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Spectral Data, and 'H and '*C NMR spectra of the Starting Materials 1a-1.
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4-Hydroxy-2,3-diisopropoxy-4-phenylcyclobut-2-en-1-one (1a)°*: yellowish oil; IR (CHCl3) v
3400 (OH), 1775 (C=0), 1625 (>C=C<); '"H NMR (400 MHz, CDCl3) 67.51-7.26 (5H, m, arom H),
4.94 (1H, sept, J = 6.1 Hz, >CH-0), 4.84 (1H, sept, J = 6.1 Hz, >CH-0), 3.83 (1H, s, OH), 1.39 (3H,
d,J=6.1 Hz, CHs), 1.28 (3H, d, /= 6.1 Hz, CH3), 1.26 (3H, d, /= 6.1 Hz, CH3), 1.25 (3H, d, J=6.1
Hz, CH3); 3C NMR (100 MHz, CDCl3) § 184.1 (C-1), 166.0 (C-3), 137.7 (C-2), 133.2 (arom C),
128.5 (2C), 128.0, 125.9 (2C) (arom CH), 87.2 (C-4), 77.5, 73.7 (>CH-0), 22.7 (2C), 22.5, 22.3
(CH3).
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4-Hydroxy-2,3-dimethoxy-4-phenylcyclobut-2-en-1-one (1b): colorless microcryatals (from
MnOH/jexane); mp 95-98 °C (lit,>> mp 96-98 °C); 'H NMR (300 MHz, CDCl3) 6 7.53-7.50 (2H, m,
arom H), 7.40-7.31 (3H, m, arom H), 4.05 (3H, s, CH30), 4.00 (3H, s, CH30), 3.48 (1H, s, OH); '*C
NMR (75 MHz, CDCI3) 6184.1 (C-1), 166.1 (C-3), 137.1 (C-2), 135.3 (arom C), 128.6 (2C), 128.4,

125.9 (2C) (arom CH), 87. 6 (C-4), 60.3, 58.7 (CH;0).
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2,3-Diethoxy-4-hydroxy-4-phenylcyclobut-2-en-1-one (1¢)!'?: yellowish oil; 'H NMR (300 MHz,
CDCls) §7.54-7.32 (5H, m, arom H), 4.42 (2H, q, J = 6.0 Hz, CH:0), 4.35 (2H, q, J = 6.0 Hz, CH;0),
3.55 (1H, s, OH), 1.36 (3H, t, J = 6.0 Hz, CH3), 1.33 (3H, t, J = 6.0 Hz, CH3); 13C NMR (100 MHz,
CDCls) §184.7 (C-1), 166.1 (C-3), 137.6 (C-2), 134.5 (arom C), 128.8 (2C), 128.4, 126.1 (2C) (arom

