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Abstract: Lithiated 2-buten-4-olide was found to react with aromatic aldehydes regiosclectively at
y-position to provide 4-(1-aryl-1-hydroxymethyl)-2-buten-4-olides which could be readily converted into
the corresponding (£)-y-arylidencbutenolides. © 1998 Elsevier Science Ltd. All rights reserved.

Butenolides are an important class of organic compounds existing in natural products and related
compounds which exhibit various interesting biological activities. Therefore, considerabie efforts for
development of new and general synthetic routes for the construction of butenolides have been intensively
investigated. Reviews concerning synthetic approaches to this class of compounds including »-alkylidene-
butenolides have recently appeared in the literature. > Among these methods, trimethylsilyloxy-ﬁxran5 has been
of particular interest to be used as an butenolide anion equivalent due to its high j-regioselectivity towards
different types of electrophiles. Thus, use of this reagent as a butenolide bulldmg block has led to the synthesis

of several complex intermediates and natural products. Our research work, aimed at the preparation of some
natural y-alkylidenebutenolides such as the cytotoxic elodormol and acetylmelodormol,6 -9 prompted us to
investigate the possibilities of using the anion derived directly from y—crotonolactone 110 a5 & butenolide

o

synthon, expecting to receive high y—regioselectivity. To the best of our knowledge, little is known about the
reactions of such anion. The lithiated butenolide 2 has recently been reported to undergo conjugate addition
with cyclopentenone derivatives at -78 oC!! and combined with aliphatic aldehydes regioselectively to afford ca.
1:3 ratio of the y—adduct of type 3 and the a-adduct of type 4; no yields of the adducts were rreported.‘12 To

extend the synthetic potential of the lithiated butenolide 2,13.14

we herein report the highly regioselective
reaction of this anion with aromatic aldehydes. We found that the lithiated butenolide 2 (readily generated from

y—crotonolactone/LDA/THF -78 °C 30 min) reacted with benzaldehyde (1 equiv) at -78 °C for 1 h, followed
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(64%) of the expected y—adduct 3a was obtained. A much lower yield (30%) of 3a was observed, when the
reaction was carried out at -24 °C (1 h). At higher temperature (0 °C, 1 h), no expected product 3a could be
isolated, the reaction led to a mixture of products as revealed by TLC analysis. Under the latter conditions, the
failure for the formation of 3a resulted from the rapid retro-aldol condensation of the initially formed adduct.
Accordingly, it seemed to us that the lithiated butenolide 2 was unstable at room temperature. Under the
standard conditions, the lithiated butenolide 2 reacted smoothly with several aromatic aldehydes diastereo- and

regio-selectively to furnish good yields of the y-adducts 3b-f as listed in Table 1. To gain more insight into the

scope and limitation of this reaction, the reaction of the lithiated butenolide 2 with other aromatic aldehydes and
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aldehydes such as 2,4-dimethoxy- and 2,3,4-trimethoxy-benzaidehydes under the similar conditions. However,
the lithiated butenolide 2 reacted with acetophenone and benzophenone to give the expected y—adducts Sa and
5b in 23% and 10-28% yields, respectively.

Table 1: Preparation of compounds 3.

— . A /NI as 2 /.. ‘,,,,,-\Q_Vb
Entry ArCHO % 3 (syn : anii)®
Benzaldehyde 3a, 76% (80 : 20)

2 3-Methoxybenzaldehyde 3b, 73% (70 : 30)

3 4-Methoxybenzaldehyde 3c, 68% (70 : 30)

A Le T i ) YPVOUUS FUURUI APy 1A .1 2.3 MQ0/ FOL . 1A
4 2,3-Dimethoxybenzaldehyde 3a, /8% {80 14)
5 3,4-Dimethoxybenzaldehyde 3e, 75% (72 : 28)
6 3,4-Methylenedioxybenzaldehyde 3f, 82% (70 : 30)

Isolated yields.
Determined by 'H NMR (300 MHz).



Having the y-adducts 3a-f in hand, the preparation of y-arylidenebutenolides could simply be
accomplished by elimination of the hydroxyl group at the carbon-6 position. Initially, treatment of 3a (syn:anti
= 80:20) with conc. H,SO, (0 °C, 20 min and RT 20 min) gave only the (Z)-isomer of the desired y-benzyli-

