0-3-phenyl-4 H-furo[3,2-c]chromene-2-yl)acetate (3g)

Light yellow, m.p. 118.3 °C, 81.7mg, 93% vyield, (eluent: Petroleum ether: EtOAc 88:12); 'H NMR (500 MHz,
CDCl3) 67.94 (d, J=8 Hz, 1H), 7.56-7.54 (m, 2H), 7.51-7.48 (m, 3H), 7.46-7.42 (m, 2H), 7.38 (t, J = 7.5 Hz,
1H), 3.89 (s, 2H), 3.81 (s, 3H) ppm; °C NMR (125 MHz, CDCly): & 169.1, 157.5, 157.2, 152.6, 147.1, 130.8,
129.8, 129.1, 128.5, 128.4, 124.4, 123.6, 121.0, 117.2, 112.6, 109.6, 52.7, 32.6 ppm. ESI m/z for Cy0H405[M +
H]" found 335.0400.

Methyl 2-(4-0x0-3-(p-tolyl)-4 H-furo|3,2-c|chromene-2-yl)acetate (3h)

Pale yellow solid, m.p. 129.7 °C, 81mg, 95 % yield, (eluent: Petroleum ether: EtOAc 88:12); 'H NMR (500 MHz,
CDCl): 6 7.93 (dd, J= 8 Hz, J= 7.5 Hz, 1H), 7.56-7.52 (m, 1H), 7.47-7.43 (m, 3H), 7.39-7.35 (m, 1H), 7.30 (d, J
= 8 Hz, 2H), 3.88 (s, 2H), 3.81 (s, 3H), 2.43 (s, 3H) ppm; C NMR (125 MHz, CDCl3): & 169.2, 157.6, 157.2,
152.6, 146.9, 138.2, 130.7, 129.6, 129.2, 126.1, 124.3, 123.6, 121.0, 117.1, 112.7, 109.6, 52.7, 32.6, 21.3 ppm.

Methyl 2-(3-(4-methoxyphenyl)-4-o0x0-4 H-furo[3,2-c]chromen-2-yl)acetate (3i)

Yellow solid, m.p.123.2 °C, 74.5mg, 90% yield, (eluent: Petroleum ether: EtOAc 88:12); '"H NMR (500 MHz,
CDCl3): 6 7.93 (d, J = 7.5 Hz, 1H), 7.56-7.54 (m, 1H), 7.50-7.47 (m, 3H), 7.37 (t, J= 7.5 Hz, 1H), 7.02 (d, J =
8.5 Hz, 2H), 3.88 (s, 5H), 3.81 (s, 3H) ppm; °C NMR (125 MHz, CDCl3): & 169.3, 159.6, 157.6, 157.1, 52.6,
146.7, 131.0, 130.7, 124.3, 123.3, 121.3, 121.0, 117.1, 113.9, 112.7, 109.6, 55.3, 52.7, 32.6 ppm.




Ethyl 2-(6,6-dimethyl-4-0x0-3-phenyl-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (53)3

Yellow liquid (59.4 mg, 78%). '"H NMR (500 MHz, CDCls): & 7.45 — 7.39 (m, 4H), 7.35 (d, J= 7 Hz, 1H), 4.22
(q, J=7.25 Hz, 2H), 3.67 (s, 2H), 2.81 (s, 2H), 2.41 (s, 2H), 1.29 (t, J = 7 Hz, 3H), 1.19 (s, 6H) ppm; >C NMR
0 (125 MHz, CDCls): 6 193.4, 169.3, 165.8, 144.9, 134.6, 130.8, 129.7, 128.0, 127.6, 122.1, 61.4, 52.9, 37.6, 34.9,
32.5,28.6, 14.1 ppm.

COOEt

Ethyl 2-(6,6-dimethyl-4-ox0-3-(p-tolyl)-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (5b)2

Me Yellow liquid, 62.4 mg, 80% yield, (eluent: Petroleum ether: EtOAc 80:20); 'H NMR (500 MHz, CDCls): &
O 7.33(d, J= 7.5 Hz, 2H), 7.12 (d, J = 7.5 Hz, 2H), 4.22 (q, J = 7 Hz, 2H), 3.69 (s, 2H), 2.80 (s, 2H), 2.40 (s,
0 2H), 2.39 (s, 3H), 1.19 (s, 6H) ppm; °C NMR (125 MHz, CDCls): & 193.4, 169.4, 165.8, 144.7, 137.3,
/ 129.5, 128.7,127.7,122.0, 118.6, 61.4, 52.99, 37.6, 34.8, 32.5, 28.6, 21.3, 14.1 ppm.
Et0OOC 0 Me
5b Me

