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Chiral nonracemic a-bromo-a’'-sulfinyl ketones were shown to react with aldehydes in the presence of Sml, in a Reformatsky-type reaction
to give the corresponding adduct with excellent syn diastereoselectivity. Further reduction of the Reformatsky adducts furnished anti- and
syn-2-methyl-1,3-diol moieties in excellent yields and diastereoselectivities.

The Reformatsky reaction employing zinc metal is a synthetic chemist. To date, very few asymmetric Reformatsky
convenient and useful protocol for carbecarbon bond reactions are knowf.

formation usingx-halo carbonyl compoundsHowever, the In this field, samarium(ll)iodide is known to be a poly-
yield and diastereoselectivity of this type of reaction are not valent reducing agent that has been applied to a multitude
always satisfactory. of important synthetic reactions with generally high chemo-
To overcome these problems, most efforts have beenselectivity and high levels of stereochemical control.
focused on the activation of zinc such as Rieke-Zn-2Zwu Its use in an intramolecular sense in an asymmetric
couple, Zn/Hg amalgam, or the use of a variety of other Reformatsky reaction has already been repdrtachddition,
metals and low-valent metal reagefts. Fukuzawa recently described the Ssmediated Refor-

Highly stereocontrolled asymmetric Reformatsky reactions Mmatsky-type reaction of chiral 3-bromoacetyl-2-oxazolidi-
are of current interest, and an efficient asymmetric version Nones with various aldehydés.
of the Reformatsky reaction would be very useful for the

(2) (a) Shibata, I.; Suwa, T.; Sakakibara, H.; BabaQ#hg. Lett.2002
4, 301. (b) Kagoshima, H.; Hashimoto, Y.; Saigo, Retrahedron Lett.
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In this communication, we report a highly stereoselective

Reformatsky addition of chiral nonracemic-bromo«o!'-

Initially, we performed the reaction @f-halo-o'-p-tolyl-
sulfinyl ketonestawith benzaldehyde using various sources

sulfinyl ketones with various aldehydes promoted by sa- of metals (Ge¥K32 ZnEt/RhCI(PPR)3?¢; CrCl/Lil %', CrCly;
marium(ll)diiodide. Further stereoselective reduction of the Smk3"), and the results are summarized in Table 1.

Reformatsky adduct led @anti- andsyn2-methyl-1,3-diols,

very useful moieties in total synthesis of biologically active _

compounds (Scheme 1).
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The chiral nonracemia-halo-o'-sulfinyl ketones were

prepared according to the Bravo procedure (Schenfe 2).
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Condensation of the lithiated anion o#)-(R)-methylp-
tolylsulfoxide’ 1 or (—)-(R)-methyl-tert-butylsulfoxid&2 on
the methyl-2-bromopropionat afforded theo-bromo-'-
sulfinyl ketones4a and4b in 92 and 95% yields, respec-
tively.

(3) (@) Kagoshima, H.; Hashimoto, Y.; Oguro, D.; Saiga, X Org.
Chem 1998 63, 691. (b) Fukuzawa, S.-l.; Matsuzawa, H.; Yoshimitsu,
S.-1. J. Org. Chem 200Q 65, 1702. (c) Basavaiah, D.; Bharathi, T. K.
Tetrahedron Lett1991 32, 3417. (d) Ito, Y.; Terashima,.Setrahedron
1991,47, 2821. (e) Soai, K.; Kawase,. etrahedron Asymmetty991, 2,
781. (f) Soai, K.; Oshio, A.; Saito, TChem. Commun1993, 811.

(4) For recent reviews of samarium(ll)iodide in organic synthesis, see:

(a) Krief, A.; Laval, A.-M. Chem. Re. 1999 99, 745. (b) Molandar, G.
A.; Harris, C. H.Chem. Re. 1996 96, 307.

(5) (&) Molandar, G. A.; Etter, J. B.; Harring, L. S.; Thorel, P3JAm.
Chem. Soc1991 113 8036.

