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A Method for the Parallel Synthesis of Multiply Substituted
Oxazolidinones

Stephen C. Bergmeier* and Steven J. Katz
Department of Chemistry and Biochemistry, Ohio &émsity, Athens, Ohio 45701

Receied July 31, 2001

There are many examples of both naturally occurring and synthetic molecules containing a 2-oxazolidinone
ring that have significant biological activity. The oxazolidinone ring potentially has three sites for attachment
of diversity elements. A synthesis that can provide for inclusion of diversity elements at all three positions
should be a powerful method for the preparation of oxazolidinone libraries. In this paper we present the
preparation of a 3x 3 x 3 array yielding 27 different products with minimal workup, high yields, and,
most importantly, high purity. Using an intramolecular acylnitrene-mediated aziridination reaction, we have
prepared (triphenylmethoxymethyl)-3-oxa-1-azabicyclo[3.1.0]hexan-2-one as a starting material for library
generation. The first substitution involves opening the aziridine ring of the azabicyclo[3.1.0]hexane ring
system using a Grignard reagent. The nitrogen of the oxazolidinone is now ready for substitution via alkylation
or arylation. Removing the trityl protecting group via esterification under mildly acidic conditions
accomplishes the final substitution.

Introduction CHs

- o . 0
The 2-oxazolidinone ring is formed in many naturally /[Cji NH
Q" °NH

occurring and synthetic molecules often with significant

biological activity. An example is cytoxazone (Figure 1), Q
L : . HO X0

an alkaloid isolated from &treptomycesp. This oxazoli-

dinone is an immunomodulator that inhibits intercellular

communication between Thl and Th2 macrophagese OCH,

Ly . . Cytoxazone

oxazolidinone ring is also a component of a novel class of

synthetic antimicrobial agents (e.g., DuUP 721; Figure 1) with HC™ Y0

activity against multidrug-resistant Gram-positive bactéria.

0

An oxazolidinone analogue of the muscarinic agonist pilo- o{o OJ(
carpine is equipotent to pilocarpine and used for the treatment ZN NH N—\
of glaucoma. This means that the oxazolidinone analogue R\f
has the flexibility to adopt the necessary receptor-active AR-R17779 Pilocarpine \_/
configuration® Another series of oxazolidinones receiving analogue /
a lot of interest are the spirooxazolidinones. AR-R17779 . P
(Figure 1) has been found to be a strong agonist at the rat O//<N3_R2
o7 nicotinic receptof.Such agonists have been used in the
treatment of neurodegenerative diseases (e.g., Alzheimer’s
disease).

The oxazolidinone ring potentially has three sites for

attachment of diversity elements, N-3, C-4, and C-5. Ad- suited to the preparation of compound librai&¥ This
ditionally one has the relative stereochemistry at C-4 and method utilizes an intermolecular acylnitrene-mediated aziri-
C-5 that can be controlled. A synthesis that can provide for dination to form the bicyclic aziriding. The aziridine ring
inclusion of diversity elements at N-3, C-4, and C-5 as well js opened with a nucleophile to provide oxazolidinche
as control the C-4/C-5 relative stereochemistry should be aQur method of oxazolidinone formation has the advantage
powerful method for the preparation of oxazolidinone of ready introduction of diversity at the 4 position of the
libraries. Given the range of biological activity seen with oxazolidinone ring. Oxazolidinoné is substituted on the
2-oxazolidinones, such a method should have wide ap- nitrogen via a variety of methods to produseFinally the
plicability. trityl ether can be readily converted 6in a single pot by
There are a variety of methods for the synthesis of reaction with an acid chlorid®. To demonstrate the utility
oxazolidinones$: ' Our synthetic plan (Scheme 1) uses a of this strategy, we have prepared ax33 x 3 array of
method previously developed in our laboratory that is well substituted oxazolidinones.

DuP 721

R3% 4
1 '\R1

Figure 1.
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Results and Discussion

The bicylic aziridine3 was prepared as shown in Scheme
2. The primary hydroxyl group of diol'” was protected as
the trityl ether8 in excellent yield. When our previously
reported method was used, alcotblwas converted to
azidoformate2.'> Thermolysis of the azidoformafzprovided
bicyclic aziridine3 in good yield as a single diastereomer.
The bicyclic aziridine3 is a useful starting point for the
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6__b,R= cyclohexyl

6__c,R®=nCHs
tolerates a wide variety of organometallic reagént8This
reaction proceeds in generally high yields and provides
compounds of excellent purity. After an aqueous workup,
GC/MS and'H NMR showed that all of these compounds
were >77% pure. Compoundda—c were portioned into
thirds and carried on to the next step without any further
purification.

