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3-Aryl-2-oxazolidinones are obtained in good yields through the palladium-catalyzed N-arylation of 2-oxazolidinones with aryl bromides. The
nature of aryl bromides, phosphine ligands, bases, and solvents strongly affects the reaction outcome.

Substituted 3-aryl-2-oxazolidinones have recently attracted 5-(hydroxymethyl)-3-(3-methyl phenyl)-2-oxazolidinone is
much attention as pharmacologically active compounds. Fora drug used as an antidepressaftr this reason, a variety

example, 5-acetamidomethyl-3-aryl-2-oxazolidindriesve
been shown to exhibit a potent antibacterial activity, and
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of approaches to this class of compounds have been
describede? and some of them are based on palladium
catalysist New and flexible synthetic protocols, however,
are highly desirable, especially when they accommodate
important functionalities and are broad in scope.

In our efforts aimed at the development of new syntheses
of heterocycles, we were interested in the preparation of
3-aryl-2-oxazolidinones and envisaged the palladium-
catalyzed carbonnitrogen bond-forming reactions between
aryl halides and amines or amides a viable route to this
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class of compounds. Particularly, we thought that the reaction conditions (Table 1, entry 4). Electrameutral and
palladium-catalyzedN-arylation of the 2-oxazolidinone slightly electron-rich aryl bromides failed to give the desired
nucleus (Scheme 1) might provide a convenient and useful products (Table 1, entries—). Therefore, to extend the
alternative to known methods. methodology to a wider range of aryl bromides;bro-
moanisole was selected as the model system and the

s influence of phosphine ligand, bases, and solvents on the

Scheme 1 N-Anylation of 2-Oxazolidinones reaction (?utcome was briefly investigated. . .
Only minor amounts o8f were formed by using a variety

R1>_<R2 P R1>_<R2 of catalyst systems such as Pd(OAR[Cy)"™ or Pd(OAc)/
ABr + HN. O - A-N_O P(Bu); at 120 °C in the presence of lithium, sodium,
I base jc])/ potassium carbonate, and bicarbonate bases, or Na®Bu

toluene, or Pgldba)/dppf in the presence of NaOBin

toluene. Even the use of fdba} with the chelating ligand

Xantphog®®and CsCO;s in dioxane (conditions reported to

_ ive excellent results with amides and carbamétdsyl to
Here we report that such a process can be attained andyg tormation of3f in trace amounts. Use of the same catalyst

that |t_s success depends on the appropriate selection of Somgystem and base [Fdba, Xantphos, C&0;] but switching

reaction parameters such as the nature of the catalyst systemy, v, ene as the solvent produced a significant improvement,

the pf"‘se' and the solvent. still unsatisfactory, however, from a synthetic point of
Initial attempts were based on the use of the same catalystie\y: 3f was isolated in 38% yield.

system applied to the preparation Nfaryl lactams [Pd- Eventually, we were pleased to find that subjecting
(OAc), dppf/® NaOBU, toluene, 120°C]. Under these 1 promoanisole to 2-oxazolidinone in the presence of Pd-
condl'qo'ns, good resu]ts were obtained with aryl bromides (OAc),, Xantphos, and NaOBin toluene, at 120C for
containing electron-withdrawing groujp@ra to the bromo 1 py affordedsf in 73% yield (15% at 100C). Substitution
group (Table 1, entries-13),° though withp-bromobenzal- ¢ py(OAc), with Pd(dba), keeping all other parameters
the same, produced a similar res@f (vas isolated in 71%

