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Pd-C

2 . 2
5) Pd(OAc):
Rl 1
f R’ R -
H ‘ o PdXsL = PdXLn Lnxpd \
N Ly NN @
(@) OR (@) OR
2.2
2.2.1
3 Pd(OAc): / Cu(OAc): DMPU (2)
oxamide (3) 3
1 . Table 1

DMPU (2) oxamide (3)
(entries 3 7).

Ph
Pha A~ OH + 2okt Pd(OAC), / Cu(OAc), / amide / Op _b\ o

MeCN, r.t., time o OEt
o 1
Ph O H
Me. L .Me N__,Ph
NN Me/k'.\‘)kf( Y
v H @] Me
DMPU (2) oxamide (3)
Table 1. Addition of amide to the catalyst system.?
entry amide mol% time (h) yield (%)® note
1° no use — 192 no reaction 02-1107(km 258)
2 no use — 5 53 00-0116 (No. 80)



Table 1. (continued)

3

6

7

3

3

10

10

4

4

1

5

84

78

88

83

92

00-0116 (N0.79)

00-0127 (N0.83)
99-0712 (N0.60)
99-1129 (N0.72)

99-1022 (N0.69)

2Pd(OAC), (22.5 mg, 0.1 mmol), Cu(OAc), (18.2 mg, 0.1 mmol), and DMPU (12.8 mg, 0.1
mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask

under O,. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to the flask, and trans-cinnamyl

alcohol (134 mg, 1.0 mmol) was added successively. The mixture was stirred for the 1 hour

at room temperature. The yield of product 1 was determined by GLC using an internal
standard of tetraethylene glycol dimethyl ether (TEGDE). “Absence Pd(OAc), / Cu(OAc),,

and additive p-tluene sulfonic acid.

2.2.2
6)_ Cu2+
DNA
7)
Pd(OAc)2/ Cu(OAc)z2/
Table 2
(entry 2).
(entry 3).

Ph V/\/OH + /\OE'[

Pd(OAc), / Cu(OAc), / catechol / O,

MeCN, r.t., tim

catechol = @

e

OH

OH

2 mol%

Ph

(9] OEt

(4)



Table 2. Addition of catechol to the catalyst system.?

entry  Pd(OAc), / Cu(OAc), (mol%) catechol (mol%) time (h) vyield (%)°  note

1 10 — 1 48  98-1005 (No. 32)
2 10 10 1 84  98-1005 (No. 31)
3 2 4 24 92  98-1016 (No. 37)

2 Pd(OAC), (22.5 mg, 0.1 mmol), Cu(OAc), (18.2 mg, 0.1 mmol), and catechol (11.0 mg, 0.1
mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask
under O,. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to the flask, and trans-cinnamyl
alcohol (134 mg, 1.0 mmol) was added successively. The mixture was stirred for the 1 hour at
room temperature. bThe yield of product 1 was determined by GLC using an internal standard of

tetraethylene glycol dimethyl ether (TEGDE).

Pd(OAc)z / Cu(OAc): / 5 )
Table 3 10 mol% 1/2 5 mol%
Ph
F)hv/\/oH + 0Okt Pd(OAc), / Cu(OAc), / pyrogallol / 02= \ "
MeCN,r.t,1 h O OEt
OH 1
pyrogallol = OH
OH
Table 3. Addition of pyrogallol to the catalyst system.®
entry Pd(OAc), / Cu(OAC), (mol%) pyrogallol (mol%) yield (%)b note
1 10 — 48 98-1005 (No. 32)
2 10 10 46 98-1013 (No. 35)
3 10 5 65 98-1014 (No. 36)
4 10 2.5 53 99-0302 (No. 54)

2 Pd(OAC); (22.5 mg, 0.1 mmol), Cu(OAc), (18.2 mg, 0.1 mmol), and pyrogallol (18.2 mg, 0.1
mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask under
O,. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to the flask, and trans-cinnamyl alcohol (134
mg, 1.0 mmol) was added successively. The mixture was stirred for the 1 hour at room
temperature. bThe yield of product 1 was determined by GLC using an internal standard of

tetraethylene glycol dimethyl ether (TEGDE).
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(entry 3).

Pd(OAc)2 / Cu(OAc):
6 . Table 4

entries7 8 9 11

(entries 3 15 16). 3,5- -t
(entry 13).
Ph \
Pd(OAc), / Cu(OAc), /L /O,
Ph OH . /\OEt - (6)
NN MeCN, r.t., 1 h
O OEt
1
Table 4. Addition of various catechols to the catalyst system.?
entry Ligand mol% yield (%)b note
1 no use — 48 98-1005 (No0.32)
OH
2 10 84 98-1005 (No0.31)
OH
OH
3 10 46 98-1013 (No.35
@OH (No.35)
OH
OH
4 /©: 10 77 98-1005 (N0.33)
Me OH
OH
5 /@i 15 88 00-0419 (No.93)
Me OH
OH
6 10 67 99- 0325 (No.58
@OH (No.58)
Me

OH
7 @[ 10 86 98-1116 (N0.45)
cl OH

11



Table 4. (continued)

OH
8 @[ 10 84 98-1207 (N0.48)
O,N OH

OH
9 10 84 99-0302 (No.57
@[OH (No.57)
F
OH
10 10 83 99-0326 (N0.59)
OH
OMe
OH
11 H 10 86 98-1029 (No.38)
OH
o
OH
12 EtO 10 77 98-1112 (No. 44)
OH
o
OH
15 00-1108 (No. 101
13 OH 78 ( )
OH
14 @[ 10 70 98-1009 (No.34)
OMe
OH
15 10 60 99-0302 (No.55)
OH
16 SE 10 67 99-0219 (N0.52)

2Pd(OAC), (22.5 mg, 0.1 mmol), Cu(OAc), (18.2 mg, 0.1 mmol), and catechol (11.0 mg, 0.1
mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask under
O,. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to the flask, and trans-cinnamyl alcohol (134
mg, 1.0 mmol) was added successively. The mixture was stirred for 1 hour at room temperature.
bThe yield of product 1 was determined by GLC using tetraethylene glycol dimethyl ether as an
internal standard.

12



Pd(OAc)2/ Cu(OAc)2/ 1,2-

« .
Table 5
42 %
1
(entry 5).
Ph \
Pd(OAc), / Cu(OAc), / catechol / O
th/\/OH + Z 0kt oAk | ( t )2t 3h - )
solvent, r.t., 0 OEt
1
Table 5. The solvent effect for the synthesis of 1.2
entry catechol (mol%) solvent yield (%)° note
1 — CICH,CH,CI 8 98-0604 (No0.13)
2 10 CICH,CH,CI 30 98-0605 (No.14)
3 — EtOAC 9 98-0608 (N0.15)
4 10 EtOAC 26 98-0610 (N0.16)
5 10 CH(OEt)3 42 00-1019 (No.99)

2All reaction were performed in the 1.0 mL of solvents at room temperature for 3
hours in the presence of 10 mol% of Pd(OAc),, Cu(OAc),, and catechol under
0. PHetermind by GLC analysis used tetraethylene glycol dimethyl ether as
internal standard.

13



Pd(OAc)z / Cu(OAc)s /

0 25 50 8
6 25
(entry 2).
Ph \
Ph V/\/OH + /\OEt Pd(OAc), / Cu(OAc), /41 02‘
MeCN, temp., 1 h o OEt
1
@)
OH
4-carboethoxycatechol (4) = EtO)K©:
OH
Table 6. Temperature effect for the synthesis of 1%,
entry temperature () yield (%)° note
1 0 40 02-0716-1(km228)
2 25 78 98-1111 (No.43)
3 50 29 02-0716-2 (km229)

2Pd(OAC), (22.5 mg, 0.1 mmol), Cu(OAc), (18.2 mg, 0.1 mmol), and
4-carboethoxycatechol (18.2 mg, 0.1 mmol) were dissolved in
acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask
under O,. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to the
flask, and trans-cinnamyl alcohol (134 mg, 1.0 mmol) was added
successively. The mixture was stirred for the 1 hour at room
temperature. PThe yield of product 1 was determined by GLC using
an internal standard of tetraethylene glycol dimethyl ether (TEGDE).

