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The reaction of 1-(methylthio)acetone with different nitriles in the presence of triflic anhydride led to
the one-pot formation of 2-substituted 5-methyl-4-methylthio-1,3-oxazoles in good yield. 1,2- and 1,4-
Bisozaxolyl-substituted benzenes were obtained when the reaction was carried out using aromatic dinitriles.
The methylthio group at the C4 position of the oxazole ring was easily removed with Raney nickel to
form 2-substituted 5-methyl-1,3-oxazoles in good yields. 4-Methylsulfonyl derivatives were prepared by
the oxidation of the MeS group witm-CPBA. The proposed mechanism for the formation of oxazoles

involves an unstable 1-(methylthio)-2-oxopropyl triflate, which was detected from the low-temperature
NMR spectra.

Introduction CHART 1. The 1,3-Oxazole Ring and Its Numbering System

1,3-Oxazole (Chart 1), also known simply as oxazole, is not g,
found in nature in the free state, but the ring is usually 2 (J 5
encountered as a 2,4-disubstituted oxazole within the structures 3NT4
of complex natural products. A large number of oxazole-
containing natural products have been isolated from marine precursors by enzyme-catalyzed cyclodehydration-oxiddtion.
invertebrates and microorganisms, many of which exhibit potent Synthetic procedures for the preparation of the target oxazoles
biological activitiest—2 The synthesis of natural products with ~are based on biomimetic variations of the latter sequence. To
the common biogenic 2,4-disubstituted oxazole moiety has date, there is no general synthesis of oxazoles that is satisfactory
attracted the attention of several chemfstsThe 2,4-disubsti-  for the preparation of all substituted analogfieBhe most
tuted oxazoles are formally biosynthesized from acylserine general and widely used method is still the procedure developed
by Cornforth and Cornforthand improved by Yokohama et

* To whom correspondence should be addressed. Phet#913944325. all® Common methods for the preparation of 2,5- and 2,4,5-
Fax: +34913944103. i i i i -
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Synthesis of 2,5- and 2,4,5-Substituted Oxazoles

nyl compoundg} catalytic decomposition afi-diazocarbonyl
compounds in nitrile$? photolysis and pyrolysis oN-acyl-
isoozaloned? improved and modified RobiserGabriel reac-
tions!4 and various rhodiumt® ruthenium-1¢ and gold-
catalyzed’ reactions.

The synthetic procedures for the conversion of ketones to
oxazoles reported to date involve multistep reacfidhishat
suffer one or more drawbacks including reactive starting
materials, long reaction times, low yields, and harsh reaction
conditions. In contrast, the direct conversion of ketones to
substituted oxazoles has received little attention. The reaction
of aromatic ketones with thallium(ll1) acetafeor iodobenzene
diacetat& in the presence of TfOH with nitriles affords 2-alkyl-
5-aryl disubstituted oxazoles. Aromatic ketones and benzonitrile
react in the presence of mercury(ll) tosylate under microwave
irradiation to form 4-aryl-2-phenyloxazol@sThe treatment of
aromatic ketones with [hydroxy-(2,4-dinitrobenzenesulfonyl-

oxy)iodo]benzene and amides under solvent-free conditions and

microwave irradiation gives multisubstituted oxazdleEither
strong acidic conditions or hypervalent iodine(lll) sulfonates
that are not directly available are the principal drawbacks of
these procedures. Moreover, a limited class of ketones and
nitriles must be used, and the mechanism remains unclear.
Therefore, a development of a more convenient and efficient
method is needed for the direct preparation of substituted
oxazoles from ketones together with an explanation of their
formation.

