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Abstract. Lewis acid promoted additions of O-silylketene
acetals 1a and 1b to S-formy! ester 2 furnished y-lactones 3a
and 3b. Employing TiCly as promotor chelate control leads to

moderate or excellent trans selectivity, whereas LiClO, as
Lewis acid did not induce appreciable diastereoselectivity.

Recently we reported our results concerning the Mukai-
yama reaction of silyl enol ethers with chiral S-formyl
carboxylates such as 2 which provided functionalized
v-lactones [2]. The preferential formation of frans iso-
mers in the presence of TiCl; was explained by chelate
control with the ester function of 2 serving as ligand
[3]. In continuation of this study we present our results
when O-silylketene acetals 1a and 1b were employed as
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nucleophiles. These allowed also the use of lithium per-
chlorate as Lewis acid which had been introduced as
promotor of several reactions quite recently [4]. Reetz
et al. [5] could demonstrate that LiClO, also promotes
additions of O-silylketene acetals to aldehydes.

Employing standard conditions for TiCly-induced ad-
ditions as developed for the additions of silyl enol ethers
to 2 the reaction of O-silylketene acetal 1a provided
the expected y-lactone 3a after acidic workup with a
moderate rrans/cis selectivity. Interestingly, this selec-
tivity increased to as much as 97:3 when the sterically
more demanding nucleophile 1b was combined with
2. Both reactions proceeded with very good yield. These
results are in agreement with the interpretation of oth-
er reactions of 2 with Lewis acidic organometallics: a
seven-membered ring chelate of the Lewis acid and 2
is attacked by the nucleophile anti to the methyl group
of 2 thus affording trans ylactones with preference.
The remarkably higher selectivity of 1b may be ex-
plained by the enhancement of steric effects due to the
two additional methyl groups at the nucleophilic cen-
tre. However, this effect is probably superposed by an
intrinsic trans selectivity of the reactions of silylated
nucleophiles bearing one or two alkyl groups at the
bond forming carbon atom (see below).

The LiClO4-promoted reactions of 1a and 1b with
B-formyl carboxylate 2 proceeded with moderate yields
and low diastereoselectivities. Whereas 3a was formed
with low cis preference the corresponding reaction lead-
ing to the geminally dimethyl substituted y-lactone 3b
was moderately frans selective.



454

J. prakt. Chem. 339 (1997)

1) LiClO,4
R
0 Et,0O, r.t. MeO R 0. _0
H/U\hcone —
O &
2)laorlb h
2 rt trans -3a/b
3) 50 % H,50, .
R R
MeO 0__0
O
cis-3al/b
a R=H 54% trans : cis = 45:55
b R=Me 48% trans : cis = 67:32

The result with 1a can clearly be taken as evidence
that chelate control is not operating under these condi-
tions. This was unexpected since reactions of cuprates
with 2 proceeded with excellent trans selectivity [6].
For these transformations we suggested seven-mem-
bered chelates with the lithium cation as bridging Lewis
acid as interpretation. Also, we presume that it is not
chelate control but the intrinsic higher trans selectivity
of terminally substituted nucleophiles which slightly fa-
vours formation of trans-3b over cis-3b.

In summary, our results with O-silylketene acetals 1
demonstrate that similar rules govern their additions to
B-formyl carboxylates such as 2 under TiCl; promo-
tion as the reactions with other nucleophiles. In certain
cases very high diastereoselectivities can be achieved
furnishing trans-y-lactones that may be suitable for fur-
ther synthetic transformations. LiClQy is apparently not
able to form chelates with 2 thus leading to low dia-
stereoselectivities.
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Experimental

For general information see [2b]
Starting materials: 1a [7], 1b (Fluka, 95%), 2 {8]

TiCl, Promoted Additions

4,5-Dihydro-5-(methoxycarbonylmethyl)-4-methyl-2(3H)-
furanone (3a)

To a solution of 0.260 ¢ (2.00 mmol) 2 in 10 ml of dichloro-
methane was added 0.379 g (2.00 mmol) of TiCly at —60 °C.
The mixture was warmed up to —40 °C within 15 min and
0.565 g (3.00 mmol) of 1a, dissolved in 7 ml of dichloro-
methane, was slowly added. After 1 h at — 40 °C 50% aqueous

