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4-Bis(methylthio)methylene-2-phenyloxazol-5-one has been shown to be a versatile template for the
synthesis of various 2-phenyl-3,4-substituted oxazoles via nucleophilic ring-opening of oxazolone
with various oxygen, nitrogen, and carbon nucleophiles and subsequent 5-endo cyclization of the

resulting acyclic adducts in the presence of silver carbonate.

Introduction

During the past decade, a large number of natural pro-
ducts containing oxazole subunit have been isolated from
marine invertebrates and microorganisms,’ many of which
(such as Diazonamide A,? Ulapualide A,* Virginiamycin
M1,* Tentazole,” Hennoxazole A,° and Telomestatin’) dis-
play significant biological activities as cytotoxic, antifungal,
antibacterial, antitumor, and antiviral agents. Also, 2,4- and
2,4,5-substituted oxazoles are frequently encountered struc-
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tural motifs found in many pharmaceuticals, lead structures,®
optical materials as scintillant molecules,” and fluorescent
dyes’ and are valuable precursors in many useful synthetic
transformations. This has spurred renewed interest in the
chemistry and synthesis of these heterocycles and led to the
development of more general efficient synthetic methods for
polyfunctional oxazoles.'

Methods for direct construction of oxazole ring range over a
variety of reactions and starting materials. Some of the oldest
and most widely used methods for substituted oxazoles
include cyclodehydration of a-acylaminocarbonyl compounds
(Robinson—Gabriel synthesis),*!" the Cornforth and Cornforth
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method'? improved by Yokoyama,'® the biomimetic dehy-
drative cyclization of -hydroxy amides to oxazolines and
their oxidative dehydrogenation,'* ' the Hantsch-type re-
action of a-halo/acyloxy carbonyl compounds with amides,
the rhodium-catalyzed decomposition of a-diazocarbonyl
compounds in the presence of nitriles,'® and the photolysis/
pyrolysis of a-acylisoxazolones.'” However, these methods
genuinely lack universality and suffer from one or more
drawbacks such as modest to poor yields, harsh reaction
conditions, longer reaction time, and reactive starting mate-
rials with limited stability, which make them incompatible
for the range of tolerated functional groups in the target
oxazole. Recently, several new synthetic protocols have been
devised to overcome these drawbacks such as improved and
modified Robinson—Gabriel synthesis (Wipf’s dehydrating
agent, PPhs/I,/Et;N),'® Rh-catalyzed NH insertion of
amides to a-diazocarbonyl compounds,? direct conversion
of ketones to oxazoles without isolation of reactive
intermediates,' ™! cycloaddition of activated methylene
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SCHEME 1. Diverse Reaction Pathways from 4-Bis(methylthio)-
methylene-2-substituted Oxazol-5-one
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isocyanides,”> Ru** and Cu?*® catalyzed reactions, and
Lewis acid’**®/base,”* Pd,?® gold®®*’ catalyzed cycloisomer-
ization of propargyl amides along with the transition metal-
catalyzed cross-coupling reactions on the built-in oxazole
ring.”® However, most of these reactions are inherently more
specific in scope and lack generality. Therefore more robust,
practical general methods for substituted oxazoles with
wider scope for elaboration of various sites from readily
available starting materials are very much desirable.

Our own interest in oxazole synthesis is driven by our long-
standing research program aimed at devising new synthetic
strategies for five- and six-membered heterocycles employing
polarized ketene dithioacetals as versatile intermediates.?**
During the course of these studies, we set out to explore the
feasibility of utilizing ketene dithioacetal 1 (R = Ph) derived
from 2-phenyl-4,5-dihydrooxazol-5-one®! as a versatile tem-
plate to access a broad range of heterocycles with diverse
functionalities. A close look at the structure of 1 reveals that
it contains many reactive sites allowing for a diverse set of
possible transformations. Thus, it was envisaged that the
oxazolone ring in 1 could be readily opened by the regiose-
lective attack of various carbon and hetero nucleophiles at
the carbonyl group (1,2-addition, path a) to furnish acyclic
polyfunctional intermediates 2 with multiple reactive sites,
which can be exploited for the construction of diversly
substituted heterocycles (Scheme 1). Alternatively, a conjugate
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SCHEME 2. Synthesis of 4-Bis(methylthio)methylene-2-phenyl-
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SCHEME 3. Synthesis of 2-Phenyl-4-carboalkoxy/phenoxy-
5-(methylthio)oxazoles 7a—d
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1,4-addition—elimination by a nucleophilic species (path b) or
a dipolar cycloaddition on the activated bis(methylthio)-
methylene double bond (path c¢) of 1 would provide substituted
oxazolones 3—4 which could be further elaborated in the
desired fashion to access a diverse array of heterocycles
(Scheme 1). In the present work, we have focused on the
former reactivity pattern of 1 (1 — 2) and herein report a
practical general synthesis of novel 2-phenyl-4,5-substituted
oxazoles from 1.