We report here a novel and direct synthesis of oxazoles. The
reaction of 1-(methylthio)acetone with various nitriles in the
presence of triflic anhydride under mild conditions affords a
variety of 2-substituted 5-methyl-4-methylthio-1,3-oxazoles. The
MeS group at the C4 position can be easily removed by
reductive displacement to form substituted oxazoles with the
C4 position free. The methylthio group can also be transformed
by oxidation to yield the corresponding 4-methylsulfonyl
derivatives. The use of aromatic dinitriles and control of the
reaction stoichiometry permits the preparation of mono- and
bisoxazolyl derivatives. In addition, we propose a reaction
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SCHEME 1. Reaction ofa-Substituted Ketones with Nitriles
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SCHEME 2. Reaction of 1-(Methylthio)acetone 7 with
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TABLE 1. Preparation of 2,4,5-Trisubstituted 1,3-Oxazoles 8

nitrile R3CN compound yiel#(%)
R3 = Me 8a 88
R3= Et 8b 80
R3 = MeS 8c 70
R3 = C6H5 8d 92
R3 = 4-MeGsH4 8e 89
R3 = 4-CICsH4 8f 90
R3 = 4-MeOGH4 89 86
R3 = 4-MeGsH4CH> 8h 76
R3 = 4-CICsH4CH> 8i 75
R3 = 4-N02C6H4CH2 8] 72

mechanism on the basis of the reactive intermediates observed a yie|q of isolated product.

from low-temperature NMR experiments.

Results and Discussion

The reaction of ketonebwith nitriles in the presence of triflic
anhydride affords substituted pyrimidine&2® Substituted

(10) Yokohama, M.; Menjo, Y.; Watanabe, M.; Togo, $nthesid4994
1467-1470.

(11) (a) Robinson, RJ. Chem. Soc1909 95, 2176-2174. (b) Brain,
C. T.; Paul, J. MSynlett1999 1642-1644.

(12) Doyle, M. P.; Buhro, W. E.; Davidson, J. G.; Elliot, R. C.; Hoekstra,
J. W.; Oppenhuizen, MJ. Org. Chem198Q 45, 3657-3664.

(13) Prager, R. H.; Smith, J. A.; Weber, B.; Williams, C. M.Chem.
Soc., Perkin Trans. 1997 2665-2672.

(14) (a) Pulici, M.; Quartier, F.; Felder, E. R. Comb. Chenm2005 7,
463-473. (b) Keni, M.; Tepe, J. J. Org. Chem2005 70, 4211-4213.

(15) Lee, Y. R.; Yeon, S. H.; Seo, Y.; Kim, B. Synthesi2004 2787
2798.

(16) Milton, M. D.; Inada, Y.; Nishibayashi, Y.; Uemura, €hem.
Commun2004 23, 2712-2713.

(17) Stephen, A.; Hashmi, A. S. K.; Weyrauch, J. P.; Frey, W.; Bats, J.
W. Org. Lett.2004 23, 4391-4394.

(18) Cai, X. H.; Yang, H. J.; Zhang, G. ISynthesi®005 1569-1571.

(19) Lee, J. C.; Hong, TTetrahedron Lett1997 38, 8959-8960.

(20) Varma, R. S.; Kumar, DJ. Heterocycl. Cheml998 35, 1533~
1534.

(21) Lee, J. C.; Song, |. Gletrahedron Lett200Q 41, 5891-5894.

(22) Lee, J. C.; Choi, H. J.; Lee, Y. Cetrahedron Lett2003 44, 123—
125.

ketones such as-haloketones?2 undergo the same process
giving substituted 5-halopyrimidings2* Similarly, a-alkoxy-
ketones3 form the corresponding substituted 5-alkoxypyrim-
idines 6%° (Scheme 1).

We have extended this synthetic study by examining the
reaction of 1-(methylthio)acetorvewith nitriles in the presence
of Tf,0. In contrast to the previous results, trisubstituted 1,3-
oxazoles8 were formed in good yields, while the expected
5-methylthiopyrimidine were not detected (Scheme 2).

The reaction was carried out under mild conditions’@
36 h) with a variety of nitriles (Table 1). Higher temperatures
considerably reduce the yields. The structure of the nitrile seems
to have no influence on the observed yields. The structural
elucidation was accomplished by means of one-dimensional

(23) Garc¢a Martnez, A.; Herrera Fermalez, A.; Moreno dnenez, F;
Garcm Fraile, A.; Subramanian, L. R.; Hanack, M. Org. Chem1992
57, 1627-1630.

