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Abstract — 2.3-Dihydrobenzofuran derivatives, important intermediates of medicines and agricultural chemicals, were
prepared from aryl methallyl ethers over MCM-41 mesoporous material catalysts. Two mesoporous materials with Si/Al
mole ratios of 40 and 50 were prepared to investigate the effect of acid site concentration on their catalytic activities.
Aryl methallyl ethers with various substituents on their benzene rings were used to investigate the effect of electron den-
sity on benzene ring on the conversion of the ethers and the yield of 2,3-dihydorbenzofuran derivatives. The catalyst
with a high acid site concentration showed high conversions, but it is difficult to correlate the yield of the derivatives
with the acid site concentration. The increase in the electron density of the benzene ring by introducing electron-donat-
ing groups accelerated Claisen rearrangement reaction, resulting in the enhanced yield of the derivatives. On the other
hand, the decrease in the electron density by introducing electron-attracting groups accelerated the cracking reaction of
aryl methallyl ether by acid catalysts, producing phenol derivatives rather than 2,3-dihydrobenzofuran derivatives.
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HMCM-41 Fujjol] sllz37d f5A419] 349 663

2,3-Dihydrobenzofuran 5415 2JeF, &<k, HAdE3kel Folo]
Z08F 70| A RH10], thEo & A xE 4 Q= 418 Wo] o}
2 A gk}, Al AolE A 111e1u ZnCL[12], AICK, [13],
MgCl[14], Mo(CO)[15] & FO|2 A4S FHull2 AR-31o claisen
Al &7 ke 18]s}h W& 1A 2,3-dihydrobenzofuran %
A2 A} Yol L3k FAA A s AREEPE A ES
FEL o) WS Aol x7io] ZfEIL o] WAIE Aok
A E FuiE B 5= Qo) Bgo] oy dskE FHuje
F-214do] ste] B4 wkS71E Algstolof sfal #Eeds A
Sh= WS O wAlEl g, 97 AgHHo|iM T FAle] &
o] &2 Fulo] slitkel F4lo] Erl

Aryl methallyl ether(1)2 2,3-dihydrobenzofuran F-=A4(2)2 %
k= WGl TANES FulE ARSSHE, v F A ES 1
317 | ARl Aefsh Hi7) sl ol 37 X1g)H o]
T ARl HY AlZEe|ES ol ARS8 2,3-dihydro-benzofuran
FEA(2)Q] T80l Ads] Er16]. 12 Algo] Zar Ak A7)
7} Zdsto] Fakg-o] xsjo]| Br]sic).
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o] Aol iz Al &l EXT) Alg-2 At At Al717) ok F3t
AlF BAE Fulz ARgsle] aalt Fuo] A e} Al
aryl methallyl ether(1) K13k ¥-8-0] A3HET} Mol vl X]= 3k
S HESIL) o9k g7 WAl el X$7)9] AAE AL 2.3-
dihydrobenzofuran -+ A2 & 4l Meld ) AykA|of 1Egko.
2 WAl ae]o] AxF W7} aryl methallyl ether(1) 21$+ HES-©]
AR mx)= Fake SISk
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2-1. Al H 717

2,3-Dihydrobenzofuran 54| 31/ o] AR&-3F A|ek2- AldrichA ]
A RIS 1.2-Dichloroethane(99% )0l CaCl, s 7}l 42
U} AASLAL, CaHy B Yol Zd 7|FslollA Sq7ldst & S5
o] AL8-3}9It}. Chlorobenzene(99.5+% )2 Linde 4A ¥AAZ &
& AR T ARG el AR Gl Uit Aok
TSl T Al ekl ol AR el

Thin layer chromatograph(TLC) 323 2% MerckAFellA -4
3t silica gel plate(Kiesel gel 60F 254)% AF-8-5}% 0.7, column
chromatograph®] 2] #olli= silica gel(Merck 60, 230~400 mesh)
] e Ae

e B2 532 Mel-Temp Il capillary melting point =
W AA 2 S A FF AFE-LS Shimadzu IR-435
AoA & 37|12, 'TH-NMR 2FE-2 Al55 CDCl, gl
o] AMX-R300 327 39 £337]|2 7135t} Chemical shift=
TMSE U5 EFE2(0.00 ppm)E Yol AFsdt. t==
(multiplicity = ThA® ©<e3}slo] 3171819 th(s=singlet, d=doublet,
t=triplet, g=quartet, dg=doublet-quartet, m=multiplet).
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la R=3,4,5-trimethyl 1€ R=2-chloro-4,5-dimethyl
Ib R=2,3,5-trimethyl 1f R=4-methyl