Results and Discussion

Our literature survey at this stage revealed that Brown and
co-workers®> have obtained 4-bis(methylthio)methylene-2-
phenyl-4,5-dihydrooxazol-5-one 1 in 47% yield by treatment
of 2-phenyloxazolone 5 with potassium zerz-butoxide followed
by addition of carbon disulfide and 2 equiv of methyl iodide.
Subsequently, Mukerjee et al.>* developed a one-pot method
for the synthesis of 1 by subjecting hippuric acid 4 to intramo-
lecular cyclodehydration in the presence of ethyl chloroformate
and triethylamine in benzene followed by treatment of the in
situ generated oxazolone 5 with either methyl bromide or
methyl iodide (2 equiv) affording 1 in moderate to low yields
(24—41%). We have synthesized 1 in improved yield of 61% by
modification of the latter one-pot procedure as depicted in
Scheme 2. Thus, the treatment of in situ generated oxazolone 5
with carbon disulfide in the presence of triethylamine followed
by alkylation with dimethyl sulfate instead of methyl bromide
or iodide furnished 1 in 61% yield (Scheme 2).

(32) Brown, R. F. C.; Rae, I. D.; Sternhell, S. Aust. J. Chem. 1965, 18, 61.

(33) Ashare, R.; Roy, J.; Mukerjee, A. K. Heterocycles 1986, 24, 1325.
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25B, 1275. (b) Roy, J. Indian J. Chem. 1991, 30B, 433.
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TABLE1. Optimization of Reaction Conditions for Conversion of 6a to 7a

Ph H i OEt

\c[)r ﬁoa Reaction Conditions '/‘l‘ﬁ
MeS™ “SMe Ph/ko SMe
6a

entry reaction conditions % yield of 7a

1 Et;N/CsHg/rt/24 h 68

2 Cs,COs3/dioxane/50 °C/24 h 58

3 MeOH/NaOH/3—4 days/rt 62

4 CuBr,/DBU/CH,Cl,/rt 52

5 CuBr,/Cs,COs/dioxane/rt 46

6 HgCl,/AcOH/reflux/4—5 h 64

7 BF;.Et,0/C¢Hg/rt/24 h 43

8 Ag,CO3/CH;CN/90 °C/2 h 82
SCHEME 4. Synthesis of 2-Phenyl-5-(methylthio)oxazole-4-

carboxamides 9a—m
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Mukerjee and co-workers have previously reported®*?

reaction of 1 with ethanolic (or methanolic) KOH to give
acyclic adducts 6a,b in good yields (Scheme 3); however, no
attempts were made for further synthetic elaboration of these
acyclic precursors. In our studies, 1 was allowed to react with
sodium ethoxide in THF at room temperature, furnishing
the corresponding ethyl o-[bis(methylthio)methylene]-N-
benzoylglycinate 6a in 86% yield (Scheme 3). Similarly the
corresponding methyl, zerz-butyl, and phenyl esters 6b—d
were obtained in high yields, when 1 was exposed to either
sodium methoxide, fert-butoxide, or phenoxide, respec-
tively, under the identical reaction conditions (Scheme 3).
We next evaluated intramolecular 5-endo cyclization of 6a
to the desired 2-phenyl-5-(methylthio)-4-carboethoxyoxa-
zole (7a) under the influence of various cyclizing agents
reported by the previous workers and the results are sum-
marized in the Table 1. Thus treatment of 6a with triethyla-
mine in benzene under Yoshimura’s conditions'*® provided
the desired 7a in 68% yield (entry 1). The cyclization of 6a to
7a could also be effected in the presence of Cs,CO5/dioxane
(entry 2),*> MeOH/NaOH (entry 3),*> CuBr,/DBU (entry
4),% and CuBr,/Cs,COs (entry 5)* furnishing the oxazole 7a

(35) Das, J.; Reid, J. A.; Kronenthal, D. R.; Singh, J.; Pansegrau, P. D.;
Mueller, R. H. Tetrahedron Lett. 1992, 33, 7835.