denebutenolide 6a in 21% yield after chromatography. Similar treatment of 3b with conc. H,SO, furnished no
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attention to carrying out this conversion by firstly activating the hydroxyl group as the mesylate followed by
base-catalyzed elimination. Thus, in situ mesylation of 3a (syn:anti = 80:20) at 0 °C employing methanesulfonyl
chloride (MsCl) in pyridine for 20 min followed by stirring at room temperature for 11 h afforded 96% yield of
6a as a 32:68 ratio of (Z):(E)-isomers. The reaction of 3a (syn:anti = 80:20) under the standard conditions at a
longer period of time (48 h at room temperature) increased the (Z):(E)-ratio of 6a up to 70:30. Having
increased the reaction time and aliowed the reaction mixture to reflux, the (Z):(E)-ratios of 6a were dramatically
increased. The highest (Z):(E)-ratio was found to be ca. 97.3 and good yield of 6a was achieved. The
elimination of the hydroxyl group via the in situ-generated mesylate leading to y~benzylidenebutenolide 6a with

nroceeded presuma v vig the El-cb mechanism 13 By emplovin

high (Z)-selectivity proceeded 1ably vig the El-cb mechanism. employing the standard reaction
conditions as for 6a, y-arylidenebuienolides 6b-f were prepared in good yields with high stereoselectivity as
listed in Table 2.
Table 2: Preparation of y-arylidenebutenolides 6.
Entry 3a (syn : anti)’ Conditions? % 6 (Z : E)P<

1 3a (80 : 20) RT (11 h) 6a, 96% (32 : 68)

2 3a (80 : 20) RT (48 h) 6a, 100% (70 : 30)

3 3a (80 : 20) RT (2 h) and 80-90 °C (10 h) 6a, 87% (97 : 3)

4 3b (70 : 30) RT (2 h) and 80-90 °C (10 h) 6b, 85% (98 : 2)

5 3¢ (70 : 30) RT (2 h) and 80-90 °C (10 h) 6¢c, 84% (99 : 1)

6 3d (86 : 14) RT (2 h) and 80-90 °C (10 h) 6d, 82% (99: 1)

7 3e(72:28) RT (2 h) and 80-50 °C (10 h) 6e, 91% (94 : 6)

8 31 (70 :30) RT (2 h) and 80-90 °C (10 h) 6f, 97% (94 : 6)

a4 Mesylation was carricd out at 0 9C for 20 min (see experimental section).
b Isolated yields.
¢ Determined by 'H NMR (300 MHz).

In summary, the present work provides a synthetic utility of the lithiated butenolide as a useful butenolide
synthon which reacts regioselectively with aromatic aldehydes at the y-position. This method affords a simple
two-step synthesis of y—-arylidenebutenolides. We are currently investigating the application of the methodology

to synthesize some natural products containing the substituted y—arylidenebutenolide sub-unit.
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General: Melting points were determined either by an Electrothermal or a Biichi 510 melting point apparatus
and were uncorrected. !H NMR spectra were measured with Varian EM-360L and Bruker DPX300
spectrometers, using TMS as an internal reference and reported in parts per million (ppm). IR spectra were
recorded on a Jasco A-302 or a Perkin Elmer 2000 NIR FT Raman. Mass spectra were obtained on a Finnigan
MAT INCOS 50 mass spectrometer at 70 eV, Elemental analyses were performed by using a Perkin Elmer
elemental analyzer 2400 CHN. All solvents were dried by using standard methods prior to use.

Preparation of 4-(1-aryl-1-hydroxymethyl)-2-buten-4-olide (3).
General procedure: Preparation of 4-(1-Hydroxy-1-phenylmethyl)-2-buten-4-olide (3a).
A solution of y-crotonolactone (0.17 g, 2.0 mmol) in THF (2 ml) was added dropwise at -78 °C to a

THF solution of lithium diisopropylamide (LDA) in THF under an argon atmosphere [prepared by reacting
dncgnrnpvlammp (031 ml, 2.2 mmol) in THF (10 ml) with BuLi (1.07 M in hexane, 2,35 ml, 2.2 mmol) at
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solution of NH,Cl. It was diluted with water (25 ml) and extracted with ethyl acetate (4 x 25 ml). The
combined extracts were washed with water, brine and dried over anh. Na,SO,. After removal of solvent under
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hexane) to give a coloriess viscous liquid of 3a (0.29 g, 76% yield) as a mixture of syn- and anfi-isomers
(80:20). 'H NMR (300 MHz, CDCls): § 7.44-7.31 [m, COCH=CH (syn) and ArH of syn- and anti-isomers]
717 [dd, J=58, 1.4 Hz, COCH=CH (anti)}, 6.16 (syn) and 6.10 (anti) (each dd, /=5.8, 2.0 and 5.8, 1.7 Hz
respectively, 1H, COCH=CH), 5.19-5.15 (m, 1H, CH=CHCHO), 5.09 (syn) and 4.70 (anti) (each d, / = 4.4 and