_ yield). When the procedutewas extended to include other

Table 1. Pd(OAc)/dppf-CatalyzedN-Arylation of aryl bromides (Table 2), Pd(OAcand Pd(dba) gave similar
2-Oxazolidinonel (Rt = R2 = H)2 results in some cases (Table 2, entries 5 and 6), but in

general, the latter was found to give higher yields (Table 2,

1 2 3

t | bromide 1 time (h ield (%), 3° .
oy ary’ bromi®e ime () yield (4) entries 3 and 4, 9 and 10, 13 and 14). Consequently, Pd
1 P-CN-CeHa-Br 24 75,2 (dba) was used as catalyst precursor.
2 P-NO2z-CeHa-Br 5 80,b Under these conditions [Rdba), Xantphos, NaOBu
3 p-MeCO-CHl Br 3 e tol 120C], a variety of neutral, slightly electron-rich
4 p-CHO-CoHa-Br 5 45 dc oluene, ], a variety of neu al, slightly electron-rich,
5 p-CHO-CeHa-Br 5 —d and Sllghtly electron-poor aryl bromides re_acted _satlsfactorlly.
6 PhBr 16 tr, e Depending on the nature of the aryl bromide, minor amounts
7 m-MeO-CgHy-Br 16 9,f of N-phenyl derivatives, most probably generated via phenyl
8 p-Bu'-CsHa-Br 16 tr, g transfer from the ligand to the nitrogen atdfwere isolated
aUnless otherwise stated, reactions were performed in toluene at 120 (see, for_example, Table 2, caption to entry 17). The presence
°C using the following molar ratios1:2:Pd(OAcy:dppf: NaOBU= 1:1.5: of substituents close to the carbon—bromo bond was found

0.05:0.05:1.4% Yields refer to single runs and are given for isolated ; ;
products. The compounds are-989% pure as judged by NMR and HPLC to hamper the reaction (Table 2, compare entry 11 with

analysis ¢ p-Bromobenzyl alcohol andert-butyl p-bromobenzoate, very ~ entries 12 and 13, and entry 4 with 15).

likely generated via a Cannizzaro-type reaction, were isolated in 19% and i i ini Wi i
3% vyield, respectivelyd In the presence of GEOs. p-Bromobenzaldehyde With aryl bromides containing electron-withdrawing groups

was recovered in 51% yield. para to the bromo group, the Pd(OA&)Ippf combination

(9) Kranenburg, M.; van der Burgt, Y. E. M.; Kramer, P. C. J.; van
. . Leeuwen, W. N. M.; Goubitz, K.; Fraanje, Qrganometallics1995, 14,
dehyde only a moderate yield was attained most probably 3081—3089.
because of the instability of the aldehyde group under the (10) Yin, J.; Buchwald, S. LOrg. Lett.2000,2, 11011104
(11) Representative ProcedureA solution of Xantphos (21.7 mg, 0.037
mmol) and Pg(dba) (17 mg, 0.19 mmol) in toluene (1 mL) was stirred

(6) Shakespeare, W. Tetrahedron Lett1999,40, 2035—2038. under argon at room temperature for 20 min. Therbromoanisole (95
(7) (a) dppf= 1, 1'-bis(diphenylphosphino)ferrocene. (b) Eycyclo- uL, 0.75 mmol), 2-oxazolidinone (71.3 mg, 1.1 mmol), NaOBi00.9 mg,
hexyl. (c) 9,9-Dimethyl-4,6-bis(diphenylphosphino)xanthene. 1.4 mmol), and toluene (1 mL) were added. The reaction mixture was

(8) Representative Procedure.A solution of dppf (25.0 mg, 0.045 refluxed at 120C for 16 h. After this time, the mixture was cooled, diluted
mmol) and Pd(OAc¢)8.4 mg, 0.019 mmol) in toluene (1 mL) was stirred  with ethyl acetate, and washed with water. The organic layer was dried
under argon at room temperature for 20 min. Thedromoacetophenone (NaSOy) and concentrated under vacuum. The residue was purified by