(36) Chattopadhyay, S. K.; Kempson, J.; McNeil, A.; Pattenden, G.;
Reader, M.; Rippon, D. E.; Waite, D. J. Chem. Soc., Perkin Trans. I 2000,
2415.
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TABLE 2.  Synthesis of 2-Phenyl-5-(methylthio)oxazole-4-carboxamides 9a—m
Entry 8 % yield 9 % yield
8 9
R1
(o} /Q/Fv
o)
H 2 N
AT AT
| H R’ P ~sMe
MeS SMe
1 8a,R'=R2=R3=H 80 9a,R'"=R?2=R3=H 78
2. 8b R'=MeO,R?=R3=H 86 9,R'=0OMe,R?=R*=H 84
3. 8,R'=F,R2=R3=H 78 %, R'=F,R*=R=H I
1= 2 — 3 =
4 84R'=Me RE=HRP=Br 72 9d, R'=Me, R2=H, R3=Br 92
H 9 QA et
Ph__N Et
N 78 N H 92
s ™Y 8
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8f 84 of 96
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H o N,Me
Ph\n/N .Me 74 N \—Ph 88
7.5 ) \pn 1\
MeS” “SMe Ph™ ~g” ~SMe
8g 99
Ho @ A M
Ph.__N N N X
T X N _/
o N
MeS~ “SMe Ph o~ SMe
8. 8h, X = CH, 72 9h, X = CH, 90
9. 8i, X = NCH,Ph 82 9i, X = NCH,Ph 94
10. 8j, X = NCO,Et 80 9j, X = NCO,Et 86
R
0O R
Pho N BY Qoo
g N CO,Et NH
| H N
0 U\
MeS~ “SMe Ph" Ny~ ~SMe
1. 8k, R = PhCH, 86 9k, R = PhCH, 92
12. 8, R =i-Pr 78 9l, R = i-Pr 94
13. 8m, R = CH,CH,SMe 74 9m, R = CH,CH,SMe 88

in maximum yield of 62%. Formation of 7a in moderate to
good yields was also observed when 6a was reacted with
either HgCl,/AcOH (entry 6) or BF5.Et,O (entry 7); how-
ever, the best yield (82%) of 7a was obtained when the
cyclization was conducted in the presence of an excess of
silver carbonate (4 equiv) in refluxing acetonitrile under
nitrogen atmosphere (entry 8).

These optimized reaction conditions were also followed
for the cyclization of open chain esters 6b—d affording the
corresponding 2-phenyl-4-carboalkoxy/phenoxy-5-(methylthio)-
oxazoles 7b—d in 74—88% overall yields (Scheme 3).

We next investigated ring-opening of the oxazolone ring in
1 by various primary and secondary amines to the corre-
sponding N-benzoylglycine carboxamide intermediates 8
and their subsequent intramolecular cyclization to the
oxazole-4-carboxamides 9 with a view to add a further point
of diversity at the 4-position of the oxazole ring. Our initial
experiments under different neutral/acidic conditions met

5198 J. Org. Chem. Vol. 75, No. 15, 2010

with only moderate success affording a mixture of amides
8 along with N,S- acetals 10 formed by conjugate 1,4-
addition—elimination of amines. However, formation of
exclusive ring-opened products 8 was observed when 1 was
refluxed with amines in ethanol in the presence of a catalytic
amount of AcOH for 7—8 h (Scheme 4). The generality of
this optimized protocol is demonstrated in Table 2. Thus, the
aromatic (entries 1 —4) and aliphatic primary and secondary
amines (entries 5—10) were all well accommodated yielding
the open chain secondary and tertiary amide derivatives 8a—j
in excellent yields (entries 1—10).

The reaction was found to be equally facile with amino
acid esters yielding acyclic dipeptide bis(methylthio)-
methylene derivatives 8k—m (Table 2, entries 11—13) in
excellent yields. Interestingly the earlier cyclization condi-
tions (Ag,CO3/CH;CN) previously employed for the synth-
esis of 4-carboalkoxyoxazoles 6a—d (Scheme 3) worked
equally well for intramolecular 5-endo cyclization of acyclic
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SCHEME 5. Synthesis of 4-Acyl-5-(methylthio)-2-phenyloxa-
zoles 12a—d
MeS . H o
) SMe RMgX (1.1 equiv) / THF Ph\n/N R
/E RT/45min/Ny/3-4n o
Ph o 0 MeS~ “SMe
1 11a-d
(o]
R
N‘Q\ Ag,CO3/ MeCN / N,
Ph/QO SMe A/ 3-4h
12a-d
TABLE3. Synthesis of 4-Acyl-5-(methylthio)-2-phenyloxazoles 12a—d
% Yield %Yield
Entry 11 1 12 15
T N
0 N
Mes” “SMe Ph~ g~ ~SMe
1. 11a 82 12a 92
(0]
N
Y fk/\/ g
MeS Ph™ >N~ ~SMe
2. 11b 86 12b 96
(0]
e
Ph._N R
I8a ! by
Mes™ “SMe™ “R Ph™ o~ "SMe
3. 11c,R=H 76 12c,R=H 98
4. 11d, R = OMe 84 12d, R = OMe 87

amides 8 to oxazole-4-carboxamides 9 (Scheme 4, Table 2).
Thus, treatment of the anilide 8a with silver carbonate in
refluxing acetonitrile under earlier described conditions
effected its smooth conversion to 5-(methylthio)-2-phenyl-
oxazole-4-(N-phenyl)carboxamide 9a in 78% yield (Table 2,
entry 1). Similarly the other acyclic corboxamides from
aromatic (8b—d, entries 2—4) and aliphatic primary (8e—f,
entries 5—6) and secondary (8g, entry 7) amines and cyclic
secondary amines (8h—j, entries 8—10) were smoothly trans-
formed into the various oxazole-4-carboxamides 9b—j in
excellent yields under these optimal reaction conditions
without formation of any side products involving alternate
cyclization pathways. Similarly the amide derivatives 8k—m
derived from various amino acid esters could also be con-
verted efficiently in excellent yields to the respective oxazole-
4-carboxamides 9k—m carrying an amino acid ester side
chain (Table 2, entries 11—13).