7.1 Hz respectively, 1H, ArCHOH), 2.65 (br. s, 1H, OH). IR (neat): vinax 3431, 3090, 3032, 1780, 1754, 1600,
1495, 1453, 1335, 1267, 1195, 1167, 1104, 1087, 1040, 905, 836, 815, 766, 702 cml. MS: m/z (%) relative
intensity 190 (M¥, 0.39), 177 (0.28), 172 (2), 161 (0.15), 149 (1) 147 (0.39), 144 (0.7), 128 (0.4), 115 (2), 107
(100), 105 (10), 84 (9), 79 (59), 77 (31), 55 (4). Anal. Caled. for C1H;00s: C, 69.46; H, 5.30. Found: C,
69.47; H, 4.96.
4-[1-Hydroxy-1-(3-methoxyphenylymethyl]-2-buten-4-olide (3b).
According to the general procedure described for 3a, the solution of the lithiated butenolide 2 (2 mmol) in
THF (12 ml) was treated with 3-methoxybenzaldehyde (0.27 g, 2.0 mmol) to give a viscous liquid of 3b (0.32 g,
73% yield; syn:anti = 70:30). 'H NMR (300 MHz, CDCl;): 6 7.35-7.27 [m, ArH and COCH=CH (syn)}, 7.18
[dd, J = 5.8, 1.6 Hz, COCH=CH (anti)}, 6.99-6.95 (m, 3H, ArH), 6.17 (syn) and 6.11 (anti) (each dd, J = 5.8,
2.0 and 5.8, 2.1 Hz respectively, 1H, COCH=CH), 5.19-5.14 (m, 1H, CH=CHCHO), 5.08 (syn) and 4.67 (anti)
(each d, /= 4.3 and 7.1 Hz respectively, 1H, ArCHOH), 3.83 (s, 3H, OMe), 2.90 (br. s, 1H, OH). IR (neat):
vma,_ 3447, 3100, 3020, 2939, 1780, 1753, 1602, 1595, 1491, 1480, 1457, 1436, 1263, 1162, 1110, 1090,
1039, 897, 827, 756, 701 cm’l. MS: m/z (%) relative intensity 220 (M*, 8), 202 (4), 174 (1), 137 (100), 115
(2), 109 (92), 94 (26), 84 (7), 77 (23), 65 (6), 55(5). Anal. Caled. for CoH,204: C, 65.44; H, 5.49. Found: C,
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Fon 1 11 T . £ O I A XTI 1IT MMOMAIY_NMNIN AL 77T10Q (oo NLT A_TN £ 04 £ ON (e ATT A TN £ NT £ rea) memd
(eacnaq, J = 5.6, 1.4 iz, 1n, LULN=UIT), 7.45-/7.10 \IN, 21, AIf1), 0.00-0.0U (1ll, 2@, Alf1), O.U7 3yrn) 4dnid



M. Pohmakotr et al / Tetrahedron 54 ( IOOR 11297_‘1 l3ud 112

annilser s les Ui i z T

6.02 (anti) (each dd, J = 5.8, 1.8 and 5.8, 1.6 Hz respectively, 1H, COCH=CH), 5.08-5.04 (m, 1H,
CH=CHCHO), 4.92 (syn) and 4.58 (anti) (each d, J = 4.6 and 7.1 Hz respectively, 1H, ArCHOH), 3.83 (s, 3H,
OMe), 2.83 (br. s, 1H, OH). IR (nujol): vmax 3471, 1743, 1610, 1583, 1512, 1317, 1302, 1249, 1200, 1171,
1117, 1102, 1085, 1038, 920, 880, 842, 818, 800, 770, 741, 701 cm’l. MS: m/z (%) relative intensity 220
M, 1), 202 (4), 137 (100), 109 (20), 94 (18), 83 (5), 77 (20), 66 (8), 65(6), 55 (7). Anal. Calcd. for
Ci2Hi204: C, 65.44; H, 5.49. Found: C, 65.40; H, 5.55.

4-[1-Hydroxy-1-(2, 3-dimethoxyphenyl)methyl]-2-buten-4-olide (3d).

