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Abstract: The rhodium(III)-catalyzed oxidative ole-
fination of 2-aryloxazolines is described and has
been employed for the synthesis of olefin-oxazoline
ligands (OlefOx). The highly modular synthesis
starting from readily available 2-aryloxazolines can
be performed under an atmosphere of air as the ter-
minal oxidant with catalytic amounts of copper(1I)-
acetate.

Keywords: C—H activation; olefination; olefins; ox-
azolines; rhodium

Following the recent success of chiral diene ligands,"!
a range of chiral bidentate C, symmetrical olefin li-
gands” has been applied successfully to asymmetric
catalysis.”’] The oxazoline moiety is a more common
and privileged” motif in ligands for asymmetric catal-
ysis,”! with bisoxazolines!®’ (BOX) and phosphine-oxa-
zolines!” (PHOX) being the most prominent exam-
ples.®! In 2010 the bidentate olefin-oxazoline ligands
(OlefOx) were introduced and applied successfully in
the rhodium-catalyzed 1,4 conjugate addition.”’ The
unique electronic and structural behavior of the n-

binding olefin, the privileged n'-binding oxazoline
fragment taken together with the variability of both
entities provides a versatile ligand system for asym-
metric catalysis.

The disadvantages in the previously reported syn-
thesis of OlefOx ligands are the low yields for a range
of substrates and, more importantly, the lack of varia-
tion of substituents in the backbone of the ligand,
which could provide further electronic tuning of the
olefin. Therefore it was our aim to explore a new
pathway that overcomes these problems.

The oxidative Heck reaction, as pioneered by Fuji-
wara and Moritani,'"”) has become an increasingly im-
portant transformation in organic chemistry for C—C
coupling,'! as it obviates prior functionalization steps
and minimizes waste formation. The palladium,"
rhodium!! and ruthenium! catalyzed reactions have
been recently investigated intensively. A method that
does not require prefunctionalization and that allows
the substitution of the backbone would represent
a great improvement. The direct oxidative olefination,
using the oxazoline moiety as a directing group!"
would therefore be highly desirable. Herein we report
a novel, highly modular synthesis of OlefOx ligands
by oxidative olefination of readily available 2-aryloxa-
zolines (Scheme 1).1'"!
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Scheme 1. Retrosynthethic analysis of OlefOx formation.
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Table 1. Optimization of reaction conditions.

[RhCp*Cl,], (2.5 mol%)
AgSbF (10 mol%)

OBt

oxidant -
solvent
1a 2a 120°C, 16 h

Entry Oxidant (equiv.) Solvent Yield of 3aa [%]™
1 Cu(OAc), (2.1) t-amyl-OH 40
20l Cu(OAc), (2.1) t-amyl-OH 29
30 Cu(OAc), (2.1) t-amyl-OH 29
4 Cu(OAc), (2.1) DMF 34
5 AgOAc (2.1) t-amyl-OH 18
6 Cu(OAc), (0.2) t-amyl-OH 55
7ledl Cu(OAc), (0.2) t-amyl-OH 55
8l Cu(OAc), (0.2) t-amyl-OH 54
gleh] Cu(OAc), (0.2) t-amyl-OH 37
10led Cu(OAc), (0.2) t-amyl-OH <5
11 Cu(OAc), (0.2) 1,4-dioxane 50
120 Cu(OAc), (0.2) DMF 37
130 Cu(OAc), (0.1) t-amyl-OH 47
14 Cu(OAc), (0.1) t-amyl-OH 46

[l Reaction conditions: 1a (0.50 mmol), 2a (0.75 mmol), 2.5 mL solvent.

) Isolated yields.

[ 5 mol% [RhCp*Cl,],, 20 mol% AgSbF,.
4] 140°C instead of 120°C.

[l Reaction was run under air.

M AgOTf instead of AgSbF,,

[} Reaction was run under oxygen.

(] 42 h reaction time.

2.2 equiv. of Na,CO; as additive.