Pd(OAc)2/ Cu(OAc)2/ (entry 2)

Pd(OAc)2 / Cu(OAc): (entry 1)
1.08 mmol 1.18 mmol
(entry 1).
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(4)
Table
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Ph
phv/\/OH e Pd(OAc)2/Cu(OAc)Z/catechoI/OZ‘ \

©)
MeCN, r.t., 24 h 0 OEt
1
Table 7. Absorption of O,.%
catechol Yield absorption of O, teoretical absorption of O,

entry (mol%) (%) (mmol) (mmol) note
1 — 20 0.36 0.25 00-1002 (No0.97)
2 2 86 1.18 1.08 00-0930 (No0.96)

2Pd(OAc), (5.6 mg, 0.025 mmol), Cu(OAc), (4.6 mg, 0.025 mmol), and catechol (5.5 mg, 0.05
mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask under
O,. Ethyl vinyl ether (721 mg, 10 mmol) was added to the flask, and trans-cinnamyl alcohol (335
mg, 2.5 mmol) was added successively. The mixture was stirred for 24 hours at room

temperature. bThe yield of product 1 was determined by GLC using an internal standard of
tetraethylene glycol dimethyl ether (TEGDE).

catechol

1_
>
=
£
(O]
X
S
S o5 |
O

no catechol

0 5 10 15 20 25
Time (h)

Figure 1. Time profile of Oz uptake in the presence of catechol (e )

and in the absence of catechol (e ).
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2.3

General. All melting points were measured on a Yanaco micro melting point
apparatus and were uncorrected. NMR spectra were recorded on a Varian UNITY
INOVA 400 (*H NMR, 399.91 MHz; 13C NMR, 100.56 MHz ) instrument for solutions in
CDCIls with MesSi as an internal standard: the following abbreviations are used; s:
singlet, d: doublet, t: triplet, q: quartet, qui: quintet, sex: sextet, m: multiplet; and br:
broad. X-ray analysis were performed on Rigaku AFC7R diffractomer with graphite
monochromated Mo Ka radiation (A = 0.71069 ) and rotaing anode generator.
Infrared spectra were measured on a JASCO FTIR-610 spectrometer. Elemental
analyses of product mixtures were performed on Elementar VarioEL /. GLC
analyses were performed on a Shimazu GC-17A instrument by using DB-1 glass
capillary column (0.25 mm x 30 m) under the conditions of injection temperature
(200 ), column temperature (60 - 250 ), and nitrogen gas pressure (0.5 kg/ cm?)
with flame-ionization detectors and helium as carrier gas. Mass spectrum was
obtained on a Shimazu GCMS-QP5050 gas chromatograph-mass spectrometer at 0.7
eV by using DB-1 glass capillary column (0.25 mm x 30 m) under the conditions of
injection temperature (200 ), column temperature (60 - 250 ), and helium gas
pressure (0.5 kg/ cm?). GLC yields were determined using tetraethylene glycol
dimethyl ether as an internal standard. Analytical thin layer chromatography (TLC)
was performed with Merck silica gel 60 F-254 plates. Column chromatography was
performed with Merck silica gel 60.

Materials. Allyl alcohol, t{ranscinnamyl alcohol, copper(I) acetate,
tetraethylene glycol dimethyl ether, and n-hexane were commercially available from
Wako Pure Chemical Industries, Ltd. n-Butyl vinyl ether, ethyl vinyl ether,
palladium acetate pylocatechol, pylogallol, and acetonitrile were commercially
available from Nakarai Tesque, Inc. 4-Nitrocinnamyl alcohol, MN-vinyl-folmamide,
ethylene glycol were commercially available from Aldrich. Crotyl alcohol,

vinyltrimethoxysilane, 2-vinyloxy- tetrahydropyran were commercially available from
TOKYO KASEI KOGYO, co. Ltd.

The synthesis of 4-(2)-4-Benzylidene-2-ethoxytetrahydorofurane (1). Pd
(OAc)2(22.5 mg, 0.1 mmol), Cu(OAc)2(18.2 mg, 0.1 mmol), and catechol (11.0 mg, 0.1
mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed
flask under Oz. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to the flask, and
trans-cinnamyl alcohol (134 mg, 1.0 mmol) was added successively. The mixture was
stirred for 1 hour at room temperature. The yield of product 1 was determined by
GLC using tetraethylene glycol dimethyl ether as an internal standard.; bp
(bulb-to-bulb) 145-146 (1 mmHg); Rf = 0.62 (SiO2, EtOAc / n-hexane =1 / 20); IR

18



(neat) 3053, 3025, 1739, 1598, 1184, 1095, 1032, 997 cm'; 'THNMR (400 MHz, CDCls)
5 1.21 (t, J=7.11 Hz, 3 H, CHs) 2.72 (d, J=16.23 Hz, 1 H, CA2C*H), 2.94 (dd, J= 16.23,
5.17 Hz, 1 H, CH-C*H), 3.50 (dq, J= 9.33, 7.11 Hz, 1 H, -OCH>CHs), 3.77 (dq, J= 9.33,
7.11 Hz, 1 H, -OCH:CHs), 4.69 (s, 2 H, =CCH:0), 5.23 (d, J=5.17 Hz, 1 H, C*H) 6.42 (s,
1 H, CH-Ph), 7.12 (t, J= 7.25 Hz, 2 H, Ph) 7.19 (d, J= 7.25 Hz, 1 H, Ph) 7.33 (t, J= 7.25
Hz, 2 H, Ph); 13C- {1H} (100 MHz, CDCl3)d 15.1 (CHs), 41.1 (CH2C*H), 62.5 (-O CH2CH3),
67.8 (=CCH:0), 101.9 (C*H), 121.5 (CH-Ph), 126.4 (Ph), 127.7 (Ph), 128.3 (Ph), 137.3
(Ph), 138.9 (=CCH:2C*H); GCMS m/e 204 (M*); Caled for Ci1sH1602: C, 76.44; H, 7.90.
Found: C, 76.32; H, 6.49.

Measurement of Oz Uptake of Pd-catalyzed reaction of trans-cinnamyl
alcohol and ethyl vinyl ether. Pd(OAc): (5.6 mg, 0.025 mmol), Cu(OAc): (4.6 mg,
0.025 mmol), and catechol (5.5 mg, 0.05 mmol) were dissolved in acetonitrile (1.0 mL)
in a 25 mL side-armed round bottomed flask under Oz2. n-Buthyl vinyl ether (721 mg,
10 mmol) was added to the flask, and #rans-cinnamyl alcohol (335 mg, 2.5 mmol) was
added successively, and the solution was stirred at room temperature under oxygen
atmosphere. The uptake of oxygen was measured by gas burette. The results are

given Figure 1.
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3.1
Pd(OAc):
5) 1
100 mol% Pd(OAc), / O
/\/OH + Z 0By 0 PAOADL 1O b\ (1)
r.t. o O"Bu
(1.0 mmol) (20.0 mmol) (10 % yield)
A~ OH ¢ oy . %\ @)
O O"Bu
(2.0 mmol) (20.0 mmol) (74 % yield)
(cis/trans =1/1)
Ph
O OHR
(2.0 mmol) (20.0 mmol) R =Et (88 % yield)
R ="Bu (63 % yield)
3
3 1
b 6
Scheme 1.
Ph
LnXPd SN
a
Ph bPh — H -HPdX
| a ="\ ~PdXLn o Dor o', R
wlupdxz *_/
— Ph
e M OR ; 0~ “OR H Ph
_HX bLnXPd _
-HPdX
@) OR (@] OR
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NMR
1 a
1
P+ 2 o
4_
X
(2-5

/\
+
A~ _OH+ 7 oRt

3.2
3.2.1
Pd(OAc)2/ Cu(OAc)2/
(134 mg, 1.0 mmol )
1
6).

Ph \/\/OH + /\OEt

INADEQUATE

1 10 mg 0.6 mL
13CNMR DEPT
7 2 4

Pd(Il) / Cu(ll) / catechol / O,

Ph \
—b .
MeCN, r.t., 1 h 0

OEt
1
5 5
O,N \
Pd(Il) / Cu(ll) / catechol / O, 5)
MeCN, r.t., 10 h O OEt
(2)-5

(283 mg, 4.0 mmol)
1 84 % (

Ph
Pd(OAc), / Cu(OAc), / catechol / O, _b ©)
MeCN, r.t.,, 1 h B

O OEt
1

-d . THNMR

12), 2D-NMR tocsy
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ghmqc 13), 1 500 mg 0.4 mL
-d INADEQUATE 14), Table 1

Table 1. 100MHz NMR structure assignment of 1.

carbon chem carbon 'H chem
carbon atom shift? type® shift® neighbors® (J..)®
c4 138.98 C 121.55 (71) 67.85 (42) 41.12 (42)
Ph 137.34 C 121.55 (57)
Ph 128.39 CH 7.3
Ph 127.78 CH 7.1
Ph 126.40 CH 7.2
C6 121.55 CH 6.4 138.98 (71) 137.34 (57)
C2 101.93 CH 5.2 41.12 (42)
C5 67.85 CHy 4.7 138.98 (42)
c1' 62.56 CH, 3.6 15.13 (34)
C3 41.12 CH, 2.8 138.98 (42) 101.93 (42)
c2' 15.13 CH3z 1.2 62.56 (34)

2Ppm downfield from TMS internal standard. Obtained from DEPT experiment.
“Obtained from ghmqc experiment. 9n ppm obtained from INADEQUATE
experiment. °In Hz, from INADEQUATE experiment.

