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ABSTRACT: A palladium-catalyzed asymmetric [3 + 2] Ar' o
annulation reaction between racemic S-vinyloxazolidinones o OO X
and N-sulfonyl imines was established. Under the influence of (:)(Me
the palladium complex with a chiral ammonium-phosphine NosN™ O R?
hybrid ligand, the cycloaddition proceeded smoothly to yield R OO
imidazolidines bearing a-amino quaternary stereocenters in Y At AP NosN” “NSO,PMP
high yields with excellent diastereo- and enantioselectivities. + \_:LR1
\-SO2PMP (Pd) 7
l up to >20:1 dr
R? up to 99% ee
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hiral imidazolidines represent a structural motif that is A o
frequently found in natural products, biologically active OQ X
compounds, catalysts, and ligands. Accordingly, stereochemi- %Me 1a: Ar' = Ph, Ar = Ph

building blocks with a wide array of potential applications in 1c: 2-Naph, 4-CF3CgH,4

cally defined imidazolidine derivatives could serve as versatile O O 1b: Ph, 4-CF3CgH,
organic chemistry and biochemistry." A representative method 1d: 4-PhCgH,, 4-CF3CeH,

Ar? Arzz P

to construct this nitrogen-containing cyclic framework is the X
1,3-dipolar cycloaddition® of azomethine ylides and imines.® To Figure 1. Chiral ammonium-phosphine hybrid ligands in this study.
date, a few enantioselective cycloadditions have been
successfully developed on the basis of either metal or organic Scheme 1. Palladium-Catalyzed Asymmetric [3 + 2]
catalysts, facilitating efficient access to multisubstituted chiral Cycloadditions of 5-Vinyloxazolidinones
imidazolidines.* However, these methodologies suffer from o )
limited scope and are applicable only to the syntheses of N Pd;(dba)s-CHCly , RZ CN
imidazolidines with tertiary stereocenters. Therefore, efforts NosN™ O X NosN™ Yo, Et
aimed at the development of novel protocols, especially for the rt R CO,Et toluene 5 2R
direct and selective generation of these heterocycles with YV /
quaternary stereocenters, should prove valuable. ﬂ .
In line with our recent research on the design and application RZ_N<s 1

of ion-paired chiral ligands for asymmetric palladium catalysis,5 R NosN” NRS o »
we have delineated that phosphine ligands with pendant chiral R Wif: ﬁ;;%;:!:zohdmes

z quaternary
ammonium salts (1-X in Figure 1) are extremely powerful in ya slereocenter
achieving the asymmetric [3 + 2] annulation of racemic $-
vinyloxazolidinones with activated trisubstituted alkenes
(Scheme 1).%” A remarkable feature of this catalytic system structure of the alkene. This characteristic prompted us to
resides in the precise asymmetric construction of three envisage that the palladium catalysis with 1-X might also be
contiguous stereocenters including two quaternary centers, effective for the assembly of other five-membered N-hetero-
each of which is individually controlled by the chiral
ammonium-phosphine ligand. For instance, the stereochemical Received: September 11, 2014
outcome in the installation of the C(4) stereocenter that Revised:  October 23, 2014
originates from the oxazolidinone is not affected by the Published: October 24, 2014
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cycles through the asymmetric [3 + 2] cycloaddition of
vinyloxazolidinones with different dipolarophiles such as
aldimines. Herein, we report the successful demonstration of
this possibility in the context of providing a straightforward yet
stereoselective route toward chiral imidazolidines bearing a-
amino quaternary stereocenters.

