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Ring Expansion of Epoxides under Bronsted Base Catalysis: Formal
[3+2] Cycloaddition of f3,y-Epoxy Esters with Imines Providing 2,4,5-

Trisubstituted 1,3-Oxazolidines

Azusa Kondoh, Kenta Odaira, and Masahiro Terada*

Abstract: A novel ring-expansion reaction of epoxides under
Brgnsted base catalysis was developed. The formal [3+2]
cycloaddition reaction of f3,y-epoxy esters with imines proceeds
in the presence of triazabicyclodecene (TBD) as a superior
Brgnsted base catalyst to afford 2,4,5-trisubstituted 1,3-oxazo-
lidines in a highly diastereoselective manner. This reaction
involves the ring opening of the epoxides with the aid of the
Brgnsted base catalyst to generate o,f-unsaturated esters
having an alkoxide at the allylic position, which would
formally serve as a synthetic equivalent of the 1,3-dipole,
followed by a cycloaddition reaction with imines in a stepwise
fashion. This methodology enables the facile synthesis of
enantioenriched 1,3-oxazolidines from easily accessible enan-
tioenriched epoxides.

The ring expansion of strained ring compounds has attracted
a great deal of attention as a useful method for the
construction of polysubstituted cyclic frameworks.!! In par-
ticular, the formal [3+42] cycloaddition reaction of epoxides
with unsaturated compounds has been intensively investi-
gated as a powerful tool for the synthesis of five-membered
heterocyclic compounds containing oxygen. Generally, in
catalytic reactions, transition metals™ as well as Lewis acids®!
are utilized as the catalyst. In addition, the combination of
Lewis acidic metals and halides is employed in some cases."
In each case, epoxides formally serve as the synthetic
equivalent of the 1,3-dipole under the influence of those
catalysts, and thus the [342] cycloaddition successfully
proceeds with various types of unsaturated compounds to
provide a variety of heterocyclic compounds. However, there
still remains the issue of the limitation of the substituents on
the epoxides and therefore the development of novel
methodologies is highly anticipated. In this context, we
envisioned employing a conceptually different approach,
that is, Brgnsted base catalysis, which has rarely been utilized
in the ring expansion of strained-ring compounds. We
considered that the generation of the synthetic equivalent of
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the 1,3-dipole from epoxides with the aid of a Brgnsted base
catalyst is the key to the development of the stereoselective
cycloaddition reactions. To this end, we envisioned epoxides
A possessing an EWG (electron-withdrawing group)-substi-
tuted methyl group as the possible precursor of the synthetic
equivalent of the 1,3-dipole. Our reaction design is shown in
Scheme 1.
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Scheme 1. Reaction design.

Treatment of A with a Brgnsted base would result in
deprotonation at the position a to the EWG group followed
by epoxide opening, for which the release of ring strain would
serve as a driving force for the generation of electron-
deficient alkenes C having an alkoxide at the allylic position.
This intermediate would then formally serve as the synthetic
equivalent of the 1,3-dipole, and the cycloaddition reaction
with unsaturated compounds (X=7Y) would proceed in
a stepwise fashion, that is, the addition of the alkoxide
moiety to the unsaturated compounds followed by cyclization
of the resulting anion to the electron-deficient alkene moiety,
to provide five-membered ring compound E.P In our
investigation, imines were chosen as a potential partner of
the formal 1,3-dipole in light of the synthetic value of the
adduct, 2,4,5-trisubstituted 1,3-oxazolidines. 1,3-Oxazolidines
can be utilized as versatile intermediates in organic synthesis,
as chiral auxiliaries in asymmetric synthesis,”! and as ligands
in transition metal catalysis.’! They are also found in many
natural products as well as bioactive compounds.”) Whereas
several catalytic [3+2] cycloaddition reactions of epoxides
with imines have been developed,'” the synthesis of 2.4,5-
trisubstituted 1,3-oxazolidines is rather limited because of the
difficulty of using 2,3-disubstituted epoxides in most cases.
Furthermore, diastereocontrol in multisubstituted 1,3-oxazo-
lidine formation, particularly the formation of trisubstituted
1,3-oxazolidines, represents a great challenge. We envisaged
that in our reaction system, the diastereocontrol would be
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PG Table 1: Initial screening for reaction conditions.”!
n-Fe NYR‘ fast o Ts . Ts, PN
Ay BB | PO, IS O T L R
EWG. - Oe R control o Ph” "H solvent, rt, 24 h EtO :
\/\( + EWG\/\_/ 1a 2a 3aa ph
R reversible ohG ‘ R > 97% trans
EWG. E) stow_ fosfalgfig\;ed Entry Base Solvent Yield [%]"!
V\RE/ one diastereomer 3aa  drof3aa’ 4a 5a  6aa