Figure 1. The bold-line indicates the correlation in the 2D-INADEQUATE.

Table 1 C4 C3 C5 42 Hz
C6 71 Hz .
C2 C2 C3 C4 C5 W 1),
1 6 1
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NOESY

1 10mg 0.6 mL -d NOESY
15) . 2 H6 H3
NOESY 1 Z
H
6
H
N34
4 2 1
5 2
5 O/\H
1
Figure 2. The arrows indicate the nOe effects from 2D-NOESY.
Pd(OAc)2/ Cu(OAc)2/ 4-
(179 mg, 1.0 mmol) (283 mg, 4.0 mmol)
10 (2-5 (241
mg, 96 %yield)
(25 (entry 1).
O,N O,N \
\Q\/\/OH i /\OEt catalyst/ O, _ %
MeCN, r.t., 10 h O OEt
(2)-5
Table 2. Synthesis of (2)-5 catalyzed by Pd(OAc), / Cu(OAc), / catechol .2
entry catechol (mol%) Pd(OAc), / Cu(OAc), (mol%) vyield (%) note
1 10 5 96 01-1121 (km192)
2 — 5 15 02-0830 (km239)

2Pd(OAc), (11.5 mg, 0.05 mmol), Cu(OAc), (9.4 mg, 0.05 mmol), and catechol (10.2 mg,
0.1 mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed
flask under O,. Ethyl vinyl ether (283.0 mg, 4.0 mmol) was added to the flask, and
4-nitoro-trans-cinnamyl alcohol (179 mg, 1.0 mmol) was added successively. After the
mixture was stirred for the 10 hours at room temperature, filtration through Florisil column

(12 mm x 80 mm 2.8g, n-hexane) and evaporation of the solvent under reduced pressure
gave (2)-5 (241 mg, 96 % yield).
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X
156 mg

2-5

1)

Z

tetrahydorofurane ((2)-5)

(2-5

triclinic

P1 #2)
a=11.014(1)
b=13.147(2)
c= 4.8355(6)
a = 95.35(1)°
B =97.18(1)°

y =113.337(8)°
V=630.01) 3

(D-5
(1/5)
X
2-Ethoxy-4-(2)-4-(4-nitrobenzylidene)-
5) 6
(2-5
B
R1=6.1 % o3
Rw=20.6 %

Shift / error= 0.001
Goodness of fit=1.50

Figure 3. The X-ray crystal structure of ((2)-5)

16)

(B)-5

(entry 1).

-5 E -5
(25

8 . Table 3

(2-5 (B)-5
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O5N
2 \ . \
solvent (8)
o (@] OEt
(2)-5 (E)-5

Table 3. Effect of solvent on the isomerization reaction from (Z)-5 to (E)-5.%

entry solvent Z/E° note
1 MeCN 68 /32 01-1204 (HI-10)
2 MeCOOH 78122 01-1204 (HI-10)
3 EtOAC 79/21 01-1204 (HI-7)
4 MeOH 81/19 01-1204 (HI-6)
5 H20 100/ 0 01-1204 (HI-8)

& The product (Z)-5 (2.5 mg, 0.01 mmol) was dissolved in acetonitrile (1 mL)
in a sample tube for 24 hours at room temperature. After the solvent was
evaporated under reduced pressure. The residue gave a yellow complex as
a 68 /32 ((2)-5/ (E)-5) mixture. ®The isomer ratio is determind by the
integration of H signals of acatal proton in NMR.

NOESY
(2-5 (B)-5 (Z1 E=68/32) 10 mg -d
NOESY 15) . 4 He6
H3 (2-5 A
(B)-5 H H E
NO,
O,N 6/ H H
2 \ 3/ _H \
o~ ~OEt HH o~ ~OEt
(2)-5 (E)-5

Figure 4. The arrows indicate the nOe effects from 2D-NOESY.
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6 . 6
INADEQUATE
NOESY
5 2
7 5
H+ 7
(Table 3).
2 Pd-C a
Scheme 2.
R R
(/ LnXPd—__p
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T o

SV
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3.3

Incredible natural abundance double quantum transfer experiment of
4-(2)-4- Benzylidene-2-ethoxytetrahydrofuran (1). The 400 MHz proton (100 MHz
carbon) NMR spectra were acquired in 5 mm tubes on approximately 45 wt% solutions
in chloroform-d on a Varian Unity Plus instrument using a Varian Swithable Probe.
The probe temperature was controlled at approximately 30 . Broadband proton
decoupling was achieved using WALTZ-16 modulation of a 2.6 KHz B2 Field. The 1 /2
pulse in the carbon channel was 6.5 py s. INADEQUATE spectra were taken on
nonspinning samples. Optimized for .= 40, 60 Hz. The result is given in Table 1.

Nuclear overhauser enhancement spectroscopy experiment of 4-(Z)-4-
Benzylidene-2-ethoxytetrahydrofuran (1). The 400 MHz proton NMR spectra were
acquired in 5 mm tubes on approximately 2 wt% solutions in chloroform-d on a Varian
Unity Plus instrument using a Varian PFD Indirect Probe. All pulse sequences were
standard Varian sequences. Run a normal 'H NMR spectrum of the sample. The
spectral width was 6.5 ppm. Change to the 2D mode of the spectrometer software and
load the NOESY pulse sequence. The result is given in Figure 2.

The synthesis of 2-Ethoxy-4-(2)-(4-nitrobenzylidene)-tetrahydorofurane
((2)-5). Pd(OAc): (22.5 mg, 0.1 mmol), Cu(OAc): (18.2 mg, 0.1 mmol), and catechol
(11.0 mg, 0.1 mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed
round bottomed flask under O2. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to
the flask, and 4-nitoro-franscinnamyl alcohol (179 mg, 1.0 mmol) was added
successively. After the mixture was stirred for 10 hours at room temperature,
filtration through Florisil column (11 mm x 80mm 2.8 g, mhexane) followed by
evaporation of the solvent under reduced pressure to gave (2-5 (241 mg, 97 % yield).;
mp 75-76 5 IR (Nujor) 2927, 1652, 1592, 1513, 1099, 1049, 996 cm'}; (HNMR (400
MHz, CDCls,)d 1.21 (t, J=7.16 Hz, 3 H, CHs) 2.80 (d, J= 16.90 Hz, 1 H, C/C*H), 2.98
(dd, J=16.90, 4.92 Hz, 1 H, CH:C*H), 3.52 (dq, J= 8.53, 7.16 Hz, 1 H, -OCH>CHs), 3.78
(dq, J=8.53, 7.16 Hz, 1 H, -OCH:CHa), 4.71 (s, 2 H, =CCH:0), 5.27 (d, J= 4.92 Hz, 1 H,
C*H) 6.51 (s, 1 H, Ph-CH), 7.20 (d, J= 8.94 Hz, 2 H, Ph) 8.20 (d, J= 8.94 Hz, 2 H, Ph);
13C- {tH} (100 MHz, CDCIs,)3 15.1 (CHs), 41.6 (C*HCH»), 62.8 (-OCH:2CHs), 67.8
(O CH:0), 101.8 (C*H), 120.0 (Ph-CH), 123.8 (Ph), 128.2 (Ph), 143.6 (Ph) 144.9 (CH=0),
145.9 (Ph); GCMS m/e 249 (M*); Calced for Ci13Hi5NO4: C, 62.64; H, 6.07 N, 5.62. Found:
C, 62.64; H, 6.07; N, 5.50.

Preparetion of 2-Ethoxy-4-(Z)-4-(4-nitrobenzylidene)-tetrahydorofurane

((2)-5). Pd(OAc): (22.5 mg, 0.1 mmol), Cu(OAc): (18.2 mg, 0.1 mmol), and catechol

(11.0 mg, 0.1 mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed
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round bottomed flask under O2. Ethyl vinyl ether (283 mg, 4.0 mmol) was added to
the flask, and 4-nitoro-tfranscinnamyl alcohol (179 mg, 1.0 mmol) was added
successively. After the mixture was stirred for 10 hours at room temperature,
filtration through Florisil column (11 mm x 80mm 2.8 g, mhexane) followed by
evaporation of the solvent under reduced pressure to gave (2-5. The structure of
product (-5 was unequivocally established by X-ray structure analysis as shown in

Figure 3.