Ethyl 2-(3-(4-methoxyphenyl)-6,6-dimethyl-4-0x0-4,5,6,7-tetrahydrobenzofuran-2-yl) acetate (5c¢)

MeO Yellow liquid, 72.5 mg, 89% yield; (eluent: Petroleum ether: EtOAc 80:20); 'H NMR (500 MHz, CDCl3): &
O 7.37 (d, J = 8.5 Hz, 2H), 6.94 (d, J = 8 Hz, 2H) ppm; °C NMR (125 MHz, CDCl3): § 193.5, 169.4, 165.8,
Q 159.0, 144.5, 130.9, 123.0, 121.7, 118.5, 113.5, 61.4, 55.2, 52.9, 37.6, 34.8, 32.5, 28.6, 14.1 ppm; HRMS

2 ‘ (ESI) m/z calcd. for C5H,405 [M + H]" 365.1364; found 365.1348.
EtOOC ©

(5¢)



Ethyl 2-(3-(4-fluorophenyl)-6,6-dimethyl-4-0x0-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (Se)

R Yellow solid, m.p. 65.6 °C, 58.1mg, 75% yield; (eluent: Petroleum ether: EtOAc 80:20); 'H NMR (5100
O MHz, CDCl5): 6 7.42 (q, J =9 Hz, 2H), 7.09 (t, J= 8.5 Hz, 2H), 4.22 (q, J = 7 Hz, 2H), 3.64 (s, 2H), 2.80 (s,
Q 2H), 2.40 (s, 2H), 1.29 (t, J = 7 Hz, 3H), 1.18 (s, 6H) ppm; >C NMR (125 MHz, CDCls): & 193.5, 169.2,
4 1659, 161.4, 1449, 131.5, 131.4, 126.7, 121.2, 118.4, 115.1, 114.9, 61.5, 52.9, 37.6, 34.9, 32.4, 28.5, 14.1
EtO0OC ©
5e ppm.

Methyl 2-(6,6-dimethyl-4-0x0-3-phenyl-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (5f)

Brown solid, m.p.81.3 °C, 70.6 mg, 86% yield; (eluent: Petroleum ether: EtOAc 80:20); 'HNMR (500 MHz,
O o CDCl): & 7.45-7.39 (m, 4H), 7.36-7.35 (m, 1H), 3.77 (s, 3H), 3.69 (s, 2H), 2.81 (s, 2H), 2.41 (s, 2H), 1.19
2 ‘ (s, 6H) ppm. °C NMR (125 MHz, CDCls): & 193.4, 169.8, 165.9, 144.7, 129.7, 128.0, 128.1, 127.66, 122.2,
MeOOC O 118.5,52.9, 52.5, 37.6, 34.9, 32.2, 28.6 ppm.

Methyl 2-(6,6-dimethyl-4-ox0-3-(p-tolyl)-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (5g)

Me Yellow liquid, 59.9 mg, 75% yield; (eluent: Petroleum ether: EtOAc 80:20); '"H NMR (500 MHz, CDCl3): &
O 7.32 (d, J= 8 Hz, 2H), 7.22 (d, J = 8 Hz, 2H), 3.76 (s, 3H), 3.68 (s, 2H), 2.80 (s, 2H), 2.40 (s, 2H), 2.39 (s,
P 3H), 1.19 (s, 6H) ppm. °C NMR (125 MHz, CDCl3): & 193.4, 169.9, 165.8, 144.5, 137.3, 129.5, 129.3,
/ 128.8, 127.7, 122.1, 118.5, 52.9, 52.4, 37.6, 34.8, 32.2, 28.6, 21.3 ppm; ESI m/z for CoH»04 [M + H]';
MeOOC ng



found 327.1113.
Methyl 2-(3-(4-methoxyphenyl)-6,6-dimethyl-4-0x0-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (Sh)

MeQ Yellow liquid; 64.5 mg, 83% yield; (eluent: Petroleum ether: EtOAc 80:20); "H NMR (500 MHz, CDCl3): &
O 7.37 (d, J=9 Hz, 2H), 6.94 (d, J = 8.5 Hz, 2H), 3.85 (s, 3H), 3.77 (s, 3H), 3.67 (s, 2H), 2.79 (s, 2H), 2.40 (s,
0 2H), 1.18 (s, 6H) ppm. °C NMR (125 MHz, CDCls): & 193.5, 169.9, 165.8, 159.1, 144.3, 130.8, 122.9,

4 121.8, 118.5, 113.5, 55.2, 52.9, 52.4, 37.6, 34.8, 32.9, 32.2, 28.6 ppm.