According to the general procedure described for 3a, the solution of the lithiated butenolide 2 (2.1 mmol)
in THF (12 ml) was treated with 2,3-dimethoxybenzaldehyde (0.35 g, 2.1 mmol) to give a white solid of 3d
(0.41 g, 78% vield; syn:anti = 86:14);, mp 109-111 °C), 'H NMR (300 MHz, CDCl3): § 7.31 (syn) and 7.22
(anti) (d and dd, ./ = 5.7 Hz and 5.7, 1.4 Hz respectively, 1H, COCH=CH), 7.15-6 89 (m, 3H, ArH), 6.13 (syn
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-{ i-Hydroxy-i-(3,4-dimeihoxyphenyijmeinyi j-2-buien-4-olide (3e).
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According to the general procedure described for 3a, the soiution of the iithiated butenoiide Z (2.2 mmoi)
in THF (12 ml) was treated with 3,4-dimethoxybenzaidehyde (0.36 g, 2.1 mmoi) to give a pale yeliow solid of
3e (0.415 g, 75% yield; syn:anti = 72:28), mp 100-108 °C. ‘H NMR (300 MHz, CDCls): & 7.38 (syn) and 7.17
(anti) (each dd, /=58, 1.3 and 5.8, 1.5 Hz respectively, 1H, COCH=CH), 6.98-6.83 (m, 3H, ArH), 6.16 (syn)
and 6.10 (anti) (each dd, J = 5.8, 1.8 and 5.8, 1.9 Hz respectively, 1H, COCH=CH), 5.18-5.14 (m, 1H,
CH=CHCHO), 5.02(syn) and 4.65 (anti) (each d, /= 4.5 and 7.0 Hz respectively, 1H, ArCHOH), 3.90 (s, 6H,
OMe), 2.80 (br. s, 1H, OH). IR (nujol): vmax 3464, 1750, 1747, 1600, 1594, 1519, 1465, 1422, 1286, 1159,
1130, 1043, 1025, 905, 835, 809, 800, 764, 734, 698 cml. MS: m/z (%) relative intensity 250 (M*, 6), 232
(2), 167 (100), 151 (9), 139 (66), 124 (23), 119 (4), 108 (23), 95 (24), 79 (16), 77 (28), 65 (16). Anal. Calcd.
for C13H40s: C, 62.39; H, 5.63. Found: C, 62.26; H, 5.92.

4-{ 1-Hydroxy- 1-(3,4-methylenedioxyphenyl)methyl]-2-buten-4-olide (3f).
According to the general procedure described for 3a, the solution of the lithiated butenolide 2 (2.1 mmol)

in THF (12 ml) was treated with 3 4-methylenedioxybenzaldehvde (0.33 g, 2.2 mmol) to give a pale vellow solid
of 30(0.41 g, 82% vield: syn:anti = 70:30; mp 65-72 °C), ‘n NMR. (300 MHz, CDCL): §7.39 (syn) and 7.19
{1t foach Ad T=585Q S and 5.8 1.8 Hz resnectively 1“ {‘n(‘u_(‘m AO00_6R0(m ArHY A 1R {cum)
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ArCHOH), 2.60 (or. s, 1H, Of). IR (CHCL): vmax 3398, 3422, 1758, 1602, 1504, 1450, 1455, 1248, 1093,
1006, 933, 898, 829, 813, 717, 702 cm}. MS: m/z (%) relative intensity 234 (M™, 12), 216, (3), 152 (20), 151
(97), 149 (42), 135 (4), 123 (32), 102 (5), 93 (90), 83 (39), 77 (21), 65 (100), 55 (48). Anai. Caicd. for

C1:Hp0s: C, 61.54; H, 4.30. Found: C, 61.42; H, 4.66.
4-(1-Hydroxy-1-methyl-1-phenylmethyl)-2-buten-4-olide (5a).

According to the general procedure described for 3a, the solution of the lithiated butenolide 2 (2.0 mmol)
in THF(12 ml) was treated with acetophenone (0.25 g, 2.1 mmol) to give a pale yellow viscous liquid of Sa
(0.0952 g, 23% yield). 'H NMR (60 MHz, CDCL): & 7.70-7.23 (m, SH, ArH), 7.03 (dd, J = 6, 2 Hz, 1H,
COCH=CH), 6.10 (dd, .J = 6, 2 Hz, 1H, COCH=CH), 5.13 (app. t, J = 2 Hz, 1H, CH=CHCHO), 2.63, (br. s,



1H, OH), 1.73 (s, 3H, Me). IR (neat): vmax 3448, 1753, 1601, 1495, 1447, 1376, 1317, 1168, 1093, 1080,
1040, 1026, 912, 866, 830, 761, 702 cm~l. MS: m/z (%) relative intensity 186 (M*-H;0, 48), 169 (5), 158 (6),
129 (10), 121 (71), 105 (100), 91 (8), 84 (5), 77 (47), 65 (4), 55 (9). Anal. Calcd. for CioH,,05: C, 70.57; H,
5.92. Found: C, 70.23; H, 6.08.
4-(1-Hydroxy-1, ~(diphenylmethyl)-2-buten-4-olide (5b).