The synthesis of 2-Ethoxy-4-(2)-(4-nitrobenzylidene)-tetrahydorofurane
((2)-5) & 2-Ethoxy-4-(E)-(4-nitrobenzylidene)-tetrahydorofurane ((E)-5). The
product (2)-5 (2.5 mg, 0.01 mmol) was dissolved in acetonitrile (1 mL) in a sample tube
for 24 hours at room temperature. The solvent was evaporated under reduced
pressure. The residue gave a yellow oil (2)-5 & (£)-5 as a 68 / 32 (Z/ E) mixture.
ITHNMR (400 MHz, CDCls,)8 1.20 (t, J=7.17 Hz, 3 H, CHs, [£]) 1.21 (t, J=7.17 Hz, 3 H,
CHs, [4) 2.84 (d, J= 16.60 Hz, 1 H, CH:C*H, [4), 2.86 (d, J= 16.90 Hz, 1 H, CH:C*H,
[£]), 2.98 (dd, J= 16.60, 4.99 Hz, 1 H, CH:C*H, [4]), 2.98 (dd, J= 16.90, 4.92 Hz, 1 H,
CH:C*H, [£]), 3.50 (dq, J=9.72, 7.17 Hz, 1 H, -OCH>CH3), 3.80 (dq, J=9.72, 7.17 Hz, 1
H, -OCH:CHs), 4.58 (d, J= 13.98 Hz, 1 H, =CCH:0, [Z£]), 4.66 (d, J= 13.98 Hz, 1 H,
=CCH:0, [£)), 4.71 (s, 2 H, =CCH:0, [4)), 5.27 (d, J= 4.99 Hz, 1 H, C*H, [4)) 5.40 (d, J=
4.92 Hz, 1 H, C*H, [£]) 6.51 (s, 1 H, Ph-CH, [£]), 6.54 (s, 1 H, Ph-CH, [4), 7.20 (d, J=
8.94 Hz, 2 H, Ph, [Z]) 7.41 (d, J= 9.05 Hz, 2 H, Ph, [£]) 8.20 (d, J= 8.94 Hz, 2 H, Ph).

Nuclear overhauser enhancement spectroscopy experiment of
2-Ethoxy-4-(Z)-(4- nitrobenzylidene)-tetrahydorofurane ((Z)-5). The 400 MHz
proton NMR spectra were acquired in 5 mm tubes on approximately 2 wt% solutions in
chloroform-d on a Varian Unity Plus instrument using a Varian PFD Indirect Probe.
All pulse sequences were standard Varian sequences. Run a normal 'H NMR
spectrum of the sample. The spectral width was 7.5 ppm. Change to the 2D mode of
the spectrometer software and load the NOESY pulse sequence. The result is given in

Figure 4.
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Scheme 1.
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4.2
4.2.1

Pd(OAc)2/ Cu(OAc)s2/
(290 mg, 5.0 mmol) (2003 mg, 20.0 mmol)
89 % ( .

Pd(OAc), / Cu(OAc), / catechol /O,

_~OH 2 omsy (1)

MeCN, r.t., 3h o) O"Bu
6

INADEQUATE

1 6 10 mg 0.6 mL -d
IHNMR BCNMR DEPT 1
6 1 1 4 12), 2D-NMR

tocsy ghmqc 13), 700 mg
6 0.4mL -d INADEQUATE
14), Table 1

Table 1. 100MHz NMR structure assignment of 6.

carbon chem carbon 'H chem
carbon atom  shift? type® shift® neighbors? (J.)®

c4 145.64 C 104.55 (77) 68.90 (39) 39.16 (39)
C6 104.55 CH, 4.91 145.64 (77)

Cc2 103.50 CH 5.11 39.16 (40)

C5 68.90 CH, 4.28 145.64 (39)

Ccr 66.75 CH, 35 31.55 (38)

C3 39.16 CH, 2.5 145.64 (39) 103.50 (40)
c2' 31.55 CHy 1.47 66.75 (38) 19.18 (34)
C3' 19.18 CH, 1.29 31.55(34) 13.65(35)
c4 13.65 CHjs 0.83 19.18 (35)

#Ppm downfield from TMS internal standard. PObtained from DEPT experiment.
“Obtained from ghmqc experiment. 9n ppm obtained from INADEQUATE
experiment. °In Hz, from INADEQUATE experiment.

Table 1 c4 c4 C3 C2
Cr . C2 C2 C3 C4 Cb
W Cc4 C3 Cbh 39 Hz
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C4 C6 77 Hz
6 ( 1.

Figure 1. The bold-line indicates the correlation in the 2D-INADEQUATE.

5mol%  Pd(OAc)2/ Cu(OAc):
DMPU (2) oxamide (3) 10 mol%

/\/OH n /\O”Bu Pd(OAc)2/Cu(OAc)Zlamide/O%

MeCN, r.t., 3h o Do"Bu (2)
6
JOJ\ Ph O H
MeN~ “NMe Me)\N)H(NYPh
v H (@] Me
DMPU (2) oxamide (3)
Table 2. Addition of amide tothe catalyst system.?
entry amide mol% yield (%)b note
1 no use — 33¢ 99-1014  (km75)
2 2 10 24 02-1120-2(km263)
3 3 10 24 00-0106 (km85)

& Pd(OAc), (56.1 mg, 0.25 mmol), Cu(OAc), (45.4 mg, 0.25 mmol), and catechol (55.0
mg, 0.5 mmol) were dissolved in acetonitrile (5.0 mL) in a 25 mL side-armed round
bottomed flask under O,. n-Butyl vinyl ether (2003.2 mg, 20.0 mmol) was added to the
flask, and allyl alcohol (290.4 mg, 5.0 mmol) was added successively. After the mixture
was stirred for 3 hours at room temperature, filtration through Florisil column (20 mm x
20.5 mm 30 g, pentane) and evaporation of the solvent under reduced pressure gave 6
(701.9 mg, 89.9 % yield). ®The product yield was determind by GLC with an internal

standard of anisol. “Isolated yield.
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( 2. Table 2

Pd(OAc)2/ Cu(OAc):
3). Table 3 2
(entry 2).

Pd(OAc), / Cu(OAc), / catechol / O
/\/OH + /\OnBu ( )2 ( )2 2= (3)

MeCN ,r.t.,3h O O"Bu

Table 3. Synthesis of 6 catalyzed by Pd(OAc), / Cu(OAc), / catechol.?

entry  catechol (mol%) Pd(Il) / Cu(ll) (mol%)  vyield (%)° note

1 — 5 33 99-1014 (km75)
2 10 5 89 02-1229-1(km271)
3 10 10 64¢ 99-0719  (kme65)

& Pd(OAC), (56.1 mg, 0.25 mmol), Cu(OAc), (45.4 mg, 0.25 mmol), and catechol (55.0
mg, 0.5 mmol) were dissolved in acetonitrile (5.0 mL) in a 25 mL side-armed round
bottomed flask under O,. n-Butyl vinyl ether (2003.2 mg, 20.0 mmol) was added to the
flask, and allyl alcohol (290.4 mg, 5.0 mmol) was added successively. After the mixture
was stirred for 3 hours at room temperature, filtration through Florisil column (20 mm x
20.5 mm 30 g, pentane) and evaporation of the solvent under reduced pressure gave 6
(701.9 mg, 89.9 % vyield). P|solated yield. “The product yield was determind by GLC with

an internal standard of anisol.

5 mol%  Pd(OAc): Cu(OAc)2, Mn(OAc)2, Fe(OAc):
5 mol% ( 4). Table 4

(entries 7, 8 entries 9, 10).

