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We examined the effect of p-substituents in p-substituted cinnamyl methyl ethers and 1-(p-sub-
stituted phenyl)allyl methyl ethers with CSI, and confirmed that the CSl reaction of allyl ethers
(p-substituted ethers) is a competitive reaction of Syi and Sy1 mechanism according to the sta-
bility of the carbocation. And, the only terminal allylic amine was obtained through the migra-
tion reaction in thermodynamic reaction condition.
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INTRODUCTION

Recently we reported a novel synthetic method for N-
allylcerbamates from allyl ethers using chlorosulfonyl
isocyenzte (CSI) (Kim et al., 2001; Kim et al., 2000; Jung
and Kim, 2001; Jung and Kim, 2000), and we have
develyped a novel regioselective and diastereoselective
synthetic approach to the unsaturated aromatic 1,2-amino
alcohols from the epimeric mixture of optically active
allylic ethers having a hydroxyl group attached to a allylic
chiral center to the n-system using the CSI reaction (Kim
et al., 2003). Furthermore, we have found a novel technique
for comparing directly the stability of carbocations in the
solution oshase and have established the stability order of
the wirious carbocations under our reaction conditions
(Kim et al., 2002), and we have reported the extension of
CSI uncer new reaction condition to the cleavage of
various benzyl and p-methoxybenzyl protecting groups of
alcohols and phenols in the presence of other functional
groups (I<im et al., 2003).

In crogress of the examination about the CSI reaction,
we found that the CSI reaction of cinnamyl methyl ether
prodused the mixture of methyl N-(1-phenylprop-2-enyl)
carbanate and methyl N-(3-phenylprop-2-enyl)carbamate
as a ' :27 ratio, and 1-phenylallyl methyl ether yielded a
simila- result (1 : 2.6). But, the treatment of 4-phenylbut-2-
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Scheme 1. Mechanism studies on the CSI reaction by varying p-

substituent

enyl methyl ether with CSI furnished methyl N-(1-benzylallyl)
carbamate and methyl N-(4-phenylbut-2-enyl)carbamate
as a 1:1.1 mixture of regioisomers, however, the 1-
benzylallyl methyl ether gave an inversed product ratio
(4.6:1) in favor of the internal allylic amine. It is certain that
these reactions were not proceeding through the same
allylic carbocation intermediate (Kim et al., 2001).

In order to elucidate the mechanism of our CSl reaction,
we tried to examine the effect of p-substituents in p-
substituted cinnamyl methyl ethers and 1-(p-substituted
phenyhallyl methyl ethers with CSI (Scheme 1).

MATERIALS AND METHODS

Commercially available reagents were used without ad-
ditional purification, unless otherwise stated. All anhydrous
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solvents were distilled over CaH, or P,Os or Na/ benzo-
phenone prior to reaction. All reactions were performed
under an inert atmosphere of nitrogen or argon. Melting
points were measured on a Gallenkamp melting point ap-
paratus or Electrothermal IA9300 melting point apparatus
and were not corrected. Nuclear magnetic resonance
spectra ('H- and "*C-NMR) were recorded on a Varian
Unity Inova 500 MHz spectrometer for CDCl; solutions
and chemical shifts are reported as parts per million (ppm)
relative to, respectively, residual CHCI; 4 (7.26 ppm) and
CDCl; éc (77.0 ppm) as internal standards. Resonance
patterns are reported with the notations s (singlet), d
(doublet), t (triplet), q (quartet), and m (multiplet). In
addition, the notation br is used to indicate a broad signal.
Coupling constants (J) are reported in hertz (Hz). IR spec-
tra were recorded on a Nicolet 205 Infrared spectropho-
tometer or Bruker Vector 22 Infrared spectrophotometer
and are reported as cm™'. Thin layer chromatography was
carried out using plates coated with Kieselgel 60F,s,
(Merck). For flash column chromatography, E. Merck
Kieselgel 60 (230-400 mesh) was used. Elemental analyses
were performed with an EA 1110 analyzer, and high-re-
solution mass spectra (HRMS) were recorded on a JEOL,
JMS-505 or JMS-600 spectrometer using the chemical
ionization (CI) method.

Synthesis of p-substituted ethers

General procedure for the preparation of p-substi-
tuted ether

To a solution of alcohol (4.00 mmol) in THF (16 mL)
was added NaH (6.00 mmol, 60% in mineral oil). The
reaction mixture was warmed to 45°C under N, and Mel
(6.00 mmol) was added dropwise. The reaction mixture
was stirred at 45°C for 1 h and cooled to room tempera-
ture. H,O (20 mL) was added and the solution was
extracted with EtOAc (30 mL). The organic layer was
washed with H,O and brine. The organic was dried over
MgSQO, and concentrated in vacuo. The residue was
purified by column chromatography (n-Hexane/EtOAc).

3-p-Bromophenyl-1-methoxyprop-2-ene (1b)

The above general procedure was followed using 3-p-
bromophenylprop-2-en-1-ol (0.50 g, 2.35 mmol), NaH
(0.14 g, 3.52 mmol, 60% in mineral oil) and Mel (0.22 mL,
3.52 mmol}) in THF (9 mL). The reaction mixture was pu-
rified by column chromatography (n-Hexane/EtOAC = 15:1)
to afford 0.48 g (90%) of 3-p-bromophenyl-1-methoxyprop-
2-ene (1b) as a white solid. Ri 0.31 (15:1 n-Hexane/
EtOAc); 'H-NMR (500 MHz, CDCl,): 8 3.39 (s, 3H), 4.07 (d,
2H, J=6.0 Hz), 6.28 (dt, 1H, J= 15.5,6.0 Hz), 6.54 (d, 1H, J
=15.5Hz), 7.25 (dd, 2H, J=7.0, 2.0 Hz), 7.43 (dd, 2H, J =
7.0, 2.0 Hz); *C-NMR (125 MHz, CDCl): & 58.41, 73.14,
121.68, 127.06, 128.24, 131.30, 131.92, 135.91; IR (CH,CL,):
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2928, 2823, 1588, 1488, 1402, 1378, 1193, 1119, 1072 cm™,
mp: 49~50°C; HRMS (Cl) calcd for CioHyBrO+H (M+H)"
227.0072. Found: 227.0081.

3-p-Fluorophenyl-1-methoxyprop-2-ene (1d)

The above general procedure was followed using 3-p-
fluorophenylprop-2-en-1-ol {0.50 g, 3.29 mmol), NaH
(0.20 g, 4.93 mmol, 60% in mineral oil) and Mel (0.31 mL,
4.93 mmol) in THF (13 mL). The reaction mixture was pu-
rified by column chromatography (n-Hexane/EtOAc = 15:1)
to give 0.45 g (82%) of 3-p-fluorophenyl-1-methoxyprop-
2-ene (1d) as a colorless qil. R¢ 0.33 (15:1 n-Hexane/
EtOAc); 'H-NMR (500 MHz, CDCl): § 3.39 (s, 3H), 4.07 (d,
2H, J = 6.0 Hz), 6.20 (dt, 1H, J = 15.5, 6.0 Hz), 6.57 (d,
1H, J=155Hz), 6.99 (d, 1H, J=9.0 Hz), 7.01 (d, 1H, J =
9.0 Hz), 7.34 (d, 1H, J = 9.0 Hz), 7.35 (d, 1H, J = 9.0 Hz);
BC-NMR (125 MHz, CDCl;): § 58.76, 73.69, 116.08,
116.25, 126.38, 128.64, 131.93, 133.56, 162.07, 164.03;
IR (neat). 2920, 2849, 1505, 1376, 1225, 1108 cm™,
HRMS (Cl) caled for C,H FO-H (M-H)" 165.0716.
Found: 165.0715.