CH), 87.6 (C-4), 66.9, 67.2 (CH,-0), 15.6, 15.1 (CH3).
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4-Hydroxy-2,3-diisopropoxy-4-methylcyclobut-2-en-1-one (1¢)°*: Ry = 0.35 (7:3 Et,O/hexane
v/v); yield 72%; colorless solid; mp 35-36 °C; IR (CHCI3) v 3370 (OH), 1766 (C=0), 1620 (>C=C<);
"H NMR (300 MHz, CDCls) §4.88 (2H, sept, J = 6.1 Hz, >CH-O x2), 3.31 (1H, s, OH), 1.51 (3H, s,
CHs), 1.41 3H, d, J= 6.1 Hz, CH3), 1.40 (3H, d, J = 6.1 Hz, CH3), 1.28 (3H, d, J = 6.1 Hz, CH3),
1.26 (3H, d, J = 6.1 Hz, CH3); *C NMR (75 MHz, CDCl3) §187.6 (C-1), 168.5 (C-2), 130.7 (C-3),
83.1 (C-4), 76.8, 73.2 (>CH-0), 22.7 (2C), 22.5, 22.4, 19.2 (CH3).
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4-Allyl-4-hydroxy-2,3-diisopropoxycyclobut-2-en-1-one (1f): Rr = 0.29 (7:3 Et:O/hexane v/v);
yellow solid; mp 37-38 °C; IR (CHCI3) v 3373 (OH), 1767 (C=0), 1620 (>C=C<); 'H NMR (300
MHz, CDCls) 65.86-5.72 (1H, m, -CH=), 5.17 (1H, d, J = 17.1 Hz, =CHgansHsis), 5.13 (1H, d, J =
10.7 Hz, =CHgansHcis), 4.88 (1H, sept, J = 6.1 Hz, >CH-0), 4.86 (1H, sept, J = 6.1 Hz, >CH-0), 3.03
(1H, s, OH), 2.60 (2H, d, J= 6.4 Hz, -CH»-), 1.40 (3H, d, /= 6.1 Hz, CH3), 1.38 (3H, d, /= 6.1 Hz,
CH3), 1.28 (3H, d, J = 6.1 Hz, CH3), 1.25 (3H, d, J = 6.1 Hz, CH3); '3C NMR (75 MHz, CDCl3) &
186.5 (C-1), 167.3 (C-3), 132.4 (-CH=), 131.9 (C-2), 119.5 (=CH>), 85.3 (C-4), 77.1, 73.5 (>CH-0O),
37.8 (-CHz-), 22.74, 22.72, 22.6, 22.4 (CH3).
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4-Butyl-4-hydroxy-2,3-diisopropoxycyclobut-2-en-1-one (1g)°*: Rr = 0.15 (CHCly); yield 83%;
yellow oil; IR (CHCI3) v 3370 (OH), 1765 (C=0), 1616 (>C=C<); 'H NMR (300 MHz, CDCl3) &
4.89 (1H, sept, J = 6.1 Hz, >CH-0), 4.86 (1H, sept, J = 6.1 Hz, >CH-0), 3.62 (1H, s, OH), 1.88-1.75
(2H, m, -CH»-), 1.41 (6H, d, J=6.1 Hz, CH3 x2), 1.27 (3H, d, /= 6.1 Hz, CH3), 1.26 (3H, d, /= 6.1
Hz, CH3), 1.39-1.28 (4H, m, -CH»- x2), 0.89 (3H, t, J= 6.9 Hz, CH3); *C NMR (75 MHz, CDCl3) &
187.8 (C-1), 168.1 (C-3), 131.8 (C-2), 86.4 (C-4), 76.99, 73.4 (>CH-0), 32.4, 27.2, 22.9 (-CH>-),
22.7 (2C), 22.6, 22.4, 13.95 (CH3).
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OH 1h
2-Hydroxy-2-phenylbenzocyclobuten-1(2H)-one (1h)!8: Ry=0.09 (CHCl5); colorless microcrystals
(from CHCly/hexane); mp 102-103 °C; IR (KBr) v 3400-3200 (OH), 1760 (>C=0); 'H NMR (300
MHz, CDCl3) 0 7.79-7.73 (1H, m, arom H), 7.70-7.54 (3H, m, arom H), 7.43-7.30 (5H, m, arom H),
3.63 (1H, s, OH); 13C NMR (75 MHz, CDCl3) § 191.9 (>C=0), 159.8, 148.3, 138.7 (arom C), 136.7,
131.8, 128.8, 128.6, 126.3, 123.7, 122.7 (arom CH), 96.8 (C-OH).
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4-Hydroxy-2,3-diisopropoxy-4-vinylcyclobut-2-en-1-one (1i)*: Rr = 0.47 (7:3 EtO/hexane v/v);
yield 60%; yellow oil; IR (CHCI3) v 3375 (OH), 1768 (C=0), 1619 (>C=C<); 'H NMR (300 MHz,
CDCl) 65.97 (1H, dd, J = 17.3, 10.7 Hz, -CH=), 5.53 (1H, dd, J =17.3, 0.9 Hz, =CHyransHcis), 5.34
(1H, dd, J=10.7, 0.9 Hz, =CHgansHcis), 4.95-4.80 (2H, m, >CH-0), 3.90 (1H, s, OH), 1.40 (3H, d, J
=6.1 Hz, CH3), 1.38 (3H, d, /= 6.1 Hz, CH3), 1.30 (3H, d, J=6.1 Hz, CH3), 1.28 (3H, d, /= 6.1 Hz,
CH3); 3C NMR (75 MHz, CDCl3) 6 185.2 (C-1), 166.9 (C-3), 135.0 (-CH=), 132.5 (C-2), 118.2
(=CH»), 86.7 (C-4), 77.5, 73.7 (>CH-0), 22.7, 22.69, 22.55, 22.5 (CH3).
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(E)-4-Hydroxy-2,3-diisopropoxy-4-styrylcyclobut-2-en-1-one (1j): Rr = 0.55 (7:3 Et:O/hexane
v/v); yellow solid; mp 83-85 °C; IR (CHCl3) v 3362 (OH), 1767 (C=0), 1618 (>C=C<); '"H NMR
(300 MHz, CDCls) ¢ 7.36-7.33 (2H, m, arom H), 7.29-7.21 (3H, m, arom H), 6.83 (1H, d, /= 16.2
Hz, -CH=), 6.29 (1H, d, J = 16.2 Hz, -CH=), 4.89 (2H, sept, J = 6.1 Hz, >CH-O x2), 4.05 (1H, s,
OH), 1.40 (3H, d, J = 6.1 Hz, CH3), 1.37 (3H, d, J = 6.1 Hz, CH3), 1.30 (3H, d, J = 6.1 Hz, CH3),
1.29 (3H, d, J = 6.1 Hz, CH3); *C NMR (75 MHz, CDCl3) §185.4 (C-1), 167.4 (C-3), 136.5 (C-2),
132.8 (-CH=), 132.5 (arom C), 128.7 (2C) (arom CH), 128.1 (arom CH), 126.9 (2C) (arom CH),
126.1 (-CH=), 86.6 (C-4), 77.7, 73.8 (>CH-0), 22.7 (2C), 22.6, 22.4 (CH3).
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4-Hydroxy-2,3-diisopropoxy-4-(phenylethynyl)cyclobut-2-en-1-one  (1k)°*: Ry = 049 (7:3
Et,O/hexane v/v); yellow microcrystals (from Et20-hexane); mp 104-105 °C (lit,>® mp 73-7 °C from
CH,Cl,-hexane); IR (CHCI3) v 3306 (OH), 2226 (C=C), 1774 (C=0), 1626 (>C=C<); 'H NMR (300
MHz, CDCl3) 6 7.44-7.41 (2H, m, arom H), 7.30-7.22 (3H, m, arom H), 5.07 (1H, sept, J = 6.1 Hz,
>CH-0), 4.86 (1H, sept, J= 6.1 Hz, >CH-0), 4.43 (1H, s, OH), 1.46 (3H, d, J = 6.1 Hz, CH3), 1.44
(3H, d, J= 6.1 Hz, CH3), 1.28 (6H, d, J = 6.1 Hz, CH3 x2); '3C NMR (75 MHz, CDCl3) 5 181.6 (C-
1), 165.2 (C-3), 133.9 (C-2), 132.1 (2C), 128.9, 128.4 (2C) (arom CH), 122.2 (arom C), 88.5 (C-4),
83.9 (C=C), 78.9 (C=C), 78.2, 74.2 (>CH-0), 22.74, 22.72, 22.68, 22.55 (CHz).