Pd(OAc), / 5 mol% metal acetate / catechol / O,

/\/OH + Zo"Bu
MeCN, r.t., 3h

32
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Table 4. The co-catalyst effect for the synthesis of 6.2

entry catechol (mol%) metal acetate yield (%)° note
1 — — trace 02-1207-1(km266)
2 10 — 8 02-0427-2 (km66)
3 10 Cu(OAc), 89°¢ 02-1229-1(km271)
1 — Cu(OAc), 33° 99-1014  (km75)
5 10 Mn(OAc); 23 99-0909-1 (km68)
6 — Mn(OAc), trace 99-0909-2 (km69)
7 10 Fe(OAc), 16 99-1006-1 (km73)
8 — Fe(OAc), trace 99-1006-2 (km74)

& Pd(OAC), (56.1 mg, 0.25 mmol), Cu(OAc), (45.4 mg, 0.25 mmol), and catechol (55.0 mg, 0.5
mmol) were dissolved in acetonitrile (5.0 mL) in a 25 mL side-armed round bottomed flask under
0O,. n-Butyl vinyl ether (2003.2 mg, 20.0 mmol) was added to the flask, and allyl alcohol (290.4 mg,
5.0 mmol) was added successively. After the mixture was stirred for the 3 hours at room
temperature, filtration through Florisil column (20 mm x 205 mm 30g, pentane) and evaporation of
the solvent under reduced pressure gave 6 (701.9 mg, 89.9 % yield). bThe product yield was
determined by GLC with an internal standard of tetraethylene glycol dimethyl ether (TEGDE).

“Isolated yield.

Pd(OAc)2/ Cu(OAc)2/
( 5. Table 5
%\/OH n /\O”Bu Pd(OAc)zlCu(OAc)zlcatechoI/OZ; 5)
solvent, r.t., 3h @) OEt
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Table 5. The solvent effect for the synthesis of 6.2

entry  catechol (mol%)  solvent yield (%)° note
1 10 MeCN 89° 02-1229-1(km271)
2 — MeCN 33¢ 99-1014  (km75)
3 10 EtOAC 26 030122-1 (km278)
4 — EtOAcC trace 030122-2 (km279)

& All reaction were performed in the 1.0 mL of solvent at room temperature for
3 hours in the presence of 5 mol% of Pd(OAc),, Cu(OAc),, and 10 mol% of
catechol under O.. b Determind by GLC analysis used tetraethylene glycol
dimethyl ether as internal standard. “Isolated yield.

Pd(OAc)2/ Cu(OAc)z2/ 0 25 50
( 6). Table 6 25 )
50 (entry 3).

/\/OH + /\O”Bu Pd(OAc)2/Cu(OAc)zlcatechoI/02=

(6)
MeCN, temp., 3h o~ "O"Bu
6

Table 6. The temperature effect for the synthesis of 6.2
entry temperature (°C) yield (%)° note

1 0 30 99-0420 (km62)

2 25 89° 02-1229-1(km271)

3 50 13 02-0427-1(km208)

2Pd(OAc), (56.1 mg, 0.25 mmol), Cu(OAc), (45.4 mg, 0.25 mmol), and
catechol (55.0 mg, 0.5 mmol) were dissolved in acetonitrile (5.0 mL) in a 25
mL side-armed round bottomed flask under O,. n-Butyl vinyl ether (2003.2
mg, 20.0 mmol) was added to the flask, and allyl alcohol (290.4 mg, 5.0 mmol)
was added successively. After the mixture was stirred for the 3 hours at room
temperature, filtration through Florisil column (20 mm x 205 mm 30g, pentane)
and evaporation of the solvent under reduced pressure gave 6 (701.9 mg,
89.9 % vyield). bThe product yield was determined by GLC with an internal
standard of tetraethylene glycol dimethyl ether (TEGDE). “Isolated yield.
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4.2.2

3
Pd(OAc)2 (11.5 mg, 0.05 mmol) Cu(OAc)2(9.8 mg, 0.05 mmol)
(11.0 mg, 1 mmol) 1 L .
(400.2 mg, 4.0 mmol) (72.1 mg, 1.0 mmol)
3 .
2-n-Buthoxy-4-vinyltetrahydorofurane (7) 73 %

) —
Pd(OAc), / Cu(OAc), / catechol / O
\3/\1/OH + 0By (OAc), / Cu(OAc), 2 h@\ n @

MeCN, r.t., 3 h o) 0"Bu
7
NOESY 17
7 GC-Mass

. NMR .

NMR . 7 7 10 mg 0.6 mL
-d . THNMR BCNMR
DEPT 71/ 29 (cis / trans)
12), 2D-NOESY
2

cis- 7 trans- 7

Figure 2. The arrows indicate the nOe effects from 2D-NOESY.

2 ciss 7T H4
H4 H3 . H3
H2 . ciss7T H4
H2
transs7 H
H . H
H
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H . trans- 7

H H
Pd(OAc)2/ Cu(OAc):
DMPU (2), oxamide (8) (
8). Table 7
7
S~ OH 4 /\O”Bu Pd(OAc), / Cu(OAc), / amide / 02= (8)
MeCN, r.t.,, 3 h ) O"Bu
7
0] O H
e A J N
eN” "'NMe Ph N \‘/
K) H O
DMPU (2) oxamide (3)
Table 7. Addition of amide to the catalyst system.?
entry amide mol% yield (%)° cis / trans® note
1 no use — 24 65/35 02-0430-1(km210)
2 2 10 8 65/ 35 02-0430-4(km213)
3 3 10 11 68 /32 02-0430-3(km212)
49 no use — no reaction 02-0430-3(km212)

2Pd(OAC); (11.2 mg, 0.05 mmol), Cu(OAc), (9.8 mg, 0.05 mmol), and catechol (11.0 mg, 0.1
mmol) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask
under O,. n-Butyl vinyl ether (400.6 mg, 4.0 mmol) was added to the flask, and crotyl alcohol
(72.0 mg,1.0 mmol) was added successively. After the mixture was stirred for 3 hours at room
temperature, separation of the reaction mixture by Florisil column (11 mm x80 mm 2.8 g,
EtOAcC) afforded 7 (73 % vyield) as a 29 / 71 mixture of cis / trans isomer (colorless oil). bThe
product yield was determind by GLC with an internal standard of anisol. “The isomer ratio is
determined by the integration of oy signals of C4 proton on compound 7 in NMR. deCIZ,
CuCl, used.
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Pd(ll) = —
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cis-7
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4.2.3
Pd(OAc)2 / Cu(OAc):2 /
(179.0 mg, 1.0 mmol)  2-
preparative

4_-
(512.7 mg, 4.0 mmol) 24
67 %)

TLC

R*R*8 (

R*S*8 ( 11 ) (9.

OH + /\ >
= O O o >0 o
8

MeCN, r.t., 24 h
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Table 8. Synthesis of 8 catalyzed by Pd(OAc), / Cu(OAc), / catechol.?

catechol Pd(OAc), / Cu(OA), yield
entry (mol%) (mol%) (%) (R*R* / R*s*)b note
1 10 5 78 (87 /13) 02-1015 (km251)
2 — 5 51(93/ 7) 02-0922 (km244)

#Reaction condition; 4-nitoro-trans-cinnamyl alcohol (179 mg, 1.0 mmol),
2-Vinyloxytetrahydropyran (512.7 mg, 4.0 mmol), Pd(OAc), (11.5 mg, 0.05 mmol),
Cu(OAc), (9.4 mg, 0.05 mmol), and catechol (10.2 mg, 0.1 mmol) were used. PThe isomer

ratio is determined by the integration of H signals of acetal proton in NMR.

X
5 L (R*R*8) 25 mg 1 mL
3 L 30 L
.2 . X

monoclinic _ 3

V= 3058(1
C2/c(#15) @
a= 19.238(4) R;=4.86 %
b= 12.755(3) Ry=14.34 %
c= 15.148(3)

Shift / error= 0.002
Goodness of fit= 0.898

B = 124.62(1)°

Figure 3. The X-ray crystal structure of B*R*8.

10 Pd(0OAc)2/ Cu(OAc):/
(134.2 mg,1.0 mmol) 2-
(512.6 mg, 4.0 mmol) 5 )
preparative TLC . R*R*9
( 64 ) R*S*9( 1)
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Table 9. Synthesis of 9 catalyzed by Pd(OAc), / Cu(OAc), / catechol.?

catechol Pd(OAc), / Cu(OAc), yield
entry  (mol%) (mol%) (%) (R*R* | R*S*)P note
1 10 10 75 (87 1 13) 02-0731-1(km234)
2 —_— 10 23 (87/13) 02-1202 (km265)

#Reaction condition; trans-cinnamyl alcohol (134.2 mg, 1.0 mmol),
2-Vinyloxytetrahydropyran (512.7 mg, 4.0 mmol), Pd(OAc), (22.4 mg, 0.1 mmol),
Cu(OAC), (18.1 mg, 0.1 mmol), and catechol (11.0 mg, 0.1 mmol) were used. *The
isomer ratio is determined by the integration of Iy signals of acetal proton in NMR.