1-Methoxy-3-(2-naphthyl)prop-2-ene (1e)

The above general procedure was followed using 3-(2-
naphthyl)prop-2-en-1-ol (Chakraborti et al., 2001) (0.30 g,
1.63 mmol), NaH (98 mg, 2.44 mmol, 60% in mineral oif)
and Mel (0.15 mL, 2.44 mmol) in THF (7 mL). The reaction
mixture was purified by column chromatography (n-Hexane/
EtOAc = 30:1) to give 0.28 g (87%) of 1-methoxy-3-(2-
naphthyl)prop-2-ene (1e) as a white solid. R¢: 0.34 (15:1 n-
Hexane/EtOAc); 'H-NMR (500 MHz, CDCl): § 3.43 (s, 3H),
4.16 (d, 2H, J = 6.0 Hz), 6.43 (dt, 1H, J = 16.0, 6.0 Hz),
6.78 (d, 1H, J = 16.0 Hz), 7.44-7.47 ({m, 2H), 7.62 (dd, 1H,
J=8.5,2.0Hz), 7.75 (s, 1H), 7.78-7.81 (m, 3H); 3C-NMR
(125 MHz, CDCl;): & 58.35, 73.44, 123.83, 126.17,
126.53, 126.59, 126.76, 127.93, 128.26, 128.47, 132.79,
133.29, 133.82, 134.43; IR (CH,Cl,): 2987, 2817, 1593,
1468, 1379, 1272, 1226, 1119, 1086 cm™; mp: 59°C;
HRMS (ClI) calcd for C44H,O+H (M+H)" 199.1123. Found:
199.1122,

3-Biphenyl-1-methoxyprop-2-ene (1f)

The above general procedure was followed using 3-
biphenylprop-2-en-1-ol (0.25 g, 1.19 mmol), NaH (71 mg,
1.78 mmol, 60% in mineral oil) and Mel {(0.11 mL, 1.78
mmol) in THF (5 mL). The reaction mixture was purified
by column chromatography (n-Hexane/EtOAc = 30:1) to
give 0.23 g (86%) of 3-biphenyl-1-methoxyprop-2-ene (1f)
as a white solid. R:: 0.34 (15:1 n-Hexane/EtOAc); 'H-NMR
(500 MHz, CDCl,): 8 3.41 (s, 3H), 4.12 (d, 2H, J = 6.0 Hz),
6.35 (dt, 1H, J = 16.0, 6.0 Hz), 6.66 (d, 1H, J = 16.0 Hz),
7.34-7.36 (m, 1H), 7.43-7.48 (m, 4H), 7.56-7.61 (m, 4H);
BC-NMR (125 MHz, CDCl,): & 58.29, 73.39, 126.31,
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127.16, 127.19, 127.52, 127.58, 129.05, 132.23, 135.99,
14C.38, 140.93; IR (CHCl,): 3029, 2824, 1487, 1449,
14C9, 1265, 1194, 1119, 1007 cm’; mp: 93~95°C; HRMS
(C!} caled for CigHigO+H (M+H)" 225.1279. Found:
225.1283.

1-Methoxy-3-p-methylphenylprop-2-ene (1g)

The atove general procedure was followed using 3-p-
mett ylphenylprop-2-en-1-ol (0.50 g, 3.57 mmol), NaH
(0.2¢' g, 5.06 mmol, 60% in mineral oil) and Mel (0.31 mL,
5.06 mmol) in THF (13 mL). The reaction mixture was pu-
rified by column chromatography (n-Hexane/EtOAc = 30:1)
to give .52 g (35%) of 1-methoxy-3-p-methyl phenylprop-
2-en2 {1g) as a colorless oil. R: 0.35 (15:1 n-Hexane/
EtOf£.c); *H-NMR (500 MHz, CDCl;): 8 2.34 (s, 3H), 3.39 (s,
3H), 4.08 (d, 2H, J = 6.5 Hz), 6.24 (dt, 1H, J = 155,65
Hz), 6.£8 (d, 1H, J = 15.5 Hz), 7.13 (dd, 2H, J = 8.0, 2.0
Hz), 7.29 (dd, 2H, J = 8.0, 2.0 Hz); *C-NMR (125 MHz,
CDCl): 21.47, 58.19, 73.47, 125.10, 12665, 129.51,
132.76, 134.16, 137.79; IR (neat): § 2922, 1513, 1449,
1375, 1319, 1186, 1115 cm™; HRMS (Cl) calcd for
CyH 4C-H (M-H)" 161.0966. Found: 161.0965.

3-(3,4-Limethoxyphenyl)-1-methoxyprop-2-ene (1i)
The above general procedure was followed using 3-(3,4-
dime hcxyphenyl)prop-2-en-1-ol (Ponpipom et. al., 1986)
(1.00 g, 5.15 mmol), NaH (0.31 g, 7.72 mmol, 60% in
mine-al oil) and Mel (0.49 mL, 7.72 mmol) in THF (21
mL) The reaction mixture was purified by column chro-
matojrephy (n-Hexane/EtOAc=10:1) to give 0.99 g
(92%) of 3-(3,4-dimethoxyphenyl)-1-methoxyprop-2-ene
(1i) as a colorless oil. R: 0.38 (3:1 n-Hexane/EtOAc); 'H-
NMR (500 MHz, CDCL): & 3.39 (s, 3H), 3.88 (s, 3H), 3.39
(s, 3H), 4.07 (d, 2H, J=6.0 Hz), 6.17 (dt, 1H, J=15.5,6.0
Hz), 3.55 (d, 1H, J = 15.5 Hz), 6.81 (d, 1H, J = 8.0 Hz),
6.92 d, 1H, J=8.0 Hz), 6.95 (s, 1H); *C-NMR (125 MHz,
CDCly): 6 56.48, 56.59, 58.63, 73.89, 109.51, 111.77,
120.41, 124.66, 130.49, 133.10, 149.59, 149.69; IR (neat):
2932, 2643, 1508, 1499, 1257, 1130, 1029 cm™'; HRMS
(Cl) zaled for CyHiOs+H (M+H)* 209.1178. Found:
209.1175.

1-p-Bromophenyl-1-methoxyprop-2-ene (2b)

The above general procedure was followed using 1-p-
bromophenylprop-2-en-1-of (045 g, 2.11 mmol), NaH
(0.13 g, 3.17 mmol, 60% in mineral oil) and Mel (0.20 mL,
3.17 inmotl} in THF (8 mL). The reaction mixture was pu-
rified 3y column chromatography (n-Hexane/EtOAc = 50:
1) to cive: 0.40 g (84%) of 1-p-bromophenyl-1-methoxyprop-
2-ene (Zb) as a colorless oil. Ry 0.40 (15:1 n-Hexane/
EtOAG); "H-NMR (500 MHz, CDCly): 8 3.32 (s, 3H), 4.57 (d,
1H, J = 6.5 Hz), 5.22 (dd, 1H, J = 10.0, 1.5 Hz), 5.27 (dd,
1H, J = 17.0, 1.5 Hz), 5.87 (ddd, 1H, J = 17.0, 10.0, 6.5
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Hz), 7.21 (dd, 2H, J = 8.0, 2.0 Hz), 7.47 (dd, 2H, J = 8.0,
2.0 Hz); ®*C-NMR (125 MHz, CDCl,): § 56.70, 84.27,
117.19, 121.76, 128.76, 131.81, 13849, 140.19; IR
(neat): 2936, 2822, 1589, 1485, 1399, 1276, 1189, 1072,
1011 cm™; HRMS (Cl) calcd for CioHy,BrO-H (M-H)"
224.9915. Found: 224.9910.