As model substrates for our reactions, we chose ox-
azoline 1a and styrene (2a) and started the optimiza-
tion (Table 1) with typical conditions from our previ-
ous work.*¥ With stoichiometric amounts of Cu-
(OAc), the yield was 40% (Table 1, entry 1). Howev-
er, surprisingly the best result was obtained with an
only substoichiometric amounts of Cu(OAc), using
air as the terminal oxidant (Table 1, entry 6). In pros-
pect of a possible upscaling of the reaction the re-
duced Cu(I) waste formation is very desirable. Even
though the isolated yield was only modest with 55%,
it still represents a major improvement compared to
our previous synthesis.

With the optimized conditions in hand we contin-
ued our study with a variety of different substituents
on the OlefOx backbone (Table?2). Electron-poor
substituents (1b), electron-neutral (1a) as well as elec-
tron-rich ones (1f) were tolerated to give the desired
products (3ba, 3aa, 3fa). For halogenated oxazolines
(1c, 1d) the isolated yield was only about 26-29%
(3ca, 3da) and in these reactions we were able to rei-
solate large amounts of starting material. This could
indicate the possibility of catalyst-poisoning during
the reaction. For regioselective mono-olefination, it
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was crucial to have a minimum of steric demands in
the meta-positions (e.g., Me, CF;). The use of a small-
er group, like methoxy, led to an inseperable mixture
of both possible mono-olefinated and di-olefinated
products. The steric demand of the methoxy group in
the meta-position is too low to block the neighboring
positions, as can be seen by applying 2,5-dimethox-
yoxazolines (1f, 1j) to the reaction, providing the de-
sired olefinated products (3fa, 3ja). The scope of the
backbone could further be expanded from phenyl to
naphthyl systems (1g). The next variation was the use
of different substituents at the 4-position of the oxa-
zoline. When switching to L-valinol-derived oxazo-
lines (1h-1j), the isolated yields increased (cf 3aa and
3ha, 3ba and 3ia) and to L-phenylglycinol the yield
decreased (cf 3aa and 3ka). To further demonstrate
the high modularity of the synthesis, a range of differ-
ent olefins was used. With acrylates (2b) the best
yields could be achieved (3ab, 3ib), whereas the use
of 2-vinylnapththalene (2f) decreased the isolated
yield by a large amount. Finally, the use of different
substituted styrenes (2¢, 2d, 2e) generally led to a de-
crease in isolated yields (3ic, 3id, ie).

Adpv. Synth. Catal. 2012, 354, 579 -583
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Table 2. Scope on the rhodium catalyzed olefination.

. R' o:’\>--~R5

[RhCp*Clols (2.5 mol%) R! O’> .
AgSbFg (10 mol%) R <y R

Cu(OACc)2 (20 mol%)
t-amyl-OH, air
120°C, 16 h

|
Ph
3aa, R2 = Me, 55%°]
3ba, R2 = CF3, 51%
3ca, R2=Cl, 26%
3da, R? = Br, 29%

l

Ph

39ga, 46%

e

CO2-n-Bu
3ab, 57%

O:r\>---~i-Pr

3ha, R? = Me, 63%

R4
Ph

3ea, R' = Me, R* = H, 58%
3fa, R' = OMe, R* = OMe, 45%

OMe O
\/N>"'"i-Pr
|

Ph
3ja, 53%

OMe

3ia, R =CF3, 71%

0/>
Py
F3C \N

| .
3ib, R® = CO,-n-Bu, 76%
3ic, R8 = 4-CI-CgH4, 55%
3id, R® = 4-+-Bu-CgHg4, 59%
3ie, R® = C4Fs, 65%
3if, R® = 2-naphthyl, 37%

o\}""Ph
|

Ph

3ka, 39%

o] Reaction conditions: 1 (1.0 mmol), 2
yields.

[Pl Reaction was run on a 0.50 mmol scale.

To gain more insight into this transformation,
a deuteration experiment was conducted. Treatment
of 1a with a catalytic amount of [RhCp*Cl,], and
AgSbF, in MeOH-d, at 70°C for 16 h, resulted in
80% deuterium incorporation in the 6-position and
25% in the 2-position. This indicates that we have
a reversible C—H bond activation step!'”’ and, more
important, that only the ortho-positions can be func-
tionalized under the reaction conditions. In addition
the stereochemical integrity of the oxazoline moiety
stays intact, as was shown by HPLC analysis of 1a
and rac-1a.