(150 mg, 0.75 mmol), 2-oxazolidinone (82 mg, 1.13 mmol), NalBo1.4 chromatography on silica gel eluting withreahexane/ethyl acetate 70/30
mg, 1.056 mmol), and toluene (2 mL) were added. The reaction mixture (v/v) mixture to give3f (103 mg, 71% yield).
was refluxed at 120C for 2 h. After this time, the mixture was cooled, (12) Hamann, B. C.; Hartwig, J. B. Am. Chem. S0&998 120, 3694~

diluted with ethyl acetate, and washed with water. The organic layer was 3703. Hermann, W. A.; Brossmer, C.féle, K.; Beller, M.; Fischer, HJ.
dried (Na&SQy) and concentrated under vacuum. The residue was purified Organomet. Cheml995,491, C1-C4. Segelstein, B. E.; Butler, T. W.;
by chromatography on silica gel eluting witmahexane/ethyl acetate 60/  Chenard, B. LJ. Org. Chem1995,60, 12-13. Kong, K.-C.; Cheng, C.-
40 (v/v) mixture to give3c (109 mg, 71% vyield). H. J. Am. Chem. S0d.991,113, 6313—-6315.
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s the same reaction was carried out in the presence of Pd-

Table 2. Pa(dba)- or Pd(OAc)/Xantphos-Catalyzed (OAc),, dppf, and CgCO; (Table 1, entry 5).
N-Arylation of 2-Oxazolidinong (R! = R2 = H)a Incidentally, it may be noted that subjection @f
entry aryl bromide 1 [Pd] yield (%), 3° bromobenqudehyde and [1,3]-oxaz-in_an-2-one, the six-
membered ring analogue of 2-oxazolidinone, to these con-
! m-MeO-CeH,-Br PA(OAX), 3T ditions gave the corresponding-aryl derivative in 87%
2 m-MeO-C6H4-Br sz(dbﬁ)g} 71, f . |d
3 PhBr Pd(OAC), 55, e yield.
4 PhBr Pd,(dba)s 63, e We next turned our attention to tiNarylation of 4- and
5 m-CF3-CsHa-Br Pd(OAc). 85, hed 5-substituted 2-oxazolidinones. Good results were usually
6 m-CF3-CsHa-Br Pd(dba)s 88, hee obtained both with substituents at C-4 (close to the nitrogen
7 pPCeHeBr Pd;(dba)s 53, ief nucleophile) and with substituents at C-5 (Table 3).
8 m-F-CegHs-Br sz(db&):g 60, J
9 m-CN-CgHs-Br Pd(OAc), 16, k
10 m-CN-CoHBr Pdo(dba)s 45,k |
11 2-bromo-naphthalene  Pd;(dba)s €6, 1 Table 3. Pdy(dba)/Xantphos-Catalyzel-Arylation of 4- or
12 1-bromo-naphthalene  Pd;(dba)s 50,m 5-Substituted 2-Oxazolidinones
13 9-bromo-anthracene Pd(OAc), 2,n
14 9-bromo-anthracene Pd,(dba)s 31, n substituted
15 0-Me-CgHas-Br Pd(dba)s tr,o 2-oxazolidinone 2
16 p-Me-CeH,-Br Pdz(dba)s 48,p entry  aryl bromide 1 R! R? yield (%), 3P
17 p-But-CgH4-Br Pdz(dba)s 49, g9
18 p-CeH4-CeHa-Br Pdx(dba)s 64, q 1 p-CHO-Ce¢Hs-Br PhCH: H 87, aa®
19 m-MeCO-Ce¢Hs-Br Pd(dba)s 25, rh 2 m-MeO-CgH4-Br  PhCH; H 55, ab
20 m-MeCO-Ce¢Hs-Br Pd(dba)s 60, rei 3 p-Ph-CeHy-Br PhCH; H 89, ac
21 p-MeCO-CgH4-Br Pd(dba)s 30, c! 4 p-CHO-C¢Hs-Br  'PrCH> H 94, ba®
22 p-MeCO-CgHu-Br Pd(dba)s 40, cem 5  m-MeO-CeHsBr 'PrCH, H 42, bb
23 p-NO,-CeHs-Br Pdy(dba)s 50, b 6  p-Ph-CeHs-Br iPrCH, H 64, bc
24 p-CHO-CgH4-Br Pd.(dba)s 18, d" 7 p-CHO-CeHsBr  Me H 95, ca’
25 p-CHO-CgH4-Br Pd(dba)s 79, dop 8 m-MeO-CgHs-Br  Me H 57, cb
26 p-CHO-CsH4-Br Pd,(dba)s 7, d° 9 p-Ph-CeHs-Br Me H 50, cc
aUnless otherwise stated, reactions were performed in toluene at 120 10 p-CHO-CeHa-Br — H Me %0, dar
°C for 16 h using the followiﬁg molar ratiosl:2:[Pd]:Xantphos:NaOBu 1 m-MeO-CeHa-Br - H Me 64, db
= 1:1.1:0.05:0.05:1.4 Yields refer to single runs and are given for isolated 12 p-Ph-CeHs-Br H Me 62, dc