Encouraged by our successful endeavor with the ring-
opening of ketene S,S- acetal 1 with various alkoxide and
amine nucleophiles, we further sought to examine the scope
and generality of this sequential method for the synthesis of
4-acyl-5-(methylthio)-2-phenyloxazoles such as 12 by step-
wise ring-opening of 1 by various alkyl/aryl Grignard re-
agents, followed by intramolecular cyclization of the
resulting a-acyl-a-benzamido ketene dithioacetals 11 to the
desired oxazoles 12 (Scheme 5). Thus when 1 was reacted
with ethylmagnesium iodide at room temperature for 3—4 h,
it was smoothly converted to the acyclic adduct 11a, formed
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SCHEME 6. Attempted Reaction of 1 with 2-Thienyl Grignard
Reagent
=
—#— T 7 1)
MeS I\ MeS” “SMe
SM s~ MgBr 12e
7 (1.1 equiv) _
Ph/QO o) THF / RT / Ny S 7/
1 SMe
l;l Y
Ph e} o
13,40%
SCHEME 7. Raney-Ni Dethiomethylation of 2-Phenyl-5-(methyl-
thio)-4-substituted Oxazoles 7, 9, and 12
(0] (0]
Raney-Ni X
ph/lo\ SMe EtOH/A/3-4h ph/<
7,9, 12 14-18

TABLE 4.  Synthesis of 2,4-Substituted-5-unsubstituted Oxazoles
14—18
Entry Substance Dethiomethylated % Yield
Compound
(0} O
‘EOEt {OEt
" A P\ 92
;o\ L
Ph/ko SMe Ph/ko H
7a 1
F F

O . O
’ NH NH
U U
Ph/ko SMe Ph/ko H
9c 15
o)
N/\\N 3 N/\\
, N \__N~COqEt N L/N\cozEt o8
Ph o SMe Ph o H
9j 16

Ph
COzEt Q S\COZEt
NH
s J\{ l{
Ph Ph~"No” ~H 86
17
o)
{/\/ N {/\/
5 Ph/( Ph/QO H
12b 18

by nucleophilic addition-ring-opening of 1 by ethyl Grignard
reagent in highly regioselective fashion (Scheme 5, Table 3,
entry 1). The nucleophilic ring-opening of 1 was found to be
equally successful and regiospecific with other Grignard
reagents, i.e. n-butylmagnesium bromide, phenyl, and
4-methoxyphenylmagnesium bromide, furnishing the open
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SCHEME 8. Synthesis of 5-Amino-2-phenyl-4-substituted Oxazoles
? R1\NH ]
N X mCPBA/CH,Cl, N~ X R% N\ X
/ / _R!
o /(o\ S 0°CRT/ 34 Ph/ko SO,Me DMF /RT/6-10h Ph/ko N
19 20 R
TABLE 5.  Synthesis of 5-Amino-2-phenyl-4-substituted Oxazoles
Entry Oxazole 19 %1Y9ield 20 %zgield
[0} (0}
OEt OEt
1 6a /E \ N OMe
19a 91 20a 78
fo) (0]
/\ N/\\
N N-Co,Et N \__N=CO,Et
2 9 )\ Y
Ph~ g~ ~SO,Me Ph™>0" N
19b 86 20b Hﬁ 82
) Q
3. 12a N N{\/
-\ -\
P> ~s0,me u ey N/\\O 92
19¢ 200~
[0} [0}
)y Y
4. 126 ph SO,Me g8 PN 88
O (0] N\/Ph
19d 20d \\/
[0} Q
N { OMe N OMe
) 92 7\ 90
5 1 Ph/ko SO,Me Ph/ko H/\Ph
1% 20e

chain o-acyl-a-benzamido ketene dithioacetals in 76—86%
overall yields (Table 3, entries 2—4). The open chain adducts
11a—d underwent facile cyclization to the desired 2-phenyl-
5-(methylthio)-4-acyloxazoles 12a—d in excellent yields
when exposed to silver carbonate in refluxing acetonitrile
under earlier described reaction conditions (Scheme 5,
Table 3, entries 1—4). On the other hand, when 1 was subjec-
ted to addition with 2-thienylmagnesium bromide under
identical reaction conditions, workup of the reaction gave
an intractable mixture of products from which only one pure
compound could be isolated (40%), which was characterized
as 4-((methylthio)(2-thienyl)methylene)-2-phenyloxazol-5(4 H )-
one 13, apparently formed by conjugate 1,4-addition—elimina-
tion of 2-thienyl Grignard reagent to 1 (Scheme 6).