. . . . . 1 DBU THF 13 94:6 <1 35 51
Schgme 2. Diastereocontrol in 2,4,5-.tr|subst|tuted 1,3-oxazolidine for- 2 TBD THE 67 973 1 12 10
mation under Brgnsted base catalysis. 3 MTBD THF 49 955 2 20 16
4 P1-tBu  THF 8 973 30 10 16
achiev.e(.i ' by substrate (font.rol in cooperatio.n with the : tF)BZJ(E; I:E 22 Zi; 2; 212 5;
reversibility of the hemiaminal ether formation through 5 Cs,CO, THF 36 955 26 1 3
addition of the alkoxide to the imine (Scheme 2). If one of g TBD Et,0 73 955 2 6 4
the diastereomers of the hemiaminal ether undergoes sub- 9 TBD toluene 84 95:5 4 21
strate-controlled cyclization whereas the other reverses to the 10 TBD CH,CN 81 97:3 8 4 2
alkoxide in preference to the cyclization, one of the four ! TBD DMF 51 98:2 2 1277
129 TBD CH,CN 91 (84) 97:3 1<l

diastereomers would be formed selectively. To establish the
proposed stereo-controlling system, a conceptually novel
approach, i.e., the use of a Brgnsted base catalyst, is crucial
because of adopting the equilibrium process prior to the
cyclization. Herein we report a formal [342] cycloaddition
reaction of f3,y-epoxy esters with imines under Brgnsted base
catalysis, which provides 2,4,5-trisubstituted 1,3-oxazolidines
in a highly diastereoselective manner. By adopting this
methodology, we achieved the facile synthesis of enantioen-
riched 2.,4,5-trisubstituted 1,3-oxazolidines from easily acces-
sible enantioenriched epoxides.

[a] Reaction conditions: Ta (0.25 mmol), 2a (0.30 mmol), base

(0.025 mmol), solvent (2.0 mL), rt, 24 h. [b] Yields were determined by
"H NMR measurement. CHBr; was used as the internal standard. The

yield of isolated product is shown in parenthesis. [c] Yields of the major
diastereomer of 3 aa. [d] The ratio of the major diastereomer to the sum
of the other three diastereomers as determined by '"H NMR analysis of
the crude mixture. [e] 2.0 equivalents of 2a was used.
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To ascertain the viability of the designed reaction, f3,y- fN/j CNﬁ NtBu NtBu
epoxy ester 1a was chosen as the initial substrate and treated N/)\N N/)\N Me,N-P-NMe, MeZN'E‘NMeZ
with tosyl imine 2a in the presence of a catalytic amount of H | NMe, “P(NMey)

TBD MTBD P1-tBu P2-tBu

DBU in THF for 24h. As a result, 1a was completely
consumed and the desired oxazolidine 3aa was formed in
a highly diastereoselective manner albeit in low yield
(Table 1, entry 1). Various by-products, such as alcohol 4a,
v-ketoester Sa, and the diastereomers of 6aa were detected.
5a would be formed by isomerization of the carbon—carbon
double bond of 4a, and 6aa is the adduct of 5a and 2a. A
screening of Brgnsted bases showed that the choice of base
was critical for the formation of the desired product 3aa
(entries 1-7). Among the bases tested, guanidines were
superior and 3aa was obtained in moderate yield (entries 2
and 3). In particular, TBD gave the best result (entry 2). The
difference between the results obtained when TBD was used
as the base and those obtained when MTBD was used
indicates that the two hydrogen donor sites of the conjugated
acid of TBD may play a key role in accelerating the [3+2]
cycloaddition. Weak bases, such as tertiary amines, resulted in
no reaction (not shown) whereas strong bases, including
phosphazene bases, provided 3aa only in low yield along with
a significant amount of by-products (entries4 and 5).
Inorganic bases, such as rBuOK and Cs,CO;, were less
effective, and unreacted 1a (39 % and 25 %, respectively) as
well as alcohol 4a was intact even after 24 h (entries 6 and 7).
With regard to the diastereoselectivity, the choice of the base
had minimal influence, and 3aa was obtained with a high
diastereoselectivity in all cases, indicating that substrate
control is operative, as expected. Next, solvents were
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screened with TBD as the Brgnsted base catalyst (entries 8—
11). Among the solvents tested, acetonitrile was the solvent of
choice from the point of view of both yield and diastereose-
lectivity. Employment of a higher amount of tosyl imine 2a
suppressed the formation of by-products, and the major
diastereomer of 3aa was obtained in 91% yield (entry 12).
The relative configuration of the major diastereomer was
determined by single-crystal X-ray diffraction analysis.'!! The
control experiments suggested the involvement of the alk-
oxide of 4a in the reaction.” The reaction of 4a with 2a
provided an almost identical result as the reaction of 1a with
2a. In addition, treatment of 1a or 4a in the absence of 2
generated 5a smoothly. These results indicate that the
presence of imines is essential for the formation of the
desired product during the course of generating the alkoxides
from epoxy esters.