15



170
160

150
140

130
120
110
100
90
80

=10

g
g
|

8Z'L
0€'L

Ev'L
mv._.w
L

ey —
o8y
8y
8y
98y
88y
06y
£6'Y
10s

S0'S
L0S
60'S
ws
ELs
L
viL
ST'L
'L
LaZL
ke
8¢
8L
0EL
0E'L
Wwie
L
Ev'e
EviL
vl
L

JUL

i-PrQ.

i-PrO

809
96'G

o0l

Frou

Feol

Fiez
102

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.6 20 15 1.0 05 0.0
1 (ppm)

9.5

ro.uti

0.010

-0.009

-0.008
-0.007
0.006
0.005
-0.004
0.003
0.002
-0.001

0.000

+-0.001

00—

ST
8972
(1444

vLzz

vZvL
wm.wnW

8TLL
Wit
8L

L8°E8
mq.ww\.

wL—
6E'8TL~
687
LOZEL—
06'€EL~"

vZ'soL—

SS'I8sL—

i-PrO,

i-PrO

50

130 120 110 100 90 80 70
1 (ppm)

140

160

190

J0

16



i-PrO O

2 1
) ;E:’/%Bu
FPrO" on

1l

4-(Hex-1-yn-1-yl)-4-hydroxy-2,3-diisopropoxycyclobut-2-en-1-one (11)°*: Ry = 0.20 (CHCls);
yield 98%; colorless oil; IR (CHCI3) v 3342 (OH), 2233 (C=C), 1774 (C=0), 1614 (>C=C<); 'H
NMR (300 MHz, CDCIl3) 65.02 (1H, sept, J = 6.1 Hz, >CH-0), 4.85 (1H, sept, J= 6.1 Hz, >CH-0),
3.82 (1H, s, OH), 2.25 (2H, t, J= 7.0 Hz, -CH>»-), 1.55-1.33 (4H, m, -CH»- x2), 1.44 (3H, d, J= 6.1
Hz, CH3), 1.43 (3H, d, J=6.1 Hz, CH3), 1.30 (3H, d, /= 6.1 Hz, CH3), 1.28 (3H, d, /= 6.1 Hz, CH3),
0.90 (3H, t, J = 7.0 Hz, CH3); *C NMR (75 MHz, CDCl3) §182.1 (C-1), 165.5 (C-3), 133.7 (C-2),
89.9 (C-4), 78.7 (C=C), 77.9 (>CH-0), 75.0 (C=C), 74.0 (>CH-0), 30.4 (-CH»-), 22.73 (2C), 22.71,
22.6 (CH3), 22.0, 18.7 (-CH2-), 13.6 (CH3).

