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The importance of oxazolidinone functional group has

been well documented in synthetic and medicinal chemistry.1

In the latter area, recent interests are focused on N-aryl-

substituted oxazolidin-2-one structures, as exemplified by

linezolid and eperezolid, which represent a new class of

antibacterials with activity against drug-resistant Gram-

positive pathogens, including MRSA.2

Biologically active enantiomers of the oxazolidinone anti-

bacterials are those with the (S)-configuration. Synthesis of

the (S)-enantiomers have been achieved in enantiopure form

starting from various glycidol derivatives such as (R)-glycid-

yl butyrate, (S)- and (R)-epichlorohydrin, N-Boc-glycidyl-

amine, and more recently, (R)-glycidyl tosylate.3 Other en-

antiopure starting materials include 3-chloro-1,2-propane-

diol, mannitol, protected glyceraldehyde, and aziridine-2-

carboxamide.4 Several routes employing asymmetric reac-

tions have also been reported.5

Of those enantiopure starting materials, epichlorohydrin

and glycidyl tosylate are particularly useful as they are

doubly activated (at both C-1 and C-3) toward nucleophilic

substitutions. The tandem, three-step sequence of the ep-

oxide ring-opening, carbamate formation and oxazolidin-2-

one ring-closure (sometimes referred to as “1,3-cycloaddi-

tion”) represents an atom-economic key step in the synthesis

of oxazolidinone antibacterials (Scheme 1). Yu et al. first

employed this process with epichlorohydrin as the starting

material;3f we then followed it up with glycidyl tosylate, and

showed that this crystalline and storage-stable compound

was a viable starting material for oxazolidinone antibacterials.3i

Our work with glycidyl tosylate reminded us how the

issues of regio- and stereochemistry were entwined together

for the doubly activated glycidol derivatives.6 It also prompt-

ed us to wonder how these issues had played out in Yu’s

work with epichlorohydrin. As the details were not dis-

cussed in their original communication, we decided to re-

examine the tandem, three-step sequence with epichloro-

hydrin as the starting material.

The 1,3-cycloaddition reaction of (R)-epichlorohydrin and

phenyl isocyanate was performed with a catalytic amount of

LiBr. In the absence of detailed experimental procedure in

the original work, also to make a meaningful comparison

with our findings with glycidyl tosylate, we maintained the

reaction conditions as close as possible to the ones employed

in the glycidyl tosylate process [in THF (0.067 M) at reflux

with phenyl isocyanate (3 eq) and LiBr (0.1 eq)]. Epichloro-

hydrin underwent the tandem, three-step sequence more

slowly with LiBr than glycidyl tosylate did with LiI. The

reaction took 8 h to complete (vs ~30 min for glycidyl

tosylate/LiI). The desired chloro oxazolidinone product was

isolated in 93% yield, seemingly validating the results in the

original report. A careful examination, however, revealed

the presence of a by-product, suggesting concurrent side-

reaction pathway(s) and potential complications in the pro-

cess. 

In order to gain a fuller picture of the process, we postu-

lated possible reaction pathways for the 1,3-cycloaddition

reaction of epichlorohydrin/PhNCO/LiBr and set out to assess

the significance of each pathway quantitatively (Scheme 2).

Model reactions revealed that the products could undergo

secondary displacements, not one-way, but in both ways,

hence Paths IV and V in addition to Path III. This raised an

extra issue for the epichlorohydrin process. In the glycidyl

tosylate process, a single reaction pathway was responsible

for the formation of the desired product, whose stereo-

chemical integrity was therefore maintained through the

entire course of the reaction. In the epichlorohydrin process,

on the other hand, we now needed to consider multiple

pathways for the formations of the desired as well as

undesired products (Paths I, IV and V for 2; Paths II and III

for 3), each resulting in a distinct stereochemical outcome.

Significance of these pathways may be assessed in a time

study in which the enantiomeric purities as well as the

chemical yields of both products would be determined at

various reaction times.

Scheme 1. Atom-economic 1,3-cycloaddition of activated glycidol derivatives with ArNCO.



642     Bull. Korean Chem. Soc. 2013, Vol. 34, No. 2 Notes

The 1,3-cycloaddition reaction of epichlorohydrin/PhNCO/

LiBr was performed under the standard conditions and a

small aliquot of the reaction mixture was quenched at

regular intervals.7 The crude products thus obtained were

analyzed by NMR and HPLC. On proton NMR analysis, the

Br-oxazolidinone by-product 3 was detected from the samples

taken later in the reaction.8 However, quantification of this

compound was hampered by an impurity in the actual reac-

tion samples that had a signal overlapping with the AB

systems of -CH2Br signal of product 3.9 Therefore, the NMR

analysis provided only a limited amount of information as

far as the chemical yields of the by-product 3 was concerned.