A few of the selected newly synthesized 2-phenyl-5-
(methylthio)-4-substituted oxazoles were subjected to Raney-
Ni induced reductive dethiomethylation with a view to synthe-
size 2.4-substituted-5-unsubstituted oxazoles which are not
readily accessible by usual cyclocondensation reactions, because

(37) Kreisberg, J. D.; Magnus, P.; Shinde, S. Tetrahedron Lett. 2002, 43,
7393.
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of the sensitivity of a-aminoacyl aldehydes to harsh oxidizing
and dehydrating conditions.®**” Thus treatment of the oxazoles
7a, 9¢, 9j, 9k, and 12b with Raney-Ni in refluxing ethanol for
3—4 h furnished the corresponding 5-unsubstituted oxazoles
14—18 in excellent yields (Scheme 7, Table 4, entries 1—5).

To further expand the generality and scope of this oxazole
synthesis, the 5-(methylthio) functionality in a few of these
substituted oxazoles was transformed into the more labile
5-(methylsulfonyl) group by oxidation with m-chloroper-
benzoic acid providing the corresponding 2-phenyl-4-sub-
stituted-5-(methylsulfonyl)oxazoles 19 in excellent yields
(Scheme 8, Table 5). Nucleophilic displacement of the
5-(methylsulfonyl) group in 19 by various primary and
secondary amines afforded novel 2,4,5-substituted oxazoles
20 that displayed additional diversity at the 5-position of the
oxazole ring (Scheme 8, Table 5).

Conclusion

In summary, a rapid highly efficient synthesis of 2-phenyl-
4,5-substituted oxazoles, which offers a wide range of
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functional group and substituent diversity at 4,5-positions’®
and utilizes readily available 2-phenyl-4-bis(methylthio)methyl-
ene-5-oxazolone 1 as a general template, has been reported. This
novel two-step procedure involves silver carbonate assisted
S-endo cyclization of a-acyl/carboalkoxy/carbamoyl-o-(ben-
zoylamino) ketene dithioacetals as the key step. It should be
noted that only a few examples are known in the literature
employing a similar cyclization approach for oxazoles that
usually utilizes 2-acylamino-3-bromoacrylate precursors invol-
ving multistep synthesis.'***>3¢ The easy desulfurization of the
methylthio group at the C-5 position allows the synthesis of
difficultly accessible 2,4-substituted (5-unsubstituted) oxazoles
(Scheme 7, Table 4) in excellent yields. Alternatively, m-CPBA
oxidation of the 5-(methylthio) group permits the preparation
of 5-(methylsulfonyl) oxazoles, which undergo facile displace-
ment by various amines to provide further diversity at the
S-position of the oxazole ring (Scheme 8, Table 5). The
simplicity and synthetic versatility of the present method
should make it a useful compliment to the existing methods
for the multisubstituted oxazoles. The broader scope of this
reaction is currently under investigation.

Experimental Section

General details are described in Supporting Information. The
known S,S-acetal 1 was prepared by modification of the reported
procedure.®® The unknown 5-methylsulfonyl oxazoles 19a—e were
prepared by the mCPBA oxidation of corresponding S-methyl-
thiooxazoles 6a, 9i, 12a,b, or 12d in CH,Cl,.

General Procedure for the Synthesis of o-[Bis(methylthio)-
methylene]- N-benzoylglycinates 6a—d. A suspension of corre-
sponding sodium alkoxide (5.0 mmol) in THF (10 mL) and
4-bis(methylthio)methylene-5-oxazolone (0.9 g, 3.4 mmol) was
stirred at room temperature under nitrogen atmosphere. Pro-
gress of the reaction was monitored by TLC. It was then poured
into saturated NH4Cl solution (100 mL). The mixture was
extracted with chloroform (3 x 50 mL), washed with H,O (2 x
50 mL) and brine (1 x 50 mL), dried over Na,SO,, and distilled
under reduced pressure to give crude products, which were purified
by column chromatography over silica gel with hexane—EtOAc as
eluent.

Ethyl 2-benzamido-3,3-bis(methylthio)acrylate (6a):**". white
solid (0.90 g, 86%); mp 116—118 °C; R,0.4 (3:7 EtOAc:hexane);
IR (cm™ ") (KBr) 3239, 1720, 1644, 1480, 1305, 1178; 'H NMR
(400 MHz, CDCl3) 6 8.48 (brs, 1H), 7.83 (m, 2H), 7.47—7.54 (m,
3H),4.40 (q, J = 7.1 Hz, 2H), 2.35 (s, 3H), 2.31 (s, 3H), 1.38 (t,
J = 7.2 Hz, 3H); 3*C NMR (100 MHz, CDCl;) 6 163.8, 163.7,
135.0, 132.5, 128.8, 128.8, 127.4, 121.5, 61.9, 17.6, 16.3, 13.9;
HRMS (ESI) calced for C4H gNO3S, [M + H"]312.0728, found
312.0726.