(24) Gar¢a Martnez, A.; Herrera Fefmalez, A.; Molero Vilchez, D.;
Hanack, M.; Subramanian, L. Bynthesisl992 1053-1054.

(25) (a) Molero Vilchez, D. PhD Dissertation, Universidad Complutense
de Madrid, Spain, 1993. (b) Ramirdreée, P. PhD Dissertation, Universidad
Complutense de Madrid, Spain, 2004.
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SCHEME 3. Reaction of Methylthioacetone 7 with Dinitriles to Form Mono- and Bisoxazolyl Derivatives
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TABLE 2. Temperature and Stoichiometry Dependence of the

(1D) and two-dimensional (2D) NMR spectra. These spectra Product Ratios in the Reaction of Methylthioacetone 7 and Dinitriles

revealed that only one molecule of nitrile is involved in the

reaction. The same spectra also showed the formation of three . . . ketor:g}g?nitr"e t(eo'g)p p“’d“C(t,;;;‘d yield
new sp carbon atoms that resonate around 160, 130, and 150 —
ppm; these signals are almost invariant with respect to susti- Phthalonitrile n 0 8k(52)+10(12)
tution8 These signals were assigned to C2, C4, and C5 positions, phthalonitrile 201 0 8k (1) + 10(18)
. : A : phthalonitrile 2/1 40 8k (7) + 10(48)
respectively, on the oxazole ring. In addition, electron impact  terephthalonitrile 11 0  8l(46)+11(22)
mass spectra show the characteristic fission of the C2and terephthalonitrile 2/1 0 8I(36)+11(5)
C5—0 bonds to form the corresponding®0* ion, which is terephthalonitrile 2n 40 81(25)+11(23)
frequently the base peak of the speéfra. aYield of isolated product.

We also investigated the reaction of aromatic dinitriles with
methylthioacetone? and obtained mono- and bisoxazolyl TABLE 3. Reductive Desulfuration of 8 to 2-substituted
benzene derivatives. Thug,reacts with phthalonitrile in the  5-methyl-1,3-oxazoles 12
presence of triflic anhydride to form two new 1,3-oxazdbés

and 10. Similarly, terephthalonitrile gave the new compounds Ra\(IMe Raney Nickel R \/J/Me
8l and11 (Scheme 3). EtOH

Monooxazolyl derivatives8k and 8l are the predominant 12
products if stoichiometric amounts of starting materials are starting material product yield%)
reacted at low temperature. The formationl@fand 11 was ad 12d 86
not enhanced by using higher amounts of the starting ketone 8g 12g 93

and a higher temperature (Table 2). Instead, bisoxazolyl
derivatives8k and8l were isolated and then treated again with
7 in the presence of triflic anhydride to affortD and 11 in
good yields (Scheme 3).

The versatility of the MeS group was used to advantage by
its ability to undergo reductive displacement to form oxazoles
without substitution at C4. Subsequent deprotonation at this
position followed by electrophilic addition can give the corre-
sponding 4-substituted derivativ€sReductive desulfuration of

aYield of isolated product.

oxazolesB was achieved with Raney nickel in ethanol at room
temperaturé? lllustrative examples are collected in Table 3.
Raney nickel was prepared prior to use, because this com-
mercially available reagent was unable to perform the reaction.
The hydrogen atom at the C4 position of the oxazole ring in
compoundsl2 was easily observed from thel NMR spectra
as it appears as a quartet witRla= 1.1 Hz. Signals for methyl
groups at C5 which are singlets for compourtidrecome
doublets for compound$2.

(26) Porter, Q. NMass Spectrometry of Heterocyclic Compoyriaéin
Wiley & Sons: New York, 1985.