Ethyl 2-(4-0x0-3-phenyl-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (Si)3

Brown liquid, 51.5 mg, 74% yield; (eluent: Petroleum ether: EtOAc 80:20); 'H NMR (500 MHz, CDCl3): § 7.42
(d, J=1Hz, 2H), 7.40 (d, J= 1.5 Hz, 1 H), 7.42-7.31 (m, 2H), 4.24 - 4.20 (m, 2H), 3.66 (s, 2H), 2.94 (t, /= 6.5
Hz, 2H), 2.52 (t, J = 6.5 Hz, 2H), 2.22 (t, J = 6.5 Hz, 2H), 1.30 (t, J = 7 Hz, 3H) ppm. C NMR (125 MHz,
CDCl3): 6 193.9, 169.4, 166.7, 144.6, 130.88, 129.7, 128.7, 128.6, 128.0, 127.6, 122.3, 119.7, 61.4, 38.6, 32.4,

(5i) COOEt

23.7,22.3, 14.1 ppm.

Ethyl 2-(4-0x0-3-(p-tolyl)-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (5j)2

Brown liquid, 57.9 mg, 81% yield; (eluent: Petroleum ether: EtOAc 80:20); '"H NMR (500 MHz, CDCls): &
7.32 = 7.30 (m, 2H), 7.21 (d, J = 8 Hz, 2H), 4.22 (q, J = 7.25 Hz, 2H), 3.65 (s, 2H), 2.93 (t, J = 6.5 Hz, 2H),
2.52 (t,J= 6.5 Hz, 2H), 2.40 (s, 3H), 2.21 (quint, J = 6.5 Hz, 2H), 1.30 (t, /=7 Hz, 3H) ppm. BC NMR (125




MHz, CDCl3): 6 193.9, 169.4, 166.6, 144.4, 137.4, 129.5, 128.7, 127.8, 122.2, 119.8, 61.4, 38.6, 32.4, 23.7,22.4,21.3, 14.1 ppm.
Ethyl 2-(3-(4-methylphenyl)-4-0x0-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (5k)

MeO Brown liquid, 51.6 mg, 73 % yield; (eluent: Petroleum ether: EtOAc 80:20); "H NMR (500 MHz, CDCl;): & 7.34
(d, /=9 Hz, 2H), 6.92 (d, J = 9 Hz, 2H), 4.20 (q, J = 7.25 Hz, 2H), 3.83(s, 3H), 3.63 (s, 2H), 2.91 (t, /= 6 Hz,

O o  2H),2.49 (t, J =7 Hz, 2H), 2.19 (t, J = 6.5 Hz, 2H), 1.29-1.25 (m, 3H) ppm; C NMR (125 MHz, CDCl;): &
J ‘ 194.0, 169.5, 166.6, 159.0, 144.2, 130.8, 123.1, 121.9, 119.7, 113.5, 61.4, 55.2, 38.6, 32.4, 23.7, 22.4, 14.1 ppm;

EtOCC 5|? HRMS (ESI) m/z caled. for C19H00s [M + Na]* 351.1208; found 351.1262.

Ethyl 2-(3-(4-fluorophenyl)-4-0x0-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (51)

Yellow liquid, 62.2 mg, 87% yield; (eluent: Petroleum ether: EtOAc 80:20); '"H NMR (500 MHz, CDCl;): &
7.42 —7.39 (m, 2H), 7.11-7.07 (m, 2H), 4.22 (q, J = 7.25 Hz, 2H), 3.63 (s, 2H), 2.94 (t, J = 6.5 Hz, 2H), 2.52
(t, J =7 Hz, 2H), 2.21 (t, J = 6.5 Hz, 2H), 1.30 (t, J = 7.5 Hz, 3H) ppm; °C NMR (125 MHz, CDCLs): &
(51) 194.0, 169.3, 166.7, 144.6, 131.4, 131.3, 121.4, 119.6, 115.1, 114.9, 61.5, 38.5, 32.3, 23.7, 22.3, 14.1 ppm;
HRMS (ESI) m/z caled. for C1gH;7FO4[M + Na]" 367.1321; found 367.1306.