In conclusion, we have developed a new, efficient
and highly modular synthetic pathway to a broad
range of OlefOx ligands in modest to good yields.
The employed C—H activation strategy significantly
streamlines the synthesis. Furthermore, the successful
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(1.5 mmol), 5SmL zamyl-OH, isolated

[RhCp*Cla]2 (5 mol%)
AgSbFg (20 mol%)
—_

N CD30D
70°C, 16 h

5
1a

75/25

HD O

2 ~ )

$ N
6
4

Z “HD
20/80

use of air as the terminal oxidant is attractive. This
new method allows the independent tuning of all
three components, the oxazoline, the styrene and the
backbone benzene ring. We expect our method to be
useful for preparing new OlefOx ligands with interest-
ing applications in asymmetric catalysis.
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Experimental Section

General Procedure for the Olefination of 2-
Aryloxazolines

In a flame-dried, screw-capped tube [RhCp*Cly],
(0.025 mmol), AgSbF, (0.10 mmol), Cu(OAc), (0.20 mmol),
the 2-aryloxazoline 1 (1.0 mmol scale) in f-amyl alcohol
(2.5 mL) and olefin 2 (1.5 equiv.) were united under argon.
The tube was evacuated and vented with air two times,
closed and then transferred to a pre-heated oil bath (120°C)
for 16 h. After cooling down to room temperature, NH,OAc
(approx. 1 mmol) was added and the mixture stirred for one
more hour. Then the mixture was filtered through a short
plug of silica with EtOAc/CH,Cl,, the solvent was removed
under reduced pressure, subsequent purification by flash
chromatography gave the desired product.

Acknowledgements

We thank Dr. Frederic W. Patureau, Dr. Bjorn T. Hahn and
Nadine Kuhl for helpful discussions. Generous financial sup-
port by theDeutsche Forschungsgemeinschaft (SFB 858) is
gratefully acknowledged.

References

[1] For seminal and recent publications, see: a) T. Hayashi,
K. Ueyama, N. Tokunaga, K. Yoshida, J. Am. Chem.
Soc. 2003, 125, 11508; b) C. Fischer, C. Defieber, T.
Suzuki, E. M. Carreira, J. Am. Chem. Soc. 2004, 126,
1628; c¢) C. Defieber, J.-F. Paquin, S. Serna, E. M. Car-
reira, Org. Lett. 2004, 6, 3873; d) F.-X. Chen, A. Kina,
T. Hayashi, Org. Lett. 2005, 8, 341; e) R. Shintani, W.-
L. Duan, T. Hayashi, J. Am. Chem. Soc. 2006, 128,
5628; f) Z.-Q. Wang, C.-G. Feng, M.-H. Xu, G.-Q. Lin,
J. Am. Chem. Soc. 2007, 129, 5336; g) T. Gendrineau,
O. Chuzel, H. Eijsberg, J.-P. Genet, S. Darses, Angew.
Chem. 2008, 120, 7783; Angew. Chem. Int. Ed. 2008, 47,
7669; h) G. Pattison, G. Piraux, H. W. Lam, J. Am.
Chem. Soc. 2010, 132, 14373; i) T. C. Fessard, S. P. An-
drews, H. Motoyoshi, E. M. Carreira, Angew. Chem.
2007, 119, 9492; Angew. Chem. Int. Ed. 2007, 46, 9331;
j) T. Nishimura, J. Wang, M. Nagaosa, K. Okamoto, R.
Shintani, F.-y. Kwong, W.-y. Yu, A. S. C. Chan, T. Haya-
shi, . Am. Chem. Soc. 2009, 132, 464; k) Q. Li, Z.
Dong, Z.-X. Yu, Org. Lett. 2011, 13, 1122.