We next planned to substitute the nitrogen with both aryl
and alkyl groups (R. Substitution with an aliphatic group
is the most straightforward with a variety of methods
available to carry out this transformation. We have chosen
to use the KF/AIO; method because the base can be readily
filtered off when the reaction is complete Each of the
compoundsgla—c were treated with KF/AD; and bromobu-
tane to provides_c As expected, the only workup needed
for this reaction was filtration and concentration.

The choice of methods to arylate the oxazolidinone
nitrogen is somewhat more difficult. While a few methods
have been reported, the availability of the requisite aryl
reagents (e.g., arylbismdtrand arylleaéf) is not particularly
good. Fortunately a method recently reported uses aryl
bromides and the Blbay/xantphos system to arylate
amides! This reaction appears to be quite general with most
aryl bromides working well. We have used this method with
all of our oxazolidinones and the aryl bromides shown in

elaboration of substituted oxazolidinones. Unlike previously Scheme 4 to providé_aand5_bin good yields. Workup

prepared bicyclic aziridines, aziridirgis a stable, isolable
solid that can be purified by recrystallization. Other bicyclic

for this reaction consisted of filtration through silica gel to
provide pure product. Again, GC/MS and HPLC analysis of

aziridines that we have prepared are somewhat unstable botifompounds5aa—cc showed them to be-82% pure. In

to storage and to purificatiot.1®

general most of the compounds wer®0% pure. Com-

Our synthesis of a demonstration library starts with the poundsSbaandScawere of somewhat lower purity perhaps

opening of the aziridine ring a8 with a copper-catalyzed

because of hydrolytic impurities of the ester and the

Grignard reagent as shown in Scheme 3. The availability of Somewhat basic reaction conditions.
Grignard reagents is quite good, and a wide variety of them The final step of the library generation is to functionalize

are available commercially as well. All of the Grignard

position 5 (R) of the oxazolidinone ring. As shown in

reagents that we have used are commercially available. WeScheme 5, we have used a reaction that converts a trityl ether
have previously shown that this is a general reaction thatto an ester in a single pét.Each of the products from the
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previous reactiorbaa—5cc were treated with three different  matographed (2% EtOAc in hexanes), giving 2.98 gRof
acid chlorides to provide produddaaa—6ccc(Table 2). The (79%) as a yellow oil*H NMR: 6 1.2 (dt,J = 5.5, 3.25
generality of this reaction has already been reported, the onlyHz, 1 H), 1.6 (dJ = 4.0 Hz, 2 H), 4.0 (d,) = 6.0 Hz, 2 H),
limitation being the lack of reactivity of aryl acid chlorides. 4.2 (dt,J = 7.75, 4.5 Hz, 1 H), 7.2 (m, 15 H}3C NMR:
The workup for this reaction consisted of a base wash to § 166.8, 143.6, 137.0, 128.5, 128.0, 127.3, 87.2, 72.0, 67.4.
remove excess acid chloride. The GC/MS and HPLC analysisiIR (CCl,, cm™Y): 2112, 1734, 1672. Anal. Calcd for
confirmed that they were al-83% pure. Again, most of  C,sH,;03N3: C, 72.97: H, 5.19: N, 10.18. Found: C, 72.61;
the compounds were significantly more pure, an averageH, 5.58; N, 9.79.
purity of 92.3%, with a few compounds, such@=a being  (Tyiphenylmethoxymethyl)-3-oxa-1-azabicyclo[3.1.0]-
recovered in lower purity perhaps because of the hydrolytic haxan-2-one (3)CAUTION: Reactions conducted in pres-
impurities of the ester and the somewhat acidic reaction g ;e tubes are potentially explosi and should be carried
conditions. The overall yields of the target oxazolidinones . hehind a protectie shield. While we h# obsered no
were generally excellent. Starting with 3.7 mmol of the problems, care should be exerciséidoformate2 (1.93
bicyclic aziridine 3, we isolated 2.55 mmol of product g, 4.83 mmol) and 2,6-dert-butyl-4-methylphenol (BHT,
oxazolidinones, a 69% overall yield through three reactions. 0.11 g, 0.483 mmol) were dissolved in @&, (40 mL) and