According to the general procedure described for 3a, the solution of the lithiated butenolide 2 (2.0 mmol)
in THF (12 ml) was treated with benzophenone (0.44 g, 2.4 mmol) to give a white solid of 5b (0.15 g, 28%
yield, mp 172-173 °C, from ethyl acetate in hexane). IH NMR (60 MHz, CDCL): & 8.0-7.22 (m, 10H, ArH),
7.13 (dd, J = 6, 2 Hz, 1H, COCH=CH), 607 (dd, J = 6, 2 Hz, 1H, COCH=CH), 5.90 (app. t, /= 2 Hz, 1H,
3394, 1732, 1694, 1596, 1492, 1470, 1447, 1376, 1343,
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1320, 1200, 1190, 1180, 1172, 1100, 1054, 958, 839, 803, 758, 748, 704 el MS: m/z (%) relative intensity
248 (MT-HHO 02) 223 {03 202 (0.4 183 (75) 165 (3} 152 (4) 130 (1) 115 (2) 105 (100 R3 (4 77
L88 (VM1 -220, V.2 ), 222 (V.2 &UL (Ve 182 (/72), 1D (3, 128 (%), 127 (1), 122 1Ly, V2 (1VU), 83 (&), 7/
7Y AT () S8 (7Y Thic comnannd wae charantorizad ac ite eliminatinn nradnect S.{dinhenvlimathulanal\.2¢ 8 FHN\_
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LCLIiYyk abCldleut:}Ldut:}, I1 INLIVLIN \DV IVADNIZ, UGl ). O O Uo=U. 70 (11, 111}, AdLl allld \_«U\JII—\JH}, VLV \U,v ™0
1Y 1TIT MO _OTTIN D . ~1 177£0 1AL 1L AL 1448 19721 1101 11L& 1112 1NO L INYL NnEeE~
nz, in, CULsa=orn). N (nujol). Vmax 17/0Y, 1793, 1040, 1440, 14201, 1171, 1109, 1117, 1UBO, 1U130, 73/,
oo A ey o4 o~ o~y ~1 N Yalals] -l n SOy _ VA . | 40 w54 F'ate Y IS Rl a Y 1M rON 1
B8/5, 84, /74, /D7, /1Y, OYs Cm S. MVZ (7o) rela[ ve lmenSlty 248 (M7, F2), 415 (O1), 1YL (38), 10D
(100), 139 (15), 115 (20), 95 (4), 82 (17), 77 (3), 63 (10). Anal. Calcd. for C,;H;,0,: C, 82.24; H, 4.87

Found: C, 82.17; H,
Preparation of 5—aryl:dene-2()H) -furanone (6).
General procedure: Preparation of 5-benzylidene-2(5H)-furanone (6a).

To a solution of compound 3a (syn:anti = 80:20) (0.046 g, 0.24 mmol) in dry pyridine (1 ml) was added
at 0 °C freshly distilled methanesulfonyl chloride (0.04 ml, 0.5 mmol) under an argon atmosphere. The reaction
mixture was stirred at 0 °C for 20 min and at room temperature for 2 h, followed by heating at 80-90 °C for
10th. The resulting mixture was diluted with water and extracted with ethyl acetate. The combined extracts
were washed with water, brine and dried over anh. Na,SO,. Filtration and evaporation of solvent afforded a
crude product of 3a, which was purified by preparative thin-layer chromatography (SiO3, 20% ethyl acetate in
hexane) to provide a white solid of 3a (0.036 g, 87% yield), mp 86-87 °C (ether) (lit. 16 mp 86-87 °C) as a >97:3

ratio of (Z):(E)-isomers. 'H NMR (300 MHz, CDCL): & 7.79 (d, J = 7.1 Hz, 2H, ArH), 7.50 (d, J = 5.3 Hz,

1H, COCH=CH), 7.47-7.30 (m, 3H, ArH), 6.34 (E) and 6.22 (Z) (each d, J= 5.3 Hz, 1H, COCH=CH), 6 8 (E)
and 6 04 (7) (each ¢ 1TH C=CHA IR (nuiol) v.... 1785 1747 1549 1448 1368 1345 1229 1186 1117
and 6.04 (Z) (each s, 1H, C=CHAr). IR (nujol): vimax 1785, 1747, 1549, 1448, 1368, 1345, 1229, 1186, 1117,
107} 9(1 034 921 Q02 QLN {72 7859 AR0O Cm'l MS: m/l7z (94) ralative intencity 172 (M 100Y 144 (18)
Py -~ 3 7 » l, o 'Y QUU, Uhh, IJI’ Vo s ikl AV AN £ \IU} ENECALE VN, RHILLWERADLL A ¥ ode \L'l . l\.l\I}’ 1°7°F \JUI’
121 7AN 118 768N QO /D2 A2 OY
I214), 11J100), 0743, 03 (7).
T /32 21 ) KIS SN 1/:1’!\ f 4 Y
.)-(.')-/Vl m)xyoeruyuaute/ ~£(J jul’ufl(}ﬂ(’-’ (UU/'
According to the general procedure as described for 6a, compound 3b (syn.anii = 70:30) (0.0687 g,
0.31 mmol) was reacted with MsCl (0.04 ml, 0.5 mmol) in pyridine (I mi) to give a pale yellow solid of 6b
| . ~t . Qe
(0.053 g, 85% vyield; mp 65-71 °C) as a 98.2 mixture of (Z):(£)-isomers. “H NMR (300 MHz, CDCI ) 0 7.47
(d, J=5.5 Hz, 1H, COCH=CH), 7.35-7.26 (m, 3H, ArH), 6.91-6.87 (m, 1H, ArH), 6.32 (£) (dd, J=5.5, 1.75