INADEQUATE
10 mg R*R*9 0.6 mL -d . THNMR
13CNMR DEPT 0 6

Table 10. 100MHz NMR structure assignment of R*R*-9,

carbon chem carbon 14 chem

carbon atom shift? type® shift® neighbors? (Jec)®
C4 138.88 C 121.62 (75) 68.07 (37) 40.76 (36)
Ph 137.34 C 121.62 (54)
Ph 128.44 CH 7.3
Ph 127.77 CH 7.1
Ph 126.45 CH 7.2
C6 121.62 CH 6.4 138.88 (75) 137.34 (54)
C2 97.86 CH 5.2 40.76 (36)
c2 94.78 CH 4.6 30.66 (37)
c5 68.07 CH, 3.7 138.98 (37)
cé' 63.25 CH, 34 25.36 (37)
C3 40.76 CH, 2.9 138.88 (36) 97.86 (36)
c3' 30.66 CH, 2.7 92.78 (37) 19.90 (37)
C5' 25.36 CH; 1.5 63.25(37) 19.97 (37)
c4 19.90 CH, 0.9 30.66 (37) 25.36 (37)

2Ppm downfield from TMS internal standard. Obtained from DEPT experiment.
“Obtained from ghmac experiment. 9n ppm obtained from INADEQUATE
experiment. ®In Hz, from INADEQUATE experiment.
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8 2 4 12), 2D-NMR tocsy

ghmqc 13), 300 mg R*R*9 0.4 mL
-d - INADEQUATE
14), Table 10 Cce
Ce C5 C4 C3 C2 14),
37 Hz
C2 C2 C3 C4 C5 14)
C4 Co 77 Hz
R*R*9 (4.
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@) O @)
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Figure 4. The bold-line indicates the correlation in the 2D-INADEQUATE.
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11 ) Pd(OAc): Cu(OAc):
10 mol% 4 mmol
Ph

\

th/\/OH + Z0R Pd(OAc)2/Cu(OAc)zlcatechol/02= (11)
MeCN, r.t., time o OR

Table 11. Synthesis of dihydrofurane derivatives catalyzed by Pd(OAc), / Cu(OAc), / catechol.?

catechol yield
entry  vinyl ether  (mol%) time (h) product (%)b(R*R*/R*s*)C note
Ph
1 o 10 1 _\>\_>\ g4d 98-1005-1 (N0.31)
t
2 — 1 o OEt 489 98-1005-2 (No.32)
1
Ph
3 o 10 3 _b o1 02-1230 (km277)
u
4 — 3 0" 0"BU 44 98-0420  (kmo)
10

.
O

Ph_\z_>\ /O 72(88/12)  01-1003 (km187)
o Yo" o
9

6 — 5 23(87/13)  02-1202 (km265)
N
7 2 Si(OMe); 10 6 Pha~ Oy 00-0905 (km154)
MeO ©OMe
o)
8 /\NJ\H 10 24 polymerized 02-0520 (km216)
H
Ph H o)
9 OH 10 24 Z + ; km172
N v\g/ )J\O/\/OH 01-0618 ( )

Reaction condition; ®trans-cinnamyl alcohol (1 mmol), vinyl ether (4.0 mmol), Pd(OAc), (0.1 mmol),
Cu(OACc), (0.1 mmol), and catechol (0.1 mmol) were used. b|solated yield. “The isomer ratio is
determined by the integration of 1H signals of acetal proton in NMR. dcLC yield
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1 mmol
Table 11
11 1 (entries
1, 2).
10 (entries 3, 4). 2-
9 (entries 5, 6).

(entries 1, 3, 5).

(entry 7).
(entry 8)19, entry 9
19),
(Table 11).
12 . Table 12 .
12
6 (entries 1, 2).
7 (entries 3, 4).
10 (entries 5, 6).

(entries 1, 3, 5).
methyl-a-(hydroxymethyl)-acrylate

(entry 7).

(entry 8). Table 12

Table 11  Table 12
Pd(OAc)2, Cu(OAc): 10 mol%
10 mol%

Pd(OAc)2, Cu(OAc): 5 mol% 2 10 mol%

(2. 2, Table 4)
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R’
Pd(OAc), / Cu(OAc), / catechol / O,

\

MeCN, r.t., time o O"Bu

RO + 2 omgy (12)

Table 12. Synthesis of dihydrofurane derivatives catalyzed by Pd(OAc), / Cu(OAc), / catechol.?

catechol yield
entry  (mol%) alcohol  time (h) product (%)°(cis / trans)®  note
- -1 (km271
1 10 _~_OH 3 h 89 02-1229-1 (km271)
2 — 3 o~ ~O"Bu 33 99-1014  (km75)
6

3 10 _~_oH 3 :b\ 73%71/39)  02-0430-2 (km211)
o~ ~O"Bu
.

4 - 3 24%65/35)  02-0430-1 (km210)
Ph—\
5 10 3 h 74 02-0619 (km224)
Ph A~ OH o84
6 - 3 o 31 02-1126 (km264)
10

! 10 {OH 24 ;/\OJ\OnBu 00-0516-1 (km127)

8 10 Z>""0OH 3 —¢ 01-0717 (km179)

Reaction condition; ®allyl alcohol (1 mmol), vinyl ether (4.0 mmol), Pd(OAc), (0.05 mmol),
Cu(OACc), (0.05 mmol), and catechol (0.1 mmol) were used. b|solated yield. °The isomer ratio is
determined by the integration of 1H signals of acetal proton in NMR. dcLC yield. ®not identify.
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4.3

The synthesis of 2-n-Buthoxy-4-methylenetetrahydorofurane (6). Pd(OAc):
(56.1 mg, 0.25 mmol), Cu(OAc) 2 (45.4 mg, 0.25 mmol), and catechol (55.0 mg, 0.5
mmol) were dissolved in acetonitrile (5.0 mL) in a 25 mL side-armed round bottomed
flask under Os2. n-Butyl vinyl ether (2003.2 mg, 20.0 mmol) was added to the flask,
and allyl alcohol (290.4 mg, 5.0 mmol) was added successively. After the mixture was
stirred for 3 hours at room temperature, filtration through Florisil column (20 mm x
20.5 mm 30 g, pentane) and evaporation of the solvent under reduced pressure gave
2-n-Buthoxy-4-methylenetetrahydorofurane (701.9 mg, 89.9 % yield). bp (bulb-to-bulb)
54- 55 (4 mmHg); IR (neat) 3081, 2960, 2871, 1714, 1671, 921, 883, 735 cm'%;
THNMR (400 MHz, CDCl3) & 0.83 (t, J=7.51 Hz, 3 H, CHs) 1.29 (sex, J= 7.51 Hz, 2 H,
CH:CHs), 1.47 (qui, J= 7.51 Hz, 2 H, CH:CH2CH3), 2.43 (d, J= 16.34 Hz, 1 H, CH>:C*H),
2.61 (dd, J=16.34, 5.28 Hz, 1 H, CH:C*H ), 3.33 (dt, J=9.39, 7.51 Hz, 1 H, -OCH2CH>),
3.61 (dt, J=9.39, 7.51 Hz, 1 H, -OCH2CHy), 4.28 (s, 2 H, OCH:2C=), 4.98 (s, 1 H, C=CH>),
5.03 (s, 1 H, C=CHb), 5.11 (d, J= 5.28 Hz, 1 H, C*H); 13C- {1H} (100 MHz, CDCl3)d 13.6
(CHs), 19.1 (CH2CHs), 31.5 (CH:CH2CHs), 39.1 (CH2C*H), 66.7 (OCH:2CH>), 68.9
(OCH:C), 103.5 (C*H), 104.5 (C=CHz2), 145.6 (CH2=0); GCMS m/e 156 (M*).

Incredible natural abundance double quantum transfer experiment of
2-n-Buthoxy-4- methylenetetrahydorofurane (6). The 400 MHz proton (100 MHz
carbon) NMR spectra were acquired in 5 mm tubes on approximately 45 wt% solutions
in chloroform-d on a Varian Unity Plus instrument using a Varian Swithable Probe.
The probe temperature was controlled at approximately 30 . Broadband proton
decoupling was achieved using WALTZ-16 modulation of a 2.6 KHz B2 Field. The 1 /2
pulse in the carbon channel was 6.5 y s. INADEQUATE spectra were taken on

nonspinning samples. Optimized for Jic= 40, 60 Hz. The result is given in Table 1.

