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Zirconium(IV) Chloride Catalyzed
Cyclization of ortho-Allylphenols: Synthesis
of 2-Methyl-2,3-dihydrobenzofurans
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B. Eeshwaraiah, and J. S. Yadav

Organic Division I, Indian Institute of Chemical Technology,
Hyderabad, India

ABSTRACT

Intramolecular cyclization of ortho-allylphenols has been carried out
using zirconium (IV) chloride in mild condition. This method avoids
the use of expensive reagents and leads to highly functionalized
dihydrobenzofurans.
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2,3-Dihydrobenzofuran nuclei are found in a variety of bioactive natural
products"'®~°! and therapeutic agents.”*! Particularly, carboxylic acid deriva-
tives I and II show antiinflammatory and antioxidant activity.

H,C ¢
“NO.S MeOOC
HC™ 7 ’
2
cl 07 “cooH  HL O "CH,COO0H
cl CH,
I 1

Generally, 2,3-dihydrobenzofuran systems are constructed by the
cyclization of ortho-allylphenols. There are various methods"~®! to accom-
plish this cyclization in different reacton conditions. However, most of the
methods have the drawbacks of using harsh reaction conditions and expensive
metal salts. So there is still need to develop a mild and simple procedure
for the cyclization of ortho-allylphenols. Recently, zirconium (IV) chloride
has attracted more attention because of its diverse application in organic
synthesis.””~"*! Our involvement in metal catalyzed reactions"'*! prompted
us to perform zirconium (IV) chloride catalyzed cyclization of ortho-
allylphenols, which leads to 2-methyl-2,3-dihydrobenzofuran containing
ample functionality.

Thus zirconium (IV) chloride was added to ortho-allylphenol in dichloro-
methane at 0°C and stirred at room temperature (see Table 1) under nitrogen
atmosphere. After work-up, 2-methyl-2,3-dihydrobenzofurans were isolated
in good yield. The reaction proceeded with a stoichiometric (1:1) amount
of zirconium (IV) chloride, but it could be accelerated by the addition of
1:1.2 equivalents of zirconium (IV) chloride. In case of allylphenol bearing
alkyl keto subsistent (entry 1 and 2), the reaction proceedes with one equi-
valent of zirconium (I'V) chloride with high yields. In case of aryl keto substi-
tuents (entry 3), the reactions were sluggiish. The reaction was also sluggish
and incomplete with the substrate having free acid (entry 4 and 5). The rate

CH
OH 0] ¢

Scheme 1.
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Table 1. Zirconium (IV) chloride catalyzed cyclization of ortho-allylphenols.
Entry Substrate Time (hours) Product Yield® (%)
1 COMe 12 MeOC 2a 70

T
'13.5-12{1H=(;|-|J
OH
2 10 _2b 71
[0}
COEt
EKX:Q\CH.‘(CHZCHZ
OH
3 Ccoph 15 2c 60"
CHCH=CH,
OH
4 20 2d 60°
HOOC CH,CH=CH, Q;'?\
& COOH
5 COOH 20 — 2e 60"
T
C.l-'u;t.‘.'ﬁ:c:-q2
OH
6 COOMe 12 MeOOC 2f 85
[S=N
CHCH=CH,
OH )
7 10 29 85
T Swl
. COOMe
8 12 2h 70
PhOOC CH,CH=CH, (;’;'\
OH COoOPh
9 CONHCH,Ph 10 80
PhH,CHNOC 2
OH
10 8 2] 80
phH,CHN CH,CH=CH, E;L:/k
oH CONHCH,Ph

“Tsolated yield.
PRemaining starting material recovered.
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of reaction could be enhanced by using methyl ester (entry 6 and 7) and amide
(entry 9 and 10) functionalities; however, aryl ester (entry 8) was found to
suppress the reaction. We had examined the reaction in different solvents
like dichloromethane, tetrahydrofuran, and acetonitrile, but dichloromethane
gave better yields.

In conclusion, we have demonstrated a simple and mild method for the
cyclization of ortho-allylphenols. This procedure is applicable for the syn-
thesis of functionalized 2-methyl-2,3-dihydrobenzofurans, which may find
applications in drug discovery.

EXPERIMENTAL PROCEDURE

Boiling points and melting points are uncorrected. Melting points were
recorded on Buchi R535 apparatus. The infrared (IR) spectra were recorded
on Nicole 740 FT IR spectrometer; 'H nuclear magnetic resonance (NMR)
spectra were recorded on FT (200 and 300 MHz Gemini) spectrometer.
Mass spectra were recorded on either Micromass 7070h or Finnigan Mat
1020 B mass spectrometer operating at 70eV. Thin layer chromatography
was done on precoated silica gel 60f 254 (0.5 mm) glass plates.

Typical Experimental Procedure

The solution of ortho-allylphenol (10 mmol) in dichloromethane (40 mL)
was cooled to 0°C and zirconium (IV) chloride (10 mmol) was added in por-
tions. The stirring was continued for stipulated period of time (see Table 1).
After completion, it was quenched with water and the organic layer separated.
The aqueous layer was extracted with more dichloromethane. The combined
organic phase was washed with water, dried over sodium sulfate, and concen-
trated to give the crude product, which was purified by silica gel column
chromatography and characterized by mass and NMR spectral data.