Ic R= 3,4-dimethyl 1g R=4-methoxy

1d R=2,5-dimethyl 1hi R=2-chloro

Scheme 1. Preparation of aryl methallyl ethers.

2-2. Aryl methallyl ether(1)2| &

Aryl methallyl etheri= AldrichAtl A 913 & f-E=A)9} 3-
chloro-2-methyl propeneZ &1 [13]0 AE % ®ol uke} F-dsk
Ark(Scheme 1). 3 FEAZ K,CO,Z H2|sjo] THE vz
E F =42} 3-chloro-2-methyl propene®} KI2] WFS- A EQ] Q@
T3lE S7A1E vRSAIA aryl methallyl etherE TREIC #lis &
EA19] X3k7]E vlRo] Scheme 191 X1 theFsh aryl methallyl
ether - =A1E AlZ33Ic).

Methallyl 3,4,5-trimethylphenyl ether(1a). 3.4,5-Trimethyl-phenol
(0.5 g 3.67 mmol), K,CO;(0.61 g, 4.40 mmol), K1(0.008 g, 0.05 mmol)
acetone 5 mLe} DMF 1 mL &3 gwljo] =%}, o] 3-chloro-2-
methylpropene(0.47 g, 5.14 mmol)& 7}sto] 83 7FAshHA, TLC
2 9Rge] A8 L RIS yhgo] vt F, vhE EjtEel
WZER(S mL)E 7kt Whg8HA] 9k Nhg-E A KCE: Al
Astdt. 7718 S5 tolgou=Z(10mL)Z FE35+ 10%
NaOH 89, &, NaCl 5840 2 2} 2 A|H 3 F ¥4 MgSO,
2 X f718 52 5% 5 29 ARvE Y9 e-
hexane : EtOAc=12 : 1) A3} aryl methallyl etherE LTk
(=& 91%): b.p. 61-62°C/0.05 mmHg; 'H NMR(CDCl,) &: 1.82
(s, 3H), 2.10(s, 3H), 2.25(s, 6H), 4.38(s, 2H), 4.96(s, 1H), 5.08(s,
1H), 6.60(s, 2H); IR(KBr) 3008, 1599, 1501, 1443, 1306, 1197, 1139.

Methallyl 2,3,5-trimethyl ether(1b). 2.3.5-Trimethylphenol(1 g,
7.34 mmol), K,CO5(1.21 g, 8.81 mmol), KI(0.01 g, 0.10 mmol), 3-
chloro-2-methylpropene(0.93 g, 10.28 mmol)yS 9]¢ A3l "o
2 WA methallyl 2,3,5-trimethyl etherS A Z=3FRATHG & 91%):
'H NMR(CDCL,) &: 1.85(s, 3H), 2.14(s, 3H), 2.24(s, 3H), 2.28(s, 3H),
4.39(s, 2H), 4.97(s, 1H), 5.12(s, 1H), 6.52(s, 1H), 6.61(s, 1H).

3,4-Dimethylphenyl methallyl ether(lc). 3.4-Dimethylphenol(2 g,
16.37 mmol), K,CO4(2.26 g, 16.37 mmol), KI(0.03 g, 0.19 mmol),
3-chloro-2-methylpropene(1.75 g, 19.64 mmoly2- £fell A3t W
© 7 BRSAFA 3 4-dimethylphenyl methallyl etherE A|Z8}ATHT
£:77%): '"H NMR(CDCl,) &: 1.81(s, 3H), 2.17(s, 3H), 2.21(s, 3H),
4.38(s, 2H), 4.96(s, 1H), 5.07(s, 1H), 6.63(dd, J=8.2 Hz, 1H), 6.72
(d, TH), 6.99(d, J=8.2 Hz, 1H).

