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The preparation of two types of heterocycles, oxazoles and isoxazoles, were achieved in good yields in a rapid and simple way by using
N-acetoacetyl derivatives. Steric and electronic effects caused by the nature of the substituents at C1, C2, and C3 were studied. The best
results were obtained with a chiral oxazolidinone moiety on C1 derived from (1R,2S)-(-)-norephedrine.

The prevalence of oxazole and isoxazole cores in naturalMarias and co-workef®bserved the formation of oxazoles
products and biologically active molecules has stimulated and isoxazoles whe-acetoacetyl oxazolidinone derivatives
the need for elegant and efficient ways to make these were submitted to these conditions. The scope of the reaction
heterocycled. A considerable number of methods to syn- was not well established, and in particular, the lack of data
thesize substituted oxazoles and isoxazoles have beenelated to steric effects at C1, C2, and C3 as well as electronic
published including approaches based on intermoleculareffects at C1 and C3 prompted our studies. We prepared
cycloadditions, condensationdand intramolecular cycliza- (1R 29-(—)-norephedrine-derived oxazolidinong-keto-
tions of amino acid$.These methods sometimes suffer in imides containing different aliphatic and aromatic R groups
their versatility, convenience, and yield. according to the methodology developed by Evans and co-

Our goal was to prepare novel enantiomerically pure workers (Table 1, entries 47). Upon treatment with N
protected amino acids by a Beckmann or Schmidt rearrange-OH-HCI, the corresponding isoxazoles were isolated in good
ment of a configurationally stablg-ketoimide® Moreno- yields when aliphatic R groups were present (entrieg 1

- - and 7). Substrates with aromatic substituents proved to be

e e Ok S e 5 fenea, D substantially less reactive (entries-@). The yields were
J. Am. Chem. S0d.995,117, 8126-8131. (c) Adamczeski, M.; QUi lower, starting material was recovered, and in one case,

E.; Crews, PJ. Am. Chem. S0d.988,110, 1598—1602. (d) Spande, T.F..  epimerization at C2 was observed (entry 6). Two factors may
Garraffo, H. M.; Edwards, M. W.; Yeh, H. J. C.; Pannell, L.; Daly, J. W.

J. Am. Chem. S02992,114, 3475. (¢) Holladay, M. W.; Dart, M. J.: Lynch, D€ responsible for this outcome. The carbonyl group under-

J. I(<2.)J(. l;/llt_ed. CJhecm1|?|97’42"r 416ﬁ—d4194L 1997,385, 89588960, (b) going reaction (C3) may be less electrophilic due to
a) Lee, J. C.; Hong, TTetrahedron Lett ,38, - . ; ; ; PR PR

Buron, C.; El Kaim. L.. Usiu, ATetrahedron Lett1997 38, 82078030, conjugation with the aromatic ring. Second, the aromatic ring
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Table 1. Synthesis of Isoxazoles

Table 2. Synthesis of Oxazoles

O O N—-Q

-
HHCI (1.5 eq.
RMX NH;OHHCI (1.5 eq.) R/%X (@] , (¢] NaNj (3.0 eq.) /Z&
HR Na,;) %c,_(ls mﬂ°' %) R RJ%‘J\X CH3SO3H (9.4 eq.) RN X
eo. reflux CHCl3, 0°C to reflux
entry R R’ X yield (%) entry R R’ X yield (%)
X £
I CH; CH; NP 80 1 CH; CH; ~N""o 60
mMs  Ph M Ph
2 CH;CH, CH, ! 84 2 CH,CH, CH, " 64
3 PhCH,CH, CH; " 67 . 3 PhCH,CH, CH; " 58
4 Ph CH, " 45 (15)° 4 Ph CH, " (50)° (28)°
5 p-F-Ph CH, ) 30@25)° 5 p-F-Ph CH, " (50)" (36)°
6 p-OMe-Ph CH, ! 6 (36)°(6) 6 p-OMe-Ph CH; " degradation
7 CH, H . 82 7 CH, n " 50
8° CH; CH, N(CHs);  degradation g Ph CH;  N(CHy), no reaction
¥ CH CH, N(ED,  degradation 9° CH, CH;  N(CHy), degradation
10 CH; CH; NG-P, 60 10° CH, N(Et), degradation
L 11° CH; CH; N(i-Pr), 70% of isoxazole
11°¢ CH; CH; \N\—/O 95 )Cf\
12¢ CH;CH, CH; " 72 12¢ CH; CH, R 47
13°  PhCH,CH,  CHs " 53 13 CH:CH, CH, " complex mixture
14° PhCH,CH, CH;, " complex mixture
14¢ CH3 CH3 ~N" O 85 o]
A 15¢ CH; CH; TN O 80 % of isoxazole
15¢ CH;CH, CH; " no reaction )V/
16 CH,CH, H . 92 16  CH:CH, H " 25
- S o S
- auxiliary
17 CH,CH, CH, N\_{? recovered 17 CH;CH, CH, \N\_/O \/U\N o
M Ph S EE
Mé Ph Mé Ph
0% degna Y3
18 CH H egradation - ™
’ /\ £ 18 CH; H ;V/O ;;J oH

aRecovered starting materidl Epimerization at C2¢ The racemates

were used. aRecovered starting materi& Epimerization at C2¢ The racemates

were used.