SPECTRAL DATA FOR SELECTED COMPOUNDS

2a: Liquid; "H NMR (300 MHz, CDCl5) &: 1.45 (d, J = 8.43 Hz, 3H), 2.52
(s, 3H), 2.82 (dd, J = 6.5Hz, 12.8 Hz, 1H), 3.38 (dd, J = 6.5 Hz, 12.8 Hz, 1H),
4.9-5.05 (m, 1H), 6.7 (d, J = 14.06 Hz, 1H), 7.75 (d, J = 14.24 Hz, 2H). MS
(m/z) (relative intensity) 176 (34), 161 (100), 43 (20). Anal. Calcd. for
C,,H,,0,: C, 74.98; H, 6.86; Found: C, 74.94; H, 6.80.%
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2b: Liquid; "H NMR (200 MHz, CDCls) &: 1.19 (t, J = 8.16 Hz, 3H), 1.55
(d, J = 6.9Hz, 3H), 2.88 (dd, J = 6.8 Hz, 13.0Hz, 1H), 2.98 (q J = 7.9 Hz,
2H), 3.32 (dd, J=6.8Hz, 13.0Hz, 1H), 4.98-5.08 (m, 1H), 6.82
(t, J=17.4Hz, 1H), 7.22 (d, J=7.82Hz, 1H), 7.62 (d, J = 9.56Hz, 1H).
MS (m/z) (relative intensity) 190 (20), 161 (100), 105 (18). Anal. Calcd.
for C;,H30,: C, 75.76; H, 7.42; Found: C, 75.79; H, 7.39.%

2¢: Liquid; "H NMR (200 MHz, CDCl5) &: 1.42 (d, J = 8.3 Hz, 3H), 2.76
(dd, /= 6.9Hz, 12.9Hz, 1H), 3.29 (dd, J = 6.9 Hz, 12.9Hz, 1H), 4.94-4.99
(m, 1H), 6.62 (d, J = 10Hz, 1H), 7.32-7.62 (m, 6H). MS (m/z) (relative
intensity) 239 (50), 162 (100), 105 (40). Anal. Calcd. for C;cH;30,: C,
80.65; H, 5.92; Found: C, 80.69; H, 5.90%.

2d: Liquid; '"H NMR (300 MHz, CDCls) &: 1.56 (d, J = 7.14 Hz, 3H),
2.85 (dd, J=6.5Hz, 12.7Hz, 1H), 3.35 (dd, J=6.5Hz, 12.7Hz, 1H),
4.95-5.85 (m, 1H), 6.8 (t, J = 7.6 Hz, 1H),7.25 (d, J = 14.28 Hz, 1H), 7.68
(d, J = 13.98 Hz, 1H). Anal. Calcd. for C,gHoO5: C, 67.41; H, 5.66; Found:
C, 67.44; H, 5.68%.

2e: Liquid, "H NMR (200 MHz, CDCl5) &: 1.44 (d, J = 6.9 Hz, 3H), 2.81
(dd, J = 7.0Hz, 13.1 Hz, 1H), 3.32 (dd, J = 7.0Hz, 13.1 Hz, 1H), 4.90-5.05
(m, 1H), 6.68 (d, J = 7.69 Hz, 1H), 7.8 (d, J = 6.1 Hz, 2H). Anal. Calcd. for
C,0HoOs: C, 67.41; H, 5.66; Found: C, 67.46; H, 5.61%.

2g: Liquid; "H NMR (200 MHz, CDCl;) &: 1.55 (d, J = 6.6 Hz, 3H), 2.81
(dd, J = 6.8 Hz, 13.0 Hz, 1H), 3.32 (dd, J = 6.8 Hz, 13.0 Hz, 1H), 3.84 (s, 3H),
4.98-5.09 (m, 1H), 6.8 (t, J = 7.5Hz, 1H), 7.22 (d, J = 7.5Hz, 1H), 7.63
(d, J ="7.5Hz, 1H). MS (m/z) (relative intensity) 192 (100), 161 (70), 105
(33). Anal. Calcd. for C{{H;;05: C, 68.74; H, 6.29; Found: C, 68.78; H,
6.32%.

2i: Solid mp: 89°C "H NMR (200 MHz, CDCls) &: 1.58 (d, J = 6.08 Hz,
3H), 2.86 (dd, J = 6.9Hz, 12.9Hz, 1H), 3.4 (dd, J = 6.92Hz, 12.9Hz, 1H),
5.05-52 (m, 1H), 6.9 (t, J=7.82Hz, 1H), 7.2-7.42 (m, 6H), 7.92
(d, J=8.82Hz, 1H). Anal. Calcd. for C;;H;cO,N: C, 73.38; H, 6.41; N,
5.24: Found: C, 73.40; H, 6.46; N, 5.21%.

2j: Liquid; '"H NMR (200MHz, CDCl;) & 1.45 (s, 2H), & 1.47
(d, J=5.06, 3H), 2.91 (dd, J = 6.1 Hz, 12.3 Hz, 1H), 3.35 (dd, J = 6.1 Hz,
12.3Hz, 1H), 4.95-5.1 (m, 1H), 6.92 (t, J=8.82Hz, 1H), 7.15-7.35
(m, 5H), 7.92 (d, J = 8.84 Hz, 1H). Anal. Calcd. for C;;H,;,0,N: C, 73.38;
H, 6.41; N, 5.24; Found: C, 73.41; H, 6.42; N, 5.23%.
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