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ABSTRACT

p-Tol., ..O p-Tol., ..O
R
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A simple, efficient, and diastereoselective zinc-promoted allylation of aldehydes with enantiopure (Ss)-3-chloro-2-(p-tolylsulfinyl)-1-propene
[(Ss)-1] under aqueous Barbier conditions is described. The observed diastereoselectivity can be explained via an acyclic antiperiplanar transition
state model.

The allylation of carbonyl derivatives to afford homoallylic carbonyl allylations in aqueous medium are limitabbspite
alcohols is a useful synthetic transformation that has attractedthe increasing demand for clean and environmentally safe
considerable attention over the past few yéarecently, chemical technologies and the availability of well-prece-
much effort has been devoted to the development of new dented methodology enabling the combination of water with
methods for enantioselective carbonyl allylation by means different organometallic systens.

of either enantiopure allylmetal derivativesr asymmetric Our interest in the development of new building blocks
Lewis acid catalysi8.However, reports on enantioselective based on the use of sulfoxides as chiral auxilidfeempted

us to focus on enantiopur&)-3-chloro-2-(p-tolylsulfinyl)-
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1-propene ((§-1)" and to study its application to the

diastereoselective synthesis of 2-sulfinyl-2-propenylmetha-

nols 3 using environmentally friendly protocols. The versatil-
ity of this strategy relies on both the diversity of commer-

out to be more efficient in terms of diastereoselectivity,
overall yields, and reaction rat&€sAllylation with (£)-4a
and Zn in 6/1 saturated aqueous MHTHF afforded
homoallylic alcohobain high yield and moderate diastereo-

cially available starting aldehydes and the synthetic potential selectivity (entry 4). The use of iodide-}-4b increased the

of the vinylsulfinyl moiety?

Preliminary studies were carried out with benzaldehyde
and racemic 3-halo-2-(phenylsulfinyl)-1-propeif&s-4e° or
(£)-4b*° and under In- or Zn-promoted Barbier-type ally-
lations in different solvent systems (Table'l).

Table 1. Allylation of Benzaldehyde with
2-Arylsulfinyl-3-halo-1-propenes

Rg @ ystom, condiions | S”C OH
/\/x PACHO —M >Ph
(x)-4a: X=Cl; R=Ph
(£)-4b: X=I; R=Ph 3a: R=p-Tol
(Ss)-1: X=Cl; R=p-Tol 5a: R=Ph
entry halide metal system? cond® dr® yieldde
1 (H)-4a In A 72;rt 31 59d
2 (£)-4a In B 24 rt 41 744
3 (£)-4a In C 15;rt  5:1 60°
4 (£)-4a zn D 4t 41 89d
5 (£)-4b  Zn D Lt 61 40¢
6 (£)-4a Zn E 18;rt 51 g2d
7 (Ss)-1 Zn D 16;rt 31 858
8 (Se)—1 Zn D 24:0 41 83d
9 (Ss)-1 Zn E 24;0 61 80d

aSolvent system: A, THF; B, THF—$D (1:1); C, HO; D, saturaed
aqueous NHCI/THF (6:1); E, Nal (3 equiv.), 1.6 N aqueous MHHF
(6:1).  Conditions: reaction time (h); temperature (°Cpiastereomeric
ratio calculated by*H NMR. 4Isolated.¢ Calculated by'H NMR in the
presence of dimethyl terephthalate as an external standard.

Indium-promoted allylations with#)-4a took place in a
variety of HHO—THF mixtures in moderate yields and
diastereoselectivities (entries-8).1212The use of Zn turned

(6) (a) Villar, J. M.; Delgado, A.; Llebaria, A.; Moreto, J. Metrahe-
dron: Asymmetr1995 6, 665-668. (b) Villar, J. M.; Delgado, A.; Llebaria,
A.; Moret6, J. M.; Molins, E.; Miravitlles, CTetrahedrorl996 52, 10525~
10546. (c) Henrich, M. L.; Delgado, A.; Molins, E.; Roig, A.; Llebaria, A.
Tetrahedron Lett1999,40, 4259—4262. For a review on applications of
sulfoxides to asymmetric synthesis, see: Carén. C.Chem. Re»1995,

95, 1717-1760.