We were encountered with a similar problem with HPLC

analysis. The desired Cl-oxazolidinone product 2 and the Br-

by-product 3, which were virtually indistinguishable on silica

TLC, were inseparable on many chiral HPLC columns,

including Chiralcel OJ-H, OD-H and Chiralpak AD-H.10 A

useful separation that we managed to obtain was on a Pirkle

column (Whelk O-1), where the four compounds (two

enantiomers each of the two halo-oxazolidinone products)

were discernible when pure reference compounds were

analyzed. In the event of the actual analysis with the crude

products, two of the four products partially overlapped in

some of the aliquots. Fortunately, the (S)-enantiomers of the

Cl- and of the Br-oxazolidinones (S-2 and S-3) were always

cleanly separated from the other products. This allowed

meaningful interpretations of the results, which are sum-

marized in Figure 1.11

While the yields of the desired (R)-Cl-oxazolidinone R-2

and of the (R)-Br-oxazolidinone by-product R-3 could not be

determined separately due to the partial overlap of the two

peaks in some of the samples, the combined yields of these

two products could, and they represented the Br−-displacing

pathway (Path I) in the oxazolidinone ring-closing stage.

From the yields of 2 (NMR) and of S-2 (HPLC), the en-

antiomeric purities of the Cl-oxazolidinone 2 were calculat-

ed and judged to be > 98% ee (R) throughout the reaction.

The (S)-enantiomer S-2, less than 1% of the major (R)-

stereoisomer R-2, probably reflected the enantiomeric purity

of the starting epichlorohydrin;12 contribution by the second-

ary substitution (Path V) seemed insignificant under the

reaction conditions as the enantiomeric purity remained high

even at a late stage of the reaction. The presence of the (S)-

Br-oxazolidinone S-3 was a result of the “wrong” ring-

closing path (Path II), while that of the (R)-Br-oxazolidinone

R-3, clearly detected in some of the samples, was due to the

secondary substitution (Path III). It was not possible to

determine precisely the significance of Path III due to the

overlapping peaks. At a late stage of the reaction, the Br-

oxazolidinone 3 was clearly detected on NMR (> 6 h). Note

that Path III would become significant at a late stage.

Combining the results of the NMR and HPLC analyses, the

yields of R-3 were estimated to be in the range of 7-9% of

those of R-2 at this late stage of the reaction.

The secondary displacement (Path III) would have caused

the yield of the desired (R)-Cl-oxazolidinone product R-2 to

decrease, of course. In terms of practicality, however, it may

not be seriously detrimental as far as the synthesis of line-

zolid-type antibacterials is concerned. R-3 would be as effec-

tive as R-2 as a synthetic precursor and they are not even

easily distinguishable chromatographically. The results of

Path III -the presence of the by-product, which is hard to

Scheme 2. Possible Reaction Pathways in the Epichlorohydrin-LiBr Process.

Reaction

Time (h)

NMR (%) HPLC (%)

2 3 R-2+R-3 S-2 S-3

0.5 26 - 25.9 0.21 0.22

1 38 - 37.8 0.17 0.44

2 53 - 52.7 0.31 0.74

4 80 - 77.4 0.99 2.24

6 82 9 89.1 0.47 1.59

8 79 7 82.4 2.00 2.02

 10 91 10 99.6 0.70 1.48

Figure 1. Time-study of the Epichlorohydrin/PhNCO/LiBr Reaction.
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separate, and diminished yield of the desired product, and

all- may simply be carried over to the subsequent step (azide

displacement of halides), and eventually it would not matter,

in terms of the chemical and optical yields of the resulting

azido-oxazolidinone product, that the secondary displace-

ment side reaction (Path III) had taken place. The secondary

substitution in the opposite direction (Path IV) is also a moot

point. 

More serious is the regioselectivity issue in the oxazo-

lidin-2-one ring-closing stage. The regioselectivity in the

epichlorohydrin-LiBr process was estimated to be ca. 50:1

(Path I:Path II). While this selectivity was greater than in the

glycidyl tosylate-LiI process (20:1), it may pose a more seri-

ous problem in the present process. The by-product formed

in the minor pathway (Path II) is the (S)-Br-oxazolidinone S-

3, which is not easily detected or separated from the desired

(R)-Cl-oxazolidinone R-2 (plus 7-9% R-3) unless chiral

HPLC is employed. A likely outcome is that the ring-closing

product, not rigorously purified, may be carried over to the

subsequent step and the azido-oxazolidinone product would

be obtained with diminished enantiomeric purity. About 2%

of the antipodal product would be formed, which is a drop of

4% in terms of ee.