1-p-Chlorophenyl-1-methoxyprop-2-ene (2c)

The above general procedure was followed using 1-p-
chlorophenylprop-2-en-1-ol (Kuroboshi et. al, 1999)
(0.40 g, 2.37 mmol), NaH (0.14 g, 3.56 mmol, 60% in
mineral oil) and Mel (0.22 mL, 3.56 mmol) in THF (9
mL). The reaction mixture was purified by column chro-
matography (n-Hexane/EtOAc = 50:1) to give 0.41 g (92
%) of 1-p-chlorophenyl-1-methoxyprop-2-ene (2¢) as a
colorless oil. R: 0.41 (15:1 n-Hexane/EtOAc); 'H-NMR (500
MHz, CDCl,): 6 3.32 (s, 3H), 4.59 (d, 1H, J = 7.0 Hz), 5.22
(dd, 1H, J = 10.5, 1.5 Hz), 5.26 (dd, 1H, J = 17.0, 1.5 Hz),
5.87 (ddd, 1H, J=17.0, 10.5, 7.0 Hz), 7.26 (d, 2H, J =85
Hz), 7.32 (d, 2H, J = 8.5 Hz); *C-NMR (125 MHz, CDCl,): 8
57.13, 84.66, 117.54, 128.87, 129.30, 134.06, 139.02,
140.13; IR (neat). 2926, 2838, 1479, 1321, 1199, 1092 cm™;
HRMS (ClI) caled for CyHyCIO-H (M-H)" 181.0420. Found:
181.0424.

1-p-Fluorophenyl-1-methoxyprop-2-ene (2d)

The above general procedure was followed using 1-p-
fluorophenylprop-2-en-1-ol (0.40 g, 2.63 mmol), NaH
(0.16 g, 3.94 mmol, 60% in mineral oil) and Mel (0.25 mL,
3.94 mmol) in THF (11 mL). The reaction mixture was pu-
rifiedby column chromatography {n-Hexane/EtOAc = 50:
1) to give 0.41 g (92%) of 1-p-fluorophenyl-1-methoxyprop-
2-ene (2d) as a colorless oil. R 041 (15:1 n-Hexane/
EtOAc); "H-NMR (500 MHz, CDCl): 8 3.32 (s, 3H), 4.60 (d,
1H, J = 6.5 Hz), 5.23 (dd, 1H, J = 10.0, 1.5 Hz), 5.26 (dd,
1H, J = 17.0, 1.5 Hz), 5.89 (ddd, 1H, J = 17.0, 10.0, 6.5
Hz), 7.02 (d, 1H, J = 8.0 Hz), 7.04 (d, 1H, J = 8.0 Hz),
7.29 (d, 1H, J = 8.0 Hz), 7.30 (d, 1H, J = 8.0 Hz); *C-
NMR (125 MHz, CDC},): 6 57.06, 84.66, 115.89, 116.07,
117.29, 129.12, 137.34, 139.25, 162.01, 163.96; IR
(neat): 2926, 2838, 1506, 1423, 1372, 1322, 1223, 1093
cm™; HRMS (C) caled for CyoHFO-H (M-H)* 165.0716.
Found: 165.0717.

1-Methoxy-1-(2-naphthyl)prop-2-ene (2e)

The above general procedure was followed using 1-(2-
naphthyl)phenylprop-2-en-1-o! (Barluenga et. al., 2002)
(0.50 g, 2.71 mmol), NaH (0.16 g, 4.07 mmol, 60% in
mineral oil} and Mel (0.25 mL, 4.07 mmol) in THF (11 mL).
The reaction mixture was purified by column chromatog-
raphy (n-Hexane/EtOAc = 50:1) to give 0.45 g (84%) of 1-
methoxy-1-(2-naphthyl)prop-2-ene (2e) as a colorless oil.
Rr: 0.39 (15:1 n-Hexane/EtOAc), "H-NMR (500 MHz, CDCl,):
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53.38 (s, 3H), 4.80 (d, 1H, J=6.5Hz), 5.25 (dd, 1H, J =
10.5, 1.5 Hz), 5.35 (dd, 1H, J = 17.0, 1.5 Hz), 6.02 (ddd,
1H, J = 17.0, 10.5, 6.5 Hz), 7.45-7.49 (m, 3H), 7.79 (s,
1H), 7.83-7.86 (m, 3H);, *C-NMR (125 MHz, CDCl,): &
56.75, 85.02, 116.82, 125.03, 126.02, 126.16, 126.36,
127.95, 128.20, 128.37, 133.31, 133.35, 138.48, 139.93;
IR (neat). 3056, 2932, 2820, 1601, 1508, 1415, 1317,
1273, 1189, 1087 cm™'; HRMS (Cl) calcd for Cy4H1,O+H
(M+H)" 199.1123. Found: 199.1124.

1-Biphenyl-1-methoxyprop-2-ene (2f)

The above general procedure was followed using 1-
biphenyiprop-2-en-1-of (0.30 g, 1.43 mmol), NaH (86 mg,
2.14 mmol, 60% in mineral oil) and Mel (0.13 mL, 2.14
mmol) in THF (6 mL). The reaction mixture was purified
by column chromatography (n-Hexane/EtOAc = 50:1) to
give 0.30 g (94%) of 1-biphenyl-1-methoxyprop-2-ene (2f)
as a colorless oil. R 0.39 (15:1 n-Hexane/EtOAc); 'H-NMR
(500 MHz, CDCl,): 6 3.38 (s, 3H), 4.68 (d, 1H, J = 7.0 Hz),
5.25 (dd, 1H, J=10.0, 1.5 Hz), 5.35(dd, 1H, J=17.0,1.5
Hz), 5.98 (ddd, 1H, J = 17.0, 10.0, 7.0 Hz), 7.35-7.38 (m,
1H), 7.41-7.46 (m, 4H), 7.58-7.61 (m, 4H); *C NMR (125
MHz, CDCl,): & 56.73, 84.75, 116.80, 127.38, 127.49,
127.53, 129.02, 138.91, 140.18, 140.89, 141.15; IR (neat):
3029, 2932, 1486, 1406, 1339, 1187, 1086 cm"; HRMS (Cl)
calcd for CigH160-H (M-H)* 223.1123. Found: 223.1127.