The synthesis of 2-n-Butoxy-4-vinyltetrahydrofuran (7). Pd(OAc): (11.2 mg,
0.05 mmol), Cu(OAc)2 (9.8 mg, 0.05 mmol), and catechol (11.0 mg, 0.1 mmol) were
dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed flask under Os.
nButhyl vinyl ether (400.1 mg, 4.0 mmol) was added to the flask, and crotyl alcohol
(72.1 mg, 1.0 mmol) was added successively. After the mixture was stirred for 3 hours
at room temperature, filtration through Florisil column (11 mm x 80mm 2.8 g, EtOAc)
followed by evaporation of the solvent wunder reduced pressure gave
2-n-Butoxy-4-vinyltetrahydrofuran (73 %). bp (bulb-to-bulb) 102- 105 (4 mmHg);
IHNMR (400 MHz, CDCl3)d 0.84 (t, J= 7.34 Hz, 3 H, CHs) 1.29 (sex, 2 H, CH:CH>),
1.48 (qui, 2 H, -OCH2CH>), 1.58-1.63 (m, 1 H, CH:C*H [syn]), 1.63-1.72 (m, 1 H,
CH:C*H lanti ), 1.98-2.05 (m, 1 H, CH>:C*H lantil), 2.27-2.36 (m, 1 H, CH:C*H [synl),
2.75 (sex, 1 H, CH:=CH [synl), 3.02 (sex, 1 H, CH.=CH l[anti), 3.28 (dt, J= 9.52, 7.34
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Hz, 1 H, -OCH:CH: [anti]), 3.30 (dt, J= 9.53, 7.34 Hz, 1 H, -OCH>CH: [synl), 3.55 (dd,
J=9.53, 8.33 Hz, 1 H, OCH:CH [synl), 3.65 (dd, J= J= 9.52, 8.37 Hz, 1 H, -OCH:CH
lanti), 3.62-3.68 (m, 1 H, -OCH>CH), 3.92 (dd, J= 9.53, 8.33 Hz, 1 H, -OCH:CH [syn)),
4.05 (dd, J=9.52, 8.37 Hz, 1 H, -OCH:2CH [ant), 4.95-5.08 (m, 2 H, CH.=CH) 5.08-5.14
(m, 1 H, C*H), 5.54-5.76 (m, 1 H, CH>=CH lanti]) 5.76-5.86 (m, 1 H, CH.=CH [syn]);
13C- {1H} (100 MHz, CDCl3)d 13.7 (CHs), 19.2 (CH2CHs lan#l), 19.3 (CH2CHs [synl),
31.73 (-OCH2CH: [anti]), 31.76 (-OCH2CH: [synl), 39.2 (C*"HCH: [synl), 39.4 (C*HCH:
lanti]), 41.4 (CHCH:20- [antil), 43.0 (CHCH:0- [synl), 66.9 (-OCH:CH: [antl), 67.3
(-OCH:2CHz: [syn)), 70.8 (-OCH:CH [syn]), 71.6 (-OCH:CH [antl)), 103.9 (C*H [an#)),
104.4 (C*H [synl), 115.1 (CH2=CH [an#]), 115.3 (CH2=CH [synl), 138.8 (CH2=CH [syzl),
139.0 (CH2=CH [anti); GCMS m/e 170 (M™).

Nucler Overhauser enhancement spectroscopy of cis-2-n-Butoxy-4-vinyl-
tetrahydrofuran (cis-7) & trans-n-Butoxy-4-vinyltetrahydrofuran (trans-7). The 400
MHz proton NMR spectra were acquired in 5 mm tubes on approximately 2 wt%
solutions in chloroform-d on a Varian Unity Plus instrument using a Varian PFD
Indirect Probe. Run a normal 'H NMR spectrum of cis8 & trans8. The spectral
width was 6.5 ppm. Change to the 2D mode of the spectrometer software and load the
NOESY pulse sequence. The result is given in Figure 2.

The synthesis of 2-[4-(2)-4-(4-Nitrobenzylidene)-tetrahydrofuran]-
tetrahydropyran (R*R*-8). Pd(OAc): (11.5 mg, 0.05 mmol), Cu(OAc): (9.4 mg, 0.05
mmol), and catechol (10.2 mg, 0.1 mmol) were dissolved in acetonitrile (1.0 mL) in a
25 mL side-armed round bottomed flask under Oz. 2-Vinyloxytetrahydropyran (283.0
mg, 4.0 mmol) was added to the flask, and 4-nitoro-trans-cinnamyl alcohol (179 mg, 1.0
mmol) was added successively. After the mixture was stirred for the 24 hours at room
temperature, after filtration through Florisil, the solvent was evaporated under
reduced pressure. The residual yellow solid was subjected to preparative
chromatograph (Rf = 0.35, m-hexane / EtOAc = 4 / 1) to gave R*R*8 (205 mg, 67 %
yield). mp 92-93 ; 'HNMR (400 MHz, CDCls,)d 1.47-1.63 (m, 4 H, tetrahydropyran)
1.68-1.77 (m, 1 H, tetrahydropyran) 1.79-1.87 (m, 1 H, tetrahydropyran) 2.83 (d, J=
16.84, 1 H, C*HCHo), 3.03 (dd, J= 16.84, 5.24 Hz, 1 H, C*HCH>), 3.52- 3.59 (m, 1 H,
tetrahydropyran), 3.86- 3.92 (m, tetrahydropyran), 4.71 (s, 2 H, =CCH:0), 4.95 (s, 1 H,
tetrahydropyran), 5.65 (d, J=5.24 Hz, 1 H, C*H), 6.53 (s, 1 H, Ph-CH) 7.26 (d, J= 8.76
Hz, 2 H, Ph) 821 (d, J= 8.76 Hz, 2 H, Ph); 3C- {{H} (100 MHz, CDCl3)d 19.8
(tetrahydropyran), 25.3 (tetrahydropyran), 30.6 (tetrahydropyran), 41.2 (C*HCHb2),
63.43 (tetrahydropyran), 68.0 (=CCH:20), 94.8 (tetrahydropyran), 97.7 (C*H), 120.0
(Ph-CH), 123.8 (Ph), 128.2 (Ph), 143.6 (Ph) 144.8 (=CCH:2C*H), 145.9 (Ph); GCMS m/e
305 (M*); Caled for Ci16H19NOs: C,62.94; H, 6.27; N, 4.59. Found: C, 62.87; H, 6.70; N,
4.49.
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Preparetion of 2-[4-(2)-4-(4-Nitrobenzylidene)-tetrahydrofuran]-
tetrahydropyran (R*R*-8). Pd(OAc): (11.5 mg, 0.05 mmol), Cu(OAc): (9.4 mg, 0.05
mmol), and catechol (10.2 mg, 0.1 mmol) were dissolved in acetonitrile (1.0 mL) in a
25 mL side-armed round bottomed flask under Os. 2-Vinyloxytetrahydropyran (283.0
mg, 4.0 mmol) was added to the flask, and 4-nitoro-trans-cinnamyl alcohol (179 mg, 1.0
mmol) was added successively. After the mixture was stirred for the 24 hours at room
temperature, after filtration through Florisil, the solvent was evaporated under
reduced pressure. The residual yellow solid was subjected to preparetive
chromatograph (Rf = 0.35, mhexane / EtOAc = 4 / 1) to gave R*R*8. To this was
added ether (1 mL) to give single crystal of B*R*8 suitable for X-ray analysis as shown

in Figure 3.

The synthesis of 2-[4-(2)-4-(4-Nitrobenzylidene)-tetrahydrofuran]-
tetrahydropyran (R*S*-8). Pd(OAc): (11.5 mg, 0.05 mmol), Cu(OAc): (9.4 mg, 0.05
mmol), and catechol (10.2 mg, 0.1 mmol) were dissolved in acetonitrile (1.0 mL) in a
25 mL side-armed round bottomed flask under Os. 2-Vinyloxytetrahydropyran (283.0
mg, 4.0 mmol) was added to the flask, and 4-nitoro-trans-cinnamyl alcohol (179 mg, 1.0
mmol) was added successively. After the mixture was stirred for the 24 hours at room
temperature, after filtration through Florisil, the solvent was evaporated under
reduced pressure. The residual yellow solid was subjected to preparetive
chromatograph (Rf = 0.24, mhexane / EtOAc = 4 / 1) to gave B*S*8 (34 mg, 11 %
yield).; THNMR (400 MHz, CDCl3)d 1.48-1.64 (m, 4 H, tetrahydropyran) 1.67-1.78 (m, 1
H, tetrahydropyran) 1.78-1.86 (m, 1 H, tetrahydropyran) 2.83 (d, J= 16.60, 1 H,
C*HCH:), 3.03 (dd, J= 16.60, 5.24 Hz, 1 H, C*HCHe), 3.52- 3.63 (m, 1 H,
tetrahydropyran), 3.95- 4.06 (m, tetrahydropyran), 4.75 (d, J= 2.36 Hz, 1 H, =CCH:0),
4.88 (d, J=2.36 Hz, 1 H, =CCH:0), 4.91(s, 1 H, tetrahydropyran ) 5.51 (d, J=5.24, Hz, 1
H, C*H), 6.53 (s, 1 H, Ph-CH) 7.26 (d, J= 8.92 Hz, 2 H, Ph) 8.20 (d, J= 8.92 Hz, 2 H, Ph).