We undertook this re-examination of the epichlorohydrin/

PhNCO/LiBr 1,3-cycloaddition reaction as we were interest-

ed in comparing the viability of epichlorohydrin vs glycidyl

tosylate as starting material for the synthesis of oxazolidi-

none antibacterials. These two starting materials pose two

issues in common, albeit to different extents: the regioselec-

tivity in the oxazolidin-2-one ring-closing stage; and the

secondary displacements. In the glycidyl tosylate process,

the minor pathways led to by-products, which were easily

detected and separated. The only damage was a diminished

yield of the desired product. In contrast, the by-products

produced via minor pathways in the epichlorohydrin process

were not easily detected or separated. As much as the

secondary displacements were not practically damaging, the

regioselectivity issue raises a serious concern as the minor

ring-closing pathway would likely contribute to a drop of

4% ee in the enantiomeric purity of the eventual N-aryl-

oxazolidin-2-one antibacterial product. 

Experimental Section

Time-study for the Epichlorohydrin/PhNCO/LiBr Cyclo-

addition: (R)-Epichlorohydrin (370 mg, 4 mmol) was dis-

solved in anhydrous THF (40 mL).11 Phenyl isocyanate

(1.304 mL, 12 mmol), lithium bromide (34.7 mg, 0.4 mmol),

triphenylmethane (489 mg, 0.5 mmol)7 were added in succe-

ssion. The mixture was submerged in an oil bath maintained

at 70 oC. At 0.5, 1, 2, 4, 6, 8 and 10 h each, about 6 mL of the

reaction mixture was taken out via syringe and poured into a

mixture of chloroform and water. The phases were sepa-

rated, the aqueous phase was further extracted with portions

of chloroform, and the combined organic phases were

washed with brine, dried (Na2SO4), and concentrated. The

crude product thus obtained was analyzed by proton NMR

and HPLC.

5-Chloromethyl-3-phenyloxazolidin-2-one (2): 1H NMR

(CDCl3) δ 7.56-7.52 (m, 2H), 7.42-7.36 (m, 2H), 7.19-7.13

(m, 1H), 4.89-4.83 (m, 1H), 4.18 (t, J = 9.0 Hz, 1H), 3.97

(dd, J = 9.3, 5.7 Hz, 1H), 3.80 (1H, dd, J = 11.7, 4.5 Hz),

3.74 (1H, dd, J = 11.7, 6.6 Hz). 

5-Bromomethyl-3-phenyloxazolidin-2-one (3): 1H NMR

(CDCl3) δ 7.56-7.53 (m, 2H), 7.41-7.38 (m, 2H), 7.19-7.14

(m, 1H), 4.87-4.83 (m, 1H), 4.18 (t, J = 9.0 Hz, 1H), 3.92

(dd, J = 9.3, 5.7 Hz, 1H), 3.65 (1H, dd, J = 10.5, 3.9 Hz),

3.56 (1H, dd, J = 10.5, 7.5 Hz).

Chiral HPLC (Whelk O-1 column, hexane-iPrOH 95:5,

2.0 mL/min): Retention times (min) R-3: 21.16; S-3: 25.09;

R-2: 22.84; S-2: 28.10. 

Acknowledgments. This work was supported by Basic

Science Research Program through the National Research

Foundation of Korea (NRF) funded by the Ministry of

Education, Science and Technology (2010-0022804). 

References and Notes

  1. Reviews: (a) Ager, D. J.; Prakash, I.; Schaad, D. R. Aldrichimica
Acta 1997, 30, 3. (b) Zappia, G.; Gacs-Baits, E.; DelleMonache,

G.; Misiti, D.; Nevola, L.; Botta, B. Current Organic Synthesis

2007, 4, 81. (c) Zappia, G.; Cancelliere, G.; Gacs-Baitz, E.;
DelleMonache, G.; Misiti, D.; Nevola, L.; Botta, B. Current

Organic Synthesis 2007, 4, 238. (d) Zappia, G.; Menendez, P.;

DelleMonache, G.; Misiti, D.; Nevola, L.; Botta, B. Mini-Reviews
in Medicinal Chemistry 2007, 7, 389. 

  2. Review: Vara Prasad, J. V. N. Current Opinion in Microbiology

2007, 10, 454.