1-Methoxy-1-p-methylphenyliprop-2-ene (2g)

The above general procedure was followed using 1-p-
methylphenylprop-2-en-1-0l (0.50 g, 3.37 mmol), NaH
(0.20 g, 5.06 mmol, 60% in mineral oil) and Mel (0.32 mL,
5.06 mmol) in THF (13 mL). The reaction mixture was pu-
rified by column chromatography (n-Hexane/EtOAc = 50:
1) to give 0.52 g (95%) of 1-methoxy-1-p-methylphenylprop-
2-ene (2g) as a colorless oil. R: 041 (15:1 n-Hexane/
EtOAc); 'H-NMR (500 MHz, CDCly): 8 2.35 (s, 3H), 3.32 (s,
3H), 4.59 (d, 1H, J = 6.5 Hz), 5.19 (dd, 1H, J = 10.0, 1.5
Hz), 5.28 (dd, 1H, J = 17.5, 1.5 Hz), 5.93 (ddd, 1H, J =
17.5, 10.0, 6.5 Hz), 7.16 (d, 2H, J= 8.0 Hz), 7.22 (d, 2H, J
= 8.0 Hz); ®C-NMR (125 MHz, CDCl): 21.41, 56.57,
84.80, 116.36, 127.04, 129.41, 137.63, 138.09, 139.15; IR
(neat): & 2925, 2821, 1512, 1449, 1412, 1237, 1181,
1087, 1021 cm™'; HRMS (ClI) caled for CyH,,O+H (M+HY
163.1123. Found: 163.1121.

1-Methoxy-1-p-methoxyphenylprop-2-ene (2h)

The above general procedure was followed using 1-p-
methoxyphenylprop-2-en-1-ol (Kuroboshi et. al., 1999) (1.00
g, 6.09 mmol), NaH (0.37 g, 9.13 mmol, 60% in mineral oil)
and Mel (0.58 mL, 9.13 mmo!) in THF (25 mL). The re-
action mixture was purified by column chromatography (n-
Hexane/EtOAc = 15:1) to give 0.93 g (85%) of 1-methoxy-
1-p-methoxyphenylprop-2-ene (2h) as a colorless oil. Rs:
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0.27 (15:1 n-Hexane/EtOAc); 'H-NMR (500 MHz, CDCl): &
3.32 (s, 3H), 3.81 (s, 3H), 4.59 (d, 1H, J = 6.5 Hz), 5.20
(dd, 1H, J=10.0, 1.5 Hz), 5.26 (dd, 1H, J = 17.5, 1.5 Hz),
5.93 (ddd, 1H, /= 17.5, 10.0, 6.5 Hz),6.90 (d, 2H, /= 6.5
Hz), 7.26 (d, 2H, J = 6.5 Hz); ®C-NMR (125 MHz, CDCl,):
8 55.95, 56.93, 84.91, 114.55, 116.71, 128.82, 133.67,
139.64, 159.87; IR (neat): 2933, 2841, 1501, 1250, 1084
cm”; HRMS (Cl) caled for CyiH1,O,+H (M+H)" 179.1072.
Found: 179.1075.

Reaction of p-substituted ethers with CSI

General procedure for the reaction of p-substituted
ether with CSI

A suspension of Na,CO; (6.75 mmol) in anhydrous
CH,Cli, (12 mL) was adjusted to 20°C or -78°C, then CSI
(4.50 mmol) and p-substisuted ether (3.00 mmol) was
added under N,. The reaction mixture was stirred at 20°C
or -78°C, quenched with H,O (10 mL) when the reaction
was completed (TLC monitoring), then extracted with
EtOAc (10 mlx2). The organic layer was added to an
agueous solution of Na,SO; (25%) and KOH (10%), and
the reaction mixture was stirred at room temperature for
overnight. The organic layer was washed with H,O and
brine, dried over MgSO, and concentrated in vacuo. The
residue was purified by column chromatography (n-Hexane/
EtOAc).

Methyl N-<{1-p-bromophenyiprop-2-enyljcarbamate (3b)
and methyl N+3-p-bromophenylprop-2-enyl)carbamate
(ab)

The above general procedure was followed using 3-p-
bromophenyl-1-methoxyprop-2-ene (1b) (0.10 g, 0.44
mmol), Na,CO; (0.11 g, 0.99 mmol) and CSI (57 uL, 0.66
mmol) in CH,Cl, (2 mL) at 20°C. The reaction mixture was
purified by column chromatography (n-Hexane/EtOAc = 6:
1) to give 17 mg (14%) of methyl N-(1-p-bromophenyiprop-
2-enyl)carbamate (3b) as a white solid and 71 mg (61%)
of methyl N-(3-p-bromophenylprop-2-enyl)carbamate (4b)
as a white solid. 3b: R: 040 (3:1 n-Hexane/EtOAc); 'H-
NMR (500 MHz, CDCL): 3.68 (s, 3H), 4.95-5.03 (br, 1H),
5.21(dd, 1H, J=17.5, 1.5 Hz), 5.26 (dd, 1H, J=10.5, 1.5
Hz), 5.27-5.35 (br, 1H), 5.98 (ddd, 1H, J=17.5, 10.52, 6.5
Hz), 7.17 (dd, 2H, J = 8.0, 2.0 Hz), 7.47 (dd, 2H, J = 8.0,
2.0 Hz); *C NMR (125 MHz, CDCl): 8 52.60, 56.72,
116.73, 121.83, 129.01, 132.04, 137.29, 140.06, 156.41;
IR (CH.Cl,): 8 3317, 2952, 1703, 1529, 1488, 1335, 1299,
1244, 1193, 1073 cm™; mp: 68~69°C; HRMS (Cl) calcd
for CyH:BrNO,+H (M+H)" 270.0130. Found: 270.0121.
4b: R: 0.27 (3:1 n-Hexane/EtOAc); 'H-NMR (500 MHz,
CDCl;): 8 3.71 (s, 3H), 3.96 (dd, 2H, J = 5.5, 5.5 Hz), 4.80-
4.87 (br, 1H), 6.20 (dt, 1H, /= 16.0, 5.5 Hz), 6.46 (d, 1H, J
=16.0 Hz), 7.22 (dd, 2H, J = 8.5, 1.5 Hz), 7.43 (dd, 2H, J
= 8.5, 1.5 Hz); *C-NMR (125 MHz, CDCl;): § 43.25,
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52.54, 121.70, 127.08, 128.16, 130.63, 131.94, 135.72,
157.17 IR (CH,Cl,): 3336, 2999, 1694, 1541, 1488, 1446,
136:2, 1293, 1189, 1073 cm™; mp: 101~102°C; HRMS
(CI) caled for CyH,BrNO,+H (M+H)" 270.0130. Found:
270.0134.

Methyl N-(1-p-chlorophenylprop-2-enylcarbamate (3c)
and mathyl N-(3-p-chlorophenylprop-2-enyl)carbamate
(4c)

