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Abstract:

The reaction of N-[(1R,2S,3R,4S)-2-hydroxy-1,7

,7-trimethylbicyclohept-3-yl]-3-(phenylthio)-2- [ (phenylthio)-

methyl]propanamide with 4 equiv of n-BuLi gives exclusively trans cyclopropanes in 94% yield (ratio of diastereomers 1:3).
The use of the triisopropylsilyl ether of the amide led to high diastereoselectivity (ratio 1:11) in this cyclopropanation. The
absolute configuration of the resulting diastereomeric cyclopropane was determined by X-ray crystallography. The g-lithiation
and subsequent alkylation of the cyclopropanes provided a wide variety of optically pure cyclopropane derivatives.

A general synthetic approach to functionalized cyclopropanes
with high optical purities would be of significant value not only
because these cyclopropanes are frequently found in natural
products® but also because they are synthetically useful inter-
mediates for the construction of other chiral molecules.? Among
the various methods reported, the Simmons—-Smith reactions of
chiral olefinic substances'™* and the chiral carbenoid reaction of
achiral alkenes* are highly effective procedures for the preparation
of optically pure cyclopropanes. However, the asymmetric cy-
clopropanations, which additionally allow the formation of new
chemical bonds, in particular carbon—carbon bonds, have not been
described.?

We describe here a novel approach to the synthesis of chiral
functionalized cyclopropane derivatives via 8-lithiation®—cyclo-
propanation’ of bis(3-phenylthio) carboxamides and subsequent
alkylation of the resulting lithiocyclopropanes. Reaction of V-
[(1R,25,3R,45)-2-hydroxy-1,7,7-trimethylbicyclohept-3-yl]-3-
(phenylthio)-2-[(phenylthio)methyl] propanamide (1a) with 4 equiv
of n-BuLi at =78 °C for 10 min and at 0 °C for 3 h gave a mixture
of trans isomers of cyclopropanes in 94% yield (ratio of the dia-
stereomers 1:3). These cyclopropanes were readily separated by
flash chromatography on silica gel.2 The absolute configuration
of the less mobile diastereomer 3, obtained as a crystalline solid,
was determined by X-ray crystallography (Figure 1; Scheme I).

The use of the rert-butyldimethylsilyl ether of amide 1a led to
better diastereoselectivity in this cyclopropanation. Thus, addition
of 3 equiv of #-BuLi to 1b followed by desilylation with tetra-
butylammonium fluoride produced (15,2R)-2 and (1R,25)-3 in
84% overall yield from 1a as a 1:5.2 mixture of diastereomers.
It is important to note that the hydroxy function on the bicyclic
moiety of the amide is necessary for chromatographic separation
of the diastereomers,? since with the other chiral amines such as
(R)-(+)-a-methylbenzylamine or (R)-(+)-1-(1-naphthyl)ethyl-
amine the separation of the diastereomers was impossible and the
chemical yields of the cyclopropanes were 70-80%. When amide
1c bearing the triisopropylsilyl group as a control element® was
used in this sequence, the highest degree of diastereoselectivity
(1:11 ratio) was achieved (85% overall yield from 1a). Molecular
models indicate the triisopropylsilyl group causes nonbonding
interaction to restrict rotation about C,—-C, bond and covers the
front face of the amide moiety. Thus, addition of n-BulLi to 1¢
approaches from the back side of the amide group to remove the
pro-S proton selectively, resulting in the predominant formation
of (1R,285)-3.

Removal of the chiral auxiliary from cyclopropane (1S,2R)-2
was achieved by N-terr-butoxycarbonylation!® followed by
methanolysis or by hydrolysis and subsequent amidation to afford
(15,2R)-4 in 73% yield ([«]?®p =56.9° (¢ 1.26, MeOH)) or

YKyoto University.
$Osaka University.

0002-7863/88/1510-7185$01.50/0

Scheme ¢

NHC—C
1la: R=H

1bs R=t-BuMeZSi
1c: R=(i—Pr)3Si

A’Sph
NHC Z'H
OH

(18,2R)-2

%1a, 4 equiv of n-BuLi, THF; 1b and 1c, 3 equiv of n-BuLi and then
2 equiv of n-Bu,NF.