  3. (a) Brickner, S. J.; Hutchinson, D. K.; Barbachyn, M. R.; Manninen,
P. R.; Ulanowicz, D. A.; Garmon, S. A.; Grega, K. C.; Hendges, S.

K.; Toops, D. S.; Ford, C. W.; Zurenko, G. E. J. Med. Chem. 1996,

39, 673. (b) Manninen, P. R.; Brickner, S. J. Org. Synth. 2005, 81,
112. (c) Wang, C.-L. J.; Gregory, W. A.; Wuonola, M. A.

Tetrahedron 1989, 45, 1323. (d) Schaus, S. E.; Jacobsen, E. N.

Tetrahedron Lett. 1996, 37, 7937. (e) Perrault, W. R.; Pearlman, B.
A.; Godrej, D. B.; Jeganathan, A.; Yamagata, K.; Chen, J. J.; Lu,

C. V.; Herrington, P. M.; Gadwood, R. C.; Chan, L.; Lyster, M. A.;

Maloney, M. T.; Moeslein, J. A.; Greene, M. L.; Barbachyn, M. R.
Org. Process. Res. Dev. 2003, 7, 533. (f) Yu, D. S.; Huang, L.;

Liang, H.; Gong, P. Chinese Chem. Lett. 2005, 16, 875. (g)

Madhusudhan, G.; Om Reddy, G.; Rajesh, T.; Ramanatham, J.;
Dubey, P. K. Tetrahedron Lett. 2008, 49, 3060. (h) Kim, S. W.;

Lee, J. G.; Lee, E. J.; Park Choo, H.-Y.; Yoo, C. Y.; Lee, D. Y.;

Roh, K. R.; Kim, E. K. J. Comb. Chem. 2004, 6, 851. (i) Kim, C.;
Ko, S. Y. Bull. Korean Chem. Soc. 2011, 32, 4450.

  4. (a) Barbachyn, M. R.; Ford, C. W. Angew. Chem. Int. Ed. 2003,

42, 2010. (b) Pearlman, B. A.; Perrault, W. R.; Barbachyn, M. R.;
Manninen, P. R.; Toops, D. S.; Houser, D. J.; Fleck, T. J. US Patent

5837870, 1998. (c) Lohray, B. B.; Baskaran, S.; SrinivasaRao, B.;

Yadi Reddy, B.; NageswaraRao, I. Tetrahedron Lett. 1999, 40,
4855. (d) Xu, G. Y.; Zhou, Y.; Xu, M. C. Chinese Chem. Lett.

2006, 17, 302. (e) Morán-Ramallal, R.; Liz, R.; Gotor, V. Org.

Lett. 2008, 10, 1935.
  5. (a) Narina, S. V.; Sudalai, A. Tetrahedron Lett. 2006, 47, 6799. (b)

Song, L.; Chen, X.; Zhang, S.; Zhang, H.; Li, P.; Luo, G.; Liu, W.;

Duan, W.; Wang, W. Org. Lett. 2008, 10, 5489.
  6. (a) Hanson, R. M. Chem. Rev. 1991, 91, 437. (b) Klunder, J. M.;

Onami, T.; Sharpless, K. B. J. Org. Chem. 1989, 54, 1295. (c)

Klunder, J. M.; Ko, S. Y.; Sharpless, K. B. J. Org. Chem. 1986, 51,
3710. (d) Barton, D. L.; Press, J. B.; Hajos, Z. G.; Sawyers, R. A.



644     Bull. Korean Chem. Soc. 2013, Vol. 34, No. 2 Notes

Tetrahedron:Asym. 1992, 3, 1189.
  7. Triphenylmethane was also added to the reaction mixture as an

internal standard for quantitative monitoring.

  8. The desired Cl-oxazolidinone product 2 and the Br-by-product 3
had the AB systems of -CH2X signals cleanly separated at the

base-line. 

  9. The impurity is thought to be the 1-bromo-3-chloro-2-propyl
carbamate (protonated B, the precursor for the ring-closing stage).

The impurity had a signal that is consistent with the -CH2Br signal

of this precursor [δ 3.67 (d, J = 5.1 Hz)].

10. These chiral columns were effective in enantio-separations, i.e.,
each halo-oxazolidinone product (2 or 3) had the two enantiomers

nicely resolved. It was Cl vs Br (R-2 vs R-3; S-2 vs S-3) that didn’t

get separated.
11. For practical reasons, (S)-epichlorohydrin was sometimes used in

the time study. In order to maintain consistency and to avoid

unnecessary confusion, the discussions were made as if (R)-
epichlorohydrin had been used throughout this work.

12. Purchased from TCI.