(6) Bravo, P.; Resnati, Gletrahedron Lett1985 26, 5601.

(7) (+)-(R)-Methyl-p-tolylsulfoxide was prepared from the—§-(9-
menthylp-tolylsulfinate: SolladieG.; Hutt, J.; Girardin, ASynthesid987,
173.

(8) (—)-(R)-Methyl-tert-butylsulfoxide was prepared by additionteft-
butylmagnesiumchloride followed by methylmagnesiumbromide on chiral
sulfites: Rebiere, F.; Samuel, O.; Ricard, L.; Kagan, HIJBOrg. Chem
1991 56, 5991.
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Table 1. Diastereoselective Reformatsky Reactioraf-b

with Benzaldehyde

oH 0
C6H5 Y /Sl.ll:
Me R
o 0 6a-b
PhCHO + _s.,, THE .
3 OH O O
Br R i
S.
CGH5 A
4a: R=pTol Me R
4b: R=tBu
7a-b
Syn-isomers 6 and 7
+Anti-isomers 8
entry 4 metal T (°C) syn/anti2  6/72 % yield®
1 4da GelyK 25 65/35  45/55 15
2 4da ZnEty/ 0 60/40 55/45 57
RhCI(PPh3)3
3  4a CrCly/Lil 25 40/60  40/60 60
4 4a CrCl, —78 ——10 45/55 70/30 55
5 4a CrCly/Lil —78 ——20 70/30 45/55 45
6 4a Sml, —-78 70/30 80/20 47
7 4a Sml;, —100 70/30 85/15 47
8 4b Sml; —-78 75/25  90/10 45
9 4b Sml; —100 75125  96/4 51

aDetermined by!H NMR analysis of the product.Isolated yield of
the mixture of diastereomers. Reaction conditiods:(1 equiv), PhACHO
(1.1 equiv), Smd (2 equiv), THF, 30 min.

The best syn diastereoselectivity was obtained using Sml
in THF at—100°C. The diastereofacial selectivity is higher
at —100 °C than at—78 °C (entries 6 and 7).

Using activated germanium, diethylzinc with rhodium
catalyst, and chromiumdichloride did not improve the
diastereoselectivity (entries—b).

Then we thought that the selectivity could be improved
by using a more hindered substituent on the sulfur. We
choose the optimum conditions established before to perform
the Reformatsky reaction between tlebromo-<e'-tert-
butylsulfinyl ketone4b (with tert-butyl instead ofp-tolyl on
the sulfoxide) and benzaldehyde (entries 8 and 9). We
observed a higher diastereofacial selectivity leading to a syn
ratio of 96/4 instead of 85/15 witbrtolyl sulfinyl derivatives
(entries 7 and 9).

Then the Smpromoted asymmetric Reformatsky reaction
with 4b was applied to various aldehydes-&t00°C (Table
2).

As shown in Table 2, excellent diastereoselectivities and
moderate to good yields were obtained with linear aliphatic
aldehydes (entries47). The yields were slightly improved
when an excess amount 4b (2 equiv instead of lequiv)
was employed.
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Table 2. Diastereoselective Reformatsky Reactiomdbfwith
Various Aldehydes

OH 0 O
RN /S{,:
Me tBu
o O 6b
RGHO + & T
\ OH O O
Br tBu é
4b R -~
Me tBu
7b
Syn-isomers 6b and 7b
+Anti-isomers 8
entry R'CHO syn/anti2  6b/7b2 % yield®
1 PhCHO 75/25 96/4 61%
2 tBuCHO 55/45 55%
3 isovaleraldehyde 90/10 90/10 55%
4 n-C,HsCHO 98/2 95/5 85%
5 n-C3H;CHO 98/2 95/5 85%
6 n-CsH1;CHO 98/2 92/8 75%
7 n-C7;H15CHO 98/2 95/5 7%
8 acroleine 75125 92/8 65%
9 n-trans-2-hexenal 45/55 80/20 87%

aDetermined by!H NMR analysis of the produck.Isolated yield of
the mixture of diastereomers. Reaction conditioAs: (2 equiv), RCHO
(1 equiv), Sm} (2 equiv), THF,—100°C, 30 min.

