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Abstract: The reaction of enantiomerically pure B-trichloromethyl-B-propiolactone (1) as a chiral
building block with an aromatic compound in the presence of Lewis acid provided an acylated product
with a chiral trichloromethyl carbinol moiety. The acylated product was used as an effective chiral
synthon for natural product synthesis such as enalapril of ACE inhibitor.
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Regioselective ring cleavage of B-lactones with organocuprates has been reported to provide a convenient
synthesis of three carbon homologated carboxylic acids by the oxygen-alkyl bond fission.! In this type of
reaction, it was demonstrated that chiral B-methyl-B-propiolactone (1) could serve as an excellent chiral synthon
for the synthesis of natural products because the lactone was cleaved completely with cuprate in an SN2 type
fashion.2 On the other hand, a facile synthesis of enantiomerically pure B-trichloromethyl--propiolactone (2)
from chloral and ketene in the presence of quinidine3 was reported, which is also useful for the synthesis of (S)-
malic acid* and (R)-carnitine? via ring cleavage with an oxygen-acyl bond fission by hydrolysis. However,
there has been no report that deals with the use of chiral lactone 2 as a chiral building block for carbon-carbon
bond formation. Since trichloromethy! group is an equivalent of carboxylic group, the lactone 2 is a very
interesting compound as a chiral synthon of natural product synthesis. In this paper we wish to report some of
novel findings that reveal the use of (S)-2 as a convenient chiral acylating reagent to aromatics.

The lactone 2 does not react with organocuprate. The marked contrast of the reactivities between 1 and 2
may be understood in considering the difference of the acidities between acetic acid with pKa of 4.74 and
trichloroacetic acid with that of 0.7 owing to the strong electron-withdrawing ability of the trichloromethyl

group. Under hot dil. alkaline conditions trichloroacetic acid decomposes into chloroform and carbonate,b
although acetic acid only makes a salt of acetate. When Et;A1Cl was added to a solution of 2 in chloroform, the

13C NMR (CDCl3) showed the shift of carbonyl carbon to § 173.3 from & 164.1 of original lactone 2. The IR
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spectrum of the mixture of 2 and Et;AICI or AICl3 showed the new peaks at 1670 and 1570 cm-! due to the
complex of acyl chloride and the Lewis acid.” These findings indicate that the stable acyl chloride 3 by oxygen-
acyl bond fission of 2 is intermediately formed, whereas B-propio-lactone is known to form a polymer in the
presence of Lewis acid.8 While the reaction of B-lactone 1 with organocuprate proceeds with the oxygen-alkyl
bond fission, the above facts suggest that an easy oxygen-acyl bond fission would occur rather than the oxygen-
alkyl counterpart in the ring cleavage of B-lactone 2, and that chiral B-trichloromethyl-B-propiolactone 2 would
serve as an excellent chiral acylating reagent under the Friedel-Crafts type conditions.
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Thus, acylation of aromatic compounds with (§)-2 in the presence of Lewis acid was investigated. A
typical procedure is described as follows: A solution of AlCl3 (3.75 mmol) in benzene (1.0 ml) was stirred for
30 min at room temperature, and to it was added a solution of (5)-2 (0.20 mmol) in benzene (1.0 ml) at 5 °C.
The reaction mixture was stirred for 9 h at the same temperature, and then quenched with 2N-HCl.  After usual
work up, the crude product was purified on silica gel TLC to afford (S)-3-hydroxy-1-phenyl-4,4,4-trichloro-1-
butanone 4 in 90% yield. Although various Lewis acids, such as AlBr3, AlCl3 and EtAlCl; were used, the
crude product was obtained in almost quantitative yield. The lower temperature of 5 °C increases the yield of the
product, and the pure butanone 4 was obtained in yields of 75~90% after purification on silica gel TLC. A
better yield was obtained using more than 3 equivalents of Lewis acids, and among the Lewis acids examined
the use of AlCl3 gave the adduct 4 in the highest yield. In each case the other enantiomer was not detected by
HPLC using a chiral stationary column (Daicel OJ). The product was crystallized from methylcyclohexane with
some difficulty, by slowly cooling to 4 °C, yielding pure product as a colorless crystal, mp 62~3 °C, 9 {a]p?3 -
34.1 (c 0.89, CHCI3). Since the present acylation proceeded by the oxygen-acyl bond fission of 2, the
stereochemical integrity of the hydroxy carbon in the acylated product 4 completely retained as confirmed by
HPLC analysis using a chiral column (Daicel OJ) and the derivatization to 2-hydroxy-4-phenylbutanoate, a
precursor of enalapril (vide infra). The mechanism of this reaction is a kind of the Friedel-Craft acylation
through the acyl chloride intermediate 3 initially formed.

