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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
(CHa).
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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 (CHs).
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4-Hydroxy-2,3-diisopropoxy-4-methylcyclobut-2-en-1-one (1e¢)°*: 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 (CHCl3) v 3373 (OH), 1767 (C=0), 1620 (>C=C<); 'H NMR (300
MHz, CDCl3) 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-0O), 32.4, 27.2, 22.9 (-CH»-),
22.7 (2C), 22.6, 22.4, 13.95 (CH3).
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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 (CHCl3) 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, =CHansHcis), 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, /= 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 Et,0-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) 5181.6 (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).
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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).
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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)
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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):

13.1467

—
—

\ 0.9677

g
“ 2.7
RGN 8 per 2
5.2 5.1 3 ‘/33 \ 8 B3
Oi-Prm meso-2f / ] / e

Y k,J_k_A_Jp,ML LL

PPM

JU,,

23.0 22.5 22.0

58.212—
55.643 ——+
43.833 —

29



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’) ''?

o o <) o =3 o
I @& & £ 2 8§ 8 R 8 8 8 8 & ¢ o T 8 3 < g 3 8 & & o = © ° 10
] ! T T n ] | h : i ) f ) 1 T h 1 1 : ) f ) ) ) . ! ! i !
000— | -2 000—
L v
o
LS
- 99'1z—
4
L w
L2
o~
oLz~ - — F£90
L ©
o~
v9'65
9L'69
|l © 5109
) © sz09
s Ly'09
743 — Fsre - £5°09
Mmm/ [

4 SL9L
ook = 68'C E.RV
it 3 e9o| © 09227
iy = =| ExY = 8568~
) = 00'€ oLes
SLL | ©
oL —~ <
we 2
8L £
6LL L 28
L we
L
L o
veL F o
vZL £8°€ZL
sTL 69'vZL
ozt o 65521
8EL | © S6'9ZL
6€L ve 2L
6EL oLzl
ov's | v 6282L%
Wi © vL82L
L £0'6ZL
£ 6v'67L
oLy L2 96'6ZL
0s¢L = = SPEEL
MMN T—— o Fove r9'€EL

L —1 | ol'9

L
187
8L T o Fsez|
€8¢ g F e o>
vaL % % 09L
veL 0e'£9L
s8¢ 0 2o
98¢ e I
8L = 5

O=—"Y o
K
A=( €
o\ & -
@] (®) o
() ()
= = B

180 170 160 150 140 130 120 110 f:?o )90 80 70 60 50 40 30 20 10
ppm.

190




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

wn
8 3 g g ® 3 & Q @ = 0 o 0
i i h ) A f ) ) N ! i T i
80
680
160
£60
960
- F e

SE'L

£
OQH6E'L
OQHEY'L
OGH SV
OQH L¥'L

18
€81
vel
og'L
8g'l
06
161
€6
v6'L
S6'l
96'L
86'L
66'L

807
v6'e-

sl
v
6.1
1871
£8'v9
sgv]
8
1S
£1s
st's
]
61'S

1Z’s
€28

€000 LTL—

39’

1
OH

5
|
S
Bu

-Pro 4
i-PrO

*lcmvm—
T 082

- F s60
- F oot

45 40 35 30 25 20 15 1.0 05 00

5.0
1 (ppm)

6.0 55

6.5

8.0 75 7.0

8.5

9.0

9.5

60
55

45
40

35

30

25

20

-5

06€L—

Evic 4

£5%¢
€972 “

86VZ

vogE—

£9'EL

59 :/
€10005£9L~Y
€10008L4L~

84l
£1000 09227

96°00L—

vo'6LlL—

EV'9SL—

Ev'89L—

39’

MLWMM

1

OH

5
|
N
Bu

i-PrO 4
i-PrO

180 170 160 150 140 130 120 110 f11(0° ) 90 80 70 60 50 40 30 20 10
ppm.

190

44



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