The above general procedure was followed using 3-p-
chioi op1enyl-1-methoxyprop-2-ene (1c) (0.10 g, 0.55 mmol),
Na;(CO; (0.13 g, 1.23 mmol) and CSI (72 pL, 0.82 mmol)
in C4,Cl, (2 mL) at 20°C. The reaction mixture was pu-
rifiec bv column chromatography (n-Hexane/EtOAc = 6:1)
to cise 21 mg (17%) of methyl N-(1-p-chlorophenylprop-2-
enyl carbamate (3c) as a white solid and 74 mg (60%) of
methyl N-(3-p-chlorophenylprop-2-enyl)carbamate (4c) as
a white solid. 3¢c: Ry 0.37 (3:1 n-Hexane/EtOAc); 'H-NMR
(500 MHz, CDCl;): 3 3.66 (s, 3H), 5.17-5.23 (br, 1H), 5.20
(dd. 1H, J=17.0, 1.5 Hz), 5.24 (dd, 1H, J=10.5, 1.5 Hz),
5.27 5.33 (br, 1H), 5.94 (ddd, 1H, J=17.0, 10.5, 6.0 Hz),
7.21 (d, 2H, J = 8.5 Hz), 7.30 (d, 2H, J = 8.5 Hz); *C-
NMEF: (“25 MHz, CDCls): & 53.01, 57.13, 117.07, 129.11,
129.51, 134.11, 137.86, 140.03, 156.90; IR (CH,ClL,):
3317, 2955, 1686, 1528, 1263, 1076 cm™'; mp: 59~60°C;
HRNS (Cl) caled for CyH,CINO+H (M+H)" 226.0635.
Fourd: 226.0631. 4c: R: 0.20 (3:1 n-Hexane/EtOAc), 'H-
NMF. (500 MHz, CDChL). & 3.70 (s, 3H), 3.96 (dd, 2H, J =
6.0, 5.0 Hz), 4.80-4.88 (br, 1H), 6.17 (dt, 1H, J = 16.0, 6.0
Hz), 347 (d, 1H, J = 16.0 Hz), 7.26-7.31 (m, 4H); *C-NMR
(125 MHz, CDCl,): 6 43.71, 52.80, 127.37, 128.29, 129.44,
131.06, 134.01, 135.73, 157.62; IR (CH,Cl,): 3336, 2987,
1698, 1341, 1493, 1447, 1361, 1264, 1231, 1089 cnt'; mp:
93~34°C; HRMS (CI) caled for CyH CINO+H (M+HY
226 (1635. Found: 226.0643.

Methyl N-{1-p-fluorophenylprop-2-enyl)carbamate (3d)
and methyl N-(3-p-fluorophenylprop-2-enyl)carbamate
(4d)

The above general procedure was followed using 3-p-
fluorc phenyl-1-methoxyprop-2-ene (1d) (0.10 g, 0.60 mmol),
Na,CO; (0.14 g, 1.35 mmol) and CSI (78 uL, 0.93 mmol)
in CH,Cl, (2 mL) at 20°C. The reaction mixture was pu-
rified by column chromatography (n-Hexane/EtOAc = 6:1)
to give 33 mg (26%) of methyl N-(1-p-fluorophenylprop-2-
enyl):arbamate (3d) as a white solid and 74 mg (59%) of
methyl N-(3-p-fluorophenylprop-2-enylicarbamate (4d) as
a whte solid. 3d: R;: 0.30 (3:1 n-Hexane/EtOAc); 'H-NMR
(50C MHz, CDCLy): 3.69 (s, 3H), 5.00-5.07 (br, 1H), 5.22
(dd, " H, J=17.5, 1.5 Hz), 5.26 (dd, 1H, J = 10.5, 1.5 Hz),
5.30-5.26 (br, 1H), 5.98 (ddd, 1H, J=17.5, 10.5, 6.5 Hz),
7.02 d, 1H, J=9.0 Hz), 7.04 (d, 1H, J = 9.0 Hz), 7.26 (d,
1H, . = 9.0 Hz), 7.27 (d, 1H, J = 9.0 Hz); C-NMR (125
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MHz, CDCl): 52.56, 56.57, 115.71, 115.88, 116.34,
128.94, 136.77, 137.64, 156.43, 16146, 163.42; IR
(CH,Cl,): 3319, 2954, 1701, 1604, 1509, 1457, 1297,
1225, 1159, 1038 cm™; mp: 30°C; HRMS (CI) calcd for
CHz,FNO,+H (M+H)* 210.0930. Found: 210.0932. 4d:
R 0.20 (3:1 n-Hexane/EtOAc); 'H-NMR (500 MHz, CDCl):
8 3.71 (s, 3H), 3.96 (dd, 2H, J = 6.5, 5.0 Hz), 4.78-4.86
{br, 1H), 6.11 (dt, 1H, J = 15.5, 6.5 Hz), 6.49 (d, 1H, J =
15.5 Hz), 6.99 (d, 1H, J =85 Hz), 7.01 (d, 1H, /=85
Hz), 7.32 (d, 1H, J = 8.5 Hz), 7.33 (d, 1H, J = 8.5 Hz); "*C-
NMR (125 MHz, CDCl,): $ 43.76, 52.98, 116.12, 116.28,
126.38, 128.62, 131.21, 133.37, 157.62, 162.06, 164.03;
IR (CH.Cl,): 3332, 2886, 1693, 1542, 1451, 1363, 1304,
1261, 1224, 1157 cm™; mp: 84~85°C; Anal. Calcd for
CH:FNO,: C, 63.15; H, 5.77; N, 6.69. Found: C, 63.21;
H, 5.77; N, 6.88.

Methyl N-1-(2-naphthyl)prop-2-enylJcarbamate (3e)
and methyl N{3-(2-naphthyl)prop-2-enyl]lcarbamate
(4e)

The above general procedure was foliowed using 1-
methoxy-1-(2-naphthyl)prop-2-ene (2e) (0.20 g, 1.01 mmol),
Na,COs (0.24 g, 2.27 mmol) and CSI (0.13 mL, 1.51 mmol)
in CH,Cl, (4 mL) at -78°C. The reaction mixture was pu-
rified by column chromatography (n-Hexane/EtOAc = 6:1)
to give 35 mg (14%) of methyl N-[1-(2-naphthyl)prop-2-
enyl]lcarbamate (3e) as a white solid and 0.16 g (66%) of
methyl N-[3-(2-naphthyl)prop-2-enyl]carbamate (4e) as a
white solid. 3e: Ri: 0.33 (3:1 n-Hexane/EtOAc); 'H-NMR
(500 MHz, CDCl,): 6 3.70 (s, 3H), 5.07-5.12 (br, 1H), 5.27
{(dd, 1H, J=17.0, 1.5 Hz), 5.30 (ad, 1H, J=10.0, 1.5 Hz),
5.46-5.53 (br, 1H), 6.08 (ddd, 1H, J = 17.0, 10.0, 6.5 Hz),
7.40 (d, 1H, J = 8.5 Hz), 7.47-7.49 (m, 2H), 7.75 (s, 1H),
7.81-7.84 (m, 3H); ®C-NMR (125 MHz, CDCl): & 52.58,
57.33, 116.37, 125.44, 125.98, 126.53, 126.57, 127.91,
128.21, 128.85, 133.09, 133.56, 137.77, 138.27, 156.51;
IR (CH,Cl,): 3317, 2952, 1700, 1528, 1456, 1321, 1244,
1193, 1085 cm™; mp: 58~60°C; HRMS (Cl) calecd for
CisHsNO,+H (M+H)" 242.1181. Found: 242.1186. 4e: R¢.
0.27 (3:1 n-Hexane/EtOAc); 'H-NMR (500 MHz, CDCL,): &
3.72 (s, 3H), 4.03 (dd, 2H, J = 6.5, 5.5 Hz), 4.82-4.90 (br,
1H), 6.33 (dt, 1H, J = 16.0, 6.5 Hz), 6.69 (d, 1H, J=16.0
Hz), 7.43-7.48 (m, 2H), 7.57 (dd, 1H, J = 8.5, 2.0 Hz),
7.71 (s, 1H), 7.77-7.81 (m, 3H); ®C-NMR (125 MHz,
CDCl,): & 43.49, 52.53, 123.73, 126.19, 126.57, 126.64,
127.93, 128.24, 128.51, 131.99, 133.26, 133.79, 134.24,
157.25; IR (CH,Cl,): 3334, 2949, 1688, 1527, 1461, 1247,
1193, 1091 cm™; mp: 100~101°C; HRMS (CI) calcd for
CisHsNO+H (M+HY 242.1181. Found: 242.1172.