Hz) and 6.19 (Z) (d, J = 5.5 Hz) (1H, COCH=CH), 6.74 (E) and 5.98 (Z) (each s, 1H, C=CHAr), 3.83 (s, 3H,
OMe). IR (nujol): vmax 1770, 1747, 1720, 1654, 1597, 1574, 1551, 1481, 1455, 1437, 1364, 1345, 1316,
1293, 1262, 1200, 1161, 1121, 1067, 1051, 940, 900, 880, 818, 779, 690 cm™l. MS: m/z (%) relative intensity
202 (M*, 100), 187 (4), 174 (25), 159 (10), 146 (21), 131 (47), 115 (20), 103 (31), 97 (7), 91 (15), 83 (8), 77
(24), 71 (15), 63 (8), 57 (16). Anal. Calcd. for C;oH;00s: C, 71.27; H, 4.98. Found: C, 71.23; H, 4.64.



5-(4-Methoxybenzylidene)-2(5H)-furanone (6c).

According to the general procedure as described for 6a, compound 3¢ (syn:anti = 78:22) (0.110 g, 0.5
mmol) was reacted with MsClI (0.08 ml, 1.0 mmol) in pyridine (2 ml) to give a pale yellow solid of 6c (0.085 g,
84% yield; mp 107-110 °C) as a 99:1 mixture of (Z):(£)-isomers. TH NMR of (Z)-isomer (300 MHz, CDCL3): §
7.76-7.73 (m, 2H, ArH), 7.46 (d, J = 5.3 Hz, 1H, COCH=CH), 6.95-6.89 (m, 2H, ArH), 6.14 (dd, J=53,0.7
Hz, 1H, COCH=CH), 5.98 ( s, 1H, C=CHAr), 3.84 (s, 3H, OMe). IR (nujol): vmax 1787, 1750, 1738, 1651,
1604, 1552, 1509, 1367, 1334, 1318, 1258, 1187, 1175, 1119, 1078, 1025, 930, 894, 882, 848 832, 813, 770,
680, cml. MS: m/z (%) relative intensity 202 (M*, 100), 187 (10), 174 (10), 159 (23), 148 (9), 131 (70), 120
(24), 115 (18), 103 (63), 91 (34), 89 (30), 77 (84), 74 (17), 63 (31), 57 (4). Anal Calcd. for C;;H;00;:

2 1 AP 2] 18 27 NTS L. ALAAS 12221083, -,
71.27: H, 498 Found: C, 71.41; H, 5.05.
572 L Dimothnvvhensvlidene )2 Yofirrrmnne (Bd)
=y I ITICINOX Y DCHE Y LGCNIC /=L D83 /7y udd Griloric (06

Accnrding ta the ganeral nracadinirae ae Aacrrihad far £a samnmaind A (avmrcanti = RA- 14N (0N o

ACCOTGINE G in gendra: proCelure as GOsCriota iGr va, Compound 3G (Syn'ani OUI4) (V.eeV §,
N Odnncnn A 1N no ranctad xitlh AL N 16wl 1 & it Al ton smermidican £ el 4t ~luia n nala allase: anlid A~ L3
0.97mmol) was reactea witn MsCI (0.15 mu, 1.5 mmon) in pyriaine (2 mi) to give a paie yeliow soiia of 6d
/A 1A o QM0/ A o 28 £ O nooa OO T atsiion O LTSI lamiaaae LT N A (D)-isomer FANN RATT
V.1/4 g, L YA} ylclu, mp 0o~0/ "L} as ¥7.1 MIXWUIC Ol (4 ).\ L£)-150ICTS. I INIVIN O1 \4)- bOIllcr (JUVU inz,
CDCl3): 6 7.82 (br. d, J = 8.0 Hz, 1H, ArH), 7.53 (d, J= 5.3 Hz, 1H, COCH=CH), 7.09 (app. t, / = 8.0 Hz,
iH, ArH), 691 (dd, J = 8.0, 1.2 Hz, 1H, ArH), 6.52 (s, 1H, C=CHAr), 6.20 (d, J = 5.3 Hz, 1H, COCH=CH),
3.87 and 3.86 (each s, 6H, OMe). IR (nu;ol) vmax 1772, 1735, 1650, 1575, 1550, 1477, 1428, 1351, 1338,

1303, 1276, 1232, 1204, 1168, 1108, 1064, 1004, 955, 916, 881, 788, 765, 749, 731, 675 cm~i. MS: m/z (%)
relative intensity 232 (M*, 100), 217 (1), 201 (12), 189 (10), 161 (34), 146 (5), 115 (13), 92 (6), 89 (5), 77 (5),
63 (5). Anal. Calcd. for C3H;,04: C, 67.23; H, 5.20. Found: C, 66.90; H, 5.25.
5-(3,4-Dimethoxybenzylidene)-2(5H)-furanone (6e).