[2] For selected publications, see: olefin-N ligands: a) P.
Maire, F. Breher, H. Schonberg, H. Griitzmacher, Or-
ganometallics 2005, 24, 3207; olefin-P ligands: b)P.
Maire, S. Deblon, F. Breher, J. Geier, C. Bohler, H.
Riiegger, H. Schonberg, H. Griitzmacher, Chem. Eur. J.
2004, 10, 4198; c) R. Shintani, W.-L. Duan, T. Nagano,
A. Okada, T. Hayashi, Angew. Chem. 2005, 117, 4687,
Angew. Chem. Int. Ed. 2005, 44, 4611; d) C. Defieber,
M. A. Ariger, P. Moriel, E. M. Carreira, Angew. Chem.
2007, 119, 3200; Angew. Chem. Int. Ed. 2007, 46, 3139;
e) T. Minuth, M. M. K. Boysen, Org. Lett. 2009, 11,
4212; f) Z. Liu, H. Du, Org. Lett. 2010, 12, 3054; olefin-

582 asc.wiley-vch.de

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

S ligands: g) G. Chen, J. Gui, L. Li, J. Liao, Angew.
Chem. 2011, 123, 7823; Angew. Chem. Int. Ed. 2011, 50,
7681; h) X. Feng, Y. Wang, B. Wei, J. Yang, H. Du,
Org. Lett. 2011, 13, 3300; i) S.-S. Jin, H. Wang, M.-H.
Xu, Chem. Commun. 2011, 47, 7230; j) W.-Y. Qi, T.-S.
Zhu, M.-H. Xu, Org. Lett. 2011, 13, 3410; k) T. Thaler,
L.-N. Guo, A. K. Steib, M. Raducan, K. Karaghiosoff,
P. Mayer, P. Knochel, Org. Lett. 2011, 13, 3182; ) F.
Xue, X. Li, B. Wan, J. Org. Chem. 2011, 76, 7256.

For selected reviews, see: a) F. Glorius, Angew. Chem.
2004, 116, 3444; Angew. Chem. Int. Ed. 2004, 43, 3364;
b) C. Defieber, H. Grutzmacher, E.M. Carreira,
Angew. Chem. 2008, 120, 4558; Angew. Chem. Int. Ed.
2008, 47, 4482; c)J.B. Johnson, T. Rovis, Angew.
Chem. 2008, 120, 852; Angew. Chem. Int. Ed. 2008, 47,
840; d)R. Shintani, T. Hayashi, Aldrichimica Acta
2009, 42, 31.

a) T. P. Yoon, E. N. Jacobsen, Science 2003, 299, 1691;
b) Comprehensive Asymmetric Catalysis, Vols. I-I11
(Eds.: E.N. Jacobsen, A. Pfaltz, H. Yamamoto),
Springer, Berlin, 1999; c) Catalytic Asymmetric Synthe-
sis, (Ed.: I. Ojima), Wiley-VCH, Weinheim, 2000.
Selected reviews: a) H. A. McManus, P. J. Guiry, Chem.
Rev. 2004, 104, 4151; b) G. C. Hargaden, P.J. Guiry,
Chem. Rev. 2009, 109, 2505.

Reviews: a) A. Pfaltz, Acc. Chem. Res. 1993, 26, 339;
b) A. K. Ghosh, P. Mathivanan, J. Cappiello, Tetrahe-
dron: Asymmetry 1998, 9, 1; for seminal publications,
see: ¢) R. E. Lowenthal, A. Abiko, S. Masamune, Tetra-
hedron Lett. 1990, 31, 6005; d) D. A. Evans, K. A.
Woerpel, M. M. Hinman, M. M. Faul, J. Am. Chem.
Soc. 1991, 113, 726.

Review: a) G. Helmchen, A. Pfaltz, Acc. Chem. Res.
2000, 33, 336; for seminal publications, see: b) G.J.
Dawson, C. G. Frost, J. M. J. Williams, S. J. Coote, Tet-
rahedron Lett. 1993, 34, 3149; c)J. Sprinz, G. Helm-
chen, Tetrahedron Lett. 1993, 34, 1769; d) P. von Matt,
A. Pfaltz, Angew. Chem. 1993, 105, 614; Angew. Chem.
Int. Ed. Engl. 1993, 32, 566.