I-‘ SPh
NHC
OH

(1R, 28)-3
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respectively. Diastereomer (1R,2S5)-3 was converted under
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Figure 1. X-ray structure of cyclopropane (1R,25)-3.
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identical conditions to methyl ester 6 [a]?'p +56.1° (¢ 1.11,
MeOH) in 76% overall yield or anilide 7 ([a]*p +79.8° (¢ 0.93,
dioxane) in 53% overall yield (Scheme II). The enantiomeric
excess of 5 was determined as >99.5% by HPLC analysis using
the chiral stationary phase, indicating that no racemization took
place during these transformations.

From the antipodal amide 8¢ derived from /-camphor, a similar
cyclopropanation provided cyclopropanes 9 and 10 in 84% overall
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yield with a 12:1 diastereoselectivity (Scheme III). The absolute
configuration of product 9 was determined as (15,2R)-9 by
transformation of 9 into methyl 2-(phenylthio)cyclopropane-
carboxylate, exhibiting a rotation of [a]?p—59.2° (¢ 1.14, MeOH)
in satisfactory agreement with that of (15,2R)-4 ([«]®p —56.9°
(¢ 1.26, MeOH)) prepared from (1S5,2R)-2.

Treatment of the pure diastereomer (15,2R)-2 with 3 equiv
of n-BuLi in THF at -78 °C produced yellow solution of the
trianion. Addition of paraformaldehyde gave 11 in 44% yield,
which upon acidic hydrolysis produced (15,5R)-3-oxa-5-(phe-
nylthio)bicyclo[3.1.0]hexan-2-one (12) ([a]®p +89.2° (c 1.00,
dioxane)) in 72% yield. Reaction of (1R,25)-3 under identical
conditions gave 13 in 61% yield, which was cyclized to enan-
tiomeric lactone 14 ([a]®p —86.8° (c 1.16, dioxane) in 60% yield
(Scheme IV).

It should be emphasized that the three-step procedure—tri-
isopropylsilylation, cyclopropanation, and desilylation—provides
cyclopropanes in high overall yields with high diastereoselectivity.



Synthesis of Functionalized Cyclopropanes

Since both enantiomers of bis(3-phenylthio) carboxamides are
readily available, either isomer of the cyclopropanes can be syn-
thesized in high optical purity. Further studies on the enan-
tioselective substitutions of chiral lithiocyclopropanes, as well as
applications in other chiral molecules of interest, are in progress.

Experimental Section

N-[(1R,2S5,3R ,4S)-2-Hydroxy-1,7,7-trimethylbicyclohept-3-yl]-3-
(phenylthio)-2-[(phenylthio)methyl]propanamide (1a). A solution of 3-
(phenylthio)-2-[(phenylthio)methyl]propionyl chloride (prepared from
3-(phenylthio)-2-[(phenylthio)methyl] propionic acid and SOCI, in dry
benzene) in dry THF (40 mL) was added dropwise with magnetic stirring
to a solution of 3-exo-amino-2-exo-hydroxybornane!! (6.09 g, 0.036 mol,
ca. 90% purity) and triethylamine (5.52 mL, 0.0396 mol) in THF (60
mL) at 0 °C under argon. The mixture was allowed to warm to room
temperature overnight. Dilute HCl (30 mL) was added, and the mixture
was extracted with ethyl acetate (3 X 60 mL). The combined organic
extracts were washed with saturated aqueous NaHCO; (50 mL) and
brine (50 mL), dried (Na,SO,), and evaporated. Chromatography
(silica, hexane—ethyl acetate (5:1)) gave a crude amide as a solid (15.15
g). The solid was dissolved in hot hexane-ethyl acetate (2.5:1, 350 mL)
and cooled at room temperature to give a mixture of endo- and exo-amide
(2.93 g, ratio 47:53 by HPLC). The filtrate was concentrated, the
residual white solid was dissolved in hot hexane—ethyl acetate (4:1, 250
mL), and the solution was filtered and cooled at room temperature to give
pure exc-amide la (>99.5% by HPLC) in 43% yield (7.08 g): mp
94.5-95.5 °C; [a]*p +13.8° (¢ 1.07, dioxane); IR (KBr) 3250, 2940,
1640, 1510, 760 cm™!; TH NMR § 0.80, 0.93, 1.03 (s, 9 H), 1.03 (m, 2
H), 1.49 (m, | H), 1.63-1.73 (m, 2 H), 2.10 (br s, | H), 2.47 (m, | H),
3.18 (m, 4 H), 3.75 (m, 2 H), 6.10 (m, | H), 7.26 (m, 10 H). Anal.
Caled for C,6H33NOS,: C, 68.53; H, 7.30; N, 3.07. Found: C, 68.50;
H, 7.35, N, 2.96.