(27) Dondoni, A.; Fantin, G.; Fogagnolo, M.; Medici, A.; Pedrini,JP.
Org. Chem.1987, 52, 3413-3420. (28) Shafer, C. M.; Molinski, T. FJ. Org. Chem1998 63, 551—555.
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TABLE 4. Oxidation of Oxazoles 8 To Form Studies of nucleophilic substitutions in substituted oxazole
4-Methylsulfonyloxazoles 13 rings show that the C2 position is more reactive than the C4
R3\(O Me m-CPBA R3\(o Me position, with C5 being the least reactive positf8iwe carried
N / m N | out the reaction of sulfonel3 with ammonia and with sodium
200 SO,Me ; ;
g SMe 13 °°2 methoxide. In both cases, no reaction products were found,
- - - although attempts were carried out with ammonia under
starting material product yietd%) atmospheric pressure for 2 days and with sodium methoxide in
gg igg gé methanol under reflux for 2 days.
sf 13f 97 In regard to the mechanism of the formation of the oxazoles,
8j 13 97 two findings, the participation of only one nitrile molecule and
aYield of isolated product. the C-O bond formation (between the carbon of the cyano

group and the carbonyl oxygen, Scheme 4), are incompatible

with a reaction path involving the intermediate trifliloxycarbe-

nium ion that explained prior resut.The structure of8

Oy Me suggests a nucleophilic attack of the nitrogen atom of the nitrile
I to the methylene group of thioketofieFor this, the CHgroup

(o to the carbonyl group) needs to be activated by a powerful

leaving group triflate, as in the intermedidld.

14
@ To support this hypothesis, we studied the role ofOrf
_.-Og_Me \0 Me
= L

SCHEME 4

TfO” "SMe

C ) finding that catalytic amounts of triflic anhydride did not
i . ape . . .
N I SM produce a significant reaction of the starting materials. The same
SMe e . . . oy .
Tf07 8d results were obtained using a catalytic amount of triflic acid.
This indicated that O plays an important role in the rate-
Nucleophilic displacement of the MeS group normally determining step, probably forming a reactive intermediate. To
requires very harsh conditions, but these can be avoided if theidentify the possible reaction intermediates and to propose a
MeS is oxidized to the methylsulfonyl, a more reactive leaving mechanism, we have investigated the reaction at low temperature
group. Thus, oxidation of the methylthio group of oxazakes (5 °C) by means of NMR spectroscop$ and 3C NMR
with m-CPBA leads to the formation of 4-methylsulfonyl spectra (500 and 125 MHz) of the methylthioacetahare
derivatives,13. Table 4 gives some illustrative examples. collected in Figure 1. The addition of an equimolar amount of

o
o
Mes\)LMe Mes\/l7LMe
7

b I

T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 200 180 160 140 120 100 80 60 40 20
(ppm) (ppm)

FIGURE 1. 'H (500 MHz) and*3C NMR spectra (125 MHz) of methylthioacetoieat 5 °C.

o
MeS\/u\ Me + Tf20 ‘
7

e JIA___,J ML_*

T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 200 180 160 140 120 100 80 60 40 20
(ppm) (ppm)

FIGURE 2. H (500 MHz) and'3C NMR spectra (125 MHz) of the reaction mixture affeh at 5°C.
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SCHEME 5. Proposed Intermediates and Their ObservedH Chemical Shifts (:3C Data Are Enclosed in Brackets) in ppm
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SCHEME 6. Proposed Mechanism for the Formation of Oxazole 8d from Methylthioacetone 7 and Benzonitrile in the Presence
of Tf20
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Tf,0 produces a significant increase in the number of signals 16, albeit in low concentrations. The integration of the NMR
as a result of the formation of several intermediates. The reactionsignals has permitted a determination of the intermediate ratio
mixture was allowed to stand at this temperaturelfb (Figure as14 (40%), 15 (40%), 16Z (10%), andl6E (10%). Observed