The synthesis of 2-[4-(2)-4-Benzylidenetetrahydorofurane]-tetrahydropyran
(R*R*-9).  Pd(OAc)2(22.5 mg, 0.1 mmol), Cu(OAc):(18.2 mg, 0.1 mmol), and catechol
(0.1 mmol, 11.0 mg) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed
round bottomed flask under O2. 2-Vinyloxytetrahydropyran (283 mg, 4.0 mmol) was
added to the flask, and ¢rans-cinnamyl alcohol (134 mg, 1.0 mmol) was added
successively. The mixture was stirred for 5 hours at room temperature. After filtration
through Florisil, the solvent was evaporated under reduced pressure. The residual oil
was subjected to preparetive chromatograph (Rf = 0.5, n-hexane / EtOAc = 1/ 4) to gave
R*R*9 (134.2 mg, 64 % yield).; bp (bulb-to-bulb) 176- 178 (4 mmHg).; Rf = 0.34
(Si02, EtOAc / mhexane = 1 / 4); 'THNMR (400 MHz, CDCl13)d 1.47-1.61 (m, 4 H,
tetrahydropyran) 1.66-1.74 (m, 1 H, tetrahydropyran) 1.76-1.86 (m, 1 H,
tetrahydropyran) 2.77 (d, J= 16.61, 1 H, C*HCH>), 2.98 (dd, J= 16.61, 5.51 Hz, 1 H,
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C*HCH>), 3.50-3.57 (m, 1 H, tetrahydropyran), 3.85-3.92 (m, tetrahydropyran), 4.69 (s,
2 H, =CCH:0), 4.95 (s,1 H, tetrahydropyran ) 5.60 (d, J=5.51 Hz, 1 H, C*H), 6.44 (s, 1
H, Ph-CH) 7.13 (d, J= 7.87 Hz, 2 H, Ph) 7.20 (t, J= 7.87 Hz, 1 H, Ph) 7.33 (d, J= 7.87 Hz,
2 H, Ph); 13C- {1H} (100 MHz, CDCl3)d 19.9 (tetrahydropyran), 25.9 (tetrahydropyran),
30.6 (tetrahydropyran), 41.8 (C*HCHa), 63.2 (tetrahydropyran), 68.0 (=CCH20), 94.7
(tetrahydropyran), 97.8 (C*H), 121.6 (Ph-CH), 126.4 (Ph), 127.8 (Ph), 128.4 (Ph),
137.3(Ph), 138.9 (CH=0); GCMS m/e 260 (M*); Caled for Ci6H200s: C,73.82; H,7.74.
Found: C, 73.24; H, 7.95.

The synthesis of 2-[4-(Z)-4-Benzylidene-tetrahydorofurane]-tetrahydropyran
(R*S*-9). Pd(OAc)2(22.5 mg, 0.1 mmol), Cu(OAc): (18.2 mg, 0.1 mmol), and catechol
(0.1 mmol, 11.0 mg) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed
round bottomed flask under Oz. 2-Vinyloxytetrahydropyran (283 mg, 4.0 mmol) was
added to the flask, and ¢ranscinnamyl alcohol (134 mg, 1.0 mmol) was added
successively. The mixture was stirred for 5 hours at room temperature. After filtration
through Florisil, the solvent was evaporated under reduced pressure. The residual oil
was subjected to preparetive chromatograph (Rf = 0.4, n-hexane / EtOAc = 1/ 4) to gave
R*S*9 (29.5 mg, 11.3 % yield).; bp (bulb-to-bulb) 132- 135 (1 mmHg); 'HNMR
(400 MHz, CDCls) & 1.46-1.66 (m, 4 H, tetrahydropyran) 1.67-1.76 (m, 1 H,
tetrahydropyran) 1.76-1.85 (m, 1 H, tetrahydropyran) 2.77 (d, J= 16.37, 1 H, C*HC H>),
2.97 (dd, J= 16.37, 5.42 Hz, 1 H, C*HCH>), 3.52-3.59 (m, 1 H, tetrahydropyran),
3.94-4.01 (m, tetrahydropyran), 4.71 (d, J= 14.21 Hz, 1 H, =CCH20), 4.83 (d, J= 14.21
Hz, 1 H, =CCH20), 4.85 (m, 1 H, tetrahydropyran ) 5.45 (d, J=5.42, Hz, 1 H, C*H), 6.42
(s, 1 H, Ph-CH) 7.13 (d, J= 7.71 Hz, 2 H, Ph) 7.20 (t, J= 7.71 Hz, 1 H, Ph) 7.33 (d, J=
7.71 Hz, 2 H, Ph).

Incredible natural abundance double quantum transfer experiment of
2-[4-(2)-4-Benzylidene- tetrahydorofurane]-tetrahydropyran (R*R*-9). The 400
MHz proton (100 MHz carbon) NMR spectra were acquired in 5 mm tubes on
approximately 30 wt% solutions in chloroform-d on a Varian Unity Plus instrument
using a Varian Swithable Probe. The probe temperature was controlled at
approximately 30 . Broadband proton decoupling was achieved using WALTZ-16
modulation of a 2.6 KHz B2 Field. The 11 /2 pulse in the carbon channel was 6.5 [ s.
INADEQUATE spectra were taken on nonspinning samples. Optimized for .= 40, 60
Hz. The result is given in Table 10.

The synthesis of 4-Benzylidene-2-n-buthoxy-tetrahydorofurane (10). Pd
(OAc):2 (22.5 mg, 0.1 mmol), Cu(OAc): (18.2 mg, 0.1 mmol), and catechol (0.1 mmol, 11.0
mg) were dissolved in acetonitrile (1.0 mL) in a 25 mL side-armed round bottomed
flask under Os2. n-Buthyl vinyl ether (283 mg, 4.0 mmol) was added to the flask, and
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trans-cinnamyl alcohol (134 mg, 1.0 mmol) was added successively. The mixture was
stirred for 3 hours at room temperature, filtration through Florisil column (20 mm x
20.5 mm 30 g, EtOAc) and evaporation of the solvent under reduced pressure gave (21.
0 mg, 91.2 % yield).; bp (bulb-to-bulb) 173- 175 (5 mmHg) ; 'HNMR (400 MHz,
CDCls) & 0.91 (t, J= 6.60 Hz, 3 H, CHs) 1.36 (sex, J= 6.60 Hz, 2 H, CH2CH3) 1.56 (qui,
J=6.60 Hz, 2 H, CH:CH:CH3) 2.71 (d, J= 16.48, 1 H, C*HCH>), 2.93 (dd, J= 16.48, 5.15
Hz, 1 H, C*HCH>), 3.44 (dt, J= 9.51, 6.60 Hz, 1 H, -OCH>CHs), 3.71 (dt, J= 9.51, 6.60
Hz, 1H, -OCH:CHb2), 4.68 (s, 2 H, -OCH:C=), 5.21 (d, J= 5.15 Hz, 1 H, C*H), 6.42 (s, 1H,
Ph-CH), 7.13 (d, J= 7.33 Hz, 2 H, Ph), 7.20 (t, J=7.33 Hz, 1 H, Ph), 7.34 (d, J= 7.33 Hz,
2 H, Ph); 13C- {1H} (100 MHz, CDCl3)3& 13.9 (CHs), 19.3 (CH2CHs), 31.7 (-OCH2CHb>),
41.1 (C*HCHb»), 67.0 (-0 CH2CHz), 67.9 (O CH:C=), 102.2 (C*H), 121.5 (Ph-CH), 126.4
(Ph), 127.8 (Ph), 128.4 (Ph), 137.4 (Ph); 139.1 (CH=0); GCMS m/e 232 (M"); Calcd for
C15H2002: C,77.55; H,8.68. Found: C, 77.53; H, 8.62.
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1H NMR spectrum of 2-n-Buthoxy-4-methylenetetrahydorofurane.
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	2. 3実験の部
	General.  All melting points were measured on a Yanaco micro melting point apparatus and were uncorrected.  NMR spectra were recorded on a Varian UNITY INOVA 400 (1H NMR, 399.91 MHz; 13C NMR, 100.56 MHz ) instrument for solutions in CDCl3 with Me4Si as
	Scheme 1.