products. The compounds are-989% pure as judged by NMR and HPLC
analysist A 1:2 = 1:2 molar ratio was used.Under standard conditions,
3hwas isolated in 38% yield® Under standard condition3h was isolated
in 63% yield.f Under standard condition8j was isolated in 17% yield.
9 3-Phenyl-2-oxazolidinone was isolated in 11% yiélxazolidinone
derivatives with dimeric and trimeribl-aryl substituents were isolated in
24% and 6% yield, respectivelyThe oxazolildinone derivative containing
a dimericN-aryl substituent was isolated in 21% yiel@’he oxazolildinone
derivative containing a dimerig-aryl substituent was isolated in 19% yield.
m The oxazolildinone derivative containing a dimearyl substituent was In summary, we have developed a convenient and straight-

isolated in 8% yield" For 1 h.° At 100 °C for 1 h.PIn the presence of ; ;

C8COn. oy P fqrward progedure for thg preparatpp of 3-aryl-2-oxazoli-
dinones. With aryl bromides containing @ara electron-
withdrawing substituent, good results were obtained in the

provides a better catalyst system (compare Table 1, entrieg*resence of Pd(OAg)dppf, and NaOBiin toluene, whereas
2—4 with Table 2, entries 2224). Employing Pg(dba) and neutr_al, slightly electr_on-rlch_, and sh_ghtly electron-poor aryl
Xantphos did not produce comparable yields, even by bromides refacted satlsfaqtorlly by using.eithay, Xantphos,
increasing the oxazolidinone to aryl bromide ratio (compare @nd NaOBin toluene. Withp-bromobenzaldehyde the best
Table 2, entries 21 and 22 with Table 1, entry 3). With result was obtained by using Rdba}, Xantphos, and Gs
p-bromoacetophenone, as well as withbromoacetophe- COs.

none, ketone arylation proceskesvere observed in the

presence of the Bftiba)y/Xantphos catalyst system and Acknowledgment. The authors are greatly indebted to
oxazolidinone derivatives bearimgaryl substituents arylated ~ Consiglio Nazionale delle Ricerche (CNR) and to the
at the carbono. to the carbonyl group were isolated in University “La Sapienza”, Rome, for financial support of
significant yield (Table 2, captions to entries -122). this research.

p-Bromobenzaldehyde gave the best result usingdBe},

Xantphos, and GE€0O; as the base (Table 2, entry 25). Supporting Information Available: Characterization
Interestingly, no oxazolidinone derivative was isolated when data for 3-aryl-2-oxazolidinone8a—n, p—r, aa—dc and
4-(2-ox0-[1,3]Joxazinan-3-yl)-benzaldehyde. This material is

(13) Fox, J. M.; Huang, X.; Chieffi, A.; Buchwald, S. 0. Am. Chem. available free of charge via the Internet at http://pubs.acs.org.
So0c.2000,122, 1360—1370. Kawatsura, M.; Hartwig, J.JF.Am. Chem.
S0c.1999,121, 1473—1478. 0L016208M

a Unless otherwise stated, reactions were performed in toluene at 120
°C for 16 h using the following molar ratiosi:2:Pd(dba):Xantphos:
NaOBU = 1:1.1:0.025:0.05:1.4 Yields refer to single runs and are given
for isolated products. The compounds are-99% pure as judged by NMR
and HPLC analysist At 100 °C for 1 h in thepresence of GEOs.
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