
Tetraarylphosphonium Salt-Catalyzed Synthesis of Oxazolidinones
from Isocyanates and Epoxides
Yasunori Toda,* Shuto Gomyou,† Shoya Tanaka,† Yutaka Komiyama,† Ayaka Kikuchi,
and Hiroyuki Suga*

Department of Materials Chemistry, Faculty of Engineering, Shinshu University, 4-17-1 Wakasato, Nagano 380-8553, Japan

*S Supporting Information

ABSTRACT: Preparation of a range of oxazolidinones, including enantioenriched N-aryl-substituted oxazolidinones, in which
tetraarylphosphonium salts (TAPS) catalyze the [3 + 2] coupling reaction of isocyanates and epoxides effectively, is described.
The key finding is a Brønsted acid/halide ion bifunctional catalyst that can accelerate epoxide ring opening with high
regioselectivity. Mechanistic studies disclosed that the ylide generated from TAPS, along with the formation of halohydrins, plays
a crucial role in the reaction with isocyanates.

Oxazolidinones represent an important class of nitrogen
and oxygen containing heterocyclic compounds, many of

which exhibit great utility, not only as valuable intermediates in
organic synthesis but also in their own right.1 In particular, N-
aryl-substituted oxazolidinones have gained increasing attention
from medicinal chemists and pharmacologists due to the potent
biological activity of the oxazolidinones.2 Thus, the develop-
ment of a facile, practical, and robust access to a diverse array of
those derivatives, in order to expeditiously generate chemical
libraries for drug discovery, has been intensively pursued.
There are a large number of strategies that have been used

for the synthesis of an oxazolidinone core.3−6 One of the most
straightforward and atom-economical methods is the [3 + 2]
coupling reaction of isocyanates and epoxides, which enables
modular and flexible production of lead analogues by switching
one or both substrates. In 1958, Speranza and Peppel
demonstrated the catalytic transformation by using quaternary
ammonium salts.7 In other reports, several metal salts have
been shown to catalyze the reaction, but undesirable conditions
(e.g., excessive high temperature, high catalyst loadings, large
excess of epoxides, or slow addition of isocyanates) were often
required to afford the products.8 Although these problems have
some recent modernized solutions using metal complexes,
chemical yields tend to drastically decrease when electron-
deficient or aliphatic isocyanates are employed.9

Meanwhile, over the past two decades, organocatalysts have
made remarkable progress, enabling various transformations
without the use of costly and/or toxic metals. We have recently
developed a tetraarylphosphonium salt (TAPS) prepared from
an ortho-halogenated cresol and triphenylphosphine in only one
step, which was proven to facilitate the reaction of carbon
dioxide with terminal epoxides.10a In the reaction presented, an
ortho-hydroxy group on TAPS has been found to be important

for the initiation of ring opening of epoxides by the synergistic
effect of a Brønsted acid and a nucleophilic halide ion. We hence
reasoned that TAPS catalysis could be applicable to the
addition of other heterocumulenes to epoxides as well as
carbon dioxide. However, this remains a formidable challenge
since no effective organocatalysis has been reported for the
synthesis of oxazolidinones via the [3 + 2] coupling reaction to
date. Herein, we describe TAPS catalysis that allows the
coupling between isocyanates and epoxides (Figure 1). This
approach would not only grant efficient entry to oxazolidinone
synthesis but also empower bifunctional TAPS as the premier
organocatalytic entities for epoxide activation and functional-
ization. Moreover, the present study shows that the ylide10b
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Figure 1. Strategy for [3 + 2] coupling reaction of isocyanates and
epoxides by organocatalysis.
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derived from TAPS exhibits a specific character as a Brønsted
base, delivering intermediates to products wherein TAPS could
be regenerated.
At the outset of our study, we selected isocyanate 3a as the

representative electron-deficient aryl isocyanate for screening of
reaction conditions. The initial experiments were performed
using epoxide 2a and 1.2 equiv of 3a in chlorobenzene at 120
°C for 6 h (Table 1). To our delight, 15 mol % of TAPS 1a