N-[(1R 2S,3R ,4S)-2-[(tert-Butyldimethylsilyl)oxy}-1,7,7-trimethyl-
bicyclohept-3-yl}-3- (phenylthio)-2-[(phenylthio)methyl]propanamide (1b).
The tert-butyldimethylsilylation was carried out according to a literature
method.® To a solution of 1a (1.20 g, 2.63 mmol) in dry CH,Cl, (3 mL)
at 0 °C under argon were added rert-butyldimethylsilyl triflate® (0.72
mL, 3.42 mmol) and 2,6-lutidine (0.61 mL, 5.26 mmol). The solution
was allowed to warm to room temperature and stirred overnight. The
reaction was quenched by the dropwise addition of 2% HCI (3 mL).
Brine was added, and the mixture was extracted with CH,Cl, (4 X 20
mL). The combined organic extracts were washed with dilute HCI,
saturated aqueous NaHCO;, and brine and dried (Na,SO,). Evapora-
tion of the solvent followed by chromatography (silica, hexane—ethyl
acetate (10:1)) gave 1.45 g of 1b (97%) as a crystalline material: mp
70-71 °C; [a]??y -32.0° (¢ 1.08, dioxane); IR (KBr) 2920, 1680, 1490,
750 cm™}; 'TH NMR 6 -0.15 (s, 3 H), 0.00 (s, 3 H), 0.58 (s, 9 H), 0.75
(s, 3H), 0.79 (s, 3 H), 1.01 (s, 3 H), 0.87-1.93 {(m, 5 H), 2.39 (m, | H),
3.21 (d, J = 7.0 Hz, 4 H), 3.55-3.80 (m, 2 H), 6.19 (d, J = 5.0 Hz, 1
H), 7.12-7.29 (m, 10 H). Anal. Calcd for C;,Hi7NO,SIS,: C, 67.43;
H, 8.31, N, 2.46. Found: C, 67.66; H, 8.33; N, 2.43.

N-[(1R,2S,3R ,4S)-2-{(Triisopropylsilyl)oxy]-1,7,7-trimethylbicyclo-
hept-3-yl]-3-(phenylthio)-2-[ (phenylthio)methyllpropanamide (1c). By a
similar procedure, the triisopropylsilyl ether was prepared in 100% yield
(2.69 g) after column chromatography (silica, hexane—ethyl acetate
(10:1)) from amide 1a (2.00 g, 4.39 mmol) and triisopropylsilyl triflate®
(1.41 g, 5.27 mmol); mp 67-67.5 [a]??p -34.0° (¢ 1.01, dioxane); IR
(KBr) 2930, 1660, 1485, 755, 710 cm™!; 'H NMR 6 0.79 (s, 3 H), 0.87
(d, J = 5.5 Hz, 8 H), 0.90 (s, 3 H), 0.96 (s, 13 H), 1.06 (s, 3 H), 1.16
(dt, J = 4.0, 8.5 Hz, | H), 1.48 (dt, J = 4.0, 12.0 Hz, | H), 1.68 (m,
1 H), 1.97 (d, 7 = 4.3 Hz, 1 H), 2.46 (g, J = 6.9 Hz, 1 H), 3.19-3.31
(m, 4 H), 3.78 (m, 1 H), 3.99 (d, J = 7.9 Hz, 1 H), 6.27 (d, J = 5.8 Hz,
1 H), 7.12-7.32 (m, 10 H). Anal. Calcd for C3sHs3NO,SIS,: C, 68.69;
H, 8.73; N, 2.29. Found: C, 68.61; H, 8.79; N, 2.34.

