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I n a current publication, List and co-workers report the
enantioselective intramolecular cyclization of hydroxy acyli-
mines leading to bicyclic N-acyl N,O-acetals.!] A new reagent
was developed to accomplish this, that is, a chiral nonracemic
N-phosphinyl phosphoramide, 3, that (presumably) acceler-
ates the overall reaction and differentially accelerates for-
mation of one enantiomeric form of the product. This study
extends the utility of chiral phosphoric acid catalysis® in
oxygen additions to azomethines, an area pioneered by
Antilla et al.?¥ At stake here is the efficiency with which
biologically active small molecules known as 1,3-benzoxazi-
nones, bearing a chiral N,0-acetal, can be prepared. Indeed,
an enantioselective preparation of the analgesic chlorothe-
noxazine is accomplished in a single step using catalyst 3a.

Their study begins with the use of chiral phosphoric acid
catalyst 1 ((S)-trip), which delivered the benzoxazine derived
from isovaleraldehyde in a 3:1 enantiomeric ratio (e.r.)
favoring the (R)-N,O-acetal (Scheme 1). It is possible that
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Scheme 1. Development of a chiral N-phosphinyl phosphoramide-
catalyzed enantioselective acetalization.

[*] Prof. Dr. ). N. Johnston
Department of Chemistry, Vanderbilt Institute of Chemical Biology
Vanderbilt University, Nashville, TN 37235-1822 (USA)
Fax: (+1)615-343-6361
E-mail: jeffrey.n.johnston@vanderbilt.edu
Homepage‘ http://www.johnstonchemistry.org

063557) and NSF (CHE 0848856).

ONLINE LIBRARY

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

modifications to the binaphthyl 3,3'-substituents could have
improved enantioselection, as they did previously with the
same transformation using ortho-amino benzamides,” but the
authors decided to instead modify the phosphorous substitu-
ent. This approach provides more immediate access to
catalyst derivatives, but may come at the expense of any
enantioselection since the changes drastically alter the
catalyst’s cavity and the hydrogen bond that is presumably
key to reactivity. The behavior of a sulfonamide derivative,
2,1 was not encouraging, and a phosphonamide (not shown)
provided an improvement to enantioselection but not rate.
However, phosphinamide 3 derivatives delivered improve-
ment to both selectivity and reactivity.

An investigation of the effect that electron-deficient aryl
substituents at phosphinamide phosphorous might have on
reactivity and enantioselectivity uncovered a needed increase
in reactivity. In this comparison, similar enantioselectivity is
obtained with either catalyst 3b or 3a, but the latter could be
optimized to a 90 % yield using an excess of aldehyde.

This catalyst became the reagent of choice to survey the
suitability of a range of substrates for the transformation.
Notable examples from the preliminary scope include o-
substituted aldehydes, such as isobutyraldehyde, which pro-
vided benzoxazinone 4a (Scheme 2) in 89 % yield and 90 % ee
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Scheme 2. Representative benzoxazines prepared using a chiral
N-phosphinyl phosphoramide catalyst.

(95:5 e.r.). This aldehyde was used to create a variety of 1,3-
benzoxazinones generally at the level of 94:6 e.r. or greater
(e.g., 4b). In a final demonstration, the authors prepared the
analgesic chlorothenoxazine (4¢) in 80 % yield and in a single
step from 3-chloropropanal in 86:14 e.r.

Although purely speculative, a stereochemical model is
advanced that proposes discrete roles for the catalyst N—H
bond and phosphinamide oxygen. Specifically, these two
points establish hydrogen bonds to the substrate through
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complementary contacts with the azomethine nitrogen and
phenol hydrogen, respectively. This effectively twists the
substrate about the exocyclic benzoyl carbon—carbon bond,
thereby guiding addition of the phenol oxygen to the iminium
carbon. This model is consistent with the configuration of the
products, but mechanistic studies for these catalysts remain
limited.” That an acylimine is a key intermediate is consistent
with the demonstration that the e.r. of the product formed is
the same, whether the substrate is an ortho-hydroxy benz-
amide-aldehyde combination, or an N-acyl enamide
(Scheme 3). However, these experiments do not seem to
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Scheme 3. Tautomeric forms of N-acyl enamide.

narrow the key intermediate to only an N-acyl imine; it
remains a possibility that the catalyst protonates the N-acyl
enamide as the oxygen adds—in concert rather than stepwise.

Beyond the practical value associated with access to
enantioenriched 1,3-benzoxazines for which phosphoramide
3a is the optimal catalyst, a complