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Abstract

Stereocontrolled addition of organocuprate reagents to y-alkoxy-o, B-unsaturated esters can be done in one- and
two-directional modes with excellent 1,2-induction. Enolate hydroxylations proceed with high diastereoselectivity
affording acyclic chains with three to five contiguous stereogenic centers of the propionate and phenylpropionate
triad types. © 1999 Elsevier Science Ltd. All rights reserved.
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The stereocontrolled introduction of alkyl and aryl groups on alternating carbon atoms in acyclic
chains presents a great challenge in organic synthesis.! The task is rendered more difficult when multiple
stereocenters are involved such as propionate triads related to natural products.? There are a number of
elegant methods for the stereocontrolled synthesis? of such motifs harboring hydroxy—methyl-hydroxy
triads which are biosynthetically assembled via the so-called propionate pathway 3 Of these, the anti,anti
dipropionate stereotriad appears to be the most arduously accessible* (Fig. 1). To the best of our
knowledge, the analogous phenyl-hydroxy-phenyl triads are not known, and they could constitute
interesting phenylacetate counterparts of the ubiquitous propionate assembly protocol.
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We report herein synthetic routes that exploit 1,2-asymmetric induction in conjugate additions® of
alkyl, and pheny] units to acyclic y-alkoxy-o, B-unsaturated esters. The power of this method is validated
further by the demonstration that excellent stereoselectivity can be maintained in an iterative and a two-
directional protocol® as well.

The readily available enoate 1°2 was treated with the reagent resulting from the addition of Cul to
phenylmagnesium bromide in the presence of TMSiCl in THF at —~78°C to afford a single adduct 2
(Scheme 1). In order to differentiate the end groups in the intended seven-carbon acyclic motifs, we
converted the ester group into a protected alcohol, then proceeded to extend the chain to create another
y-alkoxy-o,B-unsaturated ester as in 3. Conjugate addition was equally stereoselective in this case to
afford the end-group differentiated symmetrical (3S,5R)-diphenyl-(4.5)-ol motif 4. Stereochemical purity
was ascertained by removal of the BOM group, conversion to the corresponding lactone, and detailed
NMR analysis of the resulting (35)-phenyl substituted branched butyrolactone 5.
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In an effort to fully exploit the symmetry elements offered by this methodology, we proceeded
with an inversion of configuration of the alkoxy group in 3 adopting a classical Mitsunobu reaction’
to give 6 as shown in Scheme 1. Conjugate addition with the mixed phenyl cuprate reagent led to
the end-group differentiated C,-symmetrical (3R,5R)-diphenyl-(4R)-ol motif 7 in excellent yield and
diastereoselectivity. Enantiopure material was obtained after chromatography, and transformation to
the corresponding (3R)-phenyl butyrolactone derivative allowed definitive stereochemical assignment.
Addition of lithium dimethylcuprate to 6 led to the corresponding anti,syn-C-methyl analog in 92% yield
and >20:1 selectivity.

The prospects for generating propionate units in a two-directional strategy was also successfully
realized by using lithium dimethylcuprate as shown in Scheme 2. Thus, extension of the acyclic motif
83 to the enoate 9, followed by cuprate addition led to essentially a single isomer 10 having the expected
anti,anti orientation. Addition of the mixed phenyl cuprate reagent led to the corresponding adduct 11
in excellent yield and high diastereoselectivity (10:1, separable by chromatography). Stereochemical
assignments were corroborated by transformation into the corresponding lactone 12 and NMR analysis
or by independent synthesis.

The synthesis of propionate triads in an iterative manner starting with 1 was recently demonstrated in
our laboratory.® The basic reaction sequence involved cuprate addition to 1 to afford 8, and hydroxylation
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of the K enolate with the Davis oxaziridine reagent’ to afford a single isomer with an anti,syn y-
hydroxy—methyl-hydroxy unit on the five-carbon chain. It was of interest to explore the stereoselectivity
of hydroxylation of the 3-pheny! analog 2 (Scheme 3). Surprisingly, no selectivity was observed with the
achiral Davis oxaziridine.” High stereoselectivity was found with the matched (S)-10-camphorsulfonyl
oxaziridine!® (>20:1) which afforded the (25)-hydroxy ester derivative 13 (Scheme 3). Selectivity with
the (1R)-oxaziridine was >12:1.
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The prospect of generating phenylacetate triads by iterative cuprate addition and hydroxylation in
acyclic motifs such as 2 was successfully realized as shown in Scheme 3. Thus, chain extension of 13 to
the y-alkoxy enoate 14, followed by conjugate addition proceeded with high selectivity to afford a single
adduct 15 with the syn,anti triad combination. Treatment of the corresponding K enolate with the (S)-10-
camphorsulfonyl oxaziridine reagent gave a single hydroxylation product 16 in excellent yield. To extend
the stereochemical versatility of this protocol, the a-hydroxy function in 13 was inverted and the product
was chain-extended to give 17 as shown in Scheme 3. Conjugate addition gave the corresponding anti,anti
phenylacetate triad as a single isomer, which was o-hydroxylated as before affording the seven-carbon
motif 18 in excellent yield and diastereoselectivity. The enantiopurity of the compounds 16 and 18 was
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ascertained by conversion to their Mosher esters and NMR analysis. The origin of these stereocontrolled
conjugate additions and enolate hydroxylations have been discussed previously.’®!!