Cyclopropanation of 1a. To a stirred solution of amide 1a (1.00 g, 2.19
mmol) in dry THF (60 mL) at =78 °C under argon was added #-BuLi
(8.76 mmol). The mixture was stirred for 15 min at =78 °C and for 3
h at 0 °C. The reaction was quenched with saturated aqueous NH,Cl
(3 mL), poured into H,0, and extracted with ethyl acetate (3 X 30 mL).
The combined extracts were washed with brine, dried (Na,SO,), filtered,
and evaporated. Flash chromatography (silica, hexane—ethyl acetate
(5:1)) gave 0.18 g (23%) of (1S5,2R)-2 and 0.54 g (71%) of (1R,25)-3.

(1S,2R)-N-{(1R,2S5 3R ,4S5)-2-Hydroxy-1,7,7-trimethylbicyclohept-
3-yl]-2-(phenylthio)cyclopropanecarboxamide (2): mp 127 °C; [«]'}p
+32.2° (¢ 1.00, dioxane); IR (KBr) 3270, 2940, 1630, 1510, 1070, 755

(11) (a) Beckett, A. H.; Lan, N. T.; McDonough, G. R. Tetrahedron 1969,
25, 5689. (b) Chittenden, R. A.; Cooper, G. H. J. Chem. Soc. C 1970, 49.
(c) Pauling, H. Helv. Chim. Acia 1975, 58, 1781.
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em!; '"H NMR 6 0.80 (s, 3 H), 0.93 (s, 3 H), 1.08 (s, 3 H), 0.83-1.79
(m, 8 H), 2.47 (brs, | H), 2.64 (m, | H), 3.75 (s, | H), 3.79 (s, 1 H),
6.36 (brs, 1 H), 7.01-7.25 (m, 5 H). Anal. Calcd for C,0H;NO,S: C,
69.53: H, 7.88; N, 4.05. Found: C, 69.46; H, 7.85; N, 4.05.

(1R,2S)-N-[(1R,25 3R ,4S)-2-Hydroxy-1,7,7-trimethylbicyclohept-
3-yl]-2- (phenylthio)cyclopropanecarboxamide (3): mp 113.5-115 °C;
[«]?p —2.26° (¢ 0.98, dioxane); IR (KBr) 3350, 2940, 1645, 1510, 1080,
760 cm™!; TH NMR § 0.83 (s, 3 H), 0.93 (s, 3 H), 1.05 (m, 1 H), 1.09
(s, 3H), 1.10~1.20 (m, 2 H), 1.51 (dt, J = 4.0, 12.0 Hz, | H), 1.62-1.79
(m, 3 H), 1.88 (d, J = 4.6 Hz, | H), 2.49 (brs, 1 H), 2.73 (m, | H),
3.76-3.82 (m, 2 H), 6.54 (br s, | H), 7.14 (m, 1 H), 7.21-7.30 (m, 4 H).
Anal. Caled for C,0H,,NO,S: C, 69.53; H, 7.78; N, 4.05. Found: C,
69.35; H, 7.89; N, 3.92.

General Procedure for Cyclopropanation of 1b and 1c. To a stirred
solution of amide 1c (1.50 g, 2.45 mmol) in dry THF (30 mL) at =78
°C under argon was added #-BuLi (7.35 mmol). The mixture was stirred
for 10 min at =78 °C and for 3 h at 0 °C. The reaction was quenched
with saturated aqueous NH,4Cl (3 mL), poured into H,O, and extracted
with ethyl acetate (3 X 30 mL). The combined extracts were washed
with brine, dried (Na,SO,), filtered, and evaporated. This material was
dissolved in dry THF (20 mL), and tetrabutylammonium fluoride (4.90
mmol) was added. The mixture was stirred for 2 h at room temperature
and quenched with brine (3 mL). The reaction mixture was poured into
H,0 and extracted with ethyl acetate (3 X 30 mL). The combined
extracts were washed with saturated aqueous NaHCO,, dilute HCI, and
brine. The organic layer was dried (Na,S0Q,), filtered, and evaporated.
Flash chromatography (silica, hexane—ethyl acetate (5:1)) gave 0.06 g
(7%) of (1S,2R)-2 and 0.67 g (79%) of (1R,2S)-3.

