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by water aspirator while stirring vigorously in a 40 °C water
bath. The oily residue was dissolved in 30 mL of anhydrous
diethyl ether and the solution was cooled in an ice bath. Then
1.85 mL of ethanolamine (31 mmol) was injected with rapid
stirring. The precipitate was filtered on a fritted-glass funnel
and washed with 5 mL of ether. The filtrate was washed with
60 mL of a saturated sodium chloride solution, dried (MgSOy,),
and concentrated under vacuum to yield the crude product.
The alcohol may be isolated by distillation at reduced pressure
or by chromatography and is generally pure by NMR and
GLC.

The capacity of B-alkyl-9-BBN compounds as chemo-
selective as well as enantioselective!? reducing agents for al-
dehydes has been demonstrated.!3 The reagent is exception-
ally mild since the reaction proceeds under essentially neutral
conditions. The Meerwein-Pondorf-Verley type of mecha-
nism proposed for this reduction! suggests that this reagent
should possess unique properties. We are continuing to in-
vestigate both the mechanism and scope of these reactions.
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Diels—-Alder Reaction of Thiophene with
Maleic Anhydride at Very High Pressure!:

Summary: The Diels-Alder reaction of thiophene with maleic
anhydride proceeds under very high pressure conditions, af-
fording the exo adduct.

Sir: There has been current interest in the Diels—Alder reac-
tion of thiophenes. Because of the high aromaticity, it is a
well-known fact that thiophene itself is inert to maleic anhy-
dride.3 The only recorded thiophene derivatives which are able
to react with maleic anhydride in a Diels—Alder manner are
thiophene 1,1-dioxide? and 2,5-dimethoxythiophene.> Re-
cently it has been reported that some simple thiophene de-
rivatives can combine with extremely reactive dienophiles
such as dicyanoacetylene and dimethyl acetylenedicarboxy-
late.6-10

In this communication we wish to report the successful
Diels-Alder reaction of thiophene with maleic anhydride at
very high pressure (eq 1). In this way the 7-thiabicyelo[2.2.1]-
hept-2-ene skeleton 3 is simply accessible.!!
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Thiophene failed to react with maleic anhydride in meth-
ylene chloride at 15 kbar and room temperature for 3 days.
The reaction without solvent or with a Lewis acid catalyst
(e.g., MgCly) was also fruitless.!2 These facts show a striking
absence of diene character in thiophene, and contrast re-
markably with the case of furan.Z However, when we examined
the reaction at higher temperatures at 15 kbar for 3 h in
methylene chloride, we found that the reaction does occur
(Table I). Inspection of the Table I reveals that the most fa-
vorable result is obtained at 100 °C. Thus, from the reaction
mixture a highly crystalline compound 3, mp 159.5-161.5 °C,
of molecular formula CgHgO3S (MS, M* 182) was obtained
in yields of 37-47% after recrystallization from ether or chlo-
roform. On the stereochemistry of the adduct 3, it is suggested
that 3 has exo configuration from spectral data and chemical
evidence as follows. In the 1H NMR spectra, the C, and C;
protons appear at & 3.63 as a doublet signal (J = 1 Hz). When
the dihedral angle between protons at C; and C; and also at
Cy and C4 is taken into account, this fact indicates that 3 has
exo configuration.13 In agreement, the half methyl ester de-
rived from 3 did not undergo iodolactonization (I,-KI).14

Subsequently, the effect of solvent in the formation of the
adduct 3 was investigated (Table II). The low yield in benzene
is presumably due to the freezing of reaction medium at very
high pressure.1%

The following procedure for the Diels-Alder reaction of
thiophene with maleic anhydride is representative.l® A
methylene chloride solution (1 mL) of thiophene (3 mmol) and

Table I. Temperature Dependence of the Yield 2 in the
Adduct 3 between Thiophene and Maleic Anhydride

Room temp No reaction 100°C  37-47%
40°C No reaction 120°C  18%
80 °C 8% 150 °C  Decomp

@ The yield based on the isolated material.

Table II. Solvent Dependence of the Yield in the Adduct
3 between Thiophene and Maleic Anhydride (100 °C)

CH,Cls CHCI,CHCl; CeHg AcOEt
37-47% 47% 6-7% 15-19%
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maleic anhydride (3 mmol) was injected into the Teflon re-
action vessel of ~0.85 mL capacity. The reaction vessel was
heated to 100 °C at 15 kbar for 3 h. After cooling of the reac-
tion mixture to room temperature and pressure release, the
solvent was evaporated and the product was recrystallized
from ether or chloroform to give pure 3 in yields of 37-47%:
mass spectrum (20 eV) m/e (rel intensity) 182 (36, M*), 110
(27), 84 (44), 78 (100), 66 (25), 45 (12); IR (Nujol) 1850, 1795,
1085, 943, 920 cm~!; 1H NMR (CDCl3-MeyS0O-dg) § 3.63 (d,
J = 1Hz), 4.59 (m), 6.61 (dd, J = 2, 3 Hz).

All attempted reactions between thiophene and other di-
enophiles such as dimethyl maleate, dimethyl fumarate,
methyl acrylate, acrylonitrile, and acrolein under same con-
ditions (100 °C, 15 kbar, 3 h, 3 M in methylene chloride) were
fruitless, and no signs of adduct formation were observed.1”
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