For some selected examples of oxazoline containing bi-
dentate ligands, see: oxazoline-phosphinite: a) K. Yo-
nehara, T. Hashizume, K. Mori, K. Ohe, S. Uemura, J.
Org. Chem. 1999, 64, 9374; b)J. Blankenstein, A.
Pfaltz, Angew. Chem. 2001, 113, 4577; Angew. Chem.
Int. Ed. 2001, 40, 4445; c) A.K.H. Knobel, I. H.
Escher, A. Pfaltz, Synlett 1997, 12, 1429; d) D. K. Held-
mann, D. Seebach, Helv. Chim. Acta 1999, 82, 1096; ox-
azoline-phosphoramidates: e) R. Hilgraf, A. Pfaltz,
Synlett 1999, 1814; oxazoline-phenols: f) C. Bolm, G.
Schlingloff, K. Weickhardt, Angew. Chem. 1994, 106,
1944; Angew. Chem. Int. Ed. Engl. 1994, 33, 1848; g) H.
Brunner, J. Berghofer, J. Organomet. Chem. 1995, 501,
161; oxazoline-sulfoxides: h) K. Hiroi, K. Watanabe, I.
Abe, M. Koseki, Tetrahedron Lett. 2001, 42, 7617; oxa-
zoline-sulfonamides: i) H. Guo, C.-G. Dong, D.-S. Kim,
D. Urabe, J. Wang, J. T. Kim, X. Liu, T. Sasaki, Y.
Kishi, J. Am. Chem. Soc. 2009, 131, 15387; oxazoline-
NHC: j) M. T. Powell, D.-R. Hou, M. C. Perry, X. Cui,
K. Burgess, J. Am. Chem. Soc. 2001, 123, 8878; k) M. C.
Perry, X. Cui, M. T. Powell, D.-R. Hou, J. H. Reibens-
pies, K. Burgess, J. Am. Chem. Soc. 2002, 125, 113;
1) L. H. Gade, V. César, S. Bellemin-Laponnaz, Angew.

Adpv. Synth. Catal. 2012, 354, 579 -583


http://asc.wiley-vch.de

Synthesis of Olefin-Oxazoline Ligands (OlefOx) by Rhodium(I1I)-Catalyzed Oxidative Olefination

Advanced
Synthesis &
Catalysis

(12]

Adv. Synth. Catal. 2012, 354, 579 -583

Chem. 2004, 116, 1036; Angew. Chem. Int. Ed. 2004, 43,
1014; m) N. Schneider, M. Finger, C. Haferkemper, S.
Bellemin-Laponnaz, P. Hofmann, L. H. Gade, Angew.
Chem. 2009, 121, 1637; Angew. Chem. Int. Ed. 2009, 48,
1609.

a) B. T. Hahn, F. Tewes, R. Frohlich, F. Glorius, Angew.
Chem. 2010, 122, 1161; Angew. Chem. Int. Ed. 2010, 49,
1143; for a related system, see: b) N. Kuuloja, J. Tois,
R. Franzén, Tetrahedron: Asymmetry 2011, 22, 468.

a) I. Moritani, Y. Fujiwara, Tetrahedron Lett. 1967,
1119; b) C. Jia, D. Piao, J. Oyamada, W. Lu, T. Kita-
mura, Y. Fujiwara, Science 2000, 287, 1992; c) C. Jia, T.
Kitamura, Y. Fujiwara, Acc. Chem. Res. 2001, 34, 633.
For reviews on C-H activation, see: a) D. Alberico,
M. E. Scott, M. Lautens, Chem. Rev. 2007, 107, 174,
b) F. Kakiuchi, T. Kochi, Synthesis 2008, 3013; c) L.
Ackermann, R. Vicente, A.R. Kapdi, Angew. Chem.
2009, 121, 9976; Angew. Chem. Int. Ed. 2009, 48, 9792;
d) X. Chen, K. M. Engle, D.-H. Wang, J.-Q. Yu, Angew.
Chem. 2009, 121, 5196; Angew. Chem. Int. Ed. 2009, 48,
5094; e)D. A. Colby, R. G. Bergman, J. A. Ellman,
Chem. Rev. 2010, 110, 624; f) R. Giri, B.-F. Shi, K. M.
Engle, N. Maugel, J.-Q. Yu, Chem. Soc. Rev. 2009, 38,
3242; ¢) T. W. Lyons, M. S. Sanford, Chem. Rev. 2010,
110, 1147; h) T. Satoh, M. Miura, Chem. Eur. J. 2010,
16, 11212; i) C.-L. Sun, B.-J. Li, Z.-J. Shi, Chem.
Commun. 2010, 46, 677; j) L.-M. Xu, B.-J. Li, Z. Yang,
Z.-J. Shi, Chem. Soc. Rev. 2010, 39, 712; k) J. Le Bras, J.
Muzart, Chem. Rev. 2011, 111, 1170; 1) L. McMurray, F.
O’Hara, M. J. Gaunt, Chem. Soc. Rev. 2011, 40, 1885;
m) C.S. Yeung, V.M. Dong, 7198 Chem. Rev. 2011,
111, 1215. For a review on mild C—H activations, see:
n)J. Wencel-Delord, T. Droge, F. Liu, F. Glorius,
Chem. Soc. Rev. 2011, 40, 4740.