Methyl (1S,2R )-2-(Phenylthio)cyclopropanecarboxylate (4). The
conversion of (15,2R)-2 into the corresponding methyl ester was carried
out according to a literature procedure.!® To a solution of 2 (0.29 g, 0.84
mmol) in dry CH,Cl, (9 mL) under argon were added 4-(dimethyl-
amino]pyridine (0.15 g, 1.26 mmol) and triethylamine (0.18 mL, 1.26
mmol). A solution of di-rert-butyl dicarbonate (1.57 g, 7.18 mmol) in
dry CH,Cl, (3 mL) was added and the resultant solution stirred for |
h. The solvent was evaporated and the crude product purified by chro-
matography (silica, hexane—ethyl acetate (5:1)) to give 0.36 g (94%) of
the N-Boc derivative as a colorless solid. This material (0.49 g, 1.10
mmol) was dissolved in dry MeOH (4 mL), and sodium methoxide (1.2
mL, 2M in MeOH) was added. After the mixture was stirred for 4.5
h at room temperature, brine (20 mL) was added. The product was
extracted with ethyl acetate (3 X 20 mL). The combined organic layers
were washed with brine, dried (Na,S0O,), and evaporated to give a pale
yellow oil. The crude ester was chromatographed (silica, hexane—ethyl
acetate (10:1)) to give 0.23 g (78%) of 4 as a pale yellow oil: bp 95-98
°C (0.2 mmHg); [a]®p -56.9° (¢ 1.26, MeOH); IR (thin film) 1735,
1445, 1390, 1210, 1180 cm™!; 'H NMR 5 1.24 (m, 1 H), 1.66 (m, | H),
1.92 (m, | H), 2.78 (m, | H), 3.73 (s, 3 H), 7.16-7.34 (m, 5 H); MS,
m/e 208 (M™).

(1S,2R)-N-Phenyl-2-(phenylthio)cyclopropanecarboxamide (5). The
conversion of (15,2R)-3 into the corresponding anilide 5 was carried out
according to a literature method.1® To a solution of N-tert-butoxy-
carbonyl amide (0.50 g, 1.12 mmol) of 2 in dry THF (7.5 mL) was added
a 1.0 M solution of lithium hydroxide (4.4 mL). The mixture was stirred
overnight at room temperature. The reaction mixture was acidified by
10% HCl to pH | and extracted with CH,Cl, (4 X 20 mL). The organic
layer was back-extracted with 15% NaOH (4 X 10 mL). The alkaline
solution was acidified by 10% HCI to pH 1, and the product was ex-
tracted with CH,Cl, (4 X 20 mL). The combined organic extracts were
washed with brine and dried (Na,SO,). Evaporation of the solvent gave
0.19 g (86%) of (1S,2R)-2-(phenylthio)cyclopropanecarboxylic acid as
a white solid. The acid was converted to § by using 2-chloro-1-
methylpyridinium p-toluenesulfonate!? as a condensing agent. The crude
amide was purified by chromatography (silica, hexane-ethyl acetate
(5:1)) to give 5 (77%) as a crystalline material (>99.5% ee by HPLC):
mp 166.5-168 °C; [«]%, =79.0° (c 0.80, dioxane); IR (KBr) 3270, 1650,
1600, 1540, 1450, 755, 705 em™; 'H NMR 6§ 1.21 (m, | H), 1.74-1.78
(m, 2 H), 2.85 (m, | H), 7.08-7.50 (m, 10 H), 7.63 (brs, | H). Anal.
Caled for C)gH ;sNOS: C, 71.35; H, 5.61; N, 5.20. Found: C, 71.48;
H, 5.69; N, 5.13.