Initially, the reaction between vinyloxazolidinone 2a and N-
4-toluenesulfonyl (Ts) imine 3a was carried out under the
influence of Pd,(dba);-CHCI; and ion-paired chiral ligand 1a-
Br in toluene at 20 °C. The corresponding cycloadduct 4a was
isolated in 80% vyield after 12 h of stirring with negligible
diastereoselectivity and low-to-moderate enantioselectivity of
each diastereomer (Table 1, entry 1). Although examination of

Table 1. Optimization of Reaction Parameters”

o) Pd,(dba)s CHCls Ph
_SO,Ar (Pd 2.5 mol%)
NosN™ O + )|N 1-X (5 mol%)  NosN™ "NSO.Ar
Me Ph toluene z"Me
7 20°C, 12 h Ve
3a (Ar = 4-Tol) 4a (Ar = 4-Tol)
2a 3b (Ar = PMP) 4b (Ar = PMP)
entry 1-X 3 yield (%)° dr® ee (%)?
1 la*Br 3a 80 1:1 72/30
2 la*Br 3b 92 1.1:1 74/35
3 1a-Cl 3b 91 1:1.3 72/37
4 la'l 3b 92 3.2:1 76/27
S 1b°1 3b 99 15:1 92/26
6 lcl 3b 99 19:1 90/nd
7 1d-1 3b 99 >20:1 96/nd

“Reactions were conducted with vinyloxazolidinone 2a (0.1 mmol)
and imine 3 (0.2 mmol) under the influence of Pd,(dba),-CHCl, (Pd
2.5 mol %), ligand 1+X (5 mol %) in toluene (1 mL) at 20 °C for 12 h.
b . i . c .

Isolated yield of the mixture of diastereomers. “Determined on the
basis of "H NMR analysis of crude reaction mixture. “Determined by
chiral HPLC. nd = not determined.

the effect of the imine protecting group revealed that the
cycloaddition with N-(4-methoxy)benzenesulfonyl imine 3b
proceeded with high efficiency, the improvement in stereo-
selectivity was only marginal (entry 2). Notably, the identity of
the halide ion of 1-X was associated with its stereocontrolling
ability, as we observed in our previous study.® Although
stereoselectivities remained at a similar degree with chloride
variant (1a-Cl), use of ammonium phosphine paired with an
iodide ion (1aI) delivered a promising increase in diaster-
eoselectivity (entries 3 and 4). Then, the structural
modifications of the aromatic substituents of 1-I were
undertaken. Introduction of the strongly electron-withdrawing
trifluoromethyl group onto phosphorus benzene (Ar*) (1b-I)
induced a substantially higher level of diastereo- and
enantiocontrol (entry 5). Additional manipulation of the
phenyl appendages at the 3,3’-positions of the binaphthyl
unit (Ar') led to the identification of 1d°I as the best ligand; its
palladium complex promoted the annulation to afford 4b
quantitatively with excellent diastereo- and enantioselectivity
(entry 7).

Under the optimized reaction conditions, the scope of this
asymmetric [3 + 2] cycloaddition protocol was explored with a
range of vinyloxazolidinones 2 and imines 3. The results are
summarized in Table 2. With respect to the vinyloxazolidi-
nones, significant variation of the S-alkyl substituent was
feasible, and the corresponding imidazolidines (4c—4f) were
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Table 2. Substrate Scope”

o] Pd,(dba)s-CHCl; R2
J _SO,PMP  (Pd 2.5 mol%)
NosN™ "O + llN 1d-1 (5 mol%) NosN” "NSO,PMP
\jw R? toluene P R
V4 20°C, 24 h 7
2 3 4
entry R! R? 4 yield (%)°  dr°  ee (%)7

1 Et Ph 4c 90 >20:1 96
2 nBu Ph 4d 99 >20:1 96
3¢ iBu Ph 4e 99 >20:1 94
4 (CH,),Ph Ph 4f 92 11:1 92
S Me 2-MeC¢H, 4g 93 >20:1 99
6 Me 2MeOCH,  4h 92 >20:0 97
7 Me 2-CIC{H, 4i 92 19:1 95
8 Me 4-MeOCH, 4 80 71 9%
9 Me 2-furyl 4k 99 14:1 95
10 Me 1-naphthyl 41 94 >20:1 98
11 Me cHex 4m 99 >20:1 98
12 Me iPr 4n 99 >20:1 98
13 Me iBu 40 929 6:1 92