For selected publications, see: a) M.D.K. Boele,
G.P.F. van Strijdonck, A.H.M. de Vries, P.C.J.
Kamer, J. G. de Vries, P. W. N. M. van Leeuwen, J. Am.
Chem. Soc. 2002, 124, 1586; b) M. Dams, D. E. De Vos,
S. Celen, P. A. Jacobs, Angew. Chem. 2003, 115, 3636;
Angew. Chem. Int. Ed. 2003, 42, 3512; c) E. M. Fer-
reira, B. M. Stoltz, J. Am. Chem. Soc. 2003, 125, 9578;
d) T. Yokota, M. Tani, S. Sakaguchi, Y. Ishii, J. Am.
Chem. Soc. 2003, 125, 1476; e) N.P. Grimster, C.
Gauntlett, C.R. A. Godfrey, M.J. Gaunt, Angew.
Chem. 2005, 117, 3185; Angew. Chem. Int. Ed. 2005, 44,
3125; f) V. G. Zaitsev, O. Daugulis, J. Am. Chem. Soc.
2005, 127, 4156; g) G. Cai, Y. Fu, Y. Li, X. Wan, Z. Shi,
J. Am. Chem. Soc. 2007, 129, 7666; h) J.-R. Wang, C.-T.
Yang, L. Liu, Q.-X. Guo, Tetrahedron Lett. 2007, 48,
5449; 1) S. H. Cho, S.J. Hwang, S. Chang, J. Am. Chem.
Soc. 2008, 130, 9254; j)J.-J. Li, T.-S. Mei, J-Q. Yu,
Angew. Chem. 2008, 120, 6552; Angew. Chem. Int. Ed.
2008, 47, 6452; k) J. A. Schiffner, A.B. Machotta, M.
Oestreich, Synlett 2008, 2271; 1) S. Wiirtz, S. Rakshit,
J.J. Neumann, T. Droge, F. Glorius, Angew. Chem.
2008, 120, 7340; Angew. Chem. Int. Ed. 2008, 47, 7230,
m) A. Garcfa-Rubia, R.G. Arrayas, J. C. Carretero,
Angew. Chem. 2009, 121, 6633; Angew. Chem. Int. Ed.
2009, 48, 6511; n) J. Wu, X. Cui, L. Chen, G. Jiang, Y.
Wu, J. Am. Chem. Soc. 2009, 131, 13888; o) Y.-H.

[13]

[16]

(18]

Zhang, B.-F. Shi, J.-Q. Yu, J. Am. Chem. Soc. 2009, 131,
5072; p) K. M. Engle, D.-H. Wang, J.-Q. Yu, J. Am.
Chem. Soc. 2010, 132, 14137; q) A. Garcia-Rubia, B.
Urones, R. Gomez Arrayas, J. C. Carretero, Chem. Eur.
J. 2010, 76, 9676; r) T. Nishikata, B. H. Lipshutz, Org.
Lert. 2010, 12, 1972; s) D.-H. Wang, K. M. Engle, B.-F.
Shi, J.-Q. Yu, Science 2010, 327, 315; t) M. Ye, G.-L.
Gao, J-Q. Yu, J Am. Chem. Soc. 2011, 133, 6964,
u) M. Yu, Z. Liang, Y. Wang, Y. Zhang, J. Org. Chem.
2011, 76, 4987.