(15,2R)-N-[(1R 2S5 ,3R ,4S )-2-Hydroxy-1,7,7-trimethylbicyclohept-
3-yl]-2-(hydroxymethy!)-2-(phenylthio)cyclopropanecarboxamide (11).
To a solution of (15,2R)-2 (0.60 g, 1.74 mmol) in dry THF (30 mL) at
—78 °C under argon was added n-BuLi (5.7] mmol) dropwise. The
reaction mixture was stirred for 10 min at =78 °C followed by 1.5 h at
0 °C. Paraformaldehyde (0.08 g, 2.61 mmol, dried under vacuum) was
added and the resulting suspension stirred for 18 h. The reaction was
quenched by saturated aqueous NH,Cl (3 mL), and H,0 (30 mL) was

(12) Mukaiyama, T.; Hirako, Y.; Takeda, T. Chem. Letr. 1978, 461.
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added. The product was extracted with ethyl acetate (3 X 30 mL), and
the combined extracts were washed with ditute HC}, saturated aqueous
NaHCO,, and brine. The organic layer was dried (Na,SO,), evaporated,
and chromatographed (silica, hexane—ethyl acetate (2:1)) to give 0.29 g
(44%) of 11 and starting amide 2 (43% recovery): mp 116.5-117 °C;
[a]?3p -37.9° (¢ 0.99, dioxane); IR (KBr) 3300, 2940, 1620, 1515, 755
cm’l; TH NMR § 0.81 (s, 3 H), 0.92 (s, 3 H), 1.09 (s, 3 H), 0.81-2.17
(m, 8 H), 3.10 (br s, | H), 3.74-4.21 (m, 6 H), 6.50 (d, J = 6.0 Hz, |
H), 7.20-7.47 (m, 5§ H).

(1S ,5R)-3-Oxa-5-(phenylthio)bicyclo[3.1.0]heptan-2-one (12). Toa
solution of (1S,2R)-11 (0.29 g, 0.77 mmol) in 1,4-dioxane (8 mL) was
added 10% HCI (8 mL). The mixture was warmed to reflux for 1 h
under argon and allowed to cool. The solvent was evaporated, and the
residue was diluted with brine and extracted with ethyl acetate (3 X 30
mL). The combined organic extracts were dried (Na,SO,) and con-
centrated. The crude residue was chromatographed (silica, hexane—ethyl
acetate (5:1)) to give 0.12 g (72%) of 12 as a colorless oil: bp 153 °C

(0.7 mmHg); [a]®p +89.2° (¢ 1.00, dioxane); IR (thin film) 1780, 1480,
1185, 1030, 760, 705 cm™!; 'H NMR § 1.45 (m, 1 H), 1.75 (m, 1 H),
2.37 (m, 1 H), 4.32 (d, J = 3.0 Hz, 2 H), 7.17-7.44 (m, 5 H); MS, m/e
206 (M*).
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Abstract: Isoprene is shown to undergo high-yielding cycloaddition with §-acylfurans and N-benzenesulfonylated 8-acylpyrroles
and B-acylindoles and 1,3-butadiene with the latter. Except for the reactions catalyzed by aluminum trichloride they show
poor regioselectivity. The Diels—Alder adducts of N-benzenesulfonylated S-nitropyrrole and 8-nitroindole suffer from thermal
nitrous acid extrusion and by p-quinone oxidation can be converted into indoles and carbazoles, respectively.