With the optimum conditions in hand, the scope of imines
and substituents on the epoxide was investigated (Table 2). At
first, the effect of the substituents on imines was examined
(entries 1-3). Both electron-donating and the electron-with-
drawing groups on the benzene ring affected the reaction. The
reaction with electron-rich imine 2b proceeded smoothly to
provide the product in good yield, but substantial amounts of
by-products 5a and 6ab were formed (entry 1). In contrast,

www.angewandte.de

11393


http://www.angewandte.de

Angewandte

11394

Zuschriften

Table 2: Scope of B,y-epoxy esters and imines."!

RZ
o o NS TBD (10 mol %) o TS‘N,(
EtOM RU Rzﬂ\H CH,CN, 1t, 24 h EtOMO
1 2 3 R
> 93% trans 2.0 equiv
Entry R' R? 3 Yield [%]"
3¢ drof3¥ 4 5 6
1 Ph 4-MeO- 3ab 68 96:4 3 6 7
CeH,
2 Ph 4-Cl-CH,  3ac 78 97:3 2 <1
3 Ph 2-Me-CgH, 3ad 67 96:4 7 10 5
4 4-MeO- Ph 3ba 93 97:3 <1 <1 <1
CeH,4
5 4-CI-CgH, Ph 3ca 79 97:3 12 7
6 2-Me-C¢H,  Ph 3da 79 919 2 <1 <1
7 2-naphthyl  Ph 3ea 81 96:4 <1 <1 5
8 Bn Ph 3fa 80 90:10 2 <1 <1
9 iPr Ph 3ga 72 98:2 4 <1 <1

[a] Reaction conditions: 1 (0.25 mmol), 2 (0.50 mmol), TBD

(0.025 mmol), CH;CN (2.0 mL), rt, 24 h. [b] Determined by '"H NMR
measurement after column chromatography. See the Supporting
Information for details. [c] Yields of the major diastereomer of 3. [d] Ratio
of the major diastereomer to the sum of the other three diastereomers as
determined by "H NMR analysis of the crude mixture. [e] The reaction
was performed for 48 h.

o] o] R? H
Ao gt R )OKL(TS
EtO EtO R!
R 5 EtO
4 5 6 0O

the reaction with electron-poor imine 2¢ was slow compared
to the reactions with 2a and 2b, and 9 % of 1a remained even
after 24 h (entry 2). The reaction with sterically congested
aryl imine 2d provided the product in good yield but starting
material 1a (4 %) and considerable amounts of by-products
4a, 5a, and 6ad were detected (entry 3). In all cases, the
diastereoselectivity was as good as that with 2a."¥ The tosyl
group on the nitrogen was essential for this reaction. Imines
with other substituents, such as Boc and the diphenylphos-
phoryl group, provided a complex mixture of products. Next,
the scope of substituents on the epoxide was examined
(entries 4-9). The substrate with a para-methoxyphenyl group
provided the product in high yield (entry 4). The reaction with
the para-chlorophenyl-substituted substrate required a long
time (entry 5). The ortho-tolyl-substituted substrate furnished
the product in good yield, but the diastereoselectivity was
slightly lower (entry 6). 2-Naphthyl-substituted epoxide 1d
underwent the reaction without any problem (entry 7). In this
reaction, aliphatic substituents were also applicable. Primary
and secondary alkyl-substituted substrates 1 fand 1g afforded
the corresponding products in good yields (entries 8 and 9).