2). A detailed study of the 1D and 2D spectra (Supporting chemical shifts (Supporting Information) were in agreement with
Information) permits the identification of some reaction in- the corresponding calculated vali#sThe reaction mixture
termediates. Among these was the main species detectedslowly decomposes, and the spectra revealed that any of the
1-(methylthio)-2-oxopropyl triflatd 4 (Schemes 4 and 5). Other  above-reported intermediates cannot be detected from the
observed intermediates include compout& which can be mixture after 15 h at 3C (Supporting Information).

considered as the dimer of the starting ket@red vinyl triflate

(30) (a) Pretsch, E.; Bumann, P.; Affolter, CStructure Determination

(29) Hartner, F. W. InComprehensie Heterocyclic Chemistry ;I of Organic CompoundsSpringer: Heidelberg, 2003. (B)CD/HNMRand
Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds.; Pergamon Press: ACD/CNMR Predictorversion 5.09; www.acdlabs.com; Advanced Chem-
Oxford, 1996; Vol. 3. istry Development, Inc.: Toronto, Canada, 2001.
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FIGURE 3. NMR spectra of the reaction mixture at’® and 15 h after the benzonitrile addition.
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FIGURE 4. 'H and3C NMR spectra of compounéd.

An addition of an equimolar amount of benzonitrile after 1 To explain the side products and 16, we propose that6
h to the reaction mixture produced the slow disappearance ofis the product of elimination of TfOH from the intermediate
the signals from intermediatiel and the emergence of new ones 18, but it is well-known that a vinyl triflate likel6 cannot react
that were attributed to the protonated oxazale(Scheme 6). with benzonitrile at low temperatufé.The formation of the
Figure 3 shows the spectra of the reaction mixture after 15 h. dimer speciedl5 can be explained fromi4 as a result of a
Finally, after a 24 h reaction time, the conversion was almost nucleophilic displacement of the triflate by methylthioketone
complete. Figure 4 shows the spectra of the final pro@act 7. Hence, due to the formation of dimdi5, yields of the

obtained after basic hydrolysis of the reaction mixture. obtained oxazoles decreased when equimolar amounts of ketone
From the results of the NMR experiments, we propose a and nitrile were used. Higher amounts of ketahénproved

mechanism on the basis of the observed intermedistesd notably the yields of oxazole&

15 (Scheme 6). The first step is the formation of a trifliloxy- Unstable intermediates such 24 have been postulated to

carbenium iorlL7 that, after a hydride shift, leads to catid8, explain the reaction mechanism of oxazole formation from aryl

which is stabilized directly by the methylthio group. Subsequent ketones and thallium(l1l) acetate or iodobenzene diacetate with

elimination of trifluoromethanesulfinic acid forms tlheketo- TfOH.120Neither chemical nor spectroscopic proof was offered

triflate 14. The nucleophilic displacement of the triflate by the o support this hypothesis. The above-reported results represent
nitrogen of the cyano group of nitrile afforded the intermediate the first spectroscopic observation of an intermediadeeto-
19. A further cyclization process forma0, which leads to a  triflate. Attempts to trapl4 by the addition to the reaction
more stable substituted oxazol-3-ium triflagd. Finally, the mixture of nucleophiles other than nitriles were unsuccessful.
basic hydrolysis leads to the corresponding oxafue The To isolatel4, we carried out the reaction @fwith Tf,O under
formation o_f14 from 7 seems to be the_ rate-determining step (31) (a) Garta, A.: Herrera, A.: Maftiez-Alvarez, R.; Teso, E.; G
of the reaction. To confirm this, we carried out the competitive A ; 0o, J.; Pargada, [Tetrahedron Lettl987 38, 1929-1932. (b) Gara,
reaction of 7 and THO with two different nitriles in equal é.; H%rrerf, S.; Mar’tlnSZ—|A_|lvarezk, I;E/I.; gezo, E.; _GéleJ AFIIQEI Oso, JI

H H i argada, L.; Unanue, R.; Hanack, M.; Subramanian, LJ.Rieterocycl.
amounts (SL_Jpp_0rt|ng Information). .The ratio pro_ducts (ne.arly Chem.1988 25, 1237-1241. (c) Hanack, M.; Subramanian, L. Rouben-
1/1) clearly indicated that the reaction pathway is determined ey, ~ Carbokationen, Carbokationen-RadikalBand E19c; Georg
by the formation of the intermediate ketotriflaid. Thieme: Stuttgart, 1990; p 98.
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classical conditions to obtain triflates from ketordésThe
instability of 14 did not allow its isolation.