2,5-Dimethylphenyl methallyl ether(1d). 2,5-Dimethylphenol(2 g,
16.37 mmol), K,CO4(2.26 g, 16.37 mmol), KI(0.03 g, 0.19 mmol),
3-chloro-2-methylpropene(1.75 g, 19.64 mmoly $lell A2 st W=
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664 G - A
O F HRAIA 2,5- dimethylphenyl methallyl etherZ Xﬂ_n_O]-‘ﬂH-(—r
41 91%): '"H NMR(CDCl,) 8: 1.81(s, 3H), 2.22(s, 3H), 2.31(s, 3H),
4.41(s, 2H), 4.98(s, 1H), 5.12(s, 1H), 6.63(s, 1H), 6.66(d, J=7.2 Hz,
1H), 7.01(d, J=7.2 Hz, 1H).

2-Chloro-4,5-dimethylphenyl methallyl ether(1le). 2-Chloro-4,
5-dimethylphenol(2 g, 12.77 mmol), K,CO5(1.765 g, 15.32 mmol),
K1(0.02 g, 0.15 mmol), 3-chloro-2-methylpropene(1.38 g, 15.32 mmol)
S 9ol A Wy o7 Hk-$-A|F] 2-chloro-4,5-dimethylphenyl
methallyl etherS A|ZSFACHEE: 88%): 'H NMR(CDCL) &: 1.82
(s, 3H), 2.12(s, 3H), 2.17(s, 3H), 4.42(s, 2H), 4.97(s, 1H), 5.12(s,
1H), 6.67(s, 1H), 7.07(s, 1H); IR(KBr) 2943, 1649, 1598, 1486,
1438, 1379, 1280, 1193, 1149, 1039.

Methallyl 4-methylphenyl ether(1f). 4-Methylphenol(3 g, 27.74
mmol), K,CO4(4.6 g, 33.29 mmol), KI(0.06 g, 0.38 mmol), 3-chloro-
2-methylpropene(3.52 g, 38.84 mmol)S $lol] Ag3t WhHo 7 Hb
S-A17] methallyl 4-methylphenyl ethers A ZSFATHTE: 92%):
'H NMR(CDCl,) &: 1.80(s, 3H), 2.16(s, 3H), 4.27(s, 2H), 4.95(s,
1H), 5.07(s, 1H), 6.79-6.85(m, 2H)., 7.02-7.08(m, 2H).

Methallyl 4-methoxyphenyl ether(1g). 4-methoxyphenol(2 g,
16.11 mmol), K,CO4(2.23 g, 16.11 mmol), KI(0.04 g, 0.22 mmol), 3-
chloro-2-methylpropene(2.04 g, 22.56 mmol)yS 9]¢ A3k v o
2 HESA]F methallyl 4-methoxyphenyl ethers A| =3I HE&
62%): "H NMR(CDCL,) &: 1.82(s, 3H). 3.76(s, 3H), 4.38(s, 2H), 4.97
(s, TH). 5.07(s. 1H), 6.80-6.88(m, 4H).

2-Chlorophenyl methallyl ether(1h). 2-Chlorophenol(2 g, 15.56
mmol), K,CO4(2.15 g, 15.56 mmol), KI(0.04 g, 0.21 mmol), 3-chloro-
2-methylpropene(1.97 g, 21.78 mmol)‘l $lofl At vy oz qt
S-A17] 2-chlorophenyl methallyl etherS A& ATHGS: 90%): 'H
NMR(CDCly) 8: 1.85(s, 3H), 4.51(s, 2H), 5.01(s, 1H), 5.15 (s, 1H),
6.89-6.93(m, 1H), 7.16-7.26(m, 1H), 7.35-7.38(m, 1H); IR (KBr)
2891, 1650, 1579, 1471, 1444, 1369, 1265, 1236, 1055, 1034.