This reaction was sufficiently reliable to permit the
synthesis of 3 in gram scale, and 1.54 g of the single
diastereomer of 3aa was isolated after recrystallization
(Scheme 3). This methodology was further extended to the
reaction of p,y-epoxy sulfones 7 (Scheme 4). Both aryl- and
alkyl-substituted substrates underwent the reaction to pro-
vide the corresponding 1,3-oxazolidines 8 possessing a sulfo-
nylmethyl group, which can potentially function as a handle
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Ts Ph
o NS TBD (10 mol %) o N
—_— -

)
Ph +
EtOM Ph"“H  CHCN, it, 24 h Etok/\_/o

1a 2a 3aa ﬁh
>97% trans 2.0 equiv (single diastereomer 83% yield

4.0 mmol after recrystallization) 1.54 g
Scheme 3. Gram-scale synthesis of 3 aa.
Ts, Ph

00 o NS TBD (10 mol %) 0.0 NA

S~ R + e 'S’ o]

pn- S~ L pih CHiCN, 241 Ph’s\/\:/
7a R=Ph 2a R
7b R = Ph(CH,), 2.0 equiv 8aa 95% yield® d.r. = 97:31

> 99% trans 8ba 95% yield® d.r.=95:50]

Scheme 4. Reaction of f3,y-epoxy sulfones. [a] Yield of the major
diastereomer as determined by '"H NMR spectroscopy after column
chromatography. [b] The ratio of the major diastereomer to the sum of
the other three diastereomers.

for further manipulation, in high yields with high diastereo-
selectivities. It is worth noting that no by-products were
detected in the reaction of the epoxy sulfones in contrast to
the reactions with epoxy esters.

In this reaction, cleavage of the carbon-oxygen bond of
the unsymmetrical 2,3-disubstituted epoxides proceeds regio-
selectively, and thus the stereochemistry of one of the carbon
centers of the epoxide is retained throughout the reaction,
enabling the synthesis of enantioenriched 2,4,5-trisubstituted
1,3-oxazolidine derivatives from enantioenriched epoxides.
Indeed, the reaction of enantioenriched epoxides was
attempted (Scheme 5). Enantioenriched epoxides 1a and 1f,
which have an aryl and an alkyl substituent, respectively, were
easily synthesized by Shi’s protocol."! The thus synthesized
enantioenriched epoxides were subjected to the reaction
conditions, and the corresponding enantioenriched 2,4,5-
trisubstituted 1,3-oxazolidines were formed without erosion
of the enantiomeric purity. Whereas in principle, from
a mechanistic point of view, the reaction of enantioenriched
alcohols 4 with imines 2 would also allow the synthesis of the
same compounds, this methodology has an advantage due to
the high accessibility of enantioenriched epoxides 1 as sub-
strates compared to the corresponding enantioenriched
alcohols 4.0

) N“TS TBD (10 mol %) 0 TS‘N{Ph
0
EtO Ph” H CH3CN, 1t, 24 h EtO .
(+)-1a 2a (-)-3aa Ph
>99% trans 93% yield!®
92% ee 92% ee
Ts Ph
o) Ts o N
N TBD (10 mol %) o N
EtO Ph” H CH3CN, 1t, 24 h EtO
(+)-1f 2a (+)-3fa  Bn
>99% trans 88% yieldl®
89% ee 89% ee

Scheme 5. Reactions of enantioenriched [3,y-epoxy esters. [a] NMR
yields of the major diastereomer.
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Scheme 6. Transformation of 3 aa.

Finally, the transformation of 1,3-oxazolidine 3aa was
performed (Scheme 6). The reduction of the ester moiety of
3aa with LiAlH, followed by treatment with trifluoroacetic
acid in a mixed solvent of 1,4-dioxane and H,O provided the
2-aminobutane-1,4-diol derivative in good yield (Scheme 6a).
The removal of the hemiaminal ether moiety followed by
lactonization afforded lactone 11 in good yield (Scheme 6b).