8835888585885 R888R 3R B889859399558858358858858
mmmmmmmmmm YT YA r e e E e = == 0000
TE——— e s e ~ te0
i-PrO, ; O
2 56
Y —Bu
PrO” o ' 50
11
45
-40
35
30
-25
20
15
10
(
|
-5
l LA L L
T ) i T 'uT_'l" T
85 8 8 £z |y 5
- e - o - © )
0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

1 (ppm)

17



220

200

180

160

140

120

100

80

60

40

20

=20

0ovL
vO'SL
68'9L

LELL
vLLL
98'LL
89'8L

26'68—

oLegeL—

299l —

So0Z8L—

o)

i-PrO,

(sV)

Bu

(o)

7
OH

i-PrO

11

=
100
1 (ppm)

T T T
80 70 60

90

T T T T T T T
180 170 160 150 140 130 120 110

-
190

00

18



meso-3,3',4,4'-Tetraisopropoxy-2,2'-diphenyl-[2,2'-bifuran|-5,5'(2H,2' H)-dione (meso-2a):
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rac-3,3',4,4'-Tetraisopropoxy-2,2'-diphenyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (rac-2a):
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meso-3,3',4,4'-Tetramethoxy-2,2'-diphenyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (meso-2b):
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rac-3,3',4,4'-Tetramethoxy-2,2'-diphenyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (rac-2b):
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meso-3,3',4,4'-Tetraethoxy-2,2'-diphenyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (meso-2c)
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meso-3,3',4,4'-Tetrabutoxy-2,2'-diphenyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (meso-2d)

45

40

35

30

25

20

15

10

080
£8'0

860
1014
£0°L 4
gLl
ULy
oLt
8Ly
i~
Ay

sz
821
og’L

0g't]
z€'1
zel
vEL
vEL
oF'L
£
61
syt
syl

151
s
€91
SSL

851
091
v

oL
6L1
6L
18l

€81
el
LUE
BLE
0Z'e
1€
we
vZe
oSt
6S'E

L9°E
29t

A% 4
6Ly
44
iy
£y
sty
vEY
LEY
BE'Y
6EY
ovy
wy

e e =

9E°L
LEL
8E'L
08'L
[4:¥4
£8°L
£8'¢L
8L
S8'L
(8L

meso-2d

H./ L9

~v29

Twmm

Fors
Fsov

Fzoz

Fooz

Fzoz
Fvoz

Fele

Fsov

90 85 80 75 70 65 60 55 50 45 40 35 30 25 2.0 15 1.0 05 00

9.5

1.0

1 (ppm)

40

35

30

25

-20

15

10

-5

000—

L9°EL
LLEL v

28'8L
NoAm_.V.

vELE~,
e

€€
S€ NNV.
oL
vl RW
LSLL

0se8—

sLezL—
S0z~
szl—
zzee”
9661 —

LyESL—

0849L—

el
q
s)
[75)
9]
g

M*J.LJMWWMW

190 180 170 160 150 140 130 120 110 f11(00 ) 90 80 70 60 50 40 30 20 10
ppm

)0

24



L

¥ W
-
@ @w
© @ _ ¢
& ©
@0 ®
e ©
® o
(2
8.0 7.5 7.0 6.5 6.0 55 5.0 4.0 3.0 25 20 1.5 1.0 0.5 0.0
2 (ppm)

25

1 (ppm)



rac-3,3',4,4'-Tetrabutoxy-2,2'-diphenyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (rac-2d)
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meso-3,3',4,4'-Tetraisopropoxy-2,2'-dimethyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (meso-2e):
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rac-3,3',4,4'-Tetraisopropoxy-2,2'-dimethyl-[2,2'-bifuran]-5,5'(2H,2' H)-dione (rac-2e):
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meso-2,2'-Diallyl-3,3',4,4'-tetraisopropoxy-[2,2'-bifuran|-5,5'(2H,2' H)-dione (meso-2f):
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rac-2,2'-Diallyl-3,3',4,4'-tetraisopropoxy-[2,2'-bifuran|-5,5'(2H,2' H)-dione (rac-2f)
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meso-2,2'-dibutyl-3,3',4,4'-tetraisopropoxy-[2,2'-bifuran]-5,5'(2H,2' H)-dione (meso-2g):
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rac-2,2'-dibutyl-3,3',4,4'-tetraisopropoxy-[2,2'-bifuran]-5,5'(2H,2' H)-dione (rac-2g)
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meso-1,1'-Diphenyl-[1,1'-biisobenzofuran]-3,3'(1H,1'H)-dione (meso-2h):
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rac-1,1'-Diphenyl-[1,1'-biisobenzofuran]-3,3'(1H,1' H)-dione (rac-2h)":
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3,4-Diisopropoxy-5-oxo-2-phenyl-2,5-dihydrofuran-2-yl acetate (3a):
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5-Hydroxy-3,4-diisopropoxy-5-phenylfuran-2(5H)-one (3a’)
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J11c,22.

