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Abstract: The first chemical example of “la coupe du roi”, i.e., the bisection of an achiral molecule into homochiral halves,
has been achieved by a reaction sequence that transforms cis-3.7-dimethyl-1,5-cyclooctanedione (C,, symmetry) into 2-

methyl-1,4-butanediol (C; symmetry).

The intriguing way to cut an apple known as “la coupe du roi™?

is related to the problem of dividing an achiral object into iso-
metric,’ homochiral® halves. Referred to the chemical domain,
the problem is that of bisecting an achiral molecule into isometric
homochiral fragments.? Although a few examples of the “reverse
coupe du roi”, i.e. the combination of two homochiral units to give
an achiral molecule, are known, 257 there are still no chemical
analogues of la coupe du roi itself.” Here, we report an example
of such a process, which develops through a sequence of reactions
that chemically reproduce all the operations required to cut an
apple in la coupe du roi mode (Scheme I).

Although the model of an idealized apple possesses C., sym-
metry, the chemical models reported so far have C2,,>® or S,
symmetry. We decided to work on a cyclic C,, molecule that
corresponds to an apple with the two perpendicular vertical
half-cuts. In order to parallel the pomaceous model, we wanted
to preserve the cyclic structure throughout the sequence and to
obtain an acyclic molecule only after the final bisection.

On this basis, we chose ¢is-3,7-dimethyl-1,5-cyclooctanedione
(1) as a chemical equivalent of an apple with two perpendicular
vertical half-cuts, two subsequent Baeyer—Villiger rearrangements
as equivalents of the coplanar horizontal cuts, and a LiAlH,
reduction as the final bisection.

Compound 1 (C,, on the appropriate time scale) was prepared
following the described procedure,!? and its structure unambig-
uously determined by X-ray analysis!! (Figure 1). Trifluoro-
peroxyacetic acid!? promoted oxidation of 1, carried out in the
presence of an excess of anhydrous Na,HPO,,!* gave, in 82% yield,
racemic cis-4,8-dimethyloxacyclononane-2,6-dione (2) (deli-
quescent solid at room temperature), that has C, symmetry. A
second Baeyer-Villiger reaction, performed on 2 with a large
excess of the same peroxy acid, afforded pure cis-4,9-dimethyl-
1,6-dioxacyclodecane-2,7-dione (3a) (mp 110 °C) in 12% yield
and its constitutional isomer 3b (3% yield), which could not be
isolated free of 2.14 The structural assignment resided on in-
spection of high-field NMR spectra. For instance, 3a (C, sym-
metry) features a doublet in the 'TH NMR methyl region (two
doublets observed for C, symmetry 3b) and only five different
signals in the 1*C spectrum (seven signals observed for 3b). The
final bisection was achieved by LiAIH, reduction of 3a in refluxing
diethyl ether to give C; symmetry 2-methyl-1,4-butanediol (4)
in quantitative yield. This compound was identical with an au-
thentic sample of 4.

In order to obtain diol 4 in optically active form, lactone 2 was
kinetically resolved by pig liver esterase promoted hydrolysis to
afford (-)-2, [«]**p 8.7 (¢ 1, CHCl,), which was shown to be
290% enantiomerically pure. Referred to the apple model, this
operation corresponds to performing the first horizontal cut on
a large number of apples in a random way and discarding almost
all the homochiral apples of one sort. Oxidation of (-)-2 gave
dilactone (-)-3a: mp 106 °C; [«]?*y -31.0 (¢ 0.8, CHCI,).
Finally, reduction of (-)-3a afforded (-)-(S)-4, [«]**p -13.0 (¢
0.46, MeOH), which was 90% optically pure by comparison with