Methyl N-(1-biphenylprop-2-enyl)carbamate (3f) and
methyl N-(3-biphenylprop-2-enyl)carbamate (4f)
The above general procedure was followed using 1-
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biphenyl-1-methoxyprop-2-ene (2f) (0.10 g, 0.45 mmol),
Na,CO; (0.11 g, 1.00 mmol) and CSI (58 L, 0.67 mmol)
in CH,Cl, (2 mL) at -78°C. The reaction mixture was pu-
rified by column chromatography (n-Hexane/EtOAc = 6:1)
to give 17 mg (14%) of methyl N-(1-biphenylprop-2-enyl)
carbamate (3f) as a white solid and 81 mg (68%) of
methyl N-(3-biphenylprop-2-enyl)carbamate (4f) as a
white solid. 3f: R: 0.33 (3:1 n-Hexane/EtOAc);, 'H-NMR
(500 MHz, CDCl,): & 3.72 (s, 3H), 5.02-5.09 (br, 1H), 5.25
(dd, 1H, J=17.0, 1.5 Hz), 5.27 (dd, 1H, J = 10.5, 1.5 Hz),
5.38-5.42 (br, 1H), 6.06 (ddd, 1H, J = 17.0, 10.5, 6.5 Hz),
7.34-7.47 (m, 1H), 7.43-7.47 (m, 4H), 7.57-7.60 (m, 4H);
BC-NMR (125 MHz, CDCly): & 52.39, 57.23, 116.20,
127.61, 127.71, 127.76, 129.06, 137.76, 139.96, 140.93,
141.83, 166.90; IR (CH.ClL,): 3413, 3029, 2924, 1703,
1515, 1486, 1407, 1240, 1077, 1037 cm"; mp: 96~99°C;
HRMS (ClI) caled for CyH;;NO,+H (M+H)* 268.1338.
Found: 268.1346. 4f. R: 0.27 (3:1 n-Hexane/EtOAc); "H-
NMR (500 MHz, CDCls): 3.72 (s, 3H), 4.00 (dd, 2H, J =
6.0, 5.0 Hz), 4.80-4.86 (br, 1H), 6.25 (dt, 1H, J = 16.0, 6.0
Hz), 6.57 (d, 1H, J = 16.0 Hz), 7.33 (m, 1H), 7.41-7.46 (m,
4H), 7.55-7.61 (m, 4H); *C-NMR (125 MHz, CDCl,):
43.45, 5252, 126.26, 127.08, 127.19, 127.53, 127.61,
129.06, 131.51, 135.81, 140.71, 140.86, 157.21; IR
(CH.CL,): 3324, 3055, 1693, 1538, 1487, 1371, 1264,
1185, 1155, 1057 cm™; mp: 149~150°C; HRMS (Cl) calcd
for C47H,7NO,+H (M+H)* 268.1338. Found: 268.1329.

Methyl
(49)
The above general procedure was followed using 1-
methoxy-3-p-methylphenylprop-2-ene (1g) (0.20 g, 1.23
mmol), Na,CO, (0.29 g, 2.77 mmol) and CSI (0.16 mL,
1.85 mmol) in CH,Cl,(5 mL) at -78°C. The reaction mixture
was purified by column chromatography (n-Hexane/EtOAc
= 6:1) to give 0.22 g (87%) of methyl N-(3-p-methyl-
phenylprop-2-enyl)carbamate (4g) as a white solid. R;
0.33 (3:1 n-Hexane/EtOAc); 'H-NMR (500 MHz, CDCl;): &
2.34 (s, 3H), 3.70 (s, 3H), 3.96 (dd, 2H, J = 6.5, 5.5 Hz),
4.78-4.85 (br, 1H), 6.15 (dt, 1H, J = 16.0, 6.5 Hz), 6.49 (d,
1H,J=16.0Hz), 7.12 (d, 2H, J=8.0 Hz), 7.26 (d, 2H, J =
8.0 Hz); *C-NMR (125 MHz, CDCl,): § 21.46, 43.46,
52.47, 125.07, 126.54, 129.54, 131.89, 133.99, 137.80,
157.21; IR (CH.Cl,): 3318, 2949, 1690, 1544, 1436,
1369, 1298, 1258, 1155, 1056 cm™; mp: 83~85°C; HRMS
(Cl) caled for CyHisNO,+H (M+H)" 206.1181. Found:
206.1179.

N-(3-p-methylphenylprop-2-enyl)carbamate

Methyl N-(3-p-methoxyphenylprop-2-enyl)carbamate
(4h)

The above general procedure was followed using 1-
methoxy-3-p-methoxyphenylprop-2-ene (1h) (0.20 g, 1.12
mmol), Na,CO;(0.27 g, 2.52 mmol) and CSI (0.15 mL, 1.68

Y. H. Jung and J. D. Kim

mmol) in CH,Cl, (4 mL) at -78°C. The reaction mixture
was purified by column chromatography (n-Hexane/EtOAc
= 3:1) to give 0.15 g (62%) of methyl N-(3-p-methoxy-
phenylprop-2-enyl)carbamate (4h) as a white solid. Rg
0.24 (3:1 n-Hexane/EtOAc);, 'H-NMR (500 MHz, CDCL): &
3.69 (s, 3H), 3.80 (s, 3H), 3.94 (dd, 2H, J = 6.5, 4.5 Hz),
4.82-4.90 (br, 1H), 6.07 (dt, 1H, J = 16.0, 6.5 Hz), 6.45 (d,
1H, J=16.0 Hz), 6.84 (d,2H, J=7.0 Hz), 7.29 (d, 2H, J =
7.0 Hz); ®C-NMR (125 MHz, CDCl,): 8§ 43.95, 52.92,
55.98, 114.68, 124.29, 128.26, 129.99, 131.99, 157.64,
159.97; IR (CH,Cl,): 3327, 2960, 2851, 1693, 1537,
1510, 1461, 1377, 1279, 1246 cm™; mp: 104~106°C;
HRMS (ClI) calcd for CioHisNOs+H (M+H)* 222.1130.
Found: 222.1132.

Methyl N-[3-(3,4-dimethoxyphenyl)prop-2-enyljcarba-
mate (4i)

The above general procedure was followed using 3-(3,
4-dimethoxyphenyl)-1-methoxyprop-2-ene (1i) (0.20 g, 0.96
mmol), Na,CO, (0.23 g, 2.16 mmol) and CSI (0.13 mL, 1.44
mmol) in CH,Cl, (4 mL) at -78°C. The reaction mixture was
purified by column chromatography (n-Hexane/EtOAc = 2:1)
to give 57 mg (24%) of methyl N-[3-(3,4-dimethoxyphenyl)
prop-2-enyljcarbamate (4i) as a white solid. R;: 0.20 (2:1 n-
Hexane/EtOAc); 'H-NMR (500 MHz, CDCl,): § 3.69 (s, 3H),
3.86 (s, 3H), 3.88 (s, 3H), 3.95 (dd, 2H, J = 6.0, 5.5 Hz),
4.83-4.90 (br, 1H), 6.06 (dt, 1H, J = 16.0, 6.0 Hz), 6.44 (d,
1H, J=16.0 Hz), 6.80 (d, 1H, J=7.5Hz),6.88 (d, 1H, J=
7.5 Hz), 6.90 (s, 1H); *C-NMR (125 MHz, CDCl,): &
43.89, 52.90, 56.50, 56.59, 109.42, 111.77, 120.28,
124.64, 130.31, 132.21, 149.58, 149.51, 157.65; IR
(CH,Cl,): 3360, 2947, 1709, 1517, 1255, 1155, 1022 cm™;
mp: 53~54°C; HRMS (Cl) calcd for Ci3H;NO,+H (M+H)*
252.1236. Found: 252.1235.