We have shown that the bicyclic aziridiBés an excellent  jaced in an Ace resealable sealed tube (catalog no. 8648-
precursor for the parallel synthesis of multiply substituted 86). The tube was cooled t678 °C, evacuated, sealed, and
oxazolidinones with defined stereochemistry. All of the nLaated to 109C for 13 h. The tube was cooled to room
reactions utilized in the synthesis of this demonstration library temperature and opened, and the resulting precipitate was
make use of reagents (Grignard reagents, aryl/alkyl bromide’filtered to give 1.2 g oB (50%) as a white powder, mp 265
and acid chlorides) that are widely available. We are currently 206°C.H NMR: 6 1.2 (dt,d = 5.5, 3.25 Hz, 1 H), 1.6 (d,
preparing larger libraries of oxazolidinones, and we will J=4.0Hz, 2 H), 2.0 (dJ = 6.25 Hz, 2 H), 2.2 (dt] =
report on the synthesis and biological assay of theses'oy 43 Hz,'l H),’7.2 (M, 15 HIC NM’R: s i66.8, 143.6,

compounds in due course. 128.5, 128.0, 127.3, 87.2, 63.9, 39.9, 34.7. IR (CQi-1);
1734. Anal. Calcd for GHa1O0N-H,0: C, 74.78; H, 6.06;

_ . N, 3.49. Found: C, 74.90; H, 5.94; N, 3.67.
H NMR and®3C NMR spectra were obtained on a Varian 1-(Triphenylmethoxy)-3-buten-2-ol (8). 3-Butene-1,2-

250 MHz spectrometer. Unless otherwise noted, all spectra yjg|16 (0.85 mL, 10 mmol) was dissolved in DMF (20 mL).
were recorded in CD@land referenced to TMS. GC/MS Trityl chloride (3.35 g, 12 mmol), DMAP (0.123 g, 1.22
data were obtained using a CP SIL 8 column on a GCQ mmol), and EN (3.36 mL, 19.97 mmol) were added, and
Flr_magm MAT mass spectrometer. HPLC data were obtained e yeaction mixture was stirred at room temperature for 24
using a SupelcoSil ABZ- Plus column (15 cmx 4.6 mm,  , 1pe reaction mixture was diluted with @&, and washed

5 um), eluting with 10% EtOAc/hexanes at 1 mL/min. with H,0, cold 1 M HCI, saturated NaHGOH,O, and brine,

(Ijetentio_n tirHeshartre] reported inhminuteﬁ_. Purifilcggon ?\:\(/)as dried over MgSQ filtered, and concentrated to give 3.14 g
4888 ”S'Eg Ais c tr.omatograp y _°"(‘j S "t:a 9; et of 8 (95%) as a yellow oillH NMR: ¢ 1.2 (dt,J = 5.5,
mesh). reactions were carried out under an atmo- 5 5 Hz, 1 H), 1.6 (dJ = 4.0 Hz, 2 H), 4.2 (s, 1 H), 3.0 (d,

sphere of argon unless otherwise noted. All solvents Were § _ ¢ o5 i, 2 H), 3.2 (dt) = 8.25, 4.25 Hz, 1 H), 7.2 (m

ggﬂ'i‘igﬁﬁrie"ﬁ; L'*eioﬁf’:(aert‘ﬁ ?ﬁbﬁiﬁ“frﬁhd;sﬂl'Si 15 H).1C NMR: 6 146.9, 143.7, 137.0, 128.6, 127.9, 127.2,
distilled from CaH DFI)\/IF was distiI)I/e.d frofn BaO and stored /20 67:4. Anal. Caled for £H,0,+'/>H;0: C, 82.00; H,
: 6.49; N, 0. Found: C, 82.04; H, 6.76; N, 0. IR (GQinT:

over 3 A molecular sieves. Grignard reagents and KFAl 3308, 1672.

were purchased from Aldrich Chemical Co.Rtba} was .
purchased from Strem Chemicals. Preparation of 4a—c. CuCN (0.045 g, 0.498 mmol) was
1-(Triphenylmethoxy)-2-[(azidocarbonyl)oxy]-3-butene- suspended in & (10 mL) and cooled te-30°C. G'_“gnafq
(2). CAUTION: Azides are potentially explosi, especially ~ '€@gent (9.76 mmol) was added, and the reaction mixture
was stirred at-30 °C for 10 min. Oxazolidinons (0.437

upon heating. While we ha obsered no problems with : \

stability or formation of the azidoformates, care should be 9: 1.22 mmol) was added, and the reaction mixture was
exercisedTrityl ether8 (3.14 g, 9.50 mmol) was dissolved Warmed to 0°C and stirred for 3 h. The flask was warmed
in benzene (4.5 mL). Pyridine (2.3 mL, 28.5 mmol) and to room temperature and the contents stirred for an additional