According to the general procedure as described for 6a, compound 3e (syn:anti = 72:28) (0.254 g, 1.0
mmol) was reacted with MsCl (0.15 ml, 1.5 mmol) in pyridine (4 ml) to give a yellow solid of 6e (0.21 g, 91%
yield; mp 114-117 °C) as a 94:6 mixture of (Z):(E)-isomers. 1H NMR (300 MHz, CDClL): 8 7.47 (d, J=54
Hz, 1H, COCH=CH), 7.45 (d, J = 2 Hz, 1H, ArH), 7.29 (dd, J = 8.3, 2.0 Hz, 1H, ArH), 6.88 (d, /= 8.3 Hz,
1H, ArH), 6.31 (E) and 6.15 (Z) (each dd, J= 5.4, 1.8 Hz and 5.4, 0.8 Hz, respectively, |H, COCH=CH), 6.73
(E) and 5.98 (Z) (each br. s, 1H, C=CHAr), 3.94 and 3.92 (each s, 6H, OMe). IR (nujol): vmax 1775, 1750,

1732, 1651, 1596, 1543, 1516, 1327, 1269, 1214, 1184, 1169, 1142, 1116, 1079, 1022, 962, 922, 887, 854,
806, 779, 676 cml. MS: m/z (%) relative intensity 232 (M™*, 100), 217 (23), 204 (2), 189 (8), 171 (5), 161
(10Y 143 (1) 133 (17) 116 (7). 105 {8) 97 {3} 92 m\ 80 (5) 77 (7). 69 (3). 63 (5). 55 (6). Anal Caled for
\lvl’ F S g4 \J}, LI \l ll’ 21V \l” R \\JI, s ¥ \J], 7 et \V}’ s \-/1, T lys M\ Jy W\ Jy Y \vl. Aiifal. WoslrivwAi. AW
O N A792- T £90 Traamnmd- O AT7TN-TT € 2N
131wy, U, O/,.65, 11, J.2u. Y OUlill ©, U/7.V06, 11, J.Ju.
IV TV IR Y P77 PUSGs Luupegy NEepuey LI PSS Wil VL & A Y S £EE
I-(3, 4-MIeinyieneaioxyoenzyiaene) - (1 )~juraione {(oj).
A 1 P L_J Lo mmenm e mrisnd DL L4 . MIN.AINN SN DD TN
According to the general procedure as described for 6a, compound 3f (syn:anti = 70:30) (0.233 g, 1.0
mmol) was reacted with MsCl (0.12 mi, 1.5 mmol) in pyridine (4 mi) to give a pale yeliow solid of 6f (0.21 g,
Ter w v o~ —~

a
97% yield; mp 138-140 °C) as a 94:6 mixture of (Z):(E£)-isomers. *HN (300 MHz, CDCi3): 6 7.47-7.45
(m, 2H, ArH and COCH=CH), 7.17 (dd, J= 8.1, 1.9 Hz, 1H, ArH), 6.82 (d, /=8.1 Hz, 1H, ArH), 6.16 (d, /=
4.9 Hz, 1H, COCH=CH), 6.02 (E) and 6.01 (Z) (each s, 2H, OCH;0), 6.7 (¥) (d, J = 1.6 Hz) and 5.95 (Z) (s)
(1H, C=CHAr). IR (nujol): vmax 1773, 1741, 1651, 1619, 1600, 1546, 1488, 1447, 1338, 1276, 1261, 1209,
1191, 1119, 1067, 1039, 936, 883, 821, 722, 681 cm'l. MS: m/z (%) relative intensity 216 (M*, 100), 188
(13), 162 (6), 134 (14), 130 (20), 102 (32), 93 (5), 76 (23), 63 (3), 50 (12). Anal. Calcd. for Ci;HsO4: C,

66.66; H, 3.73. Found: C, 66.66; H, 3.60.



11304 M. Pohmakotr et al. / Tetrahedron 54 (1998) 1129711304

Acknowledgements: We are indebted to the Thailand Research Fund for financial support (BR/07/2539)
and the award of a Senior Research Scholar to VR, Thanks are also due to Mrs. Patcharin Poochaiwatananon,
Ms. Amporn Srisuttipruet and Ms. Kingkaew Serikul for recording the TH NMR, IR and mass spectra and for
microanalyses.