COOEt

Methyl 2-(4-o0x0-3-phenyl-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (Sm)

Brown liquid, 65.7 mg, 88% yield; (eluent: Petroleum ether: EtOAc 80:20); '"H NMR (500 MHz, CDCl;): &
7.42 —7.40 ( m, 3H), 7.39 — 7.30 (m, 2H), 3.77 (s, 3H), 3.68 (s, 2H), 2.94 (t, J = 6.25 Hz, 2H), 2.52 (t, J=6.5
Hz, 2H), 2.22 (quint, J = 6.5 Hz, 2H) ppm; *C NMR (125 MHz, CDCl;): & 193.8, 169.8, 166.7, 144.4, 130.8,
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129.6, 128.0, 127.6, 122.3, 119.7, 52.5, 38.6, 32.1, 23.7, 22.3 ppm; HRMS (ESI) m/z calcd. for C17H;604[M + H]" 307.0946; found
307.0931.

Methyl 2-(4-0x0-3-phenyl-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (5n)

Brown solid, m.p. 69 °C, 62.1 mg, 85% yield; (eluent: Petroleum ether: EtOAc 80:20) ; '"H NMR (500 MHz,
CDCl3): & 7.31 (m, 2H), 7.21(d, J = 8 Hz, 2H), 3.76 (s, 3H), 3.67 (s, 2H), 2.93 (t, J = 6 Hz, 2H), 2.52 (t, J =
7.5 Hz, 2H), 2.39 (s, 3H), 2.21 (quint, J = 6.5 Hz, 2H) ppm; *C NMR (125 MHz, CDCl3): & 193.9, 169.9,
166.7, 144.2, 137.3, 129.5, 128.8, 127.7, 122.3, 119.8, 52.4, 38.6, 32.1, 23.7, 22.3, 21.3 ppm. ESI m/z

(5n)COOMe

C1sH304[M + H]" 298.1205.

Methyl 2-(3-(4-methoxyphenyl)-4-0x0-4,5,6,7-tetrahydrobenzofuran-2-yl)acetate (50)

MeQ Brown solid, m.p. 83.4 °C, 62.8 mg, 88% yield; (eluent: Petroleum ether: EtOAc 80:20); 'H NMR (500 MHz,
O CDCl5): 6 7.33 (d, J= 8.5 Hz, 2H), 6.93 (d, /=9 Hz, 2H), 3.83 (s, 3H), 3.75 (s, 3H), 3.65 (s, 2H), 2.91 (t, J=6
o Hz, 2H), 2.50 (t,J =7 Hz, 2H), 2.19 (t, J= 6 Hz, 2H) ppm; BC NMR (125 MHz, CDCl5): 6 194.0, 169.9, 166.7,

4 ‘ 159.1, 144.0, 130.8, 123.0, 122.0, 119.8, 113.5, 55.2, 52.5, 38.6, 32.2, 23.7, 22.3 ppm.
MeOOC 5do
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2-benzyl-3-phenyl-6,7-dihydrobenzofuran-4(5H)-one (8a)4

0 Ph  Yellow solid, m.p. 73.4 °C, 65.3 mg, 90% yield, (eluent: Petroleum ether: EtOAc 90:10 ); 'H NMR (500 MHz,

Ly CDCly) & 7.43 -7.40 (m, 4H), 7.37 - 7.33 (m, 3H), 7.28 (d, J = 7.5 Hz, 1H), 7.23 (d, J = 7.5 Hz, 2H), 4.01 (s, 2H),

0 " 2.90 (t, J = 6.5 Hz, 2H), 2.52 (t, J = 6 Hz, 2H), 2.20 (t, J = 6.5 Hz, 2H) ppm; “C NMR (125 MHz, CDCL) : &
194.1, 166.5, 150.4, 137.9, 131.5, 129.8, 128.6, 128.4, 128, 127.4, 126.6, 120.5, 119.7, 38.6, 32, 23.7, 22.4 ppm.

2-benzyl-3-(p-tolyl)-6,7-dihydrobenzofuran-4(5H)-one (8b)

Brown liquid, 61.2 mg, 86% yield, (eluent: Petroleum ether: EtOAc 90:10); '"H NMR (500 MHz, CDCl3) & 7.36 -
| (; o 7.32 (m, 4H), 7.28 - 7.26 (m, 1H), 7.22 (d, J = 7.5 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H), 3.99 (s, 2H), 3.86 (s, 2H),
2.89 (t,J = 6 Hz, 3H), 2.51 (t,J = 6 Hz, 2H), 2.19 (t, J = 6 Hz, 2H) ppm; >C NMR (125 MHz, CDCl3) : & 194.2,

° 8b 166.4, 158.9, 150, 138.1, 130.9, 128.6, 128.4, 126.6, 123.7, 120, 119.8, 113.5, 55.2, 38.6, 32, 23.8, 22.4 ppm.

