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Generation of a Cation Radical from 2-Pivaloyl-1-tributylstannyl-1,2,3,4-tetrahydroisoquinoline and
the Reaction with Carbon Nucleophiles
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Oxidation of 2-pivaloyl-1-tributylstannyl-1,2,3,4-tetrahydroisoquinoline with
metallic oxidants generates a reactive species such as the hydroisoquinolin-1-yl cation by
eliminating the stannyl group. This intermediate reacts with various carbon nucleophiles

to give the corresponding addition products.

For the purpose to utilize various cation radicals for carbon-carbon bond forming reactions, we recently
reported a method for the transformation of cation radicals of sulfides into the carbon (C)-radicals and/or C-
cations.!) That is, the cation radicals of a-stannyl sulfides are converted into the C-radicals and/or cations of the
sulfides by the elimination of the stannyl group.

Application of this method was further examined to generate reactive carbon intermediates from cation
radicals of nitrogen compounds, and our attention has been focussed on the generation of C-cation of 1,2,3,4-
tetrahydroisoquinoline derivative, because isoquinoline derivatives occupy an important class of intermediates for
the synthesis of various natural products and medicines.2)

2-Pivaloyl-1-tributylstannyl-1,2,3,4-tetrahydroisoquinoline (1) was chosen as a cation radical source and
was prepared by the stannylation of the anion generated according to the Seebach's method.?) Reaction of 1 with
o-(t-butyldimethylsiloxy)styrene (2a) was examined in the presence of 2.1 mole equivalents of various metallic
oxidants such as Mnlll, Agll, Felll. Ce!V compounds. Among these oxidants examined, the use of ammonium
cerium(IV) nitrate (CAN), ferricenium hexafluorophosphate (Fe(cp)oPFg)¥ gave the addition product 3 in high
yield (Eq. 1). Thus the treatment of a mixture of 1 and 2 mole equivalents of 2a in propionitrile with CAN at -23
°C or with Fe(cp),PFg at 0 °C gave the corresponding addition product 3 in 87% yield or 92% yield, respectively.
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It was not obvious in the above reaction whether the stannyl group eliminates as the stannyl radical or as
the stannyl cation, because both of the intermediates are able to react with the silyl enol ether 2a as shown in the
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Scheme 1. However, by considering the stability of both of the stannyl radical and the acyliminium ion, it was

supposed that the cation radical 4 would cleave to give the acyliminium cation S, which reacts with the silyl enol

ether 2a.
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Scheme 1.

In fact, when 1 was treated with only Fe(cp)2PFg in methanol, the 1-methoxy-tetrahydroisoquinoline
derivative 6 was obtained in moderate yield (Eq. 2). This result apparently confirms that the acyliminium cation

5 is the actual intermediate to react with the silyl enol ether 2a.
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Since the reaction was found to proceed via the acyliminium cation §, the reaction of the
stannylisoquinoline 1 and various carbon nucleophiles 2 was tried in the presence of Fe(cp)2PFg. As shown in
Table, 1 reacted with various electron rich olefinic compounds such as aromatic and alkyl silyl enol ethers 2a-c, a
ketene silyl acetal 2d and vinyl ethers 2e and 2f to give the addition products in good yields. Moreover, the
adducts were obtained by the reaction with nucleophiles such as allyltrimethylsilane 2g and allyltriphenylstannane
2h and cyanotrimethylsilane 2i, in moderate yields.

The typical experimental procedure is as follows: To a propionitrile (15 ml) solution of Fe(cp)2PFg (0.70
g, 2.1 mmol) was added a propionitrile (5.0 ml) solution of 1 (0.51 g, 1.0 mmol) and 2a (0.47 g, 2.0 mmol) at 0
°C under an argon atmosphere. After stirring for 1 h, aq. NapCO3 was added to the reaction mixture, and the
mixture was extracted with CHClp. The extract was dried over NaySO4 and purified by column chromatography
(ethyl acetate:hexane=1:3, v/v) to give the addition product 3 (0.31 g, 92%).

Although the stannyl isoquinoline 1 was readily oxidized with CAN and Fe(cp)2PFg, N-
pivaloyltetrahydroisoquinoline (7) having no stannyl group was not oxidized under the same reaction conditions,
indicating that the introduction of the stannyl group lowers the oxidation potential of N-pivaloylisoquinoline 7
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Table 1. The Reactions of 1 with Carbon Nucleophiles 2
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(Eq. 3).5) The same effect of a stannyl or a silyl group on lowering the oxidation potential of ethers and sulfides
was also reported.®) When 1- tributylstannyl-1,2,3,4-tetrahydroisoquinoline (8) having no amido group was
treated with the silyl enol ether 2a and CAN under the same reaction conditions, no addition product was formed
but 3,4-dihydroisoquinoline (9) was obtained in 98% yield (Eq. 4).
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As mentioned above, this method enables the transformation of the cation radical of the amide into the
acyliminium cation, which is utilized for direct carbon-carbon bond formation.”-8) It makes a contrast to the
electrooxidation of amines where an alkoxyl or a hydroxyl group is introduced on the o-carbon of nitrogen
atom.?)
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