In conclusion, we have demonstrated that the stereocontrolled conjugate addition of organocuprates to
y-alkoxy-&,B-unsaturated esters proceeds in high diastereoselectivity in a two-directional strategy. This
protocol affords acyclic chains that contain three contiguous substituents of the anti,anti dipropionate
triad type and its diphenylacetate equivalent. Enolate hydroxylation and cuprate additions can be done
in an iterative manner in this series to generate seven carbon acyclic motifs harboring five contiguous
stereocenters consisting of alternating hydroxy and phenyl substituents with complete stereocontrol. A
series of 1,2-asymmetric inductions start with a resident y-alkoxy group and propagate with excellent
stereoselectivity through two successive conjugate additions and two enolate hydroxylations.

The enantiopure symmetry-related acyclic motifs described in this work will find applications as
chirons in synthesis and in biosynthesis, as functionalized ligands in catalysis, as well as in the design of
scaffolds with hydrophobic appendages for chemical and molecular diversity in medicinal chemistry.!2

Acknowledgements

We thank NSERCC for generous financial assistance through the Medicinal Chemistry Chair Program.

References

1. See for example, Hanessian, S.; Thavonekham, B.; DeHoff, B. J. Org. Chem. 1989, 54, 5831; Hanessian, S. Aldrichimica
Acta, 1989, 22, 3 and references cited therein.

2. For arecent review, see, Hoffmann, R. W.; Dahmann, G.; Andersen, M. W. Synthesis 1994, 629; for a historical perspective
of scholarly contributions, see Evans, D. A. Aldrichimica. Acta 1982, 15, 23; Masamune, S.; Choy, W. Aldrichimica Acta
1982, 15, 47; Mukaiyama, T. Org. React. 1982, 28, 103; Heathcock, C.H. Aldrichimica Acta 1990, 23, 99.

3. See for example, Cane, D. E.; Celmer, W. D.; Westley, J. W. J. Am. Chem. Soc. 1983, 105, 3594.

4. Marshall, J. A.; Perkins, J. F.; Wolf, M. A. J. Org. Chem. 1995, 60, 5556, Chemler, S. R.; Roush, W.R. J. Org. Chem 1998,
63, 3800.

5. See for example (a) Hanessian, S.; Sumi, K. Synthesis 1991, 1083; (b) Hanessian, S.; Gai, Y.; Wang, W. Tetrahedron Lett.
1996, 37, 7473. See also Yamamoto, Y.; Chounan, Y.; Nishi, S.; Ibuka, T.; Kitahara, H. J. Am. Chem. Soc. 1992, 114, 7652;
Nemoto, H.; Ando, M.; Fukumoto, K. Tetrahedron Lett. 1990, 31, 6205; Larcheveque, M.; Tamagan, G.; Petit, Y. J. Chem.
Soc., Chem. Commun. 1989, 31; Roush, W. R.; Lesur, B. M. Tetrahedron Lett. 1983, 24, 2231; Nicolaou, K. C.; Pavia, M.
R.; Seitz, S. P. J. Am. Chem. Soc. 1981, 103, 1224; Ziegler, F. E.; Gilligan, P. J. J. Org. Chem. 1981, 46, 3874.

6. Poss, C. S.; Schreiber, S. L. Acc. Chem. Res. 1994, 27, 9; Still, W. C.; Barrish, J. C. J. Am. Chem. Soc. 1983, 105, 2487,

for a recent review, see Magnuson, S. R. Tetrahedron 1995, 51, 2167.
. Mitsunobu, O. Synthesis 1981, 1; Hughes, D. L. Org. React. 1992, 42, 335.
. Hanessian, S.; Wang, W.; Gai, Y.; Olivier, E. J. Am. Chem. Soc. 1997, 119, 10034.
9. Davis, F. A.; Chen, B.-C. Chem. Rev. 1992, 92, 919; Vishwakarma, L. C.; Stringer, O. D.; Davis, F. A. Org. Synt. 1987,
66, 203.
10. Davis, F. A.; Haque, M. S. J. Org. Chem. 1986, 51, 4085.
11. See for example, Dorigo, A. E.; Morokuma, K. J. Am. Chem. Soc. 1989, 111, 6524; Yamamoto, Y.; Nishii, S.; Ibuka, T. J.
Chem, Soc., Chem. Commun. 1987, 465; Morizawa, Y.; Yasuda, A.; Uchida, K. Tetrahedron Lert. 1986, 27, 1833.
12. New compounds were characterized by standard analytical techniques. 'H, '*C NMR spectra are available upon request.

00