" Dedicated to Professor Kurt Mislow on the occasion of his 65th birthday.
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the reported value [lit.!* [a]?®, -14.4 (¢ 0.6, MeOH)], showing
that the conversion of 2 into 4 occurs without stereomutation at
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Figure 1. View of cis-3,7-dimethyl-1,5-cyclooctanedione. It has idealized
C, symmetry and a chair—boat conformation. Relevant bond distances
(A) are the following: C(1)-O(1), 1.214 (2): C(5)-0(2), 1.220 (2);
C(1)-C(2), 1.501 (3); C(2)-C(3), 1.537 (3); C(3)-C(9). 1.523(3): C-
(3)=C(4). 1.540(2); C(4)=C(5), 1.510 (3); C(5)-C(6), 1.507(3); C-
(6)-C(7), 1.527(2); C(M-C(10}, 1.529 (3); C(7)-C(B), 1.522(2); C-
(1)-C(8). 1.497(3).

the stereocenters. Thus, the first bisection of an achiral object
(1) into isometric homochiral halves (4) was performed. Re-
markably, the symmetry of the products obtained along the re-
action sequence perfectly matches, step by step, with that of an
apple that is cut in la coupe du roi mode.

Experimental Section

cis-4,8-Dimethyloxacyclononane-2,6-dione (2). To a stirred solution
of cis-3,7-dimethyl-1,5-cyclooctanedione (1) (0.840 g, 5 mmol) in di-
chloromethane (20 mL) cooled at 0 °C and containing anhydrous Na,-
HPO, (1.70 g, 12 mmol) was added trifluoroperoxyacetic acid (10 mL,
6 mmol, 0.6 M in dichloromethane) dropwise. The reaction mixture was
stirred 2 h at 0 °C and 1 h at room temperature and filtered; excess
anhydrous Na,S,05 and NaHCO,; were added to the filtrate. After 15
min of stirring at room temperature, the mixture was filtered again, the
filtrate concentrated under vacuum, and the residue purified by flash
chromatography on silica gel with a 6:4 mixture of hexanes/diethyl ether
as eluant to give 2 (0.754 g) in 82% yield. This product crystallized as
long needles upon cooling in the refrigerator and melted when heated at
room temperature. Anal. Caled for C\(H,,Oy: C, 65.19; H, 8.75.
Found: C,65.12; H, 8.80. IR (thin film): 2955, 2880, 1745, 1700, 1460,
1355, 1290, 1265, 1220, 1100, 1040, 1020 cm™. 'H NMR (CDCl,): &
423 (1 H,dd, J = 10.8,6.2), 3.78 (1 H,t,J = 11.2), 1.98-2.75 (8 H,
m), 1.07 3 H,d,J = 6.4),0.97 (3H,d, J = 69). 3C NMR (CDCl,):
8 205.37, 164.56, 60.76, 43.27, 42,18, 3491, 27.81, 23.99, 16.00, 10.23.

cis-4,9-Dimethyl- 1,6-dioxacyclodecane-2,7-dione (3a} and cis-3,8-
Dimethyl-1,5-dioxacyclodecane-6,10-dione (3b). To a stirred solution of
2 (0.552 g, 3 mmol) in dichloromethane (30 mL) cooled at 0 °C and
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(14) The 'H and »C NMR data of 3b were obtained (see the Experimental
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the low regioselectivity of the second Baeyer—Villiger reaction resembles the
poor skill of an unexperienced cutter. It must be noted that LiAIH, reduction
of 3b (C, symmetry) would afford two achiral fragments of different size
(namely, 2-methyl-1,3-propanediol and 3-methyl-1,5-pentanediol), as would
the bisection of an apple that suffered the second horizontal cut in the wrong
direction.

(15) Leuenberger, H. G. W.; Boguth, W.; Barner, R.; Schmid, M.; Zell,
R. Helv. Chim. Acta 1979, 62, 455.
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containing anhydrous Na,HPO, (2.55 g, 18 mmol) was added tri-
fluoroperoxyacetic acid (15 mL, 9 mmol, 0.6 M in dichloromethane)
dropwise. The reaction mixture was stirred 2 h at 0 °C and 48 h at room
temperature. The workup described above followed by purification by
flash chromatography (7:3 and then 6:4 mixture of hexanes/diethyl ether
as eluants) gave compound 3a (0.072 g) in 12% vield; mp 110 °C. De-
spite several attempts, compound 3b was obtained contaminated with
unreacted 2. The 3a to 3b ratio, as determined by 'H NMR and by
weight, was 4:1.