2-3. HMCM-41 SZHHIS 22| &y

HMCM-41 FHA1E 42 hexadecyltrimethylammonium bromide
(AldrichyE 73 = =47 ARg-sto] wglol A o] ol Wy
of wheh FA3IATH17]. AdEA A S] v o] FAdH §Hol
NaAlO,(Junsei, ALOs, 35.5%, Na,O 29.5%, H,0 35%)% 7}3}]
23 &, ZRo|d AE|7HDu Pont, Ludox HS-40, silica 40%)%

fetel @4 mele Fnlasict.
SVAl Bu)7L T F B S 248 3] 915k
NaAIO, 3718 Z3}3ck. 48A17F §<F 100°C Hx7]el| ol Wt

SA F Rk 7 QRS A Slske] A &R
ol ZAt-golS 718lo] pHE 1022 238310 48417152 100 °C

oA A8 5 A TR pHE o W 1] s}, 48817 Y
AZsIAZ] - Bzste] Adella Aldsial ol #sigict. 100 °Collx]
7] FollA 550 °C 71A] 12717kl AR 5231 12413
}01 ARG AE AASIATE NHNO(ES38e, 98%)1.-_ o]
F 5 oAl 2AlEk] HE MCM-41 vmﬂﬂ S AxS
O}, =& 2k=n) #337](Jobin Yvon JY 38 Plus)@ #4131 Si/Al
7} 5001300k SVAL =815 EE bl Aylo] S St
-2 HMCM-41(40)2} HMCM-41(50)°% 327]3}53t.
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2-4. HMCM-41 Z0H0{M 2,3-dihydrobenzofuran F=H[2|
Y S

HMCM-41 T3 535
B T ol ARSI Bt Pl

550 °CollA 6AI7F B}t 71dslo] &
Zg}AF0] HMCM-41 =

ZHE &2 7 aryl methallyl ethers ZF2} 200 mg &= ¥al, Fa
E S2HA FAP|E chlorobenzene(15 mLYS 2T} 130 °CollA]

7P, TLCR ¥EE-2] X8l J=E SRISIc. ¥hgo] &
W WS BHES ojnkalo] SujE A AL S0l v
E]—_Q_(zo mLX3)lr_ M]o] /Kg 0%9. E'_?,h/} Oil*‘]roui]r v/n_uH—— AL uﬂ

e g8 Tol F5alar, ] A2 vlE 7183 (n-hexane : EtOAc

=20:1)% AASIATE FAE2] 'TH-NMR AFEZS: 78] F3[13,

18] —‘11—3151 Az e} vluste] -2E RIS el s A=
FAE F4319 aryl methallyl ether®] g8 4 2 3-dihydro-
benzofuran F+5A9] &S A7)

2,3-Dihydro-2,2,4,5,6-pentamethylbenzofuran(2a). HMCM-41
(170 mg) ZvHell methallyl 3.4,5-trimethyl ether(170 mg, 0.895
mmol)¥} chlorobenzene(15 mL)S ¥al $Jof] st WHo 2 Whs-
AlA FA 715 225 AT} 'TH NMR(CDCL,) 8: 1.46(s, 6H), 2.09
(s,3H), 2.14(s, 3H), 2.23(s, 3H), 2.93(s, 2H), 6.44(s, 1H); IR (KBr)
1591, 1469, 1433, 1259, 1060, 1034, 875, 835, 780.

2,3-Dihydro-2,2,4,6,7-pentamethylbenzofuran(2b). HMCM-41
(208 mg) F1llell methallyl 2,3,5-trimethy] ether(203 mg, 1.07 mmol)
3} chlorobenzene(15 mL)yS 217 $fo] A3k W] o2 Hh-S-AlH
33 A7 314 265 AT 'H NMR(CDCI,) 8: 1.46(s, 6H), 2.07(s,
3H), 2.14(s, 3H), 2.20(s, 3H), 2.90(s, 2H), 6.49(s, 1H); IR (KBr)
1056, 1453, 1401, 1276, 1144, 1080, 833.

