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Abstract: Vinyloxazolidinones have been found to undergo Pd(0)-catalyzed ionization followed by loss
of carbon dioxide and subsequent cyclization to form vinyloxazolines. The reaction occurred under miid
conditions, and enhancement of diastereomeric ratios with chiral substrates was obtained. 4-Benzyl-5-
vinyloxazoline prcpared by this method has been utilized in the stereoselective synthesis of (S,S)-4-

amino-3-hydroxy-3-phenyipentanoic acid (AHPPA). © 1998 Elsevier Science Ltd. All rights reserved.

The utility of oxazoline ring systems as carboxyl protecting groups, templates for organic synthesis, and
chiral ligands has been well demonstrated.” As a result of the vast synthetic applications, many methods for
their preparation have been reported. Most of these preparations rely on the condensation of a 1,2-aminoalcohol
with a carboxylic acid (or equivalent), and typically require relatively high temperatures (>100 °C) and/or
strongly acidic or basic reagents."” Milder methods have been reported. Among these are cyclization of
hydroxyamides by activation of the hydroxyl group,” and cyclization of enamides or enimidates by activation of
the olefin with electrophiles.® During the course of our studies on transition metal-catalyzed allylations of 5-
vinyloxazolidinones, we have encountered a mild palladium-mediated oxazoline formation reaction. In
addition, chiral 4-substituted oxazoline systcms derived from o-amino acids were found to undergo Pd-
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allyl nucleophiles to o-amino aldehydes has been problematlc e We rcport herem the results of our mma]
investigation of this cyclization/isomerization, and its application to the synthesis of (S,S)-4-amino-3-hydroxy-
5-phenylpentanoic acid (AHPPA).
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The treatment of N-benzoyl-5-vinyloxazolidinone 1° with a Pd(0) catalyst in THF at 65 °C resulted in the
formation of vinyloxazoline 27 in 75% isolated yield (scheme 1). The reaction is thought to proceed via an

initial oxidative addition to afford a zwitterionic m-allyl intermediate, followed by loss of CO,, and subsequent
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cyclization of the amide oxygen.® This last step was found (o be reversible, as the n-allyl intermediate could be
trapped with external nucleophiles (BnNH,, diethyl malonate) to give 3 and/or 4 under the catalytic conditions
starting from either 1 or 2. The reaction would proceed at room temperature as well. Complete conversion of 1
to 2 was obtained in two hours with 2.5 mol% of the Pd(0) catalyst at ambient temperature. The bicyclic
oxazolidinone 5° behaved similarly (cq 1, table 1). Treatment of 5a with I mol% of the dipalladium catalyst in

THF at 60 °C for 30 min, afforded éa’ in 98% yield (entry 1), while only a 50% conversion of 5a to 6a was
observed after 1 hour at 25 °C (entry 2). The utilization of other solvents led to complete conversion within 1

hour at room temperature (entries 3-5). The compatibility of this process with protic solvents is particularly
noteworthy. The reaction worked equally well when carried out in ethanol (entry 5), and a high yield of 6a was
obtained. Substitution of the N-acyl moiety with alkyl amide groups'® also afforded a high yield of the

oxazoline product 6b’ (entry 6). This process was not restricted to the formation of oxazolines. Thus, the six-
membered ring analog, 6-vinyl-tetrahydro-1,3-oxazin-2-one® (7), reacted smoothly with the Pd(0) catalyst to
give 87 in 72% isolated yield (eq 2).

Z > Q PdydbazCHCls (1 mol%)
PhaP (8 mol%) m,ﬁ (q 1)
-/

a R= F.’h
{)-56 b: R=FPr ()6
Table 1. Oxazoline 6 from Oxazolidinone 5
Entrv 5 Solvent T (°C) time (h) Yield of 4°
1 a THF 60 0.5 98%
2 a THF 25 1 50%°
3 a CH,CN 25 i 98%
4 a CH,CI, 25 1 88%
5 a EtOH 25 1 88%
6° b THF 60 3 90%*