General Procedure for the Synthesis of Anilides (8a—m). A
mixture of 4-bis(methylthio)methylene-5-oxazolone (0.53 g, 2.0
mmol), the corresponding amine (2.0 mmol), and a catalytic
amount of glacial acetic acid (0.2 mL) in absolute ethanol was
heated to reflux with constant stirring. Progress of the reaction
was monitored by TLC. Solvent was evaporated under reduced
pressure to give crude products, which were purified by column
chromatography over silica gel with hexane—EtOAc as eluent.

N-(3-(4-Benzylpiperazin-1-yl)-1,1-bis(methylthio)-3-oxoprop-
1-en-2-yl)benzamide (8i): white solid (0.72 g, 82%); mp 182—
184 °C; R0.2 (3:2 EtOAc:hexane); IR (em™ ") (KBr) 3241, 2918,

(38) Although we have focused our studies only on 2-phenyl-4-bis-
(methylthio)methylene-5-oxazolone 1 as the model substrate, these reactions
may be extended to other 2-aryl/heteroaryl/alkyl oxazolones, thus adding
further diversity at the 2-position of newly synthesized oxazoles.
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1660, 1616, 1474, 1291; "H NMR (400 MHz, CDCl3) 8 8.73 (brs,
1H), 7.84 (d,J = 6.8 Hz, 2H), 7.56 (t, J = 7.3 Hz, 1H), 7.48 (dd,
J=71.6,7.1Hz,2H), 7.37—7.26 (m, 5H), 3.77 (s, 2H), 3.64—3.56
(m, 4H), 2.68—2.61 (m, 4H), 2.35 (s, 3H), 2.28 (s, 3H); >*C NMR
(100 MHz, CDCl;) ¢ 163.5, 163.3, 132.7, 132.6, 132.5, 130.2,
130.2, 128.9, 128.77, 128.75, 127.4, 127.3, 62.1, 51.6, 51.2, 16.8,
16.2; HRMS (ESI) caled for Co3HagN30,S, [M + H1]442.1623,
found 442.1628.

General Procedure for the Synthesis of NV-(1,1-Bis(methylthio)-
3-oxo)benzamides (11a—d). To a stirred solution of 4-bis-
(methylthio)methylene-5-oxazolone (0.53 g, 2.0 mmol) in THF
(10 mL) was added dropwise at room temperature the corre-
sponding alkyl/aryl/hetaryl Grignard reagent (2.3 mmol) under
nitrogen atmosphere. Progress of the reaction was monitored by
TLC. It was then poured into ice cooled water (100 mL). The
mixture was extracted with chloroform (3 x 50 mL), washed
with H;O (2 x 50 mL) and brine (1 x 50 mL), dried over
Na,SO,, and distilled under reduced pressure to give crude
products, which were purified by column chromatography over
silica gel with hexane—EtOAc as eluent.

N-(3-(4-Methoxyphenyl)-1,1-bis(methylthio)-3-oxoprop-1-en-
2-yl)benzamide (11d): white solid (0.62 g, 84%); mp 152—154 °C;
R/0.5 (1:9 EtOAc:hexane); IR (em™ ') (KBr) 3296, 2922, 1653,
1595, 1466, 1258; "H NMR (400 MHz, CDCl;) 6 8.78 (br s, 1H),
7.96 (d,J = 9.0Hz,2H),7.81(d,J = 8.1 Hz, 2H), 7.53—7.49 (m,
1H), 7.44—7.40 (m, 2H), 6.93 (d, J = 4.6 Hz, 2H), 3.38 (s, 3H),
2.38 (s, 3H), 2.05 (s, 3H); '*C NMR (100 MHz, CDCl5) d 189.1,
163.4, 163.1, 140.6, 132.4, 132.3, 131.0, 130.3, 128.7, 127.5,
118.4, 113.8, 55.4, 17.0, 16.3; HRMS (ESI) caled for
CoH5oNO3S, [M + H™] 374.0884, found 374.0886.

General Procedure for the Synthesis of Oxazoles 7a—d, 9a—m,
and 12a—d via Ag,CO3z-Mediated 5-endo Cyclization of Open
Chain Acrylates/Anilides/Benzamides 6a—d, 8a—m, and 11a—d.
A suspension of corresponding acyclic acrylate/anilide/benza-
mide (1.0 mmol) and Ag,CO; (1.1 g, 4.0 mmol) in 20 mL of
CH;CN was heated to reflux under nitrogen atmosphere with
constant stirring. Progress of the reaction was monitored by
TLC. Ag,CO;5 was filtered off by sintered funnel and the filtrate
was concentrated under reduced pressure to give the crude
products, which were purified by column chromatography over
silica gel with hexane—EtOAc as eluent.