Herrera et al.

filtered through Celite, which was washed with EtOH (100 mL).
The solvent was removed in vacuo, and the residue was purified

In summary, we reported a new and simple procedure to by distillation or recrystallization after column chromatography
prepare 2,4,5-trisubstituted 1,3-oxazoles. The easy desulfuratior(€!uent, EtOAc/hexanes: 5/95).

with Raney nickel of the methylthio group at the C4 position
allows the synthesis of 2,5-disubstituted 1,3-oxazoles. The
oxidation of the methylthio group witm-CPBA permits the
preparation of 4-methylsulfonyl derivatives. A NMR study of

5-Methyl-2-(4-methoxyphenyl)-1,3-oxazole (12g)white needles
(from MeOH); yield 93%; mp 6661 °C; IR (KBr) » 1616, 1501,
1254, 1173, 837 cri; *H NMR (CD30D) 6 2.39 (d,J = 1.1 Hz,
3H, CH), 3.85 (s, 3H, CHO), 6.85 (g0 = 1.1 Hz, 1H, H4), 7.02
(m, 2H, Ar—H), 7.88 (m, 2H, Ar-H); 13C NMR (CD;0D) 4 10.77

the reaction at low temperature revealed species that Were(cH,—C5), 55.9 (CHO), 121.0, 124.1 (aromatic), 128.6 (C5), 150.3

incorporated in a proposed mechanism for the reaction.

Experimental Section

General Procedure for the Synthesis of 2-Substituted 5-Methyl-
4-(methylthio)-1,3-oxazoles, 8To a solution of 1-(methylthio)-
acetone7 (2.00 g, 19.2 mmol) in dry CkCl, (25 mL) was added
triflic anhydride (5.34 g, 19.2 mmol) in Ci&€l, (20 mL) dropwise
at 0°C. The mixture was stirred fal h atthis temperature, and
then a solution of the corresponding nitrile (9.6 mmol) inCH
(20 mL) was added. The mixture was stirred and allowed to stand
at 0°C for 3 days. The progress of the reaction was monitored by
TLC. The reaction mixture was hydrolyzed by the careful addition
of saturated NaHC® The organic layer was separated, washed
with brine, and dried over MgSQOThe solvent was evaporated in
vacuo, and the residue was purified by distillation or recrystalli-
zation after column chromatography (eluent, EtOAc/hexanes
5/95).

2-Phenyl-5-methyl-4-(methylthio)-1,3-oxazole (8d)yellow oil;
yield 92%; bp 125C/0.4 Torr (kugelrohr); IR (filmy 2924, 1591,
1487, 1109, 714 cnt; *H NMR 6 2.35 (s, 3H, CH), 2.37 (s, 3H,
CH,S), 7.35 (m, 3H, Ar-H), 7.95 (m, 2H, Ar-H); 13C NMR ¢
10.3 (CH—C5), 17.7 (CHS), 125.8, 127.0, 128.41, 128.9 (aro-
matic), 130.4 (C5), 148.9 (C4), 159.7 (C2); MS (ENz (% B)
205 (Mt*+, 43), 172 (M— SH, 38), 105 (gHsCO", 100), 77 (GHs",

54); Anal. Calcd for GH1;NOS: C, 64.36; H, 5.40; N, 6.82; S,
15.62. Found: C, 64.13; H, 5.22; N, 6.69; S, 15.49.

Bisoxazolyl derivatives10 and 11 were prepared using the
general procedure from methylthioacetoneand nitriles8k and
8l.