(7) Prepared as follows: A solution d&)-2-(p-tolylsulfinyl)-1-propen-
1-0P% (1.1 g, 5.6 mmol) in anhydrous DMF (8 mL) under argon is treated
at 0°C with EgN (63 mg, 6.2 mmol) and methanesulfonyl chloride (705
mg, 6.2 mmol). The reaction mixture is allowed to warm to room
temperature and monitored by TLC (g@E,/MeOH 97:3) untilthe starting
alcohol is not detected. The mixture is next diluted with additional anhydrous
DMF (10 mL), and LiCl (952 mg, 22.4 mmol) is added portionwise. Stirring
at room temperature is continued until TLC monitoring indicates total

diastereoselectivity, at the expense of the reaction yield (entry
5). This moderate yield can be attributed, in part, to the
unstability of the starting iodide under the reaction conditions.
Interestingly, both yield and diastereoselectivity could be
optimized using+4)-4ain the presence of an excess of iodide
(entry 6). It is conceivable that iodidet}-4b, or a related
species, can be formed in situ under the above conditions.
Enantiomerically pure 2-sulfinylallyl chlorides§)-1 behaved
similarly to (4)-4a, giving3a (3:1 diastereomeric mixture)

in high yield (entry 7). It is noteworthy that the diastereo-
selectivity of this process could be further increased up to
6:1 by carrying out the reaction at°@ in the presence of
excess iodide (entry 9). These conditions were further applied
to a range of aldehydeza—gas shown in Table 2

Table 2. Allylation of Aldehydes with &)-1

pTOI%S/O conditions® P TOMIS/O OH
)\/m RCHO
% R
(Ss)-1 2a-9 3a-g
entry R drb yield®

1 a Ph 6:1 80d
2 b cyclohexyl 5:1 60
3 c n-Bu 31 67
4 d t-Bu 5:1 60
5 e p-(OCH)sPh 5:1 70
6 f 2-furyl 4:1 60
7 g BnOCH,— 2:1 75

aZn (2 equiv)/Nal (3 equiv)/1.6 N aqueous MHHF (6:1); 0°C. For
a detailed experimental procedure, see ref’i@alculated by'H NMR.
¢ Calculated by*H NMR in the presence of dimethyl terephthalate as an
external standard! Isolated yield.

The configuration of the new stereogenic center in the
major diastereomer of homoallylic alcohdds,b was as-
signed ask from ozonolysi$® to the corresponding enan-
tiopure3-hydroxyacid and comparison with reported litera-

(8) For synthetic applications of closely relatet){3-halo-2-sulfonyl-
1-propenes, see: (a) Knochel, P.; Normant, JTétrahedron Lett1985,
26, 425-428. (b) Auvray, P.; Knochel, P.; Normant, J. Tretrahedron Lett.
1985,26, 4455-4458. (c) Knochel, P.; Normant, J. F.Organomet. Chem.
1986,309, 1-23. (d) Auvray, P.; Knochel, P.; Normant, J. Fetrahedron
Lett. 1986 5095-5098. (e) Auvray, P.; Knochel, P.; Normant, J. F.
Tetrahedronl988,44, 6095—6106. (f) Auvray, P.; Knochel, P.; Normant,
J. F.Tetrahedron1988,44, 4509—4519.