(counterion X− = Br−) afforded oxazolidinone 4a in
quantitative yield, while no reaction was observed in the
absence of a catalyst (Table 1, entries 1 and 2). An attempt to
lower the catalyst loading of 1a (2 mol %) resulted in low yield,
but TAPS 1b, bearing an iodide ion (X− = I−), afforded an over
50% yield of 4a (Table 1, entries 3 and 4). To establish a
procedure under mild reaction conditions, the temperature,
solvent, and concentration were further screened (Table 1,
entries 5−8). As a result, good conversion was achieved with a
higher concentration of substrates in chlorobenzene, and finally
4a was obtained in 94% isolated yield by prolonging the period
of a reaction (Table 1, entry 9).
The scope of substrates is summarized in Scheme 1. First, a

series of aryl isocyanates 3 was examined to probe the
generality of the TAPS-catalyzed coupling reaction. For
reactions involving 2a, phenyl and p-methoxyphenyl isocya-
nates (3b and 3c) showed higher reactivity than 3a (6 h for 4b
and 4c vs 24 h for 4a). On the other hand, 5 mol % of 1b was
required when p-chlorophenyl isocyanate (3d) was employed
(4d: 80%). For reactions involving epichlorohydrin (2b), a
similar tendency was observed: higher yields were obtained
with use of 3b and 3c while 3d gave a lower yield (4e: 88% and
4f: 93% vs 4g: 72%). In contrast, ortho-halogenated aryl
isocyanate 3e was accommodated efficiently, affording the
corresponding oxazolidinones 4h in 97% yield. Only 0.5 mol %
of 1b was able to catalyze the coupling with 3e and 3f (4h: 94%
and 4i: 80%), while aryl isocyanate with dihalogen substituents
3g was challenging presumably due to the decomposition of 3g
(4j: 78%). Steric effects of 3 were also investigated (3h vs 3i),
but there was no significant difference between the meta- and
ortho-position (4k: 93% vs 4l: 91%). In addition, isocyanate 3j
having an ester group furnished 4m in good yield. Next, a

variety of terminal epoxides 2 were screened to couple with 3b.
Glycidol derivatives 2c−g afforded 4n−r in high yields except
for 4o. Epoxides 2d−g bearing amino and alkyl groups were
also applicable to give 4s−u in good to high yields. Styrene
oxide (2k) underwent the [3 + 2] reaction; however, a
regioisomer of 4v was apparently observed. Moreover,
enantiopure epoxides (S)-2a and (S)-2l were submitted to
the optimized reaction conditions to provide the optically active
oxazolidinones, and (S)-4b and (S)-4w were obtained with high
enantiomeric excesses without stereochemical erosion.11 Cyclo-
hexene oxide was challenging; thus, only 5% of the
corresponding product was observed by 1H NMR analysis.
To expand the applicability of our methodology, other
isocyanates 5 were tested (Scheme 2a). Delightfully, TAPS
catalysis tolerated isocyanates 5a−d, whereas aliphatic iso-
cyanates led to poor yields in most previous reports.9a,c

Furthermore, the reaction 2b with 3h was performed on gram
scale in the presence of 1 mol % of TAPS 1b, affording 4k in
excellent yield (Scheme 2b). Toloxatone (4x)12 was synthe-
sized in three steps from commercially available 2d and 3h. For
the enantioenriched product (S)-4w, para-selective iodination

Table 1. Optimization of Reaction Conditionsa

entry 1 (mol %) conditions 4a (%)b

1 1a (15) PhCl (0.3 M), 120 °C, 6 h >98
2 none PhCl (0.3 M), 120 °C, 6 h 0
3 1a (2) PhCl (0.3 M), 120 °C, 6 h 45
4 1b (2) PhCl (0.3 M), 120 °C, 6 h 52
5 1b (2) PhCl (0.3 M), 100 °C, 6 h 35
6 1b (2) 1,4-dioxane (0.3 M), 100 °C, 6 h 28
7 1b (2) DMA (0.3 M), 100 °C, 6 h 16
8c 1b (2) PhCl (1.0 M), 100 °C, 6 h 81
9c 1b (2) PhCl (1.0 M), 100 °C, 24 h >98 (94)

aUnless otherwise noted, all reactions were carried out on a 0.20 mmol
scale using epoxide 2a and 1.2 equiv of isocyanate 3a. bDetermined by
1H NMR analysis using 1,1,2,2-tetrachloroethane as an internal
standard (isolated yield is shown in parentheses). c0.60 mmol scale.

