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Electron Transfer Driven Reactions of Transition Metal t-Complexes:
Hydrogenation of Styrene-Cr(CQ)3 Derivatives by Samarium(Il)iodide in
the Presence of Water
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Abstract: The hydrogenation of the double bond of styrene-Cr(CO)3 and some dihydronaphthalene-Cr(CO)3
derivatives is achieved using sammum(ll}.vd.du in the presence of water. |,2-Dihydronaphthalene wn‘p‘exes

carrying olefinic side chains in 4-position are reduced with virtually complete regio- and diastereocontrol leading to
1-endo-substituted tetralin complexes. The reactions seem to proceed via Cr(CO)3 complcxcd benzylic radicals
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which are trapped by electron transfer to give the corresponding Cr-stabilized benzylic anions. © 1998 Elsevier
Science Ltd. All rights reserved.

As part of our program on the use of chiral arene-Cr(CO); complexes! as synthetic building blocks,2
we recently achieved the diastereoselective conversion of the dihydronaphthalene complex 1 to the tetralin-
Cr(CO), derivative 2 in high yield employing samarium(Il)iodide in the presence of water (Scheme 1).3 This
transformation, which represents a crucial step in the enantioselective total syntheses3 of the hioactive sponge
metabolites pseudopterosin A, seco-pseudopterosin A and helioporin D (3),4 could not be achieved under
normal catalytic hydrogenation conditions, possibly because of the strong steric hindrance of the triply
substituted double bond in 1.
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Scheme 1

The idea to use Sml, for the conversion of 1 to 2 was based on our recent finding3 that benzylic
radicals, formed by (intramolecular) radical addition to styrene-Cr(CO)4 derivatives, can be trapped with
Sml, to give anionic intermediates (Cr(CO)3-complexed benzylic anions) which are then protonated (see
mechanism shown in Scheme 2). This reaction type is basically different to transformations involving Smli,

generated ketyl- or aza-ketyl radicals in benzylic position of a
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derivatives in a more general fashion.
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In addition to the parent styrene complex 4, several dihydronaphthalene-Cr(CO)3 complexes were

investigated (see Table 1). Complexes rac-6, rac-8 and rac-10 were prepared from the corresponding

racemic 1-tetralone-Cr(CO); complexes’ by reduction (NaBH,) and subsequent elimination of water (p-
TsOH/ SiO,). In addition, complexes rac-12 and rac-14 were obtained from 1-tetralone-Cr(CO), by
introducing the olefinic side chain via the corresponding cerium organic reagent® followed by regioselective

elimination of water.5 The reduction experiments were performed under (optimized) standard conditions by

adding a THF solution of the starting complex to an excess of Sml, in THF (freshly prepared solution) in the

presence of HMPA and water.? The results of the various experiments are summarized in Table 1.

Table 1: Results of the hydrogenation experiments.

Entry Starting Material® Product” Yield (%)
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a) All chiral starting materials were employed as racemic mixtures; b) all products were fully characterized by

spectroscopic methods; ¢) yields refer to isolated compounds after chromatographic purification; d) in this case.

an inseparable 1:1 mixture of rac-8 and rac-9 was obtained in high yield.

As Table 1 indicates, the reactions worked well with a variety of different substrates. In most cases, the

hydrogenated product was obtained in essentially pure form. It proved to be important to use water as the in

situ proton source. When water was replaced by z-butanol the reactions did not go to completion. In this



case, substrate rac-10, for instance, only afforded a 1:1 mixture of rac-10 and rac-11. It is important to
note that in the case of substrates rac-12 and rac-14 the conjugated double bond was regioselectively
hydrogenated without the double bond in the side chain being effected. Only the endo-configurated products
rac-1310 and rac-15,!! respectively, were obtained and no by-products resulting from radical cyclization
could be observed. The method seems not to be suitable for substrates carrying two substituents at the -
position of the double bond, as all attempts to reduce a 3-methyl-1,2-dihydronaphthalene complex failed.

A possible mechanism for these reactions is proposed in Scheme 2. In the first step, we assume Sml,
adds (possibly reversible via a SET mechanism) across the electron deficient benzylic double bond!?-!3 of the
substrate (16) from the exo-face leading to a radical anion which is best represented through the resonance
structure 17 (formally a 17 VE spe:cies).14 This intermediate would then be converted to an anionic 18 VE
complex of type 18 by single electron transfer (SET) and protonation. It is likely that the protonation
preceeds the SET step, because the conversion is better in the presence of water as a stronger proton source.
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In the final step, 18 is trapped by benzylic protonation from the less hindered (exo) face to afford
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diastereoselectively an endo-substituted product of type 19.
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and preparative aiiraciive method for ihe regio- und siereoselective hydrogenaiion of a variety of siyrene-

]

Cr(CO); derivatives. These transformations can be viewed as examples for electron transfer driven

transformations involving the conversion of a 17 VE intermediate to a more favorabie 18 VE species by
singie eiectron reduction.
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12): m, 4 H), 1.74-1.90 (m, 4 H), 2.13 (m, 2 H), 2.5 | H\ 2.63(m, 2
(m, 3 H), 5.07 (dd, 1 H,J =6.5 Hz, 1 Hz), 545 (dd, | H, J = 6.5 Hz, 1 Hz), 5‘31(d IH,J=065
H 1 H); 13C NMR (67.5 MHz, CDCl3): 8 = 19.5 (1), 26.3 (1), 26.9 (1), 29.0 (1), 33.5 (1), 35.5
(d), 36.3 (1), 88.5 (d), 90.2 (d), 94.9 (d), 95.5 (d), 113.1 (s), 114.3 (s), 114.8 (1), 138.4 (d), 234.1 (s).
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