“Unless otherwise noted, reactions were conducted with vinyl-
oxazolidinone 2 (0.1 mmol) and imine 3 (0.2 mmol) under the
influence of Pd,(dba);-CHCIly (Pd 2.5 mol %), ligand 1d-I (5 mol %)
in toluene (1 mL) at 20 °C for 24 h. “Isolated yield of the mixture of
diastereomers. “Determined on the basis of "H NMR analysis of crude
reaction mixture. “Determined by chiral HPLC, and % ee of major
diastereomer is indicated. “Performed with Pd,(dba);-CHCl; (Pd S
mol %), ligand 1d'I (10 mol %) for 48 h.

obtained in nearly quantitative yields with high-to-excellent
diastereo- and enantioselectivities (entries 1—4). An array of
aromatic imines 3, with electron-donating or electron-with-
drawing groups at the ortho position of the benzene ring,
reacted with oxazolidinone 2a to give the cycloadducts 4g—4j
in high yields with almost complete stereocontrol (entries S—
7). With 4-methoxyphenyl-substituted imine, a decrease in the
reaction efficiency and diastereoselectivity was observed, but a
high level of enantioselectivity was retained (entry 8). In
addition, hetero- and fused aromatic imines were well tolerated
(entries 9 and 10). The present system was found to be
applicable to reactions with aliphatic imines possessing
secondary alkyl substituents, resulting in the quantitative
production of 4m and 4n with rigorous control of the relative
and absolute stereochemistry (entries 11 and 12). Primary
alkyl-substituted imines also appeared to be amenable to this
catalytic process, albeit with diminished diastereoselectivity
(entry 13). The absolute configuration of 4g was confirmed by
X-ray crystal structure analysis,® and the stereochemistries of
the remaining examples were assumed by analogy.

The synthetic potential of this method was demonstrated by
the product derivatization to 1,2-diamines and biologically
intriguing imidazolidin-2-ones™'® with quaternary stereocen-
ters, as exemplified in Scheme 2. Deprotection of the 4-
nitrobenzenesulfonyl (Nos) group'' of cycloadduct 4b under
well-established conditions gave the corresponding monop-
rotected 1,2-diamine $ in 80% yield. The formation of cyclic
urea framework was executed by treating S with triphosgene
under basic conditions, and subsequent deprotection of the
PMP sulfonyl group in the presence of magnesium furnished
chiral imidazolidinone 6 without the concomitant loss of
enantiomeric purity.
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Scheme 2. Synthetic Transformations of Cycloadduct 4b

Ph
C12H2sSH
NosN” "NSO,PMP  Cs,CO; \S/\M,3
_— s
- 'Me H2N X
z MeCN, r.t. NHSO,PMP
7 5
4b 80%, 96% ee
(C13C0),C=0 j\
EtN Mg HN” “NH
CH,Cl, MeOH, r.t. = Me
—78°C~rt. Vi
6
46%, 96% ee
(2 steps)

In conclusion, a highly enantio- and diastereoselective [3 +
2] annulation reaction between S-vinyloxazolidinones and N-
sulfonyl imines was developed using a palladium complex
bearing a chiral ammonium-phosphine hybrid ligand, which
allowed for the efficient and stereoselective construction of
structurally diverse imidazolidines with a-amino quaternary
stereocenters. Investigations regarding mechanistic details and
further applications of the present methodology are currently
underway.

B ASSOCIATED CONTENT

© Supporting Information
The following files are available free of charge on the ACS
Publications website at DOI: 10.1021/cs501369z.

Representative experimental procedures, additional ex-
perimental data, analytical data for new compounds
(PDEF).

Crystallographic data for 4g (CIF).

H AUTHOR INFORMATION

Corresponding Author

*E-mail: tooi@apchem.nagoya-u.ac.jp.