Scheme 1. Substrate Scopea

aUnless otherwise noted, all reactions were carried out on a 0.60 mmol
scale using 2 mol % of 1b, epoxide 2 and 1.2 equiv of isocyanate 3 in
PhCl (1.0 M) at 100 °C. b5 mol %. c3 mol %. d120 °C.
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of the N-aryl ring produced (S)-4y without loss of
enantioselectivity (Scheme 2c).13

In order to evaluate the TAPS catalysis established, we
conducted control experiments by using several catalysts 7−9
(Table 2). In the case of previously reported TAPS-catalyzed

CO2 fixation, it has been revealed that the epoxide-adduct 7a
was formed in situ that could activate epoxides to afford cyclic
carbonates.10a Interestingly, only a 31% yield of 4r (R1 = allyl)
was obtained in the reaction of 2g with 3b using 7a, which
strongly suggested that the adduct 7a was not an active species
in the present reaction (Table 2, entry 2). Furthermore,
compared with TAPS 8a (ortho-OH), the use of 8b (meta-
OH), 8c (para-OH), and 9 led to decreased yields of 4r (Table
2, entries 3−6). The effect of catalysts was also investigated for
epoxide 2i (R1 = nBu), and as expected, 1b marked the highest
yield with similar tendency (Table 2, entries 7−12).14 This
result motivated us to scrutinize the mechanism of the [3 + 2]
coupling reaction. First, we conducted 1H NMR experiments in
CDCl3 at 25 °C to monitor the behavior of the catalysts
(Figure 2a; see Supporting Information (SI)). When TAPS 1b
was mixed with a stoichiometric amount of epoxide 2i, the Ar−
H protons on the cresol moiety significantly shifted upfield. It
should be emphasized that iodohydrin 11 was observed within
10 min upon the addition of 2i. At the period of 60 min, the
aromatic protons gave sharp signals, indicating the generation
of the corresponding ylide 10. We postulated that the
difference of catalytic ability might be attributed to the epoxide
ring-opening step, and attempted the same experiments for
catalysts 8a−c and 9 as well. Indeed, TAPS 1b showed much

faster conversion of 2i into 11, which mostly correlated to the
chemical yields of 4i (Figure 2b). On the basis of the results
above, the iodohydrin formation seemed to attain equilibrium
after 1 h. As shown in Scheme 3a, a moderate amount of syn-D-

11 was epimerized to anti-D-11 during the course of the
reaction, while trans-D-2i maintained the stereochemistry at the
β-carbon. This observation evidently disclosed halide ion
substitution on alkyl halides started occurring. Next, iodohydrin
11 was reacted with isocyanate 3b to gain insight into the
second step (Scheme 3b). It should be noted that ylide 10
advantageously produced carbamate 12 in comparison with
other Brønsted bases.15 We confirmed that treatment of this
carbamate 12 with 1 equiv of ylide 10 leads to formation of the
oxazolidinone 4t and regeneration of TAPS 1b (Scheme 3c).
Importantly, although the cyclization proceeded insufficiently at
25 °C, elevated temperature facilely enabled the process to
yield both 4t and 1b. Supported by these experiments, we
propose the mechanism of TAPS-catalyzed formal [3 + 2]
cycloaddition in Figure 1. The catalysis involves a three-step
sequence: (i) halohydrin formation; (ii) carbamate formation;
(iii) oxazolidinone formation. It is strongly suggested that the
ring-closing step determines the rate of the whole trans-
formation, where a less acidic N−H proton needs to be
released. The pivotal factor of a successful coupling between 2
and 3 would be a rapid halohydrin addition to 3, which
prevents decomposition of 3, generating carbamate intermedi-
ate 12 as a resting state of the overall process.
In summary, we have demonstrated a TAPS-catalyzed [3 +

2] coupling reaction of isocyanates and epoxides for the
synthesis of oxazolidinones. This method was found to be
robust for a series of isocyanates and applicable to various

Scheme 2. Synthetic Application

Table 2. Evaluation of TAPS Catalysis for [3 + 2] Coupling
Reaction of Isocyanates and Epoxides

Figure 2. (a) 1H NMR experiments. (b) Effect of catalysts on the ring
opening of epoxides.