For selected publications, see: a)S. Mochida, K.
Hirano, T. Satoh, M. Miura, J. Org. Chem. 2009, 74,
6295; b) N. Umeda, K. Hirano, T. Satoh, M. Miura, J.
Org. Chem. 2009, 74, 7094; c) S. Mochida, K. Hirano,
T. Satoh, M. Miura, Org. Lett. 2010, 12, 5776; d) F. W.
Patureau, F. Glorius, J. Am. Chem. Soc. 2010, 132,
9982; e) A.S. Tsai, M. Brasse, R. G. Bergman, J. A.
Ellman, Org. Lett. 2010, 13, 540; f) F. Wang, G. Song,
X. Li, Org. Lett. 2010, 12, 5430; g) T. Besset, N. Kuhl,
F. W. Patureau, F. Glorius, Chem. Eur. J. 2011, 17, 7167,
h) C. Feng, T.-P. Loh, Chem. Commun. 2011, 47, 10458;
i) T.-J. Gong, B. Xiao, Z.-J. Liu, J. Wan, J. Xu, D.-F.
Luo, Y. Fu, L. Liu, Org. Ler. 2011, 13, 3235; j) S. Mo-
chida, K. Hirano, T. Satoh, M. Miura, J. Org. Chem.
2011, 76, 3024; k) S. H. Park, J. Y. Kim, S. Chang, Org.
Lert. 2011, 13, 2372; 1) F. W. Patureau, T. Besset, F. Glo-
rius, Angew. Chem. 2011, 123, 1096; Angew. Chem. Int.
Ed. 2011, 5, 1064; m)S. Rakshit, C. Grohmann, T.
Besset, F. Glorius, J. Am. Chem. Soc. 2011, 133, 2350;
n) F. Wang, G. Song, Z. Du, X. Li, J. Org. Chem. 2011,
76, 2926; o) J. Willwacher, S. Rakshit, F. Glorius, Org.
Biomol. Chem. 2011, 9, 4736.

a) H. Weissman, X. Song, D. Milstein, J. Am. Chem.
Soc. 2000, 123, 337; b) T. Ueyama, S. Mochida, T. Fuku-
tani, K. Hirano, T. Satoh, M. Miura, Org. Lett. 2011,
13, 706.

Selected examples for the oxazoline moiety as a direct-
ing group in C—H activation, see: a)F. Kakiuchi, T.
Sato, M. Yamauchi, N. Chatani, S. Murai, Chem. Lett.
1999, 28, 19; b) R. Giri, X. Chen, J.-Q. Yu, Angew.
Chem. 2005, 117, 2150; Angew. Chem. Int. Ed. 2005, 44,
2112; ¢) L. Ackermann, A. Althammer, R. Born, Syn-
lett 2007, 2833.

For the oxidative synthesis of oxazolines starting from
an amino alcohol and an aldehyde, see: a) K. Schwe-
kendiek, F. Glorius, Synthesis 2006, 2996; b) S. Sayama,
Synlett 2006, 1479; c) N. N. Karade, G. B. Tiwari, S. V.
Gampawar, Synlett 2007, 1921; d) B. Hahn, K. Schwe-
kendiek, F. Glorius, Org. Synth. 2008, 85, 267; ¢) S. Ta-
kahashi, H. Togo, Synthesis 2009, 2329.

In this reaction, reversibility of the C—H activation step
(rhodacycle formation) remains, even in the presence
of the alkene substrate; see see Supporting Informa-
tion. This is in contrast to an indole formation reported
by Fagnou,'® in which no reversibility was observed
under standard conditions when an alkyne reaction
partner was present.

D. R. Stuart, P. Alsabeh, M. Kuhn, K. Fagnou, J. Am.
Chem. Soc. 2010, 132, 18326.

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

asc.wiley-vch.de 583


http://asc.wiley-vch.de