RESULTS AND DISCUSSION

Our previous result showed that the CSI reaction of
cinnamyl methyl ether (1a, R = H) produced methyl N-
cinnamylcarbamate (4a, R = H) as a major product (1 :
2.7 ratio) at 20°C, and produced 4a as an only product at
0°C. In the case of 1-phenylallyl methy! ether (2a, R = H)
at 20°C, the result was similar to the case of 1a (1: 2.6
ratio). Accordingly, we examined the CSlI reaction of 2a at
0°C and -78°C. The results are summarized in Table I.

The treatment of 1-phenylallyl methyl ether (2a) with
CSI at 0°C gave methyl N-cinnamylcarbamate (4a) as a
major product (1 : 2.1 ratio) similar to the case of entry 1,
except for the decrease in the ratio (entry 2). However, the
CSI reaction at -78°C furnished an inversed product ratio
(1.6:1) in favor of methyl N-(1-phenylallyl)carbamate (3a,
R = H) (entry 3). The results of Table | showed that the
regioselectivity increases as the temperature decreases.
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Table 1. Results of the reactions of 1-phenylallyl methyl ether (2a)
with CSI at different temperature

Temperature (°C) Yield (%) Ratio (3a: 4a)
20 87 1:26
2 0 88 1:21
3 -78 81 16:1

Isolate 1 yizld of pure material.

In orcler to observe the difference according to the
rescr ance and the inductive effect, we examined the CSlI
reacton of various cinnamyl ethers p-substituted by halo-
gens srong electron-withdrawing (inductive effect) and
weak electron-donating (resonance effect) group and nitro
groLy, strong electron-withdrawing group. And, cinnamyl
ethers r-substituted by alkyl group, weak electron-donat-
ing group and methoxy group, strong electron-donating
group were tested.

VarioLs p-halogencinnamyl methyl ethers were synthe-
sized from the corresponding carboxylic acids. Esteri-
fication of acid by CH,N,, followed by the reduction with
DIBAL-H, led to the corresponding alcohol 5. The treat-
ment of 5 with Mel gave methyl ether (Scheme 2).

In the cases of 2-naphthyl and p-phenyl 1e and 1f, the
HWE reaction of the corresponding aldehydes produced
unsaiurated esters. The reduction of ester and methyla-
tion efforded methyl ethers (Scheme 3).

The: ethers substituted with methyl or methoxy were
prepared by the similar method to the synthesis of p-halo-
gen :iniamyl ether. For p-nitro compound 1), commer-
cially available p-nitrocinnamy! alcohol was used (Scheme
4).

The: reaction of p-bromocinnamyl methyl ether (1b) with
CSI gave a 1:4.2 mixture of regioisomers in favor of the
terrrinal allylic amine 4b (entry 1). Also, in the case of p-
chlor 1¢ (Verlhac and Pereyre, 1990), the terminal allylic
amin: 4¢ was obtained as a major product (entry 2). In
the cases of cinnamyl ethers substituted by halogen, the
terrinal allylic amine increased than cinnamyl methyl
ether (1a). With p-fluoro 1d, the result was quite similar to
that obtained in the cases of entries 1 and 2, except for
the decrease in the ratio (entry 3). The results are

> \E x
N OH
(¢}
Xy
Lo

5a X = Br (92%)
5b X = CI (92%) 1¢ X = CI (87%)
5c X = F (95%) 1d X = F (82%)

Schenie z. Synthesis of p-halogencinnamyl methyl ethers

1) CHyN,, Et,0, 0°C

2) DIBAL-H, benzene, 0°C
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Scheme 3. Synthesis of p-substituted cinnamyl methyl ethers
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Scheme 4. Synthesis of p-substituted cinnamyl methyl ethers
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10a R = p-OMe (95%)
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1h R = p-OMe (94%)
1i R = 3,4-diOMe (92%)
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summarized in Table ll. Next, we examined the reaction of
cinnamyl ether substituted by the electron-donating group
and obtained the unexpected results. The treatment of 3-
(2-naphthyl)prop-2-enyl methyl ether (1e) with CSI gave
only one product, methyl N-[3-(2-naphthyl)prop-2-enyl}
carbamate (4e) in 78% chemical yield (entry 5). The
similar results were obtained in the cases of p-phenyl and
p-methyl substituted compounds 1f and 1g (entries 6 and
7). Also, methoxy substituted compounds 1h (Verihac and
Pereyre, 1990) and 1i produced only the terminal allylic
amine with a decreased yield (entries 8 and 9). When the
strong electron-withdrawing nitro group (Verlhac and
Pereyre, 1990) was substituted, the reaction was not

. processed at all, because the formation of carbocation



674

Y. H. Jung and J. D. Kim

Table II. Conversions of p-substituted cinnamyl methyl ethers to the corresponding carbamate

Allyl Ethers

Yield (%)

Allylic amines !
ratio

\é
@
/;

OMe

NHCOOMe

3b

Me

o
o]

55

.
\©\/\/NHCOOMe

1: 42
NHCOOMe 1: 35

NHCOOMe

3¢

E\ o
o

Me

éj“

NHCOOMe 1 2 2

NHCOOMe

3d

e

\%\ a
o)
£

e

. 88
_~_NHCOOMe 1:27

NHCOOMe

3a

?
OI
s

OMe

3
=2

OMe

=
@

OMe

@
=
®
o]
@
\

OMe

S
)
o]

OMe

10
OMe

eO.
\©\/\/ NHCOOMe
4h

O A ~_-NHCOOMe 78
77
\©\/\/NHCOOMe
4f
Me
87
= NHCOOMe
49

62

NHCOOMe 24

No Reaction

All the reactions were carried out at 20°C except for entries 5-9 (-78°C).

Isolated yield of pure material.

All yields and ratios were measured when the starting material disappeared (TLC monitoring).

intermediate could not be occurred due to instability (entry
10).

These results showed that the formation of the terminal
allylic amine increased as the electron-withdrawing effect
or the electron-donating effect of p-substituent increased.

We also investigated the regioselectivity in formation of
allyl carbocation from 1-(p-substituted phenyl)allyl methy!
ethers 2 by CSlI reaction.

1-(p-Substituted phenyl)allyl methyl ethers were ob-
tained from commercial available corresponding aldehyde
by the Grignard reaction and methylation (Scheme 5).