To explore the scope of the present method, the reaction using anisole was next examined. As shown in
Table 1, the reaction in the presence of AlClz in CH3NO; or FeCls in anisole gave better yields of 5, whereas
the use of AlBr3, TiCly or EtAICly as Lewis acid provided 5 in good yields. The reaction with these Lewis
acids without solvent improved the yields, although regioselectivity of 5§ was affected to a certain extent under
these conditions. The ratio of the acylated product was improved by using EtpAlICl to give the adduct with high
selectivity, although the yield was very poor. The HPLC analysis (Daicel OJ) of the adducts confirmed to retain
completely the stereochemical integrity of the starting B-lacton. The para-acylated product 5 was further
recrystallized from EtOAc-n-hexane (mp 89°C; [o]p?3 -33.2 (c 1.00, CHCl3)). Although, in general, acylation
of anisole was reported to give only para-substituted product,10 the present reaction giving a mixtwure of
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Table 1. Acylation of anisole with (S)-2.2)

Lewis acid (eq) Solv. Temp. (°C) 5/Yield (%)% para: ortho ©)
AlClz  (3.75) CH,NO, r.t. 77 92: 8
AlBry (3.75) none -30~-20 71 70:30
FeCl3 (3.75) none -30~r.t. 80 81:19
TiCly (3.3) none -30~r.t. 65 71:29
EtAlCI; (3.3) none -30~r.t. 72 92: 8
EtAICI (3.3) none -30~r1.t. 16 99: 1

a) The reaction was carried out according to the typical experimental procedure. b) Isolated yield. c) Determined by HPLC analysis
(Hibar Column).

regioisomers of para- and ortho-substituents seems to be explained in terms of the non-coordinated mechanism
A and the coordinated analogue B; attack of free anisole to the acylium ion intermediate gives a para-acylated
product due to the least sterically demanding and the most electron-rich position of the aromatic ring (A"
whereas the coordinated intermediate to aluminum metal (B) prefers the proximal ortho-attack.
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The reaction of more reactive aromatic compound such as m-xylene, mesitylene, or N-methylpyrrole with
(S)-B-lactone 2 in the presence of aluminum trichloride gave the acylated products (6, 7, and 8) as a single regio
isomer, respectively, in good yields. All products were confirmed to retain the configuration and enantiomeric
purity of the starting B-propiolactone. In contrast to the reaction of B-methyl-B-propiolactone with N-
methylpyrrole in the presence of Lewis Acid reported recently!l in which poor regioselectivity was observed, -
trichloromethyl-B-propiolactone gave the chiral B-hydroxy aromatic ketones in good yield with excellent

selectivity.
O OH O OH 0 OH
e e (e
Me
6 Y.74% 7 Y. 72% 8 Y.68%

[oJp23-34.2 (C0.53, CHCly  [0lp?3-23.0 (c 0.23, CHClY [q)p23-30.6 (C 1.00, CHCI3)

Chiral o-hydroxy acid derivatives are known as important building blocks for many biologically active
compounds.12  (R)-2-Hydroxy-4-phenylbutanoate 1113 is an important precursor!4 for the synthesis of
angiotensin converting enzyme (ACE) inhibitors, e.g., enalapril!5 which has attracted great therapeutic interests
in the cardiovascular field. To confirm the absolute configuration, the acylated product 4 obtained in the present

study could be easily converted into the precursor 11 of enalapril. Reduction of carbonyl group of 4 with
LiAlHy in THF gave a-trichloromethyl propanediol 9 as a mixture of diastereomers in almost quantitative yield.
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The subsequent hydrolysis of 9 under alkaline conditions gave the butyrolactone 10 with inversion416 of
configuration at C; in 75% yield. The absolute configuration of the chiral center was established by converting

the lactone 10 into 2-hydroxy-4-phenylbutanoic acid by catalytic hydrogenation with 10% Pd-C in acetic acid in
quantitative yield. The ethyl ester 11 [a]p23 -25.7 (c 0.08, CHCl3) lit.14 [a]p20 -20.1 (¢ 1, CHCl3) was
obtained by esterification with diazoethane in 67% yield and confirmed to be enantiomerically pure by HPLC
analysis using a chiral column (Daicel OJ).

In summary, an efficient acylating reaction is demonstrated where chiral g-trichloromethyl--propiolactone
2 is used as a convenient chiral acylating reagent of aromatic compounds via the Friedel-Crafts acylation. The
easy availability of chiral B-trichloromethyl-B-propiolactone makes the present reaction of high value. The
acylated products retain completely the stereochemical integrity of the starting B-trichloromethyl-B-propiolactone.
Accordingly chiral p-trichloromethyl-B-propiolactone can be used as an effective chiral synthon for the synthesis
of optically active natural products as demonstrated in the synthesis of an important precursor of enalapril of
ACE inhibitor.
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