In conclusion, a novel ring expansion reaction of epoxides
under Brgnsted base catalysis was developed. The formal
[34+2] cycloaddition reaction of f,y-epoxy esters with imines
proceeded in the presence of TBD as a superior Brgnsted
base catalyst to afford 2,4,5-trisubstitued 1,3-oxazolidines in
a highly diastereoselective manner. This reaction involves the
regioselective cleavage of the carbon-oxygen bond of unsym-
metrical 2,3-disubstituted epoxides to generate a formal
synthetic equivalent of the 1,3-dipole, followed by the cyclo-
addition reaction with imines in a stepwise fashion. The
operationally simple reaction enables the facile synthesis of
enantioenriched 2.4,5-trisubstitued 1,3-oxazolidines from
easily accessible enantioenriched epoxides. Further investi-
gations to expand the scope of this methodology are in
progress.

Acknowledgements

This research was partially supported by a Grant-in-Aid for
Scientific Research on Innovative Areas “Advanced Molec-
ular Transformations by Organocatalysts” from MEXT
(Japan) and a Grant-in-Aid for Scientific Research from the
JSPS.

Keywords: asymmetric synthesis - brensted base -
cycloaddition - organocatalyst - ring expansion

How to cite: Angew. Chem. Int. Ed. 2015, 54, 11240-11244
Angew. Chem. 2015, 127, 11392-11396

[1] For reviews, see: a) C.-Y. Huang, A. G. Doyle, Chem. Rev. 2014,
114, 8153-8198; b) D.J. Mack, J. T. Njardarson, ACS Catal.
2013, 3,272-286; c) M. A. Cavitt, L. H. Phun, S. France, Chem.
Soc. Rev. 2014, 43, 804-818; d) E. A. Ilardi, J. T. Njardarson, J.

Angew. Chem. 2015, 127, 11392-11396

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

o

Org. Chem. 2013, 78, 9533-9540; e) J. T. Njardarson, Synlett
2013, 24, 787 -803; f) D. Garayalde, C. Nevado, Beilstein J. Org.
Chem. 2011, 7, 767-780; g) T. Hudlicky, J. W. Reed, Angew.
Chem. Int. Ed. 2010, 49, 4864—4876; Angew. Chem. 2010, 122,
4982 -4994.

[2] a) B. M. Trost, S. R. Angle, J. Am. Chem. Soc. 1985, 107, 6123 -

6124; b) T. Fujinami, T. Suzuki, M. Kamiya, S. Fukuzawa, S.

Sakai, Chem. Lett. 1985, 14, 199-200; c) B. M. Trost, A.R.

Sudhakar, J. Am. Chem. Soc. 1987, 109, 3792-3794; d) B. M.

Trost, A. R. Sudhakar, J. Am. Chem. Soc. 1988, 110, 7933 -7935;

e) C. Larksarp, H. Alper, J. Am. Chem. Soc. 1997, 119, 3709 -

3715; f) J.-G. Shim, Y. Yamamoto, J. Org. Chem. 1998, 63,3067 —

3071; g) C. Larksarp, H. Alper, J. Org. Chem. 1998, 63, 6229—

6233; h) W.-Q. Wu, C.-H. Ding, X.-L. Hou, Synlert 2012, 23,

1035-1038.

For recent examples, see: a) W. Chen, X. Fu, L. Lin, X. Yuan, W.

Luo, J. Feng, X. Liu, X. Feng, Chem. Commun. 2014, 50, 11480 —

11483; b) W. Chen, L. Lin, Y. Cai, Y. Xia, W. Cao, X. Liu, X.

Feng, Chem. Commun. 2014, 50, 2161-2163; c) Z. Chen, Y.

Xiao, J. Zhang, Eur. J. Org. Chem. 2013, 4748-4751; d) M.

Sengoden, T. Punniyamurthy, RSC Adv. 2012, 2, 2736-2738;

e) Z. Chen, Z. Tian, J. Zhang, J. Ma, J. Zhang, Chem. Eur. J. 2012,

18, 8591 -8595.

For a review, see: a) C. Martin, G. Fiorani, A. W. Kleij, ACS

Catal. 2015, 5, 1353-1370; For selected recent examples, see:

b) P. Wang, J. Qin, D. Yuan, Y. Wang, Y. Yao, ChemCatChem

2015, 7, 1145-1151; c) C. Beattie, M. North, Chem. Eur. J. 2014,

20, 8182-8188; d) C. Beattie, M. North, RSC Adv. 2014, 4,

31345-31352; ¢) X. Zhang, W. Chen, Chem. Lett. 2010, 39, 527 —

529, and references therein.

The asymmetric formal [342] cycloaddition of y-hydroxy-o.,3-

unsaturated ketones and thioesters was reported, see: a) N.