As shown in Table lll, the results of the reactions of 1-

(p-substituted phenyl)allyl methy! ethers with CSI were
much different to those in Table Il. The treatment of 1-(p-
bromophenyl)allyl ether (2b) with CSI furnished methyl N-
[1-(p-bromophenyl)allyljcarbamate (3b) and methyl N-(p-
bromocinnamyl)carbamate (4b) as a 4.7:1 mixture of
regioisomers in 93% chemical yield (entry 1). In the cases
of the p-chloro and p-fluoro substituted compounds 2¢
and 2d, the results were similar to that of p-chloro sub-
stituted one, except the decrease in the ratio (entries 2
and 3). However, in the cases of 2e and 2f, the terminal
allylic amines were obtained as a major product (entries 5
and 6). Also, similar to the results in Table I, the CSI
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CH,=CHMgBr

THF, -78 — 0°C

O

2bR= p—Br (84%

2¢ R = p-Cl (92%)

2d R = p-F (92%)

2e R = 3,4-C4H, (84%)
2f R = p-Ph (94%)

2g R = p-Me (95%)

2h R = p-OMe (85%)

Mel, NaH

I

QY\
11aR= p-Br (82%)
11b R = p-Cl (72%}
11¢ R = p-F (77%)
11d R = 3,4-C4H, (81%)
11e R = p-Ph (83%)
11f R = p-Me (80%)
11g R = p-OMe (88%)

Scherie 4. Synthesis of 1-(p-substituted phenyl)allyl methyl ethers

THF, 45°C

reacton of 2g and 2h afforded only one product, the
terminal allylic amines 4g and 4h (entries 7 and 8).
The results of Table [l indicated that the internal allylic

675

amine increases as the electron-withdrawing effect of p-
substituent increases, and the terminal allylic amine
increases as the electron-donating effect of p-substituent
increases.

For additional experiments, we examined the CSI reac-
tion of 1-(p-halogen phenyhallyl ethers at 20°C. The re-
sults of the reactions at 20°C were similar to that obtained
at -78°C, except for decrease in the ratio. Namely, the
internal allylic amine was obtained as a major product.
The results are summarized in Table V.

From the results of Tables |-V, we concluded that these
reactions were not proceeding through the same allylic
carbocation intermediate. Also we found that the regiosel-
ectivity in CSI reaction depends on the resonance effect
and inductive effect of the p-substituent of phenyl ring.

During the study of p-substituent on regioselectivity, we
found by chance that the formation of the terminal allylic

Table lll. Conversions of 1-(p-substituted phenyl)allyl methyl ethers to the corresponding carbamates at -78°C

Allyl Ethers

Yield (%)

Aliylic amines .
ratio

g
£
g
£

]

-4
@]
=
o

?

»n

3
Q
=
®

£

NHCOOMe
3b

c

f

NHCOOMe

-n
[
o

Br:
. 93
¥ NHCOOMe 4.7:1
4b

NHCOOMe

F
O\/\/ NHCOOMe

83
36:1

89

RS 24:1
OMe NHCOOMe
2d 3d
4 89
= = ~_-NHCOOMe 16:1
OMe NHCOOMe
2a 3a
. L T~ O :
N = _~_NHCOOMe 1:46
OMe NHCOOMe
2e 3e
Ph Ph on
8 82
= = _~_NHCOOMe 1:48

OMe
2f

5
/g

N
]
o
=
©

z
)
/;

)

=
o]
=
]

NHCOOMe
3f

Me
\©\/\/NHCOOMe
eO
Q\/\/NHCOOMe

83

58

Isolated yield of pure material.
All yields and ratios were measured when the starting material disappeared (TLC monitoring).
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Table IV. Conversions of 1-(p-substituted phenyl)allyl methyl ethers to the corresponding carbamates

at 20°C

Allyl Ethers

Yield (%)

Allylic amines -
ratio

Br: Br-

£
£

Cl

NHCOOMe

3b

£

NHCOOMe

w0
o

NHCOOMe

3d

88

NHCOOMe 1.9:1

81

NHCOOMe 13:1

Br.
5
=
4b
Ct
+
=
4c

RSN

F.
. 83
- NHCOOMe 101
4d

Isolated yield of pure material.

Al yields and ratios were measured when the starting material disappeared (TLC monitoring).

amine increases as the reaction time is prolonged at the
same reaction conditions. Therefore, we investigated these
reactions more precisely (Scheme 6).

The terminal allyl ethers 1 or internal ones 2 were
treated with CSI at 20°C or -78°C respectively. After dis-
appearing of starting materials, the reaction mixtures were
continued to react at 20°C until the internal allylic car-
bamates disappeared.

As shown in Table V, in all the cases of ethers sub-
stituted by the electron-withdrawing group or by the
electron-donating group, the terminal allylic carbamates
were formed as the only product and the reaction time
depended on the p-substituent of phenyl ring.

As above, we ascertained that the regioselectivity
depends on p-substituent of phenyl ring. As the electron-
withdrawing power of p-substituent increases, the ratio of
the substitution occurred where the alkoxy moiety was
attached increases. Also, as the electron-donating power
of p-substituent increases, the proportion of the terminal
allylic amine increases. These results can be explained by
the stability of carbocation intermediate through the S,/
mechanism (March, 1992; Sykes, 1986) and Sy1 mechanism
(Sykes, 1986) (Fig. 1).

in the case of the ethers substituted by the electron-
withdrawing group on phenyl ring, the unstable carboca-

N csl, 20°C
LA~ OMe i
1 20°C X
x 1h -6h T A~ NHCOOMe
R CSI, -78°C 4
¥ x —_
OMe

Scheme 6. Migration of the internal amines to the terminal amines

Table V. Migration of the internal amines to the terminal amines

Allyl Ethers Reaction Time  Yield (%) (4)
1 1b 3h 74
2 1c 3h 73
3 1e 3h 77
4 1a 2h 77
5 2b 6h 79
6 2c 6h 74
7 2d 5h 76
8 2a 4h 73
9 2e 1h 78
10 2f 1h 74

Isolated yield of pure material.

tion intermediate is formed and is rapidly attacked by the
nucleophile before the formation of the allylic carbocation
hybrid. On the other hand, the stable carbocation interme-
diate formed in the case of the electron-donating substi-
tuted compounds is rapidly converted to the stable allylic
carbocation hybrid, and then the terminal allylic amine is
formed due to the steric hindrance of the phenyl ring and
the formation of a stable conjugated product. Namely, the
less stable the carbocation intermediate is, the greater is
the proportion of Sy/ mechanism. And, the more stable the
carbocation intermediate is, the proportion of the Sy1
mechanism increases.

From these results, we found that the reaction of ethers
with CSI proceeded through both the S/ and Sy1 mech-
anism, and the ratio depends on the stability of carboca-
tion intermediate.

Next, one plausible mechanism for the migration of the
internal allylic amine to the terminal allylic amine is shown
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O

NHCOOMe

COOMe

— » R4 o
AN NHCOOMe

4 (major product)

©
Cl028—N-COOMe

Fig. 1. S;/ and Sy1 mechanism of the CSI reaction

* AN
28 SN
e Ve NN
CYN‘SOZCI Y “S0,CH
OMe OMe
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O O\NSOZC'
e
o ~COOMe
Y ~S0,CI
OMe

Fig. 1. Possible mechanism for the migration of the internal allylic
amire to the terminal allylic amine

in Fig. 2. The carbon and nitrogen bond in the internal
allyliz carbamate can be easily cleaved to afford the
stabe carbocation because the N-sulfonylcarbamate has
a gcod leaving group, CISO,-N-CO,Me. And then, the
nitro:yen anion attacks the terminal carbon to form the
term nal allylic carbamate due to the stability of the con-
jugaied product. This migration reaction does not oc-
curred after the desulfonylation.

Trerefore, in the case of allyl ether substituted by the
elec'ron-donating group, the result that the terminal allylic
amir e was obtained as a major product can be explained
by ttis migration mechanism.

In conclusion, with the CSI reactions of p-substituted
ethe's, we confirmed that our CSI reaction is a compet-
itive reaction of Sy/ and Sy1 mechanism according to the
stablity of the carbocation. And, the only terminal allylic
amire was obtained through the migration reaction in
therrnodynamic reaction condition.
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