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A NOVEL SYNTHETIC METHOD OF OPTICALLY PURE a-SUBSTITUTED ALDEHYDE
ACETALS BY THE USE OF REDUCTIVE 1,2—REARRANGEMENT1)
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A new reductive 1,2-rearrangement of aryl (or alkenyl) groups
of a-sulfonyloxy acetals to give the title compounds was developed
by using the combination of i-Bu,AlH and Et3Al, and this method was

applied to the synthesis of optically pure (R)-(—)-a-curcumene.

Recently, chiral a-alkenyl (or aryl) substituted aldehydes have been used
widely as the building block for the asymmetric synthesis of natural products.z)
Requisite chiral aldehydes were usually prepared by optical resolution of the cor-
responding acids, followed by a sequence of reduction to alcohols and oxidation.
This method, however, requires rather tedious resolution procedures and, in some
cases, the resulting aldehydes are labile and suffer from racemization. Thus we
envisioned to develop a new method of synthesizing the title compounds (stable
equivalent of aldehydes) without using optical resolution and oxidation. These
acetals are not only easily convertible to aldehydes3) but also serve as useful

building blocks for the formation of C-C bonds via the aldol-type condensation,4)

reactions with allylsilane,s) 6,22)

and reactions of 1,3-dithiane derivatives.
Previously, we reported that the hydrolysis of optically pure 1-aryl-2-sulfo-
nyloxy-1-propanone acetals (1) afforded 2-arylpropanoic esters (2) via 1,2-rearran-

gement of aryl group with 100% inversion of the C-2 chiral center.7'12)
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We assume that this rearrangement proceeded through a concerted process which in-
volves concomitant attack of H20, 1,2-shift of aryl group, and elimination of sul-
fonyloxy group (Eq. 1). Thus it is regarded as a substitution type rearrangement,
in contrast to the elimination type one, such as Pinacol, Favorskii, and quasi-
Favorskii rearrangement. In the former, one of the driving forces is the push
effect by electron pairs of oxygen of acetal oriented antiperiplanar to the migra-
ting group and the attacking nucleophile, whereas in the latter an electron pair
of oxygen anion plays the role.8)

Then, we supposed that if hydride ion serves as a nucleophile in the same man-

ner, aldehyde acetals (3) could be obtained directly. Therefore, we decided to ex-
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ploit this new reductive rearrangement by using a Lewis acid as an activator (Eq. 2).
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Optically pure a-sulfonyloxy acetals (1) were synthesized by the reaction of
ArMgBr with (S)-0-(1-ethoxyethyl)-N,N-dimethyl lactamide,g) followed by deprotec-
tion, acetalization, and methanesulfonylation.12) When 1 was treated with i—BuzAlH
(DIBAL) in toluene at -42 °C,'3) no reaction took place. However, when Et3Al was
added to the above system, reaction proceeded smoothly to give aldehyde acetal (3).
In this reaction, two equivalents of activators are always needed (Fig. 1, Z=Ar).

A typical procedure was as follows: Under an argon atmosphere, DIBAL (1.5
equiv., 1 M hexane solution) was added to a solution of a-sulfonyloxy acetal (1, 1
equiv.) in toluene at -42 °C. Then Et3Al (1 equiv., 1 M hexane solution) was added
and the reaction mixture was stirred for 2 h.

Reaction temperature was raised up slowly  Table 1. Yields of acetals (3)

to -20 °C, and mixture was quenched by an

RO OR  DIBAL 15 equiv. H
aqueous NaHCO;solution and extracted with A ></ Et;Al 1-OeqU'V->Ar A R
r = -
ethyl acetate. The organic layer was 1 (%M 42°C4 3 =
purified by silica-gel column chromato- - MS -
graphy (hexane-ethyl acetate) to give Ar R Y/ % [a]D/°(t/°C,C.CHCl3)
aldehyde acetals (3) in a quantitative
yield (Table 1).74) Dpimethyl acetals were @ Me S6 |+ 33 (221101)
optically pure within the limit of the " X 98 | +296 (22,1.01)
15)
measurement.
Me-<:> Me + 05 (25,1.00
If this highly stereoselective rear- o8 0 ( ! )
rangement proceeds similarly with alkenyl ! >< 95 +174 (201100)
analogs, useful optically pure a-methyl- MeO@ Me 97 |- 30 (22 1099)
B,Y-unsaturated acetals (5) will be ob-
tained. 1In practice, 1-alkenyl-2-sulfo- B :X 97 | #216 (24'100)