A Mixture of 3,4-Dimethoxy-5-oxo-2-phenyl-2,5-dihydrofuran-2-yl acetate (3b) and 5-

Hydroxy-3,4-dimethoxy-5-phenylfuran-2(5H)-one (3b’) '
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,ce

3,4-Diethoxy-5-hydroxy-5-phenylfuran-2(5H)-one (3¢’) !'#
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3,4-Diisopropoxy-2-methyl-5-oxo-2,5-dihydrofuran-2-yl acetate (3e):
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5-Hydroxy-3,4-diisopropoxy-5-methylfuran-2(SH)-one (3¢’):
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2-Allyl-3,4-diisopropoxy-5-oxo-2,5-dihydrofuran-2-yl acetate (3f):
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5-Allyl-5-hydroxy-3,4-diisopropoxyfuran-2(5H)-one (3f’):
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2-Butyl-3,4-diisopropoxy-5-oxo-2,5-dihydrofuran-2-yl acetate (3g)

55

45

40

35

30

20

-5

88'0

£6°0
1248
@Z
621
ogl
e
€EL
Sel
LE1—;
ovi/
vl
SL _.V.
81
61
08t
A: 2%
£81
€81
861

S0T
s02

-PrO4

39

bS:

i-PrO

OAc

Bu

- €82

Tow.m—

ﬁ sst
6L2

T 60
T 00t

1.5 1.0 05 00

2.0

4.0 35 3.0 25

4.5

9.0 85 8.0 75 7.0 6.5 6.0 55

9.5

1 (ppm)

90
80

70

60

40

30

20

10

-0

+-10

68'eL—

091z
1878
w'zT
092z \

e0ve

LseE—

S9EL
£8'L M
€89,
mu.RW
o1

vO'LoL—

LE0TL—

85 YSL—

T~
1z'e9L"

39

;
OAc

5
I
S
Bu

i-PrO. 4
i-PrO

T
20

120 10 100
1 (ppm)

140

160

170

190

43



5-Butyl-5-hydroxy-3,4-diisopropoxyfuran-2(SH)-one (3g’)
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i)

2-(Ethoxymethyl)-4,5-diisopropoxycyclopent-4-ene-1,3-dione (4
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2,3-Diisopropoxycyclohexa-2,5-diene-1,4-dione (5)°°:
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5-((3,4-Diisopropoxy-2,5-dioxocyclopent-3-en-1-yl)methyl)-2,3-diisopropoxycyclohexa-2,5-
diene-1,4-dione (6):
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2-Benzylidene-4,5-diisopropoxycyclopent-4-ene-1,3-dione (4j):
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(E)-3-Isopropoxy-4-styrylcyclobut-3-ene-1,2-dione (7)*!
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(3,4-Diisopropoxy-2,5-dioxocyclopent-3-en-1-ylidene)(phenyl)methyl acetate (4k)
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1-(3,4-Diisopropoxy-2,5-dioxocyclopent-3-en-1-ylidene)pentyl acetate (41)
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i)

2-(3,3-diphenylallyl)-4,5-diisopropoxycyclopent-4-ene-1,3-dione (8
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4,5-Diisopropoxy-2-(1,3,3-triphenylallylidene)cyclopent-4-ene-1,3-dione (8k)
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2-(1,1-Diphenylhept-1-en-3-ylidene)-4,5-diisopropoxycyclopent-4-ene-1,3-dione (81)
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(E)-2-(1,3-Diphenylallylidene)-4,5-diisopropoxycyclopent-4-ene-1,3-dione (9k):
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7-Isopropoxy-2,4-diphenyl-2,3-dihydrocyclopenta[b]pyran-5,6-dione (11k)
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X-ray Crystal Structure of meso-2a:

meso-2a
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X-ray Crystal Structure of rac-2a:
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X-ray Crystal Structure of meso-2f:

Oi—Prm meso-2f
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X-ray Crystal Structure of meso-2h:

meso-2h
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X-ray Crystal Structure of 8i:
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