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Introduction

Synthesis of the isoprenoid side chain

The importance of Vitamin E (a-Tocopherol) for human health is well known. It
is a potent antioxidant and radical scavenger in chemical and biological
systems and has been receiving increasing attention with regard to clinical
and nutritional applications. Exhaustive investigations of the total synthesis of
the naturally occurring form (2R, 4 'R, 8 ‘R)-a-Tocopherol (1) has been made
in the 60’s and the 707s.[]

Herein, we wish to report the enantioselective total synthesis of (2R, 4R,
8 R)-a-Tocopherol in which the side chain is constructed in an entirely novel
manner relying on the concept of a RDG-controlled organic synthesis.
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Basic idea of this strategy is the multiple use of a reagent-directing group
(RDG) in order to control reaction selectivity. Removal of the RDG should be
achieved in a final RDG-controlled fragment coupling step.

Synthesis of the C16-isoprenoid side chain of Tocopherol began with a three
step synthesisl® to aldehyde 11.11% Catalytic asymmetric allylation gave the
homomethallylic alcohol 12 in gram scale with greater 97% ee. Next, the
reagent-directing o-DPPB group was installed to furnish the substrate for an
0-DPPB-directed  rhodium catalyzed hydroformylation.l''l  Thus, the
corresponding anti-aldehyde 14 was obtained in 81% yield and a
diastereoselectivity of 91:9. Reduction and transformation of the aldehyde
furnished the corresponding iodide, which allowed a copper-catalyzed sp3-sp®
cross coupling reaction to vinylsilane 16, which was protodesilylated to give
fragment coupling precursor 17.
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Synthesis Plan

Final coupling step

Our strategy is based on the copper-mediated ortho-diphenylphosphanyl-
benzoyl (o-DPPB) group-directed allylic substitution and the rhodium-
catalyzed o-DPPB- directed hydroformylation which have been developed in
our laboratories recently.[@
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A catalytic asymmetric allylation was envisioned as the key step for the
entrance into the right configuration of the stereogenic centers in the side
chain.

Synthesis of the chroman system

Construction of the chroman system began with alcohol 2 which was obtained
from an efficient enzymatic ester hydrolysis.8] Key steps were the Heck
coupling!! of alkene 3 and the one-pot Brensted acid catalyzed deprotection
and cyclization which gave the fully functionalized chroman system 7[5l in
excellent yield with complete retention of configuration!”:8] (ee 99.5%).
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As the final fragment coupling step o-DPPB-directed allylic substitution was
chosen. We recently demonstrated that this reaction proceeds with high levels
of chemo-, regio- and diastereoselectivity, concomitant with a perfect 1,3-
chirality transfer. For synthesis completion benzylether deprotection and
alkene reduction were accomplished in one pot with Raney-Ni under an
atmosphere of hydrogen to give (R,R,R)-a-Tocopheroll'? in 13 steps (longest
linear sequence) and 30% overall yield.['3]
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Conclusion

A new strategy for making efficient use of substrate control employing the
concept of an RDG-controlled organic synthesis has been realized. The
reagent-directing group (o-DPPB) served to control the stereoselectivity in the
course of a rhodium-catalyzed hydroformylation reaction and the same o-
DPPB group acted as a reagent-directing leaving group in the course of a
directed copper-mediated allylic substitution, which simultaneously served as
the fragment coupling step and lead to the removal of the o-DPPB group,
which can be recovered in the work-up process. To the best of our knowledge
this is also the first application of a copper-mediated allylic substitution as a
fragment coupling reaction in the course of a total synthesis, and clearly
demonstrates the synthetic potential of o-DPPB-directed allylic substitution in
total synthesis.

Acknowledgment: This work was supported by the DFG (GRK 1038 “Catalysts and
Catalytic Reactions for Organic Synthesis’), the Fonds der Chemischen Industrie and the
Krupp Foundation (Krupp Award to BB). We thank Rhodia, Chemtura and DSM for gifts of
chemicals.

[1](a) H. Mayer, P. Schudel, R. Ritegg, O. Isler, Helv. Chim. Acta 1963, 46, 650-671; (b) N. Cohen, R. J. Lopresti, G. Saucy, J. Am. Chem. Soc. 1979, 101, 6710-6716. [2] (a) B. Breit,
P. Demel, Adv. Synih. Catal. 2001, 343, 429-432; (b) B. Breil, P. Demel, C. Studte, Angew. Chem. Int. Ed. 2004, 43, 3785-3789; (c) B. Breit, C. Herber, Angew. Chem. Int. £d. 2004,
43,3790-3792; (d) P. Demel, Dissertation, Universitat Freiburg iBr., 2003; (¢) B. Breit, Acc. Chem. Res. 2003, 36, 264-275; (f) C. Herber, B. Breil, Eur. J. Org. Chem. 2007, 3512-
3519, [3] B. Wirz, R.Bamer, J. Hiibscher, J. Org. Chem. 1993, 58, 3980-3984. [4] T. Mizoroki, K. Mori, A. Ozaki, Bull. Chem. Soc. Jpn. 1971, 44, 581; R.F. Heck, J.P. Nolley, Jr., J.
Org. Chem. 1972, 37, 2320-2323. [5] N. Cohen, R.J. Lopresti, G. Saucy, J. Am. Chem. Soc. 1979, 101, 6710-6716. [6] R. Bamer, M. Schmid, Helv. Chim. Acta 1979, 62, 23842399
[7] N. Cohen, R.J. Lopresti, C. Neukom, J. Org. Chem. 1981, 46, 2445-2450. [8] H. Mayer, W. Vetter, J. Metzger, R. Riegg, O. Isler, Helv. Chim. Acta 1967, 50, 1168-1178. [9] D.
Toussaint, J. Suffert, J. Org. Chem. 1995, 60, 3550-3553. [10] D. B. Dess, J. C. Martin, J. Org. Chem. 1983, 45, 4155-4156.  B. Breil, Eur. J. Org. Chem. 1998, 1123-1134; [11] B.
Breit, J. Chem. Soc., Chem. Commun. 1997, 591-592. [12] Separation of the four diastereomeric pairs of the enantiomers of the corresponding methylether by GC see: W. Walther, T.
Netscher, Chirality 1996, 8, 397-401; the four (2R)-stereoisomers were quantified by HPLG on Chiracel OD. [13] C. Rein, P. Demel, R. A. Outten, T. Netscher, B. Breit, Angew. Chem.
Int. Ed. 2007, 46, 8670-8673.