Analytical data for compound 3a follow. Anal. Caled for C,;H,,0,:
C, 59.95; H, 8.05. Found: C, 60.03, H, 8.00. IR (CHCI,): 2955, 2880,
1745, 1460, 1355, 1290, 1260, 1220, 1100, 1040, 1015 cm ', '"H NMR
(CDCly): 6 4.13 (2 H, ddd, J = 11.2, 4.9, 1.5), 4.02 (2 H, t, 11.2),
2.45-2.75(2 H, m), 2.38 (2 H, ddd, J = 13.9, 3.8, 1.5), 2.06 (2 H, dd,
J=13.6,11.7),093 (6 H,d, J = 7.2). “C NMR (CDCl,): 4 172.60,
68.83, 41.22, 30.56, 16.77.

The NMR data of 3b were obtained by substracting the resonances
of 2 from the spectra of a 7:3 mixture of 3b and 2. 'H NMR (CDCl,):
6428 (2H,dd, J=106,7.1),4.05 (2 H,dd, J = 11.6, 3.5), 2.33-2.73
(6 Hym), 1.05 (3 H,d, J=7.7),088 (3 H,d, J = 7.1}, “C NMR
(CDCls): 5 165.28, 61.44, 35.66, 23.59, 22.26, 15.87, 5.65.

Synthesis of 2-Methyl-1,4-butanediol (4) from 3a. To a stirred solution
of 3a (0.050 g, 0.25 mmol) in anhydrous diethy! ether (10 mL) was added
LiAlH4 (0.100 g, 2.63 mmol) in one portion; the mixture was refluxed
overnight. The reaction mixture was then cooled to 0 °C, and wet diethyl
ether (10 mL), water (0.1 mL), 10% aqueous NaOH (0.1 mL), and
water (0.3 mL) were added in this order. The white precipitate was
filtered, and the filtrate was concentrated under vacuum to give 4 (0.052
g) in 100% yield. This produce was identical (GC retention time, 'H
NMR and IR spectra) with an authentic sample of 4 prepared by LiAlH,
reduction of diethyl 2-methylsuccinate carried out in analogous condi-
tions.

Kinetic Resolution of 2 by Pig Liver Esterase Promoted Hydrolysis.
To a stirred solution of 2 (0.100 g, 0.543 mmol) in a 0.3 M aqueous
solution of KH,PO, containing 5% (v/v) of acetone (120 mL) was added
0.5 N NaOH to adjust the pH to 7.00. Pig liver esterase (0.100 mL of
a suspension in 3.2 M (NH,),SO, solution) was then added and the
reaction monitored by a pH meter, continuously adjusting to pH 7.00 by
addition of 0.01 N NaOH solution. When 0.27 mmol of 0.01 N NaOH
had been added, the mixture was frozen with a dry ice/acetone bath.
Solid NaCl (20 g) was then added and the mixture was allowed to warm
to room temperature and then extracted with three portions of diethyl
ether. The combined organic phases were dried, concentrated under
vacuum, and purified by flash chromatography (6:4 mixture of hex-
anes/diethyl ether as eluant) to give 0.043 g of 2: mp 35-36 °C; [«]**p
—8.7 (¢ 1, CHCl;). This product was shown to be Z90% enantiomerically
pure by '"H NMR analysis carried out on a CDyCN solution in the
presence of Eulhfc), in conditions preestablished on racemic 2.

Synthesis of (~}-(5}-2-Methyi-1,4-butanediof. Baeyer-Villiger oxi-
dation of (=)-2 carried out following the procedure described for the
synthesis of racemic 3a gave compound (-)-3a: mp 106 °C; [«]*, -31.0
(¢ 0.8, CHCl;); 14% yield. Reduction of (—)-3a with excess LiAlH, as
above gave (-)-(5)-4, [a]*p —13.0 (c 0.46, MeOH), in 96% yield.
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