5-Methyl-2-{ 4-[5-methyl-4-(methylthio)-1,3-oxazol-2-yl]phen-
yl}-4-(methylthio)-1,3-oxazole (11): pale yellow solid (from
EtOH); yield 80%, mp 142143 °C; this compound presents in
solution an intense greenish fluorescence; IR (KB1689, 1418,
1063, 719 cm’; 'H NMR o6 2.47 (s, 6H, 2Ch), 2.48 (s, 6H,
2CH;S), 8.17 (s, 4H, Ar-H); 3C NMR 6 10.6 (CH—C5), 18.0
(CHsS), 126.5, 128.37 (aromatic), 131.0 (C5), 149.8 (C4), 159.4
(C2); MS (El)mVz (% B) 332 (M'*, 100), 317 (M— CHs, 5), 299
(M — SH, 50), 232 ([GHeNOS]GHsCO", 14); Anal. Calcd. for
CigH16N20:S,: C, 57.81; H, 4.85; N, 8.43; S, 19.29. Found: C,
57.70; H, 4.69; N, 8.32; S, 19.14.

General Procedure for the Synthesis of 2-Substituted 5-Methyl-
1,3-oxazoles, 12Compound8 (3 mmol) was dissolved in EtOH
and added to a suspension of recently prepared Raney Fiakel
20 mL EtOH. The reaction mixture was refluxed for 48 h and then

(32) Furniss, B. S.; Hannaford, A. J.; Smith, P. W. G.; Tatchell, A. R.
Vogel's Textbook of Practical Organic Chemistiyongman Scientific &
Technical: Essex, 1989.
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(C4), 162.3 (C2), 162.9 (aromatic); MS (Bfyz (% B) 189 (M,
100), 174 (M— CHjs, 16), 146 (M— CH3CO, 44); Anal. Calcd.
for C13H1aINO,: C, 69.83; H, 5.86; N, 7.40. Found: C, 69.72; H,
5.73; N, 7.33.

General Procedure for the Synthesis of 2-Substituted 5-Methy!-
4-(methylsulfonyl)-1,3-oxazoles, 13To a solution of the corre-
sponding oxazole (3 mmol) in 25 mL dry CHCI, was added
dropwise a solution ofmr-CPBA (7 mmol, 12 mmol foi8¢c) in 25
mL of dry CHCl,. The reaction mixture was stirred at room
temperature for 12 h. The reaction was hydrolyzed by the addition
of 20 mL of 5% sodium thiosulfate. The organic layer was washed
with saturated NaHC®and brine and dried over MgQOThe
solvent was removed in vacuo, and the residue was purified by
distillation or recrystallization after column chromatography (eluent,
EtOAc/hexanes= 5/95).

2-Phenyl-5-methyl-4-(methylsulfonyl)-1,3-oxazole (13dwhite
crystals (from MeOH); yield 93%; mp 13a.31 °C; IR (KBr) »
1595, 1313, 1153, 785, 714 ci H NMR 6 2.71 (s, 3H, CH),
3.22 (s, 3H, CHSQ,), 7.48 (m, 3H, ArH), 8.03 (m, 2H, Ar-H);
13C NMR ¢ 11.4 (CH—C5), 42.7 (CHS(Q,), 125.8, 126.6, 128.8,
131.2 (aromatic), 135.7 (C5), 153.0 (C4), 160.2 (C2); MS (&b
(% B) 237 (M*+, 19), 105 (GHsCO*, 100), 77 (GHs", 39); Anal.
Calcd. for GjH1iNOsS: C, 55.68; H, 4.67; N, 5.90; S, 13.51.
Found: C, 55.55; H, 4.56; N, 5.80; S, 13.43.

Low-Temperature NMR Spectra. To a solution of 0.0104 g
(0.120 mmol) of7 in 0.8 mL of CDCk at 5°C contained in a NMR
tube was added 0.0282 g (0.10 mmol) 001 The tube was sealed
with a septum, introduced in the spectrometer, and spun. The spectra
were recorded at 30 min intervals. After the appropriate time,
benzonitrile (0.0103 g, 0.10 mmol) was added, and the spectra were
recorded at the same time intervals.
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