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Abstract—A short, efficient, and highly diastereoselective synthesis of 5-[(1.S)-N-Boc-amino-(2S)-(3-fluorophenyl)ethyl]-dihydrofu-
ran-2-one (1) is described. Use of phthalic anhydride as thiolate scavenger effectively preserves the chiral integrity of the a-amino-
ketone 4 product obtained from the reaction of organozincate 3 with thioester 2.

© 2004 Elsevier Ltd. All rights reserved.

Compounds containing y-hydroxy-8-amino functional
groups, such as lactone 1, are key precursors to
hydroxyethylene dipeptide isosteres, a class of
compounds that have shown therapeutic potential as
HIV and renin inhibitors.! Accordingly, in the past
two decades, many reports have described the synthesis
of these functionalized lactones.> We had a need to
prepare multi-kilogram quantities of lactone 1la.
Commercially available a-amino acids and their deriva-
tives are attractive starting materials as they are readily
accessible in both enantiomeric forms, but direct conver-
sion of these amino acids to lactones 1 has frequently
been accomplished by utilizing racemization-prone o-
amino aldehyde intermediates.?™3 We therefore pro-
ceeded to look at routes that avoided aldehyde
intermediates.

R = alkyl, aryl
P = protecting group
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Our first approach was inspired by Fukuyama and co-
workers who described a novel ketone synthesis via
addition of organozincates to thioester catalyzed by
PdCl,(PPhs),,* Pd(OH),> and Ni(acac),.® These
prompted us to explore the synthesis of a-aminoketone
4 by alkylation with organozinc homoenolate
BrZnCH,CH,COOEt (3) in THF” as shown in Scheme
1. Conversion of the y-keto ester 4 to lactone la was
expected to be straightforward via an established stereo-
selective reduction with N-Selectride® followed by
acid-catalyzed cyclization. Other hydride (NaBH,,’
LiBH,,!® L-Selectride!!) reduction and catalytic hydro-
genation of similar systems?™!? were known in the
literature but with lower diastereoselectivity.

Thioester 2, prepared from commercially available Boc-
L-3-(fluorophenyl)alanine,'? is a crystalline material and
nearly odorless. Surprisingly, reaction of 2 with 3
(2.0equiv) in the presence of PdCI,(PPhs), (5mol%)
gave o-aminoketone 4 that was completely racemized.'#
We ascribed the loss of enantiopurity to the presence of
catalytic amounts of ethoxide, which was generated by
the displacement of the ethyl esters 3 or 4! by thiolate
anion. The presence of ethyl ester 5 (~15% by HPLC'®)
in the reaction mixture supported this hypothesis
(Scheme 2).

To eliminate racemization in this reaction, we investi-
gated the effect of added thiolate scavengers, which
would minimize ethoxide generation. Phenyl acectate
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(6a), 4-fluorophenyl acetate (6b), and 4-nitrophenyl ace-
tate (6¢) were chosen for initial experiments (Eq. 1), as
we reasoned that phenoxide anions generated (7, Eq.
1) were weak bases that would not cause epimerization
of the a-aminoketone 4. The use of 6a or 6b (3equiv) re-
duced but did not eliminate formation of 5 (5% by
HPLC), and racemic 4 was isolated. Use of 6¢ (3 equiv)
inhibited the formation of 5 completely and the o-ami-
noketone obtained was enantiomerically pure (>99%
ee by HPLC chiral assay!”). However, the odor from
n-propylthioacetate generated in the reaction could not
be adequately purged from the isolated product
(Eq. 1). The use of phthalic anhydride, which was
known to react slowly with PhZnCl at room tempera-
ture (3% conversion after 8h),'® resulted in formation
of 4 without any racemization, and no 5 was detected.
Byproducts 8 (Eq. 2), 9 (Eq. 3), and phthalic acid (from
the hydrolysis of the unreacted phthalic anhydride!®)
were readily removed by an aqueous NaHCO; wash.
PdCl,(PEt;), was a good catalyst for the reaction,
although extensive screening of palladium catalysts
was not performed. The reaction required 6equiv of 3
and 3equiv of phthalic anhydride for complete conver-
sion of 2 in 14h at room temperature due to acceleration
of the reaction of phthalic anhydride with the organo-
zinc (Eq. 3).20-2!
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Conversion of o-aminoketone 4 to lactone 1a%> was
straightforward (Scheme 1). In a one-pot process, stereo-
selective ketone reduction with N-Selectride!'® at —78°C
was followed by acetic acid quench, and the crude
reaction mixture was directly brought to reflux to
afford lactone 1la. The product obtained was of
comparable quality with material obtained from other
routes.!’38