References and Notes
+ Fax: +66-02-2477050; c-mail: scmpk@mahidol.ac.th

1. Taken from the M. Sc. Thesis of PP, Mahidol University, 1998.

Rao, Y.S. Chem. Rev. 1976, 76, 625-694.

Knight, D.W. Contemp. Org. Synth. 1994, 1, 287-315.

Negishi, E; Korata, M. Tetrahedron 1997, 53, 6707-6738 .

Casiraghi, G; Rassu, G. Synthesis 1995, 607-626.

Jung, J H.; Pummangura, S.; Chaichantipyuth, C.; Patarapanich, C.; Fanwick, P.E.; Chang, C.-J.; McLaughlin, J L.
Tetrahedron 1990,46, 5043-5053,

7. Jung, J.H.; Pummangura, S.; Chaichantipyuth, C.; Patarapanich, C.; McLaughlin, J.L. Phytochemistry 1990, 29,
1667-1670.

8. Jung, J H. Chang, C.-J.; Smith, D.L.; McLaughlin, J.L. J. Nat. Prod. 1991, 54, 500-505.

Tuchinda, P.; Udchachon, J.; Reutrakul, V., Santisuk, T.; Taylor, W.C.; Famsworth, N.R.; Pezzuto, 1M
Kinghorn, A.D. Phytochemistry 1991, 33, 2685-2689.

10. Nasman, JH. Org. Synth. Col. Vol. VII 1993, 396-402.

11. Haynes, RK.,; LamW.W.-L.; Yeung, L., Williams, 1.D; Ridley, R.C.; Starling, S.M; Vonwiller, S.C;
Hambley, T.W ; Lelandais, P. J. Org. Chem. 1997, 62, 4552-4553.

12, Brown, D.W.; Campbell, M.M.; Taylor, A.P.; Zhang, X. Tetrahedron Lett. 1987, 28, 985-988: We have carried out
the reaction of the lithiated butenolide with isobutyraldehyde. It was found that the expected yadduct
[4-(1-hydroxy-2 -methylpropyl)-2-buten-4-olide] containing small amount of the a-adduct [2-(1“-hydroxy-2"-
methylpropyl)-2-buten-4-olide] could be isolated in 34% yield along with 6% yield of the bis-adduct [2,4-bis(1*
hydroxy-2-methylpropyl)-2-buten-4-olide], which resulted presumably from the primarily formed a-adduct. In the
presence of ZnCl,, a 52:48 mixture of the - and y-adducts could be isolated in 27% yield together with 12% yield of
the bis-adduct.

13.  pSelectivity of the lithiated 3-isopropyl-2-buten-4-olide with steroidal aldehydes has been reported: McMorris, T.C ;
Chavez, R.G.; Patil, P.A. J Chem. Soc. Perkin Trans. I 1996, 295-302; Donaubauer, JR.; Greaves, AM,;
McMorris, T.C. J. Org. Chem. 1984, 49, 2833-2834.

14, ySelectivity of the anions derived from tetronic acid derivatives: see for examples, Honda, T.; Kondoh, H,;
Okuyama, A.; Hayakawa, T.; Tsubuki, M.; Nagase, H. Heteracycles 1992, 33, 67-72 and references cited therein;
Honda, T.; Kondoh, H.; Okuyama, A.; Hayakawa, T.; Tsubuki, M. Chem. Lett. 1991, 1861-1864; Pelter, A;
Al-Bayati, R.; Ayoub, M.T.; Lewis, W.; Pardasani, P.; Hansei, R. J. Chem. Soc. Perkin Trans. I 1987, 717-742;
Kametani, T.; Katoh, T.; Tsubuki, M.; Honda, T. J. Am. Chem. Soc. 1986, 108, 7055-7060; Pelter, A.; Al-Bayati,
R.: Lewis, W. Tetrahedron Lett. 1982, 23, 353-356.

15.  Plewe, M.; Schmidt, R.R. Svnrhesis, 1989, 534-536; Boukouvalas, J.; Maltais, F.; Lachance N. Tetrahedron Lett.
1994, 35, 7897-7900; Shing, TK.M.; Tai, V.W.-F.; Tsui, H.-C. J Chem. Soc. Chem. Commun., 1994, 1293-1294;
Shing, T K M.; Tai, V.W.-F ; Tsui, H.-C.; Zhou, Z.-H. J. Org. Chem. 1995, 60, 3121-3130; Mukai, C.; Hirai, S ;
Kim, LJ.; Kido, M.; Hanaoka, M. Tetrahedron 1996, 52, 6547-6560.

16. Lu, X.; Haung, X.; Ma, S. Tetrahedron Lett. 1993, 34, 5963-5966; Kotora, M.; Negishi, E. Synthesis, 1997,
121-128.

IS