p-nitropheny! chloroformate (3.83 g, 19.0 mmol) were added, 3 N- A pH 9 solution of NHOH/NH.CI was added, and the
and the reaction was stirred at room temperature for 4 h.éaction mixture was extracted with EtOAcx(® washed
The reaction mixture was diluted with EtOAc and washed With water (2<) and brine (), dried over MgSQ filtered,
with saturated NaHC®(2x) and brine (), dried over and concentrated to give the desired proddatsc as yellow
MgSQ,, filtered, and concentrated. The crude product was OilS-

then dissolved in DMF (64 mL), and NaN6.18 g, 95.0 4a (Phenyl).'H NMR: 6 1.8 (dd,J = 4, 7.75 Hz, 2 H),
mmol) was added. The reaction was heated td@5and 2.2 (d,J=8.25Hz, 2 H), 2.6 (dJ = 10.5 Hz, 2 H), 3.0 (s,
stirred for 18 h. The reaction mixture was diluted with EtOAc 1 H), 7.2 (m, 15 H), 7.6 (m, 5 H). GC/MS, room temp: 5.55
and washed with NECI (2x) and brine (X), dried over min; M 450 (MW 450.253). LC, retention time: 3.202 min,
MgSQ,, filtered, and concentrated. The product was chro- 84.3%.

Experimental Section
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Table 1 Table 2
compd MW (M) weight (mg) purity (%) compd MW (M) weight (mg) purity (%)
5aa 584.263 (584) 187.6 88.2 6aaa 459.265 (459) 32.1 86.5
5ab 556.548 (556) 209.4 92.2 6aab 451.415 (451) 22.5 93.2
Sac 506.387 (506) 404.6 84.6 6aac 468.479 (468) 374 89.4
5ba 612.398 (612) 165.5 815 6aba 431.687 (431) 42.0 88.2
5bb 585.003 (584) 196.3 92.3 6abb 424.168 (424) 48.8 93.7
5bc 534.268 (534) 460.3 98.1 6abc 440.947 (440) 45.9 86.6
5ca 589.746 (589) 123.4 78.1 6aca 381.647 (381) 82.5 99.2
5cb 561.248 (561) 115.5 87.7 6achb 372.264 (372) 82.7 99.7
5cc 511.612 (511) 153.7 9620 6acc 390.486 (390) 77.1 90.1
a Purity was based on the integration of the major peak of the gggg ?1;185_)‘61491 Ej‘;gg g;g ggz
HPLC trace? Purity was based on GC integration. 6bac 496:347 (496) 36:8 93:6
6bba 460.187 (460) 39.2 98.0
4b (Phenethyl).*H NMR: 6 1.8 (dd,J = 4, 7.75 Hz, 2 6bbb 452.379 (452) 46.6 87.0
H), 2.0 (d,J = 5.25 Hz, 2H), 2.2 (dJ = 8.25 Hz, 2 H), 2.6 ggbc 2%-332 Ej(ligg 121-% gg-g
— ca . . :
éd’l_f Glg/'f/lgz’ 2H),30(s 1 '1);3;'2 (m“1/|547H§ T\'/ﬁN(m’ 6bcb  402.103 (402) 825 89.0
): , retention time: 4.83 min; ( 6bcc 418761 (418) 79.4 90.4
478.846). LC, retention time: 3.167 min, 97.4%. 6caa 466.176 (466) 29.8 83.2
4c (Cyclohexyl).™H NMR: 6 1.6 (m, 11H), 1.8 (ddJ = 6cab 458.243 (458) 24.3 99.3
4,7.75 Hz, 2 H), 2.2 (d) = 8.25 Hz, 2 H), 2.6 (dJ = 10.5 boac  Jlaar® Ej;‘s‘g 201 oy
Hz, 2 H), 3.0 (s, 1 H), 7.2 (m, 15 H). GCIMS, retention  gebh 430,135 (430) 25.2 99.0
time: 2.14 min; M 455 (MW 455.679). LC, retention 6chc 446.715 (446) 25.1 89.4
time: 2.047 min, 77.0%. 6cca 388.621 (388) 36.9 85.6
Preparation of 5aa—5cc The crude oxazolidinoneta—c gggg ggg:%’i gggg gi:g gii

were partitioned into nine equal portions@.4 mmol).

For alkylation, oxazolidinonda—c was dissolved in THF
(8 mL). KF/AI,O3 (738 mg of 40 wt %, 5.08 mmol, ground
to a fine powder) and bromobutane (0.04 mL, 0.42 mmol)

aPurity was based on the integration of the major peak of the
HPLC trace? Purity was based on GC integration.

