J. Org. Chem. 2000, 65, 3569—3570 3569

A Novel Heterobicyclic Framework by
Successive Ene Reactions

Joachim Henninger," Kurt Polborn, and Herbert Mayr*

Department Chemie der Ludwig-Maximilians-Universitat
Minchen, Butenandtstrasse 5-13 (Haus F),
D-81377 Minchen, Germany

Received January 19, 2000

Introduction

Nitrilium ions are intermediates in numerous reac-
tions, e.g., in the Beckmann rearrangement! and in the
Ritter,? von-Braun,® Bischler—Napieralski,® Houben—
Hoesch,* Gattermann,® and Schmidt reactions.® Isolated
nitrilium salts undergo various types of reactions with
alkenes,” alkynes,® carbonyl compounds,® and 1,3-di-
poles.’® Arenes react with N-aryl- or N-alkylnitrilium
salts to give iminium ions@!! where the incoming aryl
group is located in the position cis to the N-substituent
(Houben—Hoesch reaction, eq 1).721?
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In this paper, we report on a novel reaction mode of
nitrilium ions with arenes, an ene reaction with inverse
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electron demand, where the nitrilium ion acts as the ene
and the arene as the enophile.

Results and Discussion

N-Isopropylbenzonitrilium hexachloroantimonate (1—
SbClg), obtained from benzonitrile, isopropyl chloride, and
antimony pentachloride,!® reacts with 2-methylthiophene
(2) in acetonitrile at 20 °C to yield 90% of the bicyclic
product 3—SbClg (eq 2), which was characterized by X-ray
crystallography* (see the Supporting Information).
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The reaction of 1* with 2 is suggested to proceed via
concerted or stepwise ene reaction with the formation of
an intermediate 2-azoniaallene™#8 (4%). Since only sig-
nals of the reactants 1" and 2 and of the product 3" were
detectable when monitoring the reaction by 'H NMR
spectroscopy, the formation of long-lived intermediates
is ruled out. We, therefore, conclude that 4% cyclizes
immediately to yield 5%, which gives 3* by a proton shift
(Scheme 1). Alternatively, the formation of 3* from 4+
can be considered as a concerted 6-(3,5) ene cyclization,®
a variation of Oppolzer’s intramolecular ene reaction type
1,%62 classified as type IV by Snider.1%°
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To our knowledge, the reaction of 1—SbClg with 2 is
the first example of an ene reaction of a nitrilium ion
with an aromatic compound. The scope of this new
reaction type is not yet clear. Since reactions of N-methyl
and N-ethylnitrilium salts with 2-methylthiophene (2)
and other arenes gave exclusively Houben—Hoesch-type
products,’? it is assumed that ene-type reactions are
typical for N-isopropylnitrilium ions, particularly since
Jochims also observed ene reactions when N-isopropyl-
nitrilium salts were combined with alkenes™ and
alkynes.8

Experimental Section

General Methods. All reactions were run under an atmo-
sphere of dry nitrogen. The nitrilium salt 1—SbhClg was synthe-
sized from benzonitrile, isopropyl chloride, and SbCls according
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to ref 13. 2-Methylthiophene (2) is commercially available and
was distilled prior to use. 'H (400 MHz) and 3C NMR (100.6
MHz) spectra of solutions in CDsCN were calibrated to the
solvent signals (dn 1.93, d¢ 1.30).
2,2-Dimethyl-7-methylene-4-phenyl-3-azonia-6-thia-
bicyclo[3.2.1]octa-3-ene Hexachloroantimonate (3—SbClg).
2-Methylthiophene (2, 0.83 g, 8.5 mmol) was added to a solution
of 1—-SbClg (0.96 g, 2.0 mmol) in 3 mL of dry acetonitrile at
ambient temperature. After steering for 15 h, the volatile
components were removed in vacuo, and the residue was
recrystallized from CH,Cl,/pentane to yield 1.04 g of 3 (1.8 mmol,
90%): orange needles; mp 180 °C; 'H NMR (CD3sCN) ¢ 1.54, 1.58
(2s,2 x 3H, 2 x CHs), 248-2.54,2.85-2.88 (2 m, 2 x 1 H,
8-Hy), 3.24—3.25 (m, 1 H, 1-H), 4.95 (m, 1 H, 5-H), 5.27-5.29,
5.46—5.47 (2m, 2 x 1 H, =CHy), 7.65—7.69 (m, 2 H, Ph), 7.82—
7.86 (m, 3 H, Ph), 10.29 (br t, Jyn ~ 47 Hz, 1 H, NH); 13C NMR
(CD3sCN) ¢ 27.6, 28.0 (2 q, 2 x CH3), 33.2 (t, C-8), 45.2 (d, C-5),
52.0 (d, C-1), 63.2 (s, C-2), 110.7 (t, =CHy), 129.4 (s, Ph), 130.4,
130.7, 137.3 (3 d, Ph), 145.2 (s, C-7), 183.1 (s, C-4) (signal
assignments are based on 2D NOE, 'H,'H- and H,13C—-COSY
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experiments); MS (FAB, Ar, 5—6 kV) m/z 246, 245, 244 (6, 18,
89) [M — SbClg]. Anal. Calcd for C15H15CIsNSSh: C, 31.12; H,
3.13; Cl, 36.75; N, 2.42; S, 5.54. Found: C, 31.49; H, 3.21; ClI,
36.47; N, 2.43; S, 5.68.

Crystallization from diethyl ether yields 3—SbCls as gold-
yellow needles with approximately 0.75 equiv of ether in the
crystals.
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