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was financially supported by CREST from JST,
Grants-in-Aid for Scientific Research (C) from JSPS, Program
for Leading Graduate Schools “Integrative Graduate Education
and Research Program in Green Natural Sciences” in Nagoya
University, the Tatematsu Foundation, and the Uehara
Memorial Foundation.

B REFERENCES

(1) (a) Sage, C. R; Michelitsch, M. D.; Stout, T. J.; Biermann, D.;
Nissen, R.; Finer-Moore, J.; Stroud, R. M. Biochemistry 1998, 37,
13893—13901. (b) Chang-Fong, J.; Benamour, K; Szymonski, B.;
Thomasson, F.; Morand, J.-M.; Cussac, M. Chem. Pharm. Bull. 2000,
48, 729—733. (c) Alexakis, A.; Mangeney, P.; Lensen, N.; Tranchier, J.-
P.; Gosmini, R.; Raussou, S. Pure Appl. Chem. 1996, 68, 531—534.
(d) Erkkild, A;; Majander, 1; Pihko, P. M. Chem. Rev. 2007, 107,
5416—5470. (e) Zinner, S. C.; Herrmann, W. A, Kiihn, F. E.
Tetrahedron: Asymmetry 2008, 19, 1532—1535. (f) Lee, E-K; Kim, S.-
H,; Jung, B.-H.; Ahn, W.-S,; Kim, G.-J. Tetrahedron Lett. 2003, 44,
1971-1974. (g) Prieto, A.; Halland, N.; Jorgensen, K. A. Org. Lett.
2005, 7, 3897—3900. (h) Snider, B. B.; Wu, X. Org. Lett. 2007, 9,

4306

4913—4915. (i) Halland, N.; Hazell, R. G.; Jergensen, K. A. J. Org.
Chem. 2002, 67, 8331—8338. (j) Halland, N.; Aburel, P. S.; Jorgensen,
K. A. Angew. Chem,, Int. Ed. 2003, 42, 661—665. (k) Arai, T.; Mishiro,
A.; Yokoyama, N.; Suzuki, K; Sato, H. J. Am. Chem. Soc. 2010, 132,
5338—-5339.

(2) (a) Padwa, A,; Pearson, W. H. Synthetic Applications of 1,3-Dipolar
Cycloaddition Chemistry Toward Heterocycles and Natural Products;
John Wiley & Sons, Inc.: New York, 2002. (b) Sardina, F. J.; Rapoport,
H. Chem. Rev. 1996, 96, 1825—1872. (c) Coldham, I; Hufton, R.
Chem. Rev. 2005, 105, 2765—2809. (d) Pandey, G.; Banerjee, P.;
Gadre, S. R. Chem. Rev. 2006, 106, 4484—4517. (e) Nair, V.; Suja, T.
D. Tetrahedron 2007, 63, 12247—12275.

(3) Diastereoselective cycloadditions using chiral reaction compo-
nents: (a) Viso, A.; de la Pradilla, R. F.; Guerrero-Strachan, C.; Alonso,
M.; Martinez-Ripoll, M.; André, 1. J. Org. Chem. 1997, 62, 2316—2317.
(b) Alker, D.; Harwood, L. M.; Williams, C. E. Tetrahedron Lett. 1998,
39, 475—478. (c) Viso, A.; de la Pradilla, R. F.; Garcia, A,; Guerrero-
Strachan, C.; Alonso, M.; Tortosa, M.; Flores, A.; Martinez-Ripoll, M.;
Fonseca, I; André, I; Rodriguez, A. Chem.—Eur. ]. 2003, 9, 2867—
2876.

(4) (a) Liu, W.-J; Chen, X-H; Gong, L.-Z. Org. Lett. 2008, 10,
5357—-5360. (b) Li, Q.-H; Wei, L; Chen, X; Wang, C.-J. Chem.
Commun. 2013, 49, 6277—6279. (c) Zhu, R.-Y.; Wang, C.-S; Jiang, F.;
Shi, F.; Tu, S.-]. Tetrahedron: Asymmetry 2014, 25, 617—624.