Me

2-benzyl-3-(4-methoxyphenyl)-6,7-dihydrobenzofuran-4(SH)-one (8c)

o] Ph  Brown liquid, 62.7 mg, 90%yield, (eluent: Petroleum ether: EtOAc 90:10 ); 'H NMR (500 MHz, CDCl3) & 7.36 -
| % 7.33 (m, 4H), 7.29 - 7.27 (m, 1H), 7.23 (s, 4H), 4.01 (s, 2H), 2.90 (t, J = 6.5 Hz, 2H), 2.52 (t, /= 6 Hz, 2H), 2.42 (s,
o) 3H), 2.20 (t, J = 6.5 Hz, 2H) ppm; °C NMR (125 MHz, CDCl;) : & 194., 166.4, 150.2, 138.1, 137, 129.6, 128.7,

8c
128.6, 128.5, 128.4, 126.6, 120.4, 119.8, 38.6, 32, 23.8, 22.5, 21.3 ppm.
OMe

12



2-benzyl-6,6-dimethyl-3-phenyl-6,7-dihydrobenzofuran-4(SH)-one (8d)

o Ph Yellow solid, m.p. 59.3 °C, 72.2 mg, 91% yield, (eluent: Petroleum ether: EtOAc 90:10); 'H NMR (500 MHz,

| Y CDCl3) & 7.44 -7.39 (m, 5H), 7.36 - 7.32 (m, 3H), 7.22 (d, J = 7.5 Hz, 2H), 4.02 (s, 2H), 2.77 (s, 2H), 2.41 (s,

o 2H), 1.18 (s, 6H) ppm; °C NMR (125 MHz, CDCl3) : § 193.7, 165.7, 150, 138, 131.3, 129.7, 128.6, 128.4, 128,
8d 127.4,126.6, 124.4, 1204, 118.5, 52.9, 37.7, 34.9, 32.1, 28.6 ppm.

2-methyl-3-phenyl-6,7-dihydrobenzofuran-4(SH)-one (1021)5

Yellow liquid; 'H NMR (500 MHz, CDCLs): § 7.41 (d, J = 4 Hz, 4H), 7.35 - 7.32 (m, 1H), 2.91 (t, J = 6.5 Hz, 2H), 2.52
0]
o (L, J=6 Hz, 2H), 2.34 (s, 3H), 2.21 (m, 2H), ppm; "°C NMR (125 MHz, CDCls): § 194.2, 165.8, 148.8, 131.7, 129.8,
=

127.9, 127.1, 119.7, 119.2, 38.7, 23.7, 22.6, 12.1; HRMS (EI): m/z calculated for C15H1402 226.09883 found

226.09839.

6- References
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T
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SYRK-153B

MeOOC
SfQ

7.452
7.4438
7.445
7.438
7.431
7.428
7.425
7.410
7.394
7.368
7.365
7381
7.288

—2.810
—_—2.413
1.195

—3.771
T~3.694

urrent Dbz

Y

NAME, Nov™ 2=-701

BXPX 55
PROCHD 1

F2 - Asquisillion Paramelars
Date_ 20151119

mr

nNe
ns
SWIL 10000.000 Iz
FTTRES 0.152588 Hz

rameters
81 65536
SF 00, 3000000 MHz

10 9

2.70
1.28
0.75
1.50

OrCO <t )| o0
ol - o) w
Lagl R o I 0
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=4, 156
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VRME Wovl9-2015
EXPHO 5
PROCNG
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te_ 20151119
13,41

0.33000000
CHANNEL £1
125.8

9.70 usec
73.00000000 W

=== CHANNEL £2 ========
500.3020012 MHz
1H
waltzls
80,00 usec
9968 W

PLWZ 15,13
a

4000 W
512001 W

T T
200 190

T T T
180 170 160

150

T T T T
140 130 120

T T T
110 100 90
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Current Data Farameters
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2 - Boquisition Parameters
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Current Data a ers
NAME Novi6-2015
EXPNC 25
PROCNO 1
Me F2 - Acquisition Parameters
e 20151116
Time S
INSTRUM spect
PROBHD 5 mm PABEO BB/
POLPROG pg30
O 5.