may disfavor the trans oxime, which is necessary for the Again, the same trend was observed, i.e., substrates with
reaction to occur (Scheme 1). In an effort to form the aliphatic groups furnished the desired oxazoles, this time in
a-amino acids, the same substrates were reacted with sodiuninoderate yields, whereas substrates with aromatic groups
azide in the presence of methanesulfonic acid in refluxing seem less reactive and more prone to epimerization at C2.
chloroform. Consistent with other observatiénsxazoles Since neither product retained the stereochemical informa-
were obtained under these conditions (Table 2, entri€d) 1 tion at C2, it seemed obvious to continue the investigation
in the absence of the chiral oxazolidinone.
_ When acyclic amides were examined, decompaosition or
Scheme 1. Proposed Mechanism for the Formation of no reac_tion was observétdable 1, entries 8 and_9, and Table

' Isoxazoles 2, entries 8—10). In contrast, the desired isoxazole was
obtained in 60% vyield when thé,N-diisopropylamide
derivative was reacted with N®H-HCI (Table 1, entry 10),

o 0 o Q o o O
)(.W/O\N e HWNJLO £ HWNXO but when the same substrate was reacted with IN&#N
F s : MSL—’-',P“ : Meg‘—[’,Ph isoxazole was also isolated (Table 2, entry 11). This result
1 2 3 may arise because the nitrogen of the amide is sufficiently
ﬂ'“zo Y o nucleophilic that the displacement ot Mccurs before the
— .8 migration can take place (Scheme 2). Thus, an electronic
N-Q 2 . Qo f HO YN\ © effect of the oxazolidinone seemed necessary to obtain the
) 7 5 N&,O - /}ﬁtﬁf}o M(L\{\/o desired heterocycles. The simplest unsubstituted oxazolidone
M& n M %h “mE e was then prepared and furnished the expected compounds
5 5 4 in excellent or decent yields depending on the reaction

conditions (Table 1, entries 113, and Table 2, entry 12).
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Scheme 2. Proposed Mechanism for the Formation of

and the auxiliary was recovered when the substrate was
reacted with NHOH-HCI (Table 1, entry 17). The 2,2,4,4-

Oxazoles tetramethyloxazolidine derivative, which lacks the carbonyl
) @“.@ or groupaw?s not stabt!)e to thg r(_el_a;tlionlcondtitioimss;j In ogg ca;ie,
' 5 o ® : o NS o o egradation was observe able 1, entry 18), and in the
)%\;)%/LND C%fﬁ @éﬁh‘)’\o reo )NQ)LN)L other the hydroxyketoamide corresponding to the starting
e e o e o s material was recovered in 60% yield (Table 2, entry 18).
7 8 9 Two different mechanisms can be considered to explain
l'“z the formation of isoxazoles and oxazoles. In the first case
aN—(s O , N—5 o @ (Scheme 1), it seems that the participation of the nitrogen’s
Z’OX\NJLO = /4;%?*0 - Wv\)?\'&i lone pair to eliminate a molecule of,8 is faster than the
! Més\‘J'vPh Mg\‘J'/,,h M~ bond migration, which would give the Beckmann rearrange-
12 1 M0 7" ment product. It is also possible that the equilibration between
observed 1H20 the cis oxime, which is more stable because of hydrogen
bonding, and the trans oxime, which is the reactive species,
E\)Ok )OL H N\j\ )OL is very slow, and as soon as the trans oxime is formed water
\g N\_/O OT/ N O is eliminated to furnish the isoxazole. Oxazoles are formed
Mi Ph M‘is P upon loss of Nto form 10, which is trapped by the carbonyl
expected oxygen faster than an external nucleophile (Scheme 2).

Subsequent loss of the-proton provides the oxazole.
In conclusion, we have shown that two useful heterocycles,

However, substrates with larger substituents at C3 reactedoxazoles and isozaxolés;an be prepared in good yield in

with NaNs to furnish complex mixtures containing amino @ rapid and simple manner. The best way to make these
acids, oxazoles, and additional products (Table 2, entries 13heterocycles is to use a chiral oxazolidinone derived from
and 14). A number of different conditions (solvent, temper- (1R,2)-(—)-norephedrine. Finally, steric and electronic
ature, azide source, Lewis acid) were tried to favor the effects caused by the nature of the aUXI|IaI’y haVeaSlgnmcant
formation of one product over the others but without success. influence on the reactivity of the substrate.

Although this problem of obtaining complex mixtures was .
not observed with NBDH-HCI, it seemed that steric Acknowledgment. This work was supported by NSERC
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oxazolidinone derivative was synthesized and tested (TableUniversty of Toronto. A.R. gratefully acknowledges NSERC
1, entry 14, and Table 2, entry 15). The desired isoxazole for a postgraduate scolarship. We also thank Dr. Stéphane

was obtained in 85% vyield with Nd®H-HCI, and to our
surprise, the isoxazole was also formed in 80% yield with
NaNs. In this case, the presence of three methyl groups
seemed to inhibit the formation of the oxazole. If the methyl
group between the two carbonyls @1d G was removed,
the reactions with NkbDH-HCI and NaN proceeded quickly

to give the isoxazole and oxazole in 92% and 25% vyield,
respectively.

Next, we studied the effect of the nature of the auxiliary
carbonyl on the reactivity of the starting materials. The
oxazolidinethione derivative gave the retro-Claisen product
in 45% yield when reacted with NaNTable 2, entry 17),
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Raeppel for fruitful discussions.

Supporting Information Available: Detailed experi-
mental as well adH and**C NMR spectra for compounds
6 and12is provided. This material is free of charge via the
Internet at http://pubs.acs.org.
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(8) Although the isoxazoles and oxazoles have very similar spectroscopic
data, they can be differentiated BSC NMR. C4 of the isoxazoles shows
a peak at around 100 ppm, whereas the oxazoles show signals for C4
between 120 and 130 ppm. The structure of isoxaéal@s confirmed by
X-ray crystallography.

557