(5) (a) Ohmatsu, K; Ito, M.; Kunieda, T.; Ooi, T. Nat. Chem. 2012,
4, 473—477. (b) Ohmatsu, K; Ito, M.; Kunieda, T.; Ooi, T. J. Am.
Chem. Soc. 2013, 135, 590—593. (c) Ohmatsu, K.; Ito, M.; Ooi, T.
Chem. Commun. 2014, 50, 4554—4557. (d) Ohmatsu, K; Hara, Y,;
Ooi, T. Chem. Sci. 2014, 5, 3645—3650.

(6) Ohmatsu, K.; Imagawa, N.; Ooi, T. Nat. Chem. 2014, 6, 47—S1.

(7) Knight, J. G; Stoker, P. A.; Tchabanenko, K.; Harwood, S. J;
Lawrie, K. W. M. Tetrahedron 2008, 64, 3744—3750.

(8) For details, see the CIF.

(9) (a) Dumas, J. Curr. Opin. Drug Discovery Dev. 2002, S, 718—727.
(b) DeClercq, E. Biochem. Biophys. Acta. 2002, 1587, 258—275.
(c) Kazmierski, W. M.; Furfine, E.; Gray-Nunez, Y.; Spaltenstein, A.;
Wright, L. Bioorg. Med. Chem. Lett. 2004, 14, 5685—5687. (d) Reichard,
G. A,; Stengone, C.; Paliwal, S.; Mergelsberg, I; Majmundar, S.; Wang,
C,; Tiberi, R;; McPhail, A. T.; Piwinski, J. J; Shih, N.-Y. Org. Lett.
2003, S, 4249—4251. (e) Shue, H.-J.; Chen, X.; Shih, N.-Y; Blythin, D.
J.; Paliwal, S.; Lin, L.; Gu, D.; Schwerdt, J. H.; Shah, S.; Reichard, G.
A.; Piwinski, J. J.; Duffy, R. A,; Lachowicz, J. E; Coffin, V. L.; Liu, F.;
Nomeir, A. A;; Morgan, C. A,; Varty, G. B. Bioorg. Med. Chem. Lett.
2005, 15, 3896—3899. (f) Shue, H.-J.; Chen, X; Schwerdt, J. H,;
Paliwal, S.; Blythin, D. J,; Lin, L; Gu, D.; Wang, C.; Reichard, G. A;
Wang, H.,; Piwinski, J. J.; Duffy, R. A,; Lachowicz, J. E.; Coffin, V. L,;
Nomeir, A. A;; Morgan, C. A; Varty, G. B.; Shih, N.-Y. Bioorg. Med.
Chem. Lett. 2006, 16, 1065—1069.

(10) For catalytic asymmetric synthesis of chiral imidazolidin-2-ones:
(a) Trost, B. M.; Fandrick, D. R. J. Am. Chem. Soc. 2003, 125, 11836—
11837. (b) Du, H.; Zhao, B.; Yuan, W.; Shi, Y. Org. Lett. 2008, 10,
4231—4234. (c) Dy, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc. 2008, 130,
8590—8591. (d) Zhao, B; Du, H,; Shi, Y. J. Org. Chem. 2009, 74,
4411—4413. (e) Hopkins, B. A; Wolfe, J. P. Angew. Chem,, Int. Ed.
2012, 51, 9886—9890.

(11) Kan, T.; Fukuyama, T. Chem. Commun. 2004, 353—359.

dx.doi.org/10.1021/cs501369z | ACS Catal. 2014, 4, 4304—4306


http://pubs.acs.org
http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/cs501369z
http://pubs.acs.org/doi/suppl/10.1021/cs501369z/suppl_file/cs501369z_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/cs501369z/suppl_file/cs501369z_si_002.cif
mailto:tooi@apchem.nagoya-u.ac.jp
http://pubs.acs.org/doi/suppl/10.1021/cs501369z/suppl_file/cs501369z_si_002.cif