Yoneda, A. Hotta, K. Asano, S. Matsubara, Org. Lett. 2014, 16,

6264-6266; b) Y. Fukata, K. Asano, S. Matsubara, J. Am. Chem.

Soc. 2013, 135, 12160-12163; c¢) Y. Fukata, K. Asano, S.

Matsubara, Chem. Lett. 2013, 42, 355-357; d) T. Okamura, K.

Asano, S. Matsubara, Chem. Commun. 2012, 48, 5076—-5078;

e) K. Asano, S. Matsubara, Org. Lett. 2012, 14, 1620-1623.

The formal [342] cycloaddition of y-hydroxy-a,B-unsaturated

esters possessing a substituent at the y position with tosyl

isocyanate was reported, see: M. Ciclosi, C. Fava, R. Galeazzi,

M. Orena, J. Sepulveda-Arques, M. E. Gonzilez-Rosende,

Heterocycles 2003, 60, 1173 -1183.

[7] For a review, see: C. Agami, F. Couty, Eur. J. Org. Chem. 2004,
677 -685.

[8] a) C. Wolf, H. Xu, Chem. Commun. 2011, 47, 3339-3350; b) T.
Arai, Y. Ogino, T. Sato, Chem. Commun. 2013, 49, 7776 -7778.

[9] For selected examples, see: a) J. D. Scott, R. M. Williams, Chem.
Rev. 2002, 102, 1669-1730; b) L. Yu, W. Zhou, Z. Wang, Bioorg.
Med. Chem. Lett. 2011, 21, 1541-1544; ¢) K. Ii, S. Ichikawa, B.
Al-Dabbagh, A. Bouhss, A. Matsuda, J. Med. Chem. 2010, 53,
3793-3813; d) J. D. Scott, R. M. Williams, J. Am. Chem. Soc.
2002, 124, 2951-2956; e) G. P. Moloney, D.J. Craik, M. N.
Iskander, T. L. Nero, J. Chem. Soc. Perkin Trans. 2 1998, 199 —
206.

[10] a) J. Zhang, Y. Xiao, J. Zhang, Adv. Synth. Catal. 2013, 355,
2793-2797; b) M. B. Shaghafi, R. E. Grote, E. R. Jarvo, Org.
Lett. 2011, 13, 5188 -5191; ¢) C. Yu, X. Dai, W. Su, Synlett 2007,
646-648; d) C. Huo, R. Wei, W. Zhang, L. Yang, Z.-L. Liu,
Synlett 2005, 161 -163; e) T. Nishitani, H. Shiraishi, S. Sakaguchi,
Y. Ishii, Tetrahedron Lett. 2000, 41, 3389 -3393; f) J.-G. Shim, Y.
Yamamoto, Heterocycles 2000, 52, 885-895; g) J.-G. Shim, Y.
Yamamoto, Tetrahedron Lett. 1999, 40, 1053 —1056.

[11] CCDC 1062825. See the Supporting Information for details.

[12] See the Supporting Information for details.

[13] An aliphatic imine, such as cyclohexyl-substituted imine, and
a heteroaromatic imine, such as 2-furyl-substituted imine, were