2,3-Dihydro-2,2,4,5—tetramethylbenzofuran(Zc-I)-T’f]- 2,3-dihydro-
2,2,5,6-tetramethyl benzofuran (2c-1I). HMCM-41(205 mg) Z1)|o]]
3.,4-dimethylpheny] methallyl ether(204 mg, 1.16 mmol)¥} chlorobenzene
(15 mLyE WL floll A wR oz HhgAA F4 715 2¢-L19
E3HES Ak 'H NMR(CDCLy) 8: 1.45(d, 6H), 2.12-2.19(m,
6H), 2.11(s, 2H), 6.47-6.90(dt, 3H). 2,3-Dihydro-2.2.4,5-tetramethyl-
benzofuran¥} 2,3-dihydro-2.2,5,6-tetramethylbenzofuran2 'H NMR
ol 112 vhepstet

2,3-Dihydro-2,2,4,7-tetramethylbenzofuran(2d). HMCM-41(210
mg) Z1|ol] 2,5-dimethylphenyl methallyl ether(208 mg, 1.18 mmol)
3} chlorobenzene(15 mL)S Qo] A3t W o g HS-AlA
FA 715 2dE DAk 'H NMR(CDCLy) &: 1.48(s, 6H), 2.15(s,
6H), 2.92(s, 2H), 6.55(d, J=7.5 Hz, 1H), 6.84(d, J=7.5 Hz, 1H); IR
(KBr) 1587, 1433, 1407, 1255, 1137, 1065, 871, 785.

7-Chloro-2,3-dihydro-2,2,4,5-tetramethylbenzofuran(2e). HMCM-
41(200 mg) vl 2-chloro-4,5-dimethylphenyl methallyl ether(202
mg, 1.04 mmol)Z} chlorobenzene(15 mL)yS ¥l $lof] Argst
O 7 WESAIA H-A 715 265 ATt 'H NMR(CDCLy) 8: 1.51(s,
6H), 2.12(s, 3H), 2.20(s, 3H), 2.99(s, 2H), 6.91(s, 1H).

2,3-Dihydro-2,2,5-trimethylbenzofuran(2f). HMCM-41(200 mg)
Zflo]l methallyl 4-methylphenyl ether(205 mg, 1.27 mmol)¥}
chlorobenzene(15 mLYS Wil o] g st ¥ o 2 HEE-A]A F-41
715 2f5 AUtk 'H NMR(CDCLy) &: 1.45(s, 6H), 2.26(s, 3H),
3.00(s, 2H), 6.60-6.94(m, 3H); IR (KBr) 1607, 1474, 1437, 1243,
870, 802.

Sl



HMCM-41 Zrjlold wizsred 45419 34 665

2,3-Dihydro-2,2-dimethyl-5-methoxybenzofuran(2g). HMCM-41
(208 mg) Z ol methallyl 4-methoxylphenyl ether(210 mg, 1.18
mmol)¥} chlorobenzene(15 mL)S ¥al 9o A3k W o2 wks-
A|A T3 715 25 AT} 'H NMR(CDCl,) 3: 1.46(s, 6H), 2.98(s,
2H), 3.75(s, 3H), 6.64-6.74(m, 3H).

7-Chloro-2,3-dihydro-2,2-dimethylbenzofuran(2h). HMCM-41
(195 mg) Z1ljo]| 2-chlorophenyl methallyl ether(198 mg, 1.09 mmol)
3} chlorobenzene(15 mLYS 237 9o Arg3k vl © 2 HkSA[H
FA 715 2hE ASth 'H NMR(CDCL,) 8: 1.53(s, 6H), 3.07(s.
2H), 6.72-7.12(m, 3H); IR (KBr) 1577, 1468, 1436, 1239, 1190, 745.

3. 8n o o

3-1. HMCM-41 Z0H0{IA 2,3-Dihydrobenzofuran S=HI2| £+

2,3-Dihydrobenzofuran =A% @3] 7] whitel Al&Eie|E
AJF Yellxi= B2 A Asko w2 ols) Whgo] A 4= Q). AF
A7) misssivhd Al ASo] 10 A 591 HY AT E(16]
Bl 718 AEo] 35 A FEQ] HMCM-41 7041 B3]
aryl methallyl etherol|4] 2,3-dihydrobenzofuran -F-EA1E AIsk=
Wkl Ful= o {2¥ 7 vk AR 7} v HMCM-41(40)
3} HMCM-41(50) Zullol4] Scheme 291 121 2,3-dihydrobenzofuran
FEA] T -2 AT