Ethyl 5-(methylthio)-2-phenyloxazole-4-carboxylate (7a):
white solid (0.21 g, 82%); mp 70—72 °C; R, 0.5 (1:4 EtOAc:
hexane); IR (cm ') (KBr) 2985, 1676, 1517, 1380, 1217, 1163; 'H
NMR (300 MHz, CDCly) 6 7.97—7.94 (m, 2H), 7.39—7.37 (m,
3H), 4.35(q,J = 7.1 Hz, 2H), 2.61 (s, 3H), 1.34 (t, J/ = 7.1 Hz,
3H); *C NMR (75 MHz, CDCl3) 6 162.3, 161.2, 155.2, 131.3,
129.2, 129.0, 126.8, 126.7, 61.6, 14.9, 14.8; HRMS (ESI) calcd
for C3H 4sNO;S [M + H'] 264.0694, found 264.0698.

N-(2-(1H-Indol-3-yl)ethyl)-5-(methylthio)-2-phenyloxazole-4-
carboxamide (9f): white solid (0.36 g, 96%); mp 162—164 °C; R,
0.2 (2:3 EtOAc:hexane); IR (cm™ ') (KBr) 3410, 3287, 2925,
1653, 1564, 1501, 1225; "H NMR (400 MHz, CDCl3) 8 8.29 (brs,
1H), 7.94—7.92 (m, 2H), 7.66 (d, J = 7.6 Hz, |H), 7.45—7.44 (m,
2H), 7.38 (d, J = 8.0 Hz, 1H), 7.22—7.10 (m, 3H), 7.1 (s, 1H),
3.77 (t, J = 6.6 Hz, 2H), 3.08 (t, J = 7.1 Hz, 2H), 2.66 (s, 3H);
3C NMR (100 MHz, CDCl3) 8 160.1, 150.4, 136.4, 131.7, 130.7,
128.8,127.3, 126.2,122.2, 119.3, 118.8, 112.9, 111.2, 39.5, 25.6,
15.2; HRMS (ESI) calcd for C»;H»(N30,S [M + H*] 378.1276,
found 378.1282.

(4-Benzylpiperazin-1-yl)(5-(methylthio)-2-phenyloxazol-4-yl)-
methanone (9i): white solid (0.36 g, 94%); mp 136—138 °C; R,
0.5 (1:1 EtOAc:hexane); IR (cm~ ') (KBr) 3037, 2921, 1610,
1514, 1437, 1231; "H NMR (400 MHz, CDCl5) 6 7.98—7.97 (m,
2H), 7.45 (t, J = 3.4 Hz, 3H), 7.35—7.26 (m, 5H), 4.15 (s, 2H),
3.81 (brs, 2H), 3.57 (br's, 2H), 2.61 (s, 3H), 2.56 (br s, 4H); '*C
NMR (100 MHz, CDCl;) 6 161.0, 159.9, 152.2, 136.6, 133.1,
130.6, 129.3, 128.8, 128.3, 127.5, 126.5,, 126.1, 62.7, 53.2, 52.7,
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46.1,42.1,29.6,15.6; HRMS (ESI) caled for Cy,H»4N3O,S [M +
H™]394.1589, found 394.1594.

(S)-Ethyl 2-(5-(methylthio)-2-phenyloxazole-4-carboxamido)-
3-phenylpropanoate (9k): white solid (0.38 & 92%); mp 116—
118 °C; Rr0.6 (3:7 EtOAc:hexane); IR (cm™ ") (KBr) 3341, 2986,
1733, 1659, 1564, 1514; 'H NMR (500 MHz, CDCls) 6 7.97 (dd,

—65Hz 3.1Hz,2H), 7.46—7.45 (m, 3H), 7.40 (d, J = 8.4 Hz,
1H), 7.29—7.18 (m, SH), 5.02 (q, J/ = 6.3 Hz, 1H), 4.16 (q, J =
7.1 Hz, 2H), 3.22 (d, J = 6.1 Hz, 2H), 2.65 (s, 3H), 1.21 (t, J =
7.1Hz, 3H); "*C NMR (125 MHz, CDCl3) 6 171.5,160.7, 160.4,
151.1, 136.1, 131.3, 130.9, 129.5, 128.9, 128.6, 127.1, 126.5,
126.4, 61.6, 53.1, 38.5, 15.3, 14.2; HRMS (ESI) caled for
CH»3NLO4S [M + H'411.1378, found 411.1378. Anal. Caled
for C5,H»,N>O4S: C, 64.37; H, 5.40; N, 6.82. Found: C, 64.37;
H, 5.37; N, 6.78.