It has been known for some time, that aromatic heterocycles
such as furan (1a), thiophene (1b), and pyrrole (1¢) undergo
Diels—Alder reactions despite their aromaticity and hence expected
inertness. In view of their electron-rich constitution and elec-

Y R
12, Y=0 2a,R = Me 3 4
b,Y=S b.R=H
c,Y=NH

tron-donor properties they have been involved mostly as the diene
component in the cycloaddition process. Thus, furans have been
used efficiently in this capacity since the early days of the
Diels—Alder reaction.!  The much lower reactivity of the
thiophenes has prevented their frequent use as Diels—Alder dienes.?
Finally, whereas pyrroles initially were shunned as cycloaddition
substrates in view of the formation of «-alkylpyrroles on their
exposure to dienophiles,® they were shown later to be efficient
Diels—-Alder dienes when N-substituted by electron-withdrawing
groups.*

There exists a limited number of examples of five-membered,
aromatic heterocycles acting as dienophiles in Diels—Alder re-
actions, although in 8 of the 10 cases, a special driving force

(1) (a) Diels, O.; Alder, K.; Naujoks, E. Ber. Dtsch. Chem. Ges. 1929, 62,
554. (b) Diels, O.; Alder, K. Justus Liebigs Ann. Chem. 1931, 490, 243.

(2) (a) Rheinhoudt, D. N.; Kouwenhoven, C. G. Tetrahedron 1974, 30,
2093. (b) Rheinhoudt, D. N.; Trompenaars, W. P.; Geevers, J. Tetrahedron
Letr. 1976, 47717.

(3) Diels, O.; Alder, K. Justus Liebigs Ann. Chem. 1931, 490, 267.

(4) (a) Acheson, R. M.; Vernon, J. A. J. Chem. Soc. 1961, 457. (b)
Acheson, R. M.; Vernon, J. A, Ibid. 1963, 1008.
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permits expression of such unusual heterocycle behavior—the
cycloaddition requiring inverse electron demand (electron-poor
diene reacting with an electron-rich dienophile)’ or being con-
strained to an intramolecular, unidirectional process.® One of
the two examples of an intermolecular Diels—Alder reaction (with
normal electron demand) of an aromatic heterocycle of type 1
on record is the formation of 2:1 adduct 4 on thermal reaction
of 1,3-butadiene (2b) with furfural (3).” Even this case is unusual,
insofar as the reaction leads to something other than a 1:1 adduct
and was carried out under specialized conditions intended to
imitate the extractive distillation of unreacted butadiene with
furfural solvent in industrial plants of synthetic rubber production.
Nevertheless, this observation constitutes the first indication of
the feasibility of normal Diels—Alder chemistry with five-mem-
bered, aromatic heterocycles, holding electron-withdrawing groups,
as dienophiles. As the following discussion illustrates, this het-
erocycle reaction tendency could be translated into a new method
of organochemical synthesis.

(5) (a) Horspool, W. M _; Tedder, J. M.; Din, Z. U. J. Chem. Soc. C 1969,
1694. (b) Seitz, G.; Kaempchen, T. Arch. Pharm. (Weinheim, Ger.) 1976,
309, 679. (c) Takahashi, M.; Ishida, H.; Kohmoto, M. Bull. Chem. Soc. Jpn.
1976, 49, 1725. (d) Friedrichsen, W.; Bottcher, A. Heterocycles 1981, 16,
1009. (e) Heine, H. W.; Barchiesi, B. J.; Williams, E. A. J. Org. Chem. 1984,
49, 2560. (f) Heine, H. W.; Williams, E. A. Recl. Trav. Chim. Pays-Bas
1986, 105, 403. (g) Benson, S. C.; Palabrica, C. A.; Snyder, J. K. J. Org.
Chem. 1987, 52, 4610. (h) Jung, M. E.; Usui, Y.; Vu, C. T. Tetrahedron Lett.
1987, 5977. (i) Black, D. St. C. et al. Tetrahedron Lett. 1987, 6691.

0 (6) Ghisalberti, E. L.; Jefferies, P. R.; Payne, T. G. Tetrahedron 1974, 30,
3099.

(7) (a) Hillyer, J. C.; Swadesh, S.; Leslie, M. L.; Dunlop, A. P. Ind. Eng.
Chem. 1948, 40, 2216. (b) Hillyer, J. C.; Edmonds, J. T., Jr. J. Org. Chem.
1952, 17, 600. (c) Kraus, G. A.; Raggon, J. Abstracts of Papers, 193rd
National Meeting of the American Chemical Society, Denver, CO; American
Chemical Society: Washington, DC, 1987; Abstract ORGN 0030.
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