“Isolated yields. tConversion. “dppp (4 mol%) was used as the ligand. Crude yield.
Contains ~4% of an elimination product, N-2 4-cyclohexadienylisobutyramide.
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The reaction of gh_n'a] oxX zolldlnone dcrr ed from o-amino acids® afforded chiral oxazolmes ( ea 3) and

quantrtatlve yield (entry 1). The drastereomerrc ratio of the product was drfferent from the starting substrate.
When a 1.4:1 trans:cis ratio of 9a was subjected to the reaction conditions in THF for 30 minutes, an enhanced
2.5:1 trans:cis ratio of 10a was obtained. Carrying out the reaction in toluene afforded an improved 6:1 ratio."
Attempts to form the oxazoline from 9b, derived from phenyl glycine, resulted in only elimination products
(entry 3). On the other hand, 9¢, derived from phenyl alanine, gave 10c¢ in high yield (entries 4-6). Toluene
was the optimal solvent for this substrate giving rise to a 15.5:1 trans:cis ratio in comparison to THF (9:1) and
acetonitrile/THF (5:1). Interestingly, the methionine derivative 9d showed the opposite trend (enmes 7 and 8).
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THF afforded the opumal selectivity (14.5:1) as compared to toluene US
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little selectivity, and a 4:1 ratio was obtained after 1 hour at room temperature in THF. This



result shows that the n—allyl complex underwent rapid inversion'® prior to cyclization. After 5 hours, the
selectivity climbed to 15:1, and at equilibrium (23 hours) the ratio was 16:1."* Again, the selectivity was
slightly less (13:1) when the reaction was carried out in toluene. The nature of the n—allyl intermediate is not
clear. Initial oxidative insertion of Pd(0) would afford diastereomeric intermediates A and B, and loss of CO,
would give rise to C and D. Either or both pairs of intermediates may be in rapid equilibration. Studies 10
elucidate the mechanism are currently underway.

Pd,dbag CHCl3 (1 moi%)
P dppp (4 mol%) . N0 (eq 3)
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9 a: R=Me 10
b R=Ph
¢ R=CH2zPh
d R =CH ,CHSMe
e R =CH,OTBDMS
Table 2. Formation and Isomerizaton of Oxazoline 10 from Oxazolidinone 9 -

Entry 9 trans:cis Solvent T (°C) t (h) Yield 10° trans:cis®
1 a 14:1 THF 55 0.5 98 25:1
2 a 22:1 Toluene 45 1 93¢ 6.0:1
3 b 33:1 THF 60 0.5 o e
4 ¢ 1.5:1 THF 55 2 89 9.0:1
5 c 15:1 CH,CN/THF* 60 1 92 50:1
6 c 1.5:1 Toluene 45 2 84 15.5:1
7 d 1.7:1 THF 60 0.5 77 145:1
8 d 1.7:1 Toluene 45 1 100¢ 85:1
9 e 16:1 THF 25 3.5 96 13.0:1
10 e trans only THF 25 i f 40:1
11 e trans only THF 25 5 f 15.0:1
12 e trans only THF 25 23 f 16.0: 1
13 e 16:1 Toluene 25 25 95 13.0:1

“Isolated yields. *Determined by 'H NMR., See ref. 14. “Crude Yield. “Elimination to N-1-phenyl-1,3-butadienyl-
henzamide (90% yield). ‘(‘I—I CN:THF 5:1. leeld not determined.,
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The utility of the oxazoline products was demonstrated in the synthesis of V- md N,O-protected 4-amino-
3-hydroxy-5-phenylpentanoic acid, a key component of aspartic protease in nhibitors."*'* As shown in scheme 2,
oxidation of 10c with 9-BBN gave the alcohol 11 in 82% yield. Acidic hydrolysis and protection s.t’.rorded the
known N-Boc aminodiol 12, a precursor to AHPPA. Direct oxidation of 11 to the carboxylic acid 13 with

RuCly/NalO, was more efficient, and afforded AHPPA, conveniently protected as the oxazoline, in good yield.
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In conclusion, 5-vinyloxazolidinones undergo facile palladium-catalyzed decarboxylation and cyclization
to afford 5-vinyloxazolines. Rapid x-allyl palladium inversion led to enhanced diastereomeric ratios, and may
be a general isomerization process. The oxazoline products were demonstrated to be useful precursors to
biologically important B-hydroxy-y-amino acids. Further studies to improve the diastereomeric ratios through
kinetic trapping of the n-aliyl paliadium intermediate with external nucieophiles are currently being pursued.
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