(4-Methoxyphenyl)(5-(methylthio)-2-phenyloxazol-4-yl)meth-
anone (12d): yellow solid (0.28 g 87%); mp 134—136 °C; R,0.5
(3:7 EtOAc: hexane) IR (cm™ ") (KBr) 2927, 1596, 1492 1445,
1347, 1260, 906; "H NMR (400 MHz, CDCl3) 8 8.54 (dd, J = 7.0
Hz, 2.1 Hz, 2H), 8.04—8.01 (m, 2H), 7.47—7.45 (m, 3H), 6.97
(dd, J = 7.1Hz,2.0 Hz, 2H), 3.86 (s, 3H), 2.69 (s, 3H); >*C NMR
(100 MHz, CDCly) ¢ 183.9, 163.3, 159.5, 157.3, 135.9, 132.9,
132.6,130.6,129.9,128.8, 126.7, 126.2, 113.5, 55.4, 14.2; HRMS
(ESI) caled for C;gH;gNOsS [M + H™] 326.0851, found
326.0856.

General Procedure for Raney-Ni Dethiomethylation of
5-(Methylthio)-2-phenyl-4-substituted Oxazoles: Synthesis of
Corresponding 5-Unsubstituted Oxazoles 14—18. Raney-Ni
(W>) (ca. 0.5 g) was added to an ethanolic solution (20 mL) of
the corresponding oxazole (1 mmol), and the suspension was
heated at reflux with stirring for 2—3 h (monitored by TLC). It
was then filtered through a sintered glass funnel and washed
with hot ethanol. The filtrate was concentrated to afford a
viscous residue, which was purified by column chromatography
over silica gel with hexane—EtOAc (4:1) as eluent to give the
pure products.

Ethyl 4-(2-phenyloxazole-4-carbonyl)piperazine-1-carboxy-
late (16): white solid (0.29 g 88%); mp 128—130 °C; R, 0.2
(2:3 EtOAc:hexane); IR (cm ') (neat) 2924, 2857, 1700, 1629
1431, 1247, 1231; 'H NMR (400 MHz, CDCl5) 6 8.23 (s, 1H),
7.93—7.92 (m, 2H), 7.42—7.41 (m, 3H), 4.14 (br s, 2H), 4.11

5202 J. Org. Chem. Vol. 75, No. 15, 2010

Misra and Ila

(q,J = 7.1 Hz, 2H), 3.70 (brs, 2H), 3.53 (br s, 4H), 1.23 (t, J =
7.1 Hz, 3H); "*C NMR (100 MHz, CDCl3) 6 161.8, 160.3, 155.9,
153.5, 132.9, 131.2, 129.3, 126.9, 126.5, 62.1, 46.8, 44.5, 42.6,
15.1; HRMS (ESI) caled for C,7H;oN304 [M1]329.1376, found
329.1378.

General Procedure for the Synthesis of 5-Aminooxazoles
20a—e via Reaction of 5-Methylsulfonyloxazoles 19a—e with
Primary/Secondary Amines. A mixture of the corresponding
S-methylsulfonyloxazole (1.0 mmol) and the corresponding
primary/secondary amine (2.2 mmol) in DMF (20 mL) was
stirred at room temperature under nitrogen atmosphere. Pro-
gress of the reaction was monitored by TLC. It was then poured
into ice cooled water (100 mL). The mixture was extracted with
chloroform (3 x 50 mL), washed with H,O (2 x 50 mL) and
brine (1 x 50 mL), dried over Na,SO,4, and distilled under
reduced pressure to give crude products, which were purified
by column chromatography over silica gel with hexane—EtOAc
as eluent.

1-(5-(4-Benzylpiperazin-1-yl)-2-phenyloxazol-4-yl)pentan-1-
one (20d): white solid (0.35 g, 88%); mp 58—60 °C; R,0.5 (3:7
EtOAc:hexane); IR (cm ") (KBr) 2955, 2928, 1662, 1614 1598,
1452; '"H NMR (400 MHz, CDCl3) 6 7 87(d,J = 6 4 Hz 2H),
7.40—7.37 (m, 2H), 7.27 (m, 6H), 3.77 (t, J/ = 4.9 Hz, 4H), 3.56
(s, 2H), 2.96 (t, J = 7.5 Hz, 2H), 2.62 (t, J = 4.9 Hz, 4H),
1.67—1.62 (m, 2H), 1.41—1.36 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H);
3C NMR (100 MHz, CDCl3) 6 194.8, 157.4, 149.3, 137.2, 129.6,
129.3, 128.7, 128.3, 127.4, 127.1, 125.5, 117.1, 62.9, 52.5, 47.9,
39.6,26.9, 22.6, 13.9; HRMS (ESI) calcd for C,5H30N3;0, [M +
H™] 404.2338, found 404.2338.
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