[3

—_—

[4

[}

[5

=

[6

—_

www.angewandte.de

die

Chemie

11395


http://dx.doi.org/10.1021/cr500036t
http://dx.doi.org/10.1021/cr500036t
http://dx.doi.org/10.1021/cs300771d
http://dx.doi.org/10.1021/cs300771d
http://dx.doi.org/10.1039/C3CS60238A
http://dx.doi.org/10.1039/C3CS60238A
http://dx.doi.org/10.1021/jo401776s
http://dx.doi.org/10.1021/jo401776s
http://dx.doi.org/10.3762/bjoc.7.87
http://dx.doi.org/10.3762/bjoc.7.87
http://dx.doi.org/10.1002/anie.200906001
http://dx.doi.org/10.1002/anie.200906001
http://dx.doi.org/10.1002/ange.200906001
http://dx.doi.org/10.1002/ange.200906001
http://dx.doi.org/10.1021/ja00307a059
http://dx.doi.org/10.1021/ja00307a059
http://dx.doi.org/10.1021/ja00246a054
http://dx.doi.org/10.1021/ja00231a085
http://dx.doi.org/10.1021/ja964335l
http://dx.doi.org/10.1021/ja964335l
http://dx.doi.org/10.1021/jo972317w
http://dx.doi.org/10.1021/jo972317w
http://dx.doi.org/10.1021/jo9804341
http://dx.doi.org/10.1021/jo9804341
http://dx.doi.org/10.1039/C4CC04182H
http://dx.doi.org/10.1039/C4CC04182H
http://dx.doi.org/10.1039/c3cc48606k
http://dx.doi.org/10.1002/ejoc.201300558
http://dx.doi.org/10.1039/c2ra00042c
http://dx.doi.org/10.1002/chem.201201453
http://dx.doi.org/10.1002/chem.201201453
http://dx.doi.org/10.1021/cs5018997
http://dx.doi.org/10.1021/cs5018997
http://dx.doi.org/10.1002/cctc.201403015
http://dx.doi.org/10.1002/cctc.201403015
http://dx.doi.org/10.1002/chem.201400007
http://dx.doi.org/10.1002/chem.201400007
http://dx.doi.org/10.1039/C4RA04427D
http://dx.doi.org/10.1039/C4RA04427D
http://dx.doi.org/10.1246/cl.2010.527
http://dx.doi.org/10.1246/cl.2010.527
http://dx.doi.org/10.1021/ol503104b
http://dx.doi.org/10.1021/ol503104b
http://dx.doi.org/10.1021/ja407027e
http://dx.doi.org/10.1021/ja407027e
http://dx.doi.org/10.1246/cl.121245
http://dx.doi.org/10.1039/c2cc31602a
http://dx.doi.org/10.1021/ol3003755
http://dx.doi.org/10.1002/ejoc.200300452
http://dx.doi.org/10.1002/ejoc.200300452
http://dx.doi.org/10.1039/c0cc04629a
http://dx.doi.org/10.1039/c3cc44354j
http://dx.doi.org/10.1021/cr010212u
http://dx.doi.org/10.1021/cr010212u
http://dx.doi.org/10.1016/j.bmcl.2010.12.097
http://dx.doi.org/10.1016/j.bmcl.2010.12.097
http://dx.doi.org/10.1021/jm100243n
http://dx.doi.org/10.1021/jm100243n
http://dx.doi.org/10.1021/ja0174027
http://dx.doi.org/10.1021/ja0174027
http://dx.doi.org/10.1039/a706442j
http://dx.doi.org/10.1039/a706442j
http://dx.doi.org/10.1002/adsc.201300449
http://dx.doi.org/10.1002/adsc.201300449
http://dx.doi.org/10.1021/ol202068p
http://dx.doi.org/10.1021/ol202068p
http://dx.doi.org/10.1016/S0040-4039(00)00374-9
http://dx.doi.org/10.1016/S0040-4039(99)80110-5
https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/anie.201505893
http://www.angewandte.de

Angewandte

(14]

11396 www.angewandte.de

Zuschriften

also tested. However, the reaction with those imines provided
the corresponding 1,3-oxazolidines only in moderate yields and
a significant amount of the starting material 1 was recovered. In
both cases, the diastereoselectivity was as high as those in the
reaction with other imines (> 95:5).

a) Y. Tu, Z.-X. Wang, Y. Shi, J. Am. Chem. Soc. 1996, 118, 9806 —
9807; b) Z.-X. Wang, Y. Tu, M. Frohn, Y. Shi, J. Org. Chem. 1997,
62,2328-2329; c) T. B. Bisol, A. J. Bortoluzzi, M. M. Sa, J. Org.
Chem. 2011, 76, 948 -962.

[15] Generally, the synthesis of enantioenriched vy-hydroxy-o.,3-
unsaturated esters requires many steps, see: a)J. Marcus, P. J.
van Meurs, A. M. C. H. van den Nieuwendijk, M. Porchet, J.
Brussee, A. vabder Gen, Tetrahedron 2000, 56, 2491-2495;
b) C. Harcken, R. Briickner, Synlett 2001, 718 -721.

Received: June 26, 2015
Revised: July 17, 2015
Published online: August 12, 2015

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. 2015, 127, 1139211396


http://dx.doi.org/10.1021/ja962345g
http://dx.doi.org/10.1021/ja962345g
http://dx.doi.org/10.1021/jo962392r
http://dx.doi.org/10.1021/jo962392r
http://dx.doi.org/10.1021/jo102267h
http://dx.doi.org/10.1021/jo102267h
http://dx.doi.org/10.1016/S0040-4020(00)00085-5
http://www.angewandte.de