sulfuric acid (2 ml) was added, the cooling bath was removed
and the mixture was stirred for 30 min. Extractive workup
(H,O/CH,Cl,), drying (Na,S0y,), and evaporation of solvent
provided 0.559 g crude product which was purified by chroma-
tography on silica gel 60 (hexane/ethyl acetate, 1:1) to give
0.285 g (83%) of 3a as colourless liquid (trans:cis = 67:33
according to GC). ~ 'H NMR (CDCl;, 200 MHz):
0 4.86 (td, J= 6, 8 Hz, 0.33 H, cis-5-H), 4.40 (q, J = 6.5 Hz,
0.67 H, rrans-5-H), 3.65 (s, 3 H, CO,CH;), 2.67-2.46, 2.40-
2.05(2m,5H, 3-H, 4-H, 5-CH), 1.10(d, /= 6.5 Hz, 2.01 H,
trans-4-CH;), 0.95 (d,J=7 Hz, 0.99 H, cis-4-CH,). - *CNMR
(CDCLy), trans-Isomer: § 175.4 (s, C-2), 170.0, 51.8 (s, q,
CO,CH;), 82.4 (d, C-5),38.4,36.4 (2t,C-3, 5-C), 35.5(d, C-
4), 17.2 (q, 4-CHjy). cis-Isomer: 6 175.7 (s, C-2), 170.1, 51.8
(s, q, CO,CHay), 78.7 (d, C-5), 36.8,34.8 (2, C-3,5-C), 32.4
(d, C-4), 13.9 (g, 4-CH;). — IR (Film): v = 2960 cm™', 2940,
2870, 2830 (C-H), 1780 (C=0, Lactone), 1740 (C=0, Ester).
CgH,0Q; Caled.: C55.80 H7.02

(172.2) Found: (C55.70 H 7.31.

4,5-Dihydro-5-( I-methoxycarbonyl-1-methylethyl)-4-methyl-
2(3H)-furanone (3b)

Analogous to the synthesis of 3a reaction of 2 (0.260 g, 2.00
mmol), TiCl, (0.379 g, 2.00 mmol), and 1b (0.523 g, 3.00
mmol) provided after Kugelrohr distillation (70 °C/0.04 Torr)
0.374 g (93%) of 3b as colourless liquid (trans:cis = 973
according to GC). — 'H NMR (CDCl;, 200 MHz), trans-
Isomer: 6 4.29(d,J=5Hz, 1 H, 5-H), 3.71 (s, 3 H, CO,CHj),
2.76(dd, J=9.5, 18 Hz, 1 H, 3-H), 2.57-2.34 (m, 1 H, 4-H),
2.18 (dd, J=6, 18 Hz, 1 H, 3-H), 1.27, 1.22 (2 s, 3 H each,
CH,;), 1.18 (d, J = 7 Hz, 3 H, 4-CHj). cis-Isomer: § 4.71 (d,
J=6.5Hz, 1H,5-H),3.73 (s, 3 H, CO,CHj3), 2.96-2.59 (m,
2 H, 3-H, 4-H),2.22(dd,J=6.5, 17 Hz, 1 H, 3-H), 1.36, 1.26
(2 s, 3 H each, CH3), 1.06 (d, J =7 Hz, 3 H, 4-CH;). - 13C
NMR (CDCly), trans-Isomer: & 176.1 (s, C-2), 175.2, 52.0
(s, q, CO,CH3), 90.8 (d, C-5), 46.1 (s, 5-C), 36.8 (t, C-3),
30.6 (d, C-4),21.6,20.9,20.1 (3 g, CH;). cis-Isomer: 6 176.2
(s,C-2),175.7,52.0 (s, q, CO,CH3), 85.8 (d, C-5),45.1 (s, 5-
0), 37.3 (1, C-3), 33.4 (d, C-4), 25.6,19.5, 14.4 (3 q, CH;). -
IR (Film): v = 2980 cm™!, 2955, 2880 (C-H), 1780 (C=0,
Lactone), 1735 (C=0, Ester).

CioHi(O, Caled.: C 5998
(200.2) Found: C 59.97

H 8.05
H&.15.

LiClO, Promoted Additions

Synthesis of 3a: A mixture of 5.32 g (50.0 mmol) of LiCIO,
and of 10 ml of diethyl ether was stirred for ! h. To the resulting
solution were added 0.260 g (2.00 mmol) of 2 and after 15
min at room temp. 0.565 g (3.00 mmol) of 1a. After stirring
for 15 min at room temp. the mixture was hydrolyzed with
2 ml of 50% aqueous sulfuric acid, stirred for 30 min, than
diluted with 20 ml of water and extracted with diethyl ether
(5%20 ml). Extraction of the combined organic layers with
saturated aqueous NaHCO; solution (30 ml) and saturated
aqueous NaCl solution (30 ml), drying (Na,SO,) and eva-
poration of solvent furnished the crude product which was
purified by chromatography: 0.186 g (54%) of 3a (trans : cis
= 45:55 according to GC).
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Synthesis of 3b: Analogous to the preparation of 3a reaction
of 2 (0.260 g, 2.00 mmol), LiClO, (5.32 g, 50.0 mmol in 10
ml of diethyl ether), and 1b (0.523 g, 3.00 mmol) afforded
after purification by Kugelrohr distillation (90 °C/0.2 Torr)
0.193 g (48%) of 3b (trans:cis = 63:37 according to GC).
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