On the other hand, we performed the Reformatsky reaction
starting froma-bromo-o!-tert-butylsulfinyl ketonedc with
the opposite configuration on the sulfoxide $3( Condensa-
tion of 4c with n-hexanal followed by sulfoxide reductive
elimination afforded the known methyl ketordid, whose
absolute configuration (by comparison with literafjreas
confirmed to be 3)-4-(R) (Scheme 4).

Scheme 4
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[a]ptheor. = -26,7 (c=1.0-1.2, CHCl)

With these Reformatsky addudb in hand, we performed
the well-known diastereoselective reduction fBketosul-
foxided? either with DIBAL-H only or with DIBAL-H in
the presence of Yb(OT{) Starting from adduc® (obtained
by Reformatsky condensation withpropanal) the 2-methyl-
1,3 syn or anti diold2 and 13, respectively, were obtained

Isovaleraldehyde, which is more hindered, gave good in good yields and diastereoselectivitie€Scheme 5).

diastereoselectivity but a lower yield (entry 3). With piv-
alaldehyde, no selectivity was observed (entry 2).
Surprisingly, condensation with acroleine amtrans-2-

hexenal did not give a high diastereoselectivity (entries 8

and 9).

To confirm the strong effect of theert-butyl group on
sulfur on the diastereofacial selectivity, we carried out the
condensation obi-halo-a'-p-tolyl-sulfinyl ketone 4a with

n-hexanal and we found as expected a lower diastereo-

selectivity (syn/anti= 85/15;6a/7a = 85/15).

The absolute configuration & (R = C;Hs) was deter-
mined after sulfoxide reductive cleavage with aluminum
amalgam, giving the known methyl ketod® (Scheme 3).

Scheme 3
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[o]pexp. = +45 (c=1.1, CHCl3)
[a]ptheor. = +44 (c=1.0-1.2, CHCl3)

By comparison with the literaturethe configuration 3g)-
4-(S) was assigned tao.

(9) (@) Ukata, M.; Onoue, S.; Takeda, &hem. Lett 1987 971 (b)
Vicario, J. L.; Badia, D.; Dominguez, E.; Rodriguez, M.; Carrillo, L.
Org. Chem.200Q 65, 3754.
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In this paper, the sulfoxide auxiliary was shown to be
efficient for the asymmetric samarium Reformatsky reaction
by providing high stereoselectivities and chemical yields with
linear aliphatic aldehydes. The particular advantage of this
reaction stems from the fact that the site of reaction is strictly
determined by the halogen moiety. Regioselective enolate
formation can occur in contrast with base-induced proton
abstraction.

(10) (a) Solladie G.; Demailly, G.; Greck, CTetrahedron Lett1985
26, 435. (b) Solladie G.; Demailly, Greck, CJ. Org. Chem 1985 50,
1552. (c) SolladieG.; Frechou, C.; Demailly, G.; Greck, @. Org. Chem
1986 51, 1912. (d) SolladigCavallo, A.; Suffert, J.; Adib, A.; Solladjes.
Tetrahedron Lett199Q 31, 6649. (e) SolladieG.; Rubio, A.; Carréa, M.
C.; Garcia-Ruano, J. [Tetrahedron: Asymmet399Q 1, 187. (f) Carrén,
M. C.; Garcia Ruano, J. L.; Martin, A.; Pedregal, C.; Rodriguez, J. H.;
Rubio, A.; Sanchez, J.; Sollddi&. J. Org. Chem199Q 55, 2120.
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Further diastereoselective reduction of fhketosulfoxide

remove or transform the chiral sulfoxide are well-knot&n.

was performed as expected with high diastereoselectivitiesExtension of this methodology is now under investigation

leading toanti- and syn2-methyl-1,3-diol moieties. These

in our laboratory.
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