SCLVENT
() ns

29761.904 Hz
0.454137 Hz
1.10100
20

8 sec

16.800 uscc
6.50 uzec

4

MeOOC O
59

1

CHANNEL £l
25.8131145 MHxa

NOCT
FL .70 uses
PLHI 73.00000000 ¥

CHANNEL f£2 ========
500.3020012 MHz

14
waltzl6
80.00 usec
PLWZ 5.13599968 W
PLW1Z 0.53924000 W
PLW13 0.34512001 W
F2 - Processslng paramelzrs

ST 32768
T 125.8005351 MHz
EM

T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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ES B 4O 19 08 €% o o e Current Data Parameters
NAME Nowlé-2015
EXPNC
PRCCNO
F2 - Acguisilion Paramele
M O Date_ 20151116
e Time 15.30
INSTRUM spect
5 mm PABBO BB/
O 10000.000 Hz
0.152588 Iz
3.276799% sec
114
/ 50.000
6.
292.2 K
1.00000000 sec
MeOOC O :
5h CEANNEL f1 ========
500.3030896 MHz
1w
15.10 usec
PLW1 15.13599968 W
F2 — Processing parsmelers
SI
Sk 500.3000000
WDw EM
SSB 0
LB 0.30 Hz
GB o
rC 1.00
L L P emind) A
[ T T T T T T 1
10 7 4 3 2 1 0 ppm
r~ 3 ™o @] 10
L < 0T ) (@ N
- o mlomla | lod ©
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Cuirrent Data Parameters
HAME Noule—201%
EXPNO

DROCNO 1

FZ - Acquisition Parameters
20151116

rime
INSTRUM
PROBHD
DULDROG
D

SGLVENT

DL 2.00000000
0.03000000
1

CHANNEL f£1
125.8131145%

PTWI 73.00000000 W
CHANNEL F2 ———————m
500.3020012 Miz

1E

waltzl6
20.00
15.13599¢
0.539240
0.34512001

- Processing parameters
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M

T
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180
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T
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T
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COOEt

7.325
7 313
7.309
7.225
7.209

Current Dakz Pazan
NAME Nov07-20
EXPNO
PROCND

F2 - Acquisition Parameters
Date_ 0

Time
THNSTRUM spect
EROBHD 5 mm PABBO BB/
BULPROG

Py

SCLVENT

s
Ds 2

SWH 10000.00C Hz
FIDRES 0.152588 Nz
AQ 3.2767999 sec
RG 1
oW 50. usee
LE 6.50 usec
I 292.1 K
o1 1.00000000 sec
™0 1
77777777 CHABNEL £l ======—=
srol 500.30308 MHez
NuC1
EL 15.10 usesc
PLWL 15.13522968 W
F2z - Processing paramcters
ST 65536

SF 500.300000C MHz
WOW EM

sSB 0

LB 0.30 Hz
SB 0
BC 1.00

e M S
I | | I T I I | | 1
10 9 8 7 4 3 2 1 0 ppm
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F2 - Acquisition Parameters
20151108
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SCLVENT
LK}
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SWH
FIDRES
potel

RG

oW

=~ CHANNEL f1
125.8121145 MHz
3c

usec
oW

mmmmmm—— CHANNEL 7 s=ee————
SFO2 500.3020012 MHz
nuc2 H
CPDPRG[2 walzzlg
ECPD2 80.0C
ELW2 15.,135929968
PLW12 0.53924000
FLW13 0.34512001 W
F2 - Processing parameters
2768
125.8005351 MHz
EM
0
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1
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20151113
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1
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- Provesslog parer
65536
500.3000092 Wiz
£
0
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0
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Date_ 20151114
Time o116
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e
™
SotvenT
4 o
St
PIDRES
EtOOC 0O 2
RG
k =0}
5 =
=
o1
D1l 0.030C0000 s
o0 1
CHANNEL £1
EFOL 125.8131145
NUC1
F1 2.70 usec
P 73.00000000
chmEL £2 -
Sroz 5053020012 Az
wucz p8:3
cropRG (2 waltats
FCPD2 80.00 usec
T 151339908 1
FLW1Z 0.53 000 W
PLH1S 0.31512001 ¥
=) 4 3
8F 125.8005351 MHz
o £
S o
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<40
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Current Data Parameters
NAME Nov14-2015
EXPKO 20
PROCNO 1
F2 - Acquisition Paramezers
Date 20151114
Time 14.27
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PROBHD 5 mm ZABBO BB/
PULEROG z
D €
O SOLVENT cDeL3
. us 16
DS 2
Swd 10000.000 Hz
FIDRES 0.152588 Ez
COOCEt AQ 3.2767099 sec
RG 181
(5') bW 50,000
DE 6.50
TE 292.4
D1
D0
SFO1 MHz
NU£1 14
P1 15.10 usec
PLil 15.123599968 W
F2 - Processing parametsrs
s1 6553
sF 500.3000000 Miz
WDW EM
SSB 0
LB 0.
en 0
PC 1.00
Hd | WO N AN

T I I T T T I T T I I
10 9 8 7 6 5 4 3 2 1 0
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Fu331
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7.309