(9) Anzeveno, P. B.; Matthews, D. P.; Barney, C. L.; Barbuch, R. J.

consumption of the intermediate mesylate. The reaction mixture is then Org. Chem.1984,49, 3134—3138.
evaporated to dryness, and the oily residue is taken up in ether and washed (10) Prepared from=)-4a by reaction with excess Nal in refluxing

with brine. Drying of the organic phase (anhydrous${@&;) and evaporation
afforded a crude that was flash-chromatographed (hexgf&3Ac 85:15)

to afford allylic chloride &s)-1in 65% yield: ] +128 (, 0.68 MeOH);

1H NMR (CDCls) 2.38 (3H), 3.79 (1HJ = 14.5; J'=1.2;J" = 0.9), 4.10
(1H,J = 14.5; J'= 1.6;J" = 1.0), 5.99 (1H), 6.22 (1H), 7.29 (2H), 7.49
(2H); 13C NMR (CDCk) 150.7, 142.4, 138.3, 130.2, 125.1, 120.5, 39.0,
21.4.
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acetone.

(11) For carbonyl allylations of related 2-sulfonyl-substituted allylic
halides undemonaqueousonditions, see: (a) Auvray, P.; Knochel, P.;
Normant, J. FTetrahedron Lett1985,26, 2329—2332. (b) Auvray, P.;
Knochel, P.; Normant, J. Hetrahedron Lett1986, 5091-5094. (c) Auvray,
P.; Knochel, P.; Normant, J. Fetrahedron1988,44, 4495—4508.

(12) lodide (+)-4bafforded similar results.
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ture datal® Thus,8-hydroxy acids of opposite optical rotation  transition state for the metal-mediated coupling of allylic

to that described in the literature for the corresponding halides with aldehydes in aqueous media were operétive.

enantiomers were obtained (Schemé’l). For this reason, the observed diastereoselectivity can be better
explained by an open antiperiplanar transition state mdel,

_ in which the above interactions are avoided (Schem¥ 2).
Scherme 1 ]

Tol, .0 1) O3, CHyClp, -78°C Scheme 2
Piotus-P on 2) H,0, (10 equiv.) OH OH
R ) R pTolni pTol.,...0,
S p-Tols, O . SO
H r favored S” OH disfavored M
3a: R=Ph R=Ph (ref 17) - = )\/‘\ <€----mmmm A ~
3b: R=CgH; R=CgH11 (ref 17) G R _H G
M
open cyclic

From a mechanistic standpoint, a highly energetic 1,3-
diaxial interaction between R and the sulfoxide moiety would | conclusion, we have developed a simple, efficient, and

be required if the currently accepted six-membered cyclic gnyironmentally friendly protocol for the diastereoselective

allylation of aldehydes with enantiopure 2-sulfinylallyl
(13) Experiments with ¥b(OT§) a water-compatible Lewis acid, did — chjoride (§)-1. Further studies addressing the use of the

not significantly improve either the yields or the diastereoselectivities in In . . . -

and Zn-promoted allylations, although reaction rates were generally higher; Synthetic potential of the resulting 2-sulfinyl-2-propenyl-

for the use of lanthanides as Lewis acids in the allylation of aldehydes in methanols8 are Current|y underway and will be reported in

aqueous medium, see: (a) Diana, S. C. H.; Sim, K. Y.; Loh, TSynlett due course

1996, 263. (b) Kobayashi, S.; Wakabayashi, T.; Oyamad&Hem. Lett. u u :

1997, 831—-832. (c) Loh, T. P.; Cao, G. Q.; PeiTétrahedron Lett1998,
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mixture of diastereomers, which can be separated by careful flash

chromatography on hexanes—EtOAc (8:2 or 7:3). 0L991412J
(15) For ozonolysis of vinyl sulfoxides, see: Griesbaum, K.; Kim, W.
S. Erdoel Ergdgas Kohlel995,111, 485—486 (Chem. Abstt996,124, (18) Yamamoto, YAcc. Chem. Red.987,20, 243—249.
55322). (19) The observed stereochemical outcome is also in agreement with an
(16) Since olefinic protons in sulfinyl homoallylic alcohda—g showed intermolecular chelated acyclic model postulated for the allylation of
an almost superimposablel NMR pattern, an identical diastereochemical aldehydes with a sulfinylallylstannane under Lewis acid catalysis in
induction was assumed in all cases. nonaqueous medium (Mortlock, S. V.; Thomas, ETdtrahedron1998,
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