HMCM-41(40) Z9E AL&311 aryl methally etherol| A 1817
7} Tt} 2,3-dihydrobenzofuran =415 F4sH= W2 A9tE
Table 19 23t TLCAAN &8 E22] Ae7) B5F A=
AR WhE @ Ake R A9kt IhE ASJE lag WRE=2 A
g2 80% oF o= =9dtt. 1=y 2,3-dihydrobenzofuran 5%
Al(2a-h)2] G482 HY A2 Eo|A L2 =& nlali[16]o] vl
3l 2F7F Solth HMCM-41(40) 5713 E42 HY AlSEleo] Eo
vlal Alge] AM B4 AL fElshd, 2P 71 A1 4k A7k
oksliA FHuljEA DAL Wit

AP EO] FEkS- 7A5317] Sl HMCM-41(40) Zrl| R} AP 7)
F7} L2 HMCM-41(50) Sl A aryl methallyl ether -5 o14]
2,3-dihydrobenzofuran f-5=412] $Hd HH8-8 FAISFSITE. Table 201
2]k H3HE-2- Table 127 0] Bal] AN & Zg Wokort
2]  2poli= §l3lTh. HMCM-41(40) Fufjoll A FgHEo] #34 aryl
methallyl ether =40l A= HMCM-41(50) Sl % 213
o] IHE =t I2Y HMCM-41(40) S0l A 169} 1h -
EAS] A3 R0 MFHEo] Wekal, HMCM-41(50) ZFulellA =
o] Wk$-9] AL Yok}, HMCM-41(40) ZHje] Hlall HMCM-
41(50) Ze] A4 JH57F Ath HMCM-41(40) el s AH

HMCM-41(40) or HMCM-41(50)

Table 1. The conversion of aryl methallyl ether derivatives over
HMCM-41(40) catalyst in the preparation of 2,3-dihydro-
benzofuran derivatives at 130 °C.

OH
©/0 HMCM-41(40) = | 0, — |
+
S ;\ chlorobenzene, A A
R reflux R R
la-h 2a-h 3a-h
Reaction Conversion Yield of2 . |09t
eaction Conversion Yield o R
Distribut Y
Substrate R Time (h) (%) (%) 1521 ution 3( 0)

la  3,4,5-Me, 1 91 79 87 13
b 2,3,5-Me, 8 83 68 82 18
lc  3,4-Me, 1 96 72 75 25
1d  2,5-Me, 6 89 42 47 53
le 2-Cl-45-Me, 6 97 71 73 27
1f  4-Me 2 94 58 62 38
lg  4-OMe 4 87 45 52 48
1h  2-Cl 12 56 26 46 54

Table 2. The conversion of aryl methallyl ether derivatives over
HMCM-41(50) catalyst in the preparation of 2,3-dihydro-
benzofuran derivatives at 130 °C.

OH
@/0 HMCM-41(50) = | O . 7 |
/\ )’\ chlorobenzene, 7\ / B
R reflux R R
la-h 2a-h 3a-h
Reaction Conversion Yield of 2 . - 0duct
eaction Conversion Yield o s
Distribut /e
Substrate R Time (h) (%) (%) 1521 ution 3( 0)
la  3,4,5-Me, 2 92 82 89 11
b 2,3,5-Me, 6 54 30 56 44
le  3,4-Me, 3 94 74 79 21
1d  2,5-Me, 4 72 35 49 51
le 2-Cl-4,5-Me, 6 74 50 68 32
1f  4-Me 4 84 44 52 48
lg 4-OMe 12 85 43 51 49
1h  2-Cl 24 17 12 71 29

o] Fw3HA] o} HgHgo] SIS aryl methallyl ether 5412 A
g HEE-2> HMCM-41(50) Fuljell A= 2bdo] o] FojA vkg-e] %1

39

= O
o

la-h

reflux

chlorobenzene,

2a-h 3a-h

Scheme 2. Preparation of 2,3-dihydro-2,2-dimethylbenzofuran derivatives over HMCM-41(40) and HMCM-41(50) catalysts.
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