Scheme 3. Mechanistic Studies
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terminal epoxides. In addition, the origin of the behavior of
TAPS has been identified by mechanistic studies. Efforts are
currently underway to extend TAPS catalysis.

■ ASSOCIATED CONTENT
*S Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.7b02722.

Experimental procedures; spectroscopic data for all new
compounds (PDF)
Crystallographic data for (S)-4y (CIF)

■ AUTHOR INFORMATION
Corresponding Authors

*E-mail: ytoda@shinshu-u.ac.jp (Y.T.).
*E-mail: sugahio@shinshu-u.ac.jp (H.S.).
ORCID

Yasunori Toda: 0000-0001-9725-9438
Author Contributions
†S.G., S.T., and Y.K. contributed equally.
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
This work was partially supported by the Japan Society for the
Promotion of Science (JSPS) through a Grant-in-Aid for Young
Scientists (B) (Grant No. JP17K14483). We gratefully
acknowledge the alumni association “Wakasatokai” of Faculty
of Engineering, Shinshu University.

■ REFERENCES
(1) Selected reviews, see: (a) Ager, D. J.; Prakash, I.; Schaad, D. R.
Chem. Rev. 1996, 96, 835. (b) Aurelio, L.; Brownlee, R. T. C.; Hughes,
A. B. Chem. Rev. 2004, 104, 5823. (c) Mukhtar, T. A.; Wright, G. D.
Chem. Rev. 2005, 105, 529. (d) Heravi, M. M.; Zadsirjan, V.;
Farajpour, B. RSC Adv. 2016, 6, 30498.
(2) Selected recent examples, see: (a) Guo, B.; Fan, H.; Xin, Q.; Chu,
W.; Wang, H.; Huang, Y.; Chen, X.; Yang, Y. J. Med. Chem. 2013, 56,
2642. (b) Trstenjak, U.; Ilas,̌ J.; Kikelj, D. Eur. J. Med. Chem. 2013, 64,
302. (c) Xue, T.; Ding, S.; Guo, B.; Zhou, Y.; Sun, P.; Wang, H.; Chu,
W.; Gong, G.; Wang, Y.; Chen, X.; Yang, Y. J. Med. Chem. 2014, 57,
7770. See also: (d) Barbachyn, M. R.; Ford, C. W. Angew. Chem., Int.
Ed. 2003, 42, 2010.
(3) For the use of aminoalcohols, see: (a) Gabriele, B.; Salerno, G.;
Brindisi, D.; Costa, M.; Chiusoli, G. P. Org. Lett. 2000, 2, 625. (b) Vo,
L.; Ciula, J.; Gooding, O. W. Org. Process Res. Dev. 2003, 7, 514.
(c) Heller, S. T.; Fu, T.; Sarpong, R. Org. Lett. 2012, 14, 1970.
(d) Mahy, W.; Plucinski, P. K.; Frost, C. G. Org. Lett. 2014, 16, 5020.
(4) For the use of propargylamines, propargylalcohols, and their
derivatives, see: (a) Costa, M.; Chiusoli, G. P.; Rizzardi, M. Chem.
Commun. 1996, 1699. (b) Shi, M.; Shen, Y.-M. J. Org. Chem. 2002, 67,
16. (c) Gu, Y.; Zhang, Q.; Duan, Z.; Zhang, J.; Zhang, S.; Deng, Y. J.
Org. Chem. 2005, 70, 7376. (d) Feroci, M.; Orsini, M.; Sotgiu, G.;
Rossi, L.; Inesi, A. J. Org. Chem. 2005, 70, 7795. (e) Kayaki, Y.;
Yamamoto, M.; Suzuki, T.; Ikariya, T. Green Chem. 2006, 8, 1019.
(f) Robles-Machín, R.; Adrio, J.; Carretero, J. C. J. Org. Chem. 2006,
71, 5023. (g) Alamsetti, S. K.; Persson, A. K. Å.; Bac̈kvall, J.-E. Org.
Lett. 2014, 16, 1434. See also: (h) Zhu, H.; Chen, P.; Liu, G. J. Am.
Chem. Soc. 2014, 136, 1766.
(5) For the use of aziridines, see: (a) Tascedda, P.; Duñach, E. Chem.
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