3.772

Current Data Parameters

NAME Novl1&-2015
EXPNO 52
PROCNG 1
F2 - Acguisition Parameters
Date_ 20151118
Time 15.33
INSTRUM spect
PROBAD 5 mm PABBO B3/
PULPROG 2930
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10000.000
FIDRES 0.152588
A0 3.2767999
RG 181
D 50.000
DE 6

TE 292
Dl 1.0000000
TDO 1

CHANNLL f1 =

500.3030&96 M
1H

15.10 uses
15.13599968 W

\sing paramet

95536
500.3000000 MHz
FM
o]
0.30 Hz
0
1.00
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ent Data Parameters
Nov18-2015
63

£

F2 - Acguisition Parameters
Date 20151118

29761.904
0.454131 3
1.10100¢8
2050
16.800 usec
50 uzez

b1 2.00000000 sec
bl1 0.03000000 sec

1 5
PLW1 73.00000000 W

= CHANNEL £2
500, 30200

F2 essing parameters
ST 32768
SF 125.8005351 MHz
B
1.00 Hz
0
1.40

T
200

T
190

T
180

T
170

T
160

T
150

T
140

T
130

T
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T
110

T T
100 90
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PROCHNO

FZ - Bcquisltion Parameters
Date 20151114

Time 13.40

TNSTRIM =pr
PEORHD & mm PARRO
PULPROG
TD 65
SCLVENT CDi
Wi
DS 2

SWH 10000.000 Hz
FIDRES 0.152588 Hz

CHANNZL £l
500.30308

1H

15,10 usec
15.13599966 W

T
10 9 8 7 6 5 4 3 2 1

0| O 10| Q| [
b b b= Sf = (Njo
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128,82

127.
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F22.::38
s B

32.18

CZDPRE (2
popD2
FLuz
PLH1Z
PLULZ

P2~ Proceasing

- Acquisition Paramsters
01511

402

soect

T rwn PAEEC BB/
o

1.1010048 aee
50

16,800 uase
6.50 usec

103000090 sec

£1 -
125.8131145 MHz
13C

9.70 uses
73.00602000 W

CHANNEL £

32768
125,3005331 Moz
EM

o
100 5
¢
s 1.0
T T T T T T

|
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MeO

MeOOC O
50

3.83¢6
3.755

/

T 3.654

2. 930
2:.917
2,905
2 .515
2 503
2.489
2.208
2 . 195
2.183

Vi
<

—0.076

Current Data Parameters

NAME NevDT-2015
FXPNO 00
PROCHD i

F2 - Acquisition Parameters

20151113
15,08
soect
PROZHD 5 mm FABBO BB/
PULPROG 2430
™ 65556
SOLVENT » 3
NS 5
Ds 2
SWH 10000.000 Hz
FIDRZS 0.152588 Hz
RQ 3.2767999 sec
RG 203
DR 50.008 usce
DE 6.50 usee
TE 232.1 K
D1 1.00000000 =ec
o 1

CHANNEL <1
50C.3030

6 MHz

15.10 usec
15.73599968 W

F2 ~ Processing parameters

65536
SF 500.3000092 Mia

LB 0.30 8z

PC 1.00

Ng_omesgnn of N e A
I [ T I T T T I [ 1
10 8 7 5 4 3 2 1 0 ppm
= N o <o [=] ©e|
hucd ] b =22 el el e
. o MmN (2] NI N

56



SYRK-147A
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50
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50
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FROCND 1

T2 - Acquisiticn Parzmeters
Date_ 20151

Time

INSTROM

PRCBAD 5 mm PABBO 3
FOLPROG

0.535924000 W
0.34512001 W

T2 - Processirng parameters
22768

125.8005351

EH

Mz

1.€0 Hz

1.40

T T T
160 140 120
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SY-RK-156A

7.435
7.421
409

40

37
—4.013

/

8a

Ph

2.920
2.907
2.895
2.539
2.527
2.513
2.217
Z2:205
2.192

Gurrent Deta Darameters

HAME Dee02-2015
BXPNG 2
PROCNG 1

F2 - Bequisition Parameters
Date_ 29151202
Time
INSTROM
PROBHC 5

PULFRGE

291.9 K
1.00000000 aez
1

CEANKEL 1
503

1 15,10 usec
BLW1 15.13599965 W

F2 - Processing paramet=rs
s1 5

£5536
s 500,3000600 Moz
WOW B
SsB ¢

) .3C Hz
cE [

=S 1.00

10

[0 | =] -
Qo |N|D <e
Momiolr (3
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PROCNO

F2 - Ac

20151202
13.34

spect

NS’ E
PROBED 5 mm PARRO BB/
g
n 5536

8a

LB 1.00 Hz
GR [
BC 1

11| —

T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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EXPHO
PROCHNC

F2 - Acquisition
Date_ 2015
Time 14.25
ZHSTROM spec
BAD 5 mm PABBO EB/

10009.000 Az
0.152586 Az
3.2767999 sec
50.5
50.200 usec
6,50 usec
292.1 K
1.00000000 sec
1

NNEL £1 ==

Processing parameters
£553¢
500.3020000 MHz

10

olw o] (2] (¢
Nj® 2
ol ol el ey

60

0 ppm



SY-AP-155B

[t} — T
< =N =] ~ oo
e} 6 ¢ ™ @ =
1 o = A
w3 n o ey
- -l 0

—— 194,26

5
——38.66
2
%
m
il

=

Current Data Paramecter:
AN Dec04-2015
2

F2 - hequisition Parameters
ate_ 51204

Dat
Time
TNSTRUM

sec
0.03000000 sec

Me

CHANNEL 71
125.8131145 Milz
13C

75,000

CHANNEL £2
SFG2 500.3020012 MHz
wucz 1H
CPDFRG[2 waltzl6
PCPO2 £0.00 uzec
PLW2 15,15599%66 W
PLWL2 0.53524000 W
PLWL3 0.34512001 W

F2 - Processing parameters

s1 32768
SF 25.8005351
wow

S5B Q

LB 1.00 Ez
GB o

EC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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7.336
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7.278
7.262
Tuwi2i38

™ W M o O W) s~ s
b HOOOT N AN O D
8 Gy OV 00 )W) W) AN NN A
=t NN N NNNNN NN

/
é
\

ﬁ
| I—

b A_m

Current Data Param:

NAME DecO? 5
EXPNO 2
PROCND 1
F2 - Acguleltion Parameters
Date_ 20151207
Time
INSTROM
PROBED
PULFROG
TD
SQLVENT
NS
DS 2
SWA 10000.000 Hz
FIDRES 0.152563 He
a0 3.2767999 sec
RCG 6z
DW 50,000 usec
DE 6.50 usec
TE 292.3 K
D1 1.00000000 sec
TDO 1

= CHAKNEL f

500.30

PLWL 15.13539968 W

r2 Processlng rarameters

51 65536
SE 500.300000C MEz
WOW EM

SS% o

LB 0.30 Hz
5B [}

BC 1.00

10

(= B (O]~
N ™ INININ
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O Ph Current Data Parameters

HAME Dec07-215
EXPHO 23
PROGHO 1
Date_ 20151207
Time 17
INSTROM spect
FROBHD S mm 2A3H0 BB/
PULFEOS 2gpg30
™D 55536
SOLVENT
o

4
sc Wi 257€1,504 Dz

OMe

9.7C
73.00000000 W

NMEL £2
500, 3020012

T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Data Parame 3
Dec(2-20158
‘
| / 0
. 588 Hz
3.2767999 sec
90.5
50.0C0 usec
.50 usec
292.
O 1.00000C00
8d ‘
Pl 15.10 usec
PLW1 15.135999¢6 W
T2 - Processing parameters
SI €5536
5F 500.2000000 MHz
WoW FM
85D o
LB 0.30 Hz
GB o
e 1.00
s NN . L/‘}J \
I T | | T 1
9 8 7 4 0 ppm
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| N| O (=) — ) ]
)| m o 3 o N n

64



8d SY-RK-156B

o &
~ £~

5
0
138.0C

NN D s
TOo T 0T

72
8,51
i

@ O~

oo

— OV ©O 0O

RS RS R RS NSRS RS
R R Ra Rt akal

129.79
8.61

193
6
5
2

N7 |

1
5
2

Current Data Parameters
NAME Dec02-2015
&

EXPNC
PROCNO 2§

F2 -~ Acquisiti
Date_

Time

INSTRUM

PROBHD 5 mm PA

Ph o

8d r1 9.70 usec

.200C0000 W
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The reaction progress between propargylic alcohol 1a and 4-hydroxy coumarin 2 was monitored by 3c NMR spectra. The spectra were recorded in five time
intervals (5 min to 3 h). In the initial reaction mixture we could notice the presence of ester carbonyl and alkyne carbons at 153.4, 86.1 and 80 ppm respectively.
After 45 min, alkyne carbons were completely absent and the ester carbonyl appeared in the downfield at 168.8 ppm because now it is no more a conjugate ester.
This is further evidenced by the presence of a methylene (sp3) carbon at 32.94 ppm which is a to the ester.
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