~1- 1)
nyloxy-1-propanone acetals (4), gave Table 2. Yields of acetals (5)

optically and geometrically pure acetals
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This will be explained by assuming that the alkenyl group retains the character of
the double bond throughout the migration (Fig. 1, Z=alkenyl).

The utility of this new methodology was demonstrated by a short-step synthesis
of an optically active terpene,16)(R)—(_)—a—curcumene (g).11) Cyclic acetal (6) was
converted to the dithio cyclic acetal (7) by the use of BF3.0Et; and 1,3-propane-
-dithiol.®) Dithio acetal (7) was prenylated by a usual manner,22) and reductively
desulfurized with CuCl,-ZnCl,-LiAlH423) to give optically pure 9, [a133 -46.2° (c
0.95, CHC13), in a 69% yield without isomerization of double bond20) (Scheme 1).

S
a b
\:}/ 100°% /@/p 33%

c a) HS(CHy)3SH 1.5 equiv., BF3-0Et; 0.1 equiv., in CH,Cl,,
690/05 rt 18 h. b) i. n-BuLi 1.05 equiv., -20 °C 3 h. ii.Me,C=

l CHCH,Br 1.10 equiv, -20 °C 6 h, 0 °C 18 h. c¢) CuCl, 10
equiv., znCl, 10 equiv., LiAlH, 40 equiv., reflux 72 h.

Ko

Scheme 1. Synthesis of (R)-(~)-a-curcumene (g).24)
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6: 1H—NMR (cbcly) 6; 0.42 (s, 3H), 1.16 (s, 3H), 1.31 (4, 3H, J=7.2 Hz), 2.30
(s, 3H), 2.94 (dgq, 1H, J=4.8 Hz, J=7.2 Hz), 3.2-3.9 (m, 4H), 4.49 (4, 1H),
7.0-7.3 (m, 4H) ppm. IR (film) v; 1104 cm'1. MS m/e; 234.1603(M+,C15H2202)-

7: TH-NMR (cpclsy) 6; 1.46 (4, 3H, J=7.3 Hz), 1.6-2.3 (m, 2H), 2.36 (s, 3H),
2.6-3.0 (m, 4H), 3.06 (quintet, 1H, J=7.3 Hz), 4.24 (4, 1H, J=7.3 Hz), 7.23
(s, 4H) ppm. [a]}® -4.1° (c1.12, CHCl;). MS m/e; 238.0858 (M*, Cq3H gS,).

8: TH-NMR (cocilz) 6; 1.50 (4, 3H, J=7.2 Hz), 1.58 (d, 3H, J=1.5 Hz), 1.77 (4,
34, J=1.5 Hz), 1.7-2.1 (m, 2H), 2.33 (s, 3H), 2.3-3.0 (m, 6H), 3.17 (g, 1H,
J=7.2 Hz), 5.37 (m, 1H), 7.07 (4, 2H, J=8.7 Hz), 7.26 (4, 2H, J=8.7 Hz) ppm.
IR (film) v; 1668 cm™'. [al}h? -31.4° (c0.99, CHCl;). MS m/e 306.1461 (M*,
C18M2652) -

9: TH-NMR (cpcly) 6; 1.22 (4, 3H, J=7.3 Hz), 1.54 (broad s, 3H), 1.69 (broad s,
3H), 1.5-2.1 (m, 3H), 2.35 (s, 3H), 2.67 (sextet, 1H, J=7.3 Hz), 5.14 (broad
t, 1H, J=7 Hz), 7.21 (s, 4H) ppm. IR (film) v; 2975, 2870, 1516, 1450, 1376,
1110, 1018, 816 cm™', [al33 -46.2° (c0.95, CHCl3). MS m/e 202.1732 (M*,
CisHz2) -
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