6aaa.'H NMR: 6 1.0 (s, 3 H), 1.8 (ddJ = 4,7.75 Hz, 2

were added. The reaction mixture was stirred rapidly at room H), 2.2 (d,J = 8.25 Hz, 2 H), 2.2 (dJ = 10.75 Hz, 2 H),
temperature for 24 h. The reaction mixture was filtered and 3 4 (s, 2 H), 6.8 (m, 5 H), 7.0 (m, 5 H), 7.4 (m, 4 H).

concentrated to give the desired produgtsas yellow oils.
For arylation, Pg(dba}; (3.2 mg, 0.0035 mmol), xantphtds

(6.36 mg, 0.011 mmol), CsG@159 mg, 0.489 mmol), and

oxazolidinonesda—c were mixed in dioxane (2 mL), the

aryl bromide (0.839 mmol) was added, and the reaction was

heated to 100°C for 48 h. The reaction mixture was

6abb.H NMR: ¢ 1.4 (s, 3 H), 1.6 (ddJ = 4, 7.75 Hz,
2 H), 2.0 (d,J = 8.25 Hz, 2 H), 2.4 (m, 10 H), 3.0 (d,=
10.0 Hz, 2 H), 3.2 (q) = 4.75 Hz, 1H), 7.0 (m, 5 H), 7.4
(m, 4 H).

6acc.’H NMR: ¢ 1.0 (m, 9 H), 1.2 (m, 15 H), 1.8 (dd,

concentrated and dissolved in 25% EtOAc in hexanes = 4 7-75Hz, 2 H), 2.2 (d)=10.75 Hz, 2 H), 2.6 (d) =
solution and applied to a prepackaged silica gel microcolumn 10.75 Hz, 2 H), 7.0 (m, 4 H).

and filtered to remove the unreacted material. The column

6baa.’H NMR: 0 1.2 (s, 3 H), 1.4 (m, 4 H), 2.2 (d, =

was washed with 100% EtOAc to collect desired products 7.25 Hz, 2 H), 2.6 (dJ = 10.25 Hz, 2 H), 7.0 (m, 5 H), 7.2

5 _aand5_b. Upon concentration, the products were obtained

(m, 5 H), 7.4 (m, 4 H).

as ayellow oil (see Table 1 for analytical data). Representive  gppp. 1H NMR: & 1.2 (m, 4 H), 1.8 (m, 11 H), 2.0 (d

IH NMR data baaand5ac) are listed below.

5aa.'H NMR: 6 1.4 (s, 3 H), 1.8 (dd)J =4, 7.75 Hz, 2
H), 2.2 (d,J = 8.25 Hz, 2 H), 2.6 (dJ = 10.75 Hz, 2 H),
7.6 (m, 5 H), 7.8 (m, 15 H), 8.2 (m, 4 H).

5ac.’H NMR: 6 1.2 (m, 7 H), 1.6 (tJ = 5.25 Hz, 2 H),
1.8 (dd,J=4,7.75Hz, 2 H), 2.2 (d)=8.25Hz, 2 H), 2.6
(d,J=10.75 Hz, 2 H), 7.6 (m, 5 H), 7.8 (m, 15 H).

Preparation of 6aaa—6ccc.The oxazolidinoneSaa—5cc
were dissolved in CkCl; (3 mL) and cooled to C°C.
Phenylacetyl chloride, cyclohexane carbonyl chloride, or
octanoyl chloride (0.8 mmol, 200 mol %) was added, and

=7.0Hz, 2 H), 2.2 (dJ = 9.75 Hz, 2 H), 7.0 (m, 5 H), 7.2
(m, 4 H).

6cbe.H NMR: 6 1.0 (m, 15 H), 1.2 (s, 3 H), 1.6 (m, 11
H), 1.8 (d,J = 4 Hz, 2 H), 2.2 (dJ = 8 Hz, 2 H), 2.4 (d,
J=9.75 Hz, 2 H), 7.2 (m, 4 H).

6ceh. 'H NMR: 6 1.0 (m, 9H), 1.1 (m, 10H), 1.2 (m,
11H), 1.8 (dd,J = 4, 7.5 Hz, 2H), 2.2 (dJ = 10.5 Hz, 2H),
2.6 (d,J = 10.5 Hz, 2H).

6cce.lH NMR: 6 1.0 (m, 9H), 1.1 (m, 10H), 1.2 (m, 15H),
1.8 (dd,J = 4, 7.75 Hz, 2H), 2.2 (d) = 10.75 Hz, 2H), 2.6

the reaction mixture was stirred at room temperature for 24 (d, J = 10.75 Hz, 2H).

h. The reaction mixture was washed with saturated NagICO
H.O, and brine, dried over MgS¢¥iltered, and concentrated
to give the desired produc&aaa—6cccas a yellow oil (see
Table 2 for analytical data). Representitt NMR data are
listed below.
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