In summary, we have described a short and convenient
synthesis of lactone 1a. The use of phthalic anhydride
as thiolate scavenger in the organozinc reaction effec-
tively preserved the enantiopurity of a-aminoketone 4.
Furthermore, the addition of phthalic anhydride offered
a convenient workup in removing the thiolate species,
thus affording an attractive alternative for the prepara-
tion of 1a.
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Preparation of a-aminoketone 4. Method 1. To a dry and
nitrogen purged 500mL flask was charged 2 (10 mmol;
3.41g), phthalic anhydride (3.00equiv; 30.0mmol; 4.48 g),
and dichlorobis(triethylphosphine)palladium(I)  (0.05
equiv; 0.499mmol; 214mg). Anhydrous THF (17mL)
was added, followed by addition 3-ethoxy-3-oxopropyl-
zinc bromide (6.00equiv; 60 mmol; 120mL, 0.5M solution
in THF). After overnight stirring, the reaction was assayed
by HPLC, and showed complete conversion. HCI (1N,
34mL) and ethyl acetate (50mL) were added, and the
mixture was stirred for Smin before layer separation. The
organic phase was stirred with saturated sodium bicarbo-
nate solution for 30 min, followed by layer separation. The
organic phase was washed once with brine solution, then
dried over MgSO,. The solution was concentrated under
vacuum to give an oil. Upon standing overnight, the
residue solidified. It was then triturated in isopropyl ether
(7mL) and filtered to give 2.46g (67.0% yield) of the
desired product. HPLC purity: 98.6% achiral; 99.8%
chiral. NMR (400MHz, CDCl3) ¢ 1.24 (t, J=7.0Hz,
3H), 1.39 (s, 9H), 2.53-2.60 (m, 2H), 2.72-2.78 (m, 2H),
291 (dd, J=13.9 and 7.0Hz, 1H), 3.17 (dd, J= 5.8 and
13.9Hz, 1H), 4.11 (q, J=7.0Hz), 4.52 (dd, J=7.0
and 13.8Hz), 5.08 (d, J=7.0Hz), 6.87-7.27 (m, 4H);
MS: 390 (M + Na)*, 268 (M + H — Boc group)*. Method
2. To a dry and nitrogen purged 50mL flask was charged
0.5M ZnCl, solution in THF (4equiv, 8mmol, 16 mL).
[1-(Ethoxycyclopropyl)oxy]-trimethylsilane (8equiv, 16
mmol, 2.81g) was added via a syringe. The mixture was
stirred at ambient temperature for 4h, then stripped to an
oil under vacuum at 25-30°C. THF (10mL) was added.
This solution was transferred to another dry and nitrogen
purged 25mL flask that contained 2 (682mg, 2.0mmol),
phthalic anhydride (3.00equiv; 6.0mmol; 897mg), and

22.

dichlorobis-(triethylphosphine)palladium(I) (0.05equiv;
0.1mmol; 42.8mg) in DMAc (3.4mL). After overnight
stirring at ambient temperature, the reaction was assayed
by HPLC, and showed desired product, but the reaction
was incomplete (28% starting material by HPLC area).
The reaction was worked up as described in method 1. The
final concentrated residue was chromatographed on silica
gel eluting with 20% ethyl acetate/hexanes to give 285mg
of desired product (54% yield, 192mg of 2 was recovered).
Note: the product obtained should be treated once with
DarCo-G60 to purge the residual palladium in order to
obtain high diastereoselectivity in the N-Selectride reduc-
tion reaction.

Preparation of lactone 1a. To a dry and nitrogen purged
100mL flask was added o-aminoketone 4 (1.0g,
2.72mmol) and THF (10mL). The resultant solution was
cooled to —78°C. N-Selectride (1.0M, 3mmol, 3mL) in
THF was added dropwise while keeping reaction below
—72°C over 30 min. After 10 min stirring at —78 °C, HPLC
assay showed reaction completion. Acetic acid (0.62mL)
in THF (10mL) was added dropwise. The reaction was
allowed to warm to room temperature and subsequently
heated at reflux for 10min. After cooling to room
temperature, ethyl acetate (10mL) and 1N HCI (10mL)
were added. The layers were separated, the organic layer
was washed with saturated sodium bicarbonate and brine
solutions. After drying over MgSQ,, the organic phase
was concentrated to an oil in vacuo. The resulting residue
was granulated in isopropylether (2mL) for 10min, then
hexanes (2mL) was added. The mixture was stirred at
ambient temperature for 1h, and filtered. This gave the
desired product as a white solid (673mg, 76.5%). HPLC
purity: chiral 97.8% (enantiomer 1.1%, diastereomer
1.0%); achiral 98.0%. The material obtained co-eluted
with an authentic sample in HPLC, and the spectroscopic
data were identical to those reported.®
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