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To a solution of 4-tolylacetylene (4.76 g, 41.0 mmol) and zinc-copper couple (10.0 g, 153 O

mmol) in Et2O (82 mL) was added the solution of trichloroacetyl chloride (1.70 g, 103 e

mmol) in dimethoxyethane (31 mL) via cannula at 0 °C. After stirring for 15 min, the cooling bath was removed
to allow the reaction to warm up to room temperature. After stirring for 1.5 h, the resulting mixture was filtered
through Celite (solvent; hexane). The combined organic extracts were washed with each of ice-cold 0.5 M hy-
drochloric acid, ice-cold 5% sodium hydroxide solution, and brine, dried over MgSQs, filtered, and concen-
trated under reduced pressure. The crude mixture containing 4,4-dichlorocyclobutenone was directly subjected
to the next reaction without further purification.

To a solution of zinc dust (7.89 g, 121 mmol) and tetramethylethylenediamine (18.1 mL, 121 mmol) in EtOH
(42 mL) were dropwised acetic acid (6.9 mL, 121 mmol) and then the solution of 4,4-dichlorocyclobutenone
(4.75 g, 20.9 mmol) in EtOH (42 mL) via cannula at 0 °C. After stirring for 15 min at the same temperature,
the cooling bath was removed to allow the reaction to warm up to room temperature. After stirring for 1 h, The
resulting mixture was filtered through Celite (solvent; hexane:Et2O = 1:1). The combined organic extracts were
washed with each of 10% hydrochloric acid, saturated aqueous NaHCOs, and brine, dried over MgSOs, filtered,
and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica
gel (hexane) to afford the cyclobutenone (2.00 g, 12.7 mmol, 31%) as a yellow solid.

Mp 97-100 ‘C; '"H-NMR (500 MHz, CDCls): § 7.52 (2H, d, J = 7.8 Hz), 7.31 (2H, d, J = 7.8 Hz), 6.32 (1H,
s), 3.51 (2H, s), 2.44 (3H, s); "C-NMR (126 MHz, CDCL): § 187.2, 170.6, 142.5, 129.3, 128.6, 128.45, 128.38,
48.2, 21.5; IR (KBr): 1699 cm™; MS (EI) m/z 158 (M"); HRMS (EI) calcd for CiiH100: 158.0732, found:

158.0758.
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To a solution of ethyl diazoacetate (44.5 mg, 0.39 mmol) in dry THF (1.3 mL)

was added n-BuLi in hexane (1.6 M, 0.33 mL, 0.52 mmol) at -78 C, and the = MeO



mixture was stirred at -78 °C for 15 min. To the above mixture was added a solution of the 3-(4-methoxyphenyl)
cyclobutenone (45.0 mg, 0.26 mmol) in dry THF (1.3 mL). After stirring for 15 min at the same temperature,
the cooling bath was removed to allow the reaction to warm up to room temperature for 1 h. The reaction mix-
ture was diluted with sat. NH4Cl aq., extracted with CH2Cl», and dried over MgSOa. The solvent was removed
under reduced pressure. The residue was purified by flash column chromatography on silica gel (hexane:MeOH
=200:1) to afford 5 (62.9 mg, 84%) as a yellow solid.

Mp 100-105 °C; 'H-NMR (400 MHz, Acetone-ds): 8 9.13 (1H, brs), 7.67 (2H, d, J = 8.7 Hz), 7.02 (2H, d, J
= 8.7 Hz), 6.51 (1H, s), 4.56 (2H, s), 4.20 (2H, q, J = 7.1 Hz), 2.83 (3H, s), 1.27 (3H, t, J = 7.1 Hz); "C-NMR
(100 MHz, Acetone-ds): 6 182.8, 167.5, 162.1, 146.3, 136.6, 135.2, 130.5, 129.4, 115.1, 61.1, 55.7, 52.1, 14.4;
IR (KBr): 3220, 1738 cm™; MS (EI) m/z 288 (M"); HRMS (EI) calcd for CisHieN>Os: 288.1110, found:

288.1133.
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To a solution of LDA (1.50 mmol, prepared from diisopropylamine and n-BuLi) in

dry THF (2.2 mL) was added ethyl diazoacetate (152.9 mg, 1.30 mmol) in dry THF

(2.2 mL) at -78 °C, and the mixture was stirred at -78 °C for 0.5 h. To the above mix- Me
ture was added a solution of the 3-(4-tolyl)cyclobutenone (105.9 mg, 0.67 mmol) in dry THF (2.3 mL). After
stirring for 15 min at the same temperature, the cooling bath was removed to allow the reaction to warm up to
room temperature for 1 h. The reaction mixture was diluted with sat. NH4Cl aq., extracted with CH2Cl,, and
dried over MgSOs. The solvent was removed under reduced pressure. To this residue were added benzene (9.1
mL) and pyridine (0.37 mL, 4.6 mmol) at room temperature. After stirring for further 7 h, pyridine (74 pL, 0.92
mmol) was added to the mixture. After stirring for further 5 h, pyridine (74 pL, 0.92 mmol) was added to the
mixture. After stirring for further 5 h, pyridine (74 pL, 0.92 mmol) was added to the mixture. After stirring for
7 h, the reaction was quenched with 10% hydrochloric acid, and the reaction mixture was extracted with Et20O.
The combined organic extracts were concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane:AcOEt = 4:1) to afford 6 (103 mg, 0.378 mmol, 81%) as a col-
orless oil.

'H-NMR (400 MHz, CDCls): § 7.59 (1H, brs), 7.43-7.35 (3H, m), 7.26-7.24 (2H, m), 6.77 (1H, s), 4.49-4.36
(2H, m), 4.07 (1H, s), 2.41 (3H, s), 1.34 (3H, t, J = 7.1 Hz); "C-NMR (100 MHz, Benzene-ds): 178.5, 166.6,
144.9, 139.1, 138.2, 135.6, 132.2, 129.6, 127.9, 68.6, 62.3, 21.0, 14.1; IR (KBr): 3371, 1742 cm™'; MS (EI) m/z

158 (M"); HRMS (EI) caled for CisHisN20s: 272.1161, found: 272.1144.
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Table 1
H.__COOEt
X
2 (2 equiv) HO (0]
COOEt
ﬂo LDA (2 equiv) — . COOEt
- =
A Solvent, =78 °C; | N | NH
r temp, 1 h Ar N Ar =N
1a Ar = 4-Me-CgHy 5a 6a

entry solvent temp yield (%) 5a:6a

1 THF t 73 51:49
2 CPME rt 47 40:60
3 Et,0 rt 65 45:55
4 THF 0°C 51 37:63
5 THF 45°C 47 34:66
6 THF t 85 82:18
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Table 2 H COOE
t
L,
2 (2 equiv) HO (0]
1
RjE/'/O LDA (2 equiv) Rt(COOEt . RﬁCOOEt
THF, -78 °C; | N | NH
R? i, 1h RZN\N RZ\=N
1 5 6
entry 1 R! R2 yield (%) 5:6
1 1b H Ph 84 86:14
2 1c H 4-MeO-C¢Hy 77 77:23
3 1d H 4-F-C¢Hy 71 90:10
4 le H 1-Naph 78 72:28
5 1f H  2-Me-CiH, 77 73:27
6 1g H Mes 59 58:42
7 1h Ph Ph 69 81:19
8 1i H n-Bu 64 88:12
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Table 3
HO

—_—

COOEt reagent (5 equiv)
| N Benzene
Ar N rt

Q COOEt
Ar =N

5a Ar = 4-Me-CgH, 6a
entry reagent time (h) yield (%)
1 10% HCl aq 21 -
2 i-Pr,NH 0.75 59
3 BnNH, 0.75 41
4 Et;N 1.5 70
5 Pyridine 7 81
6 DMAP 0.5 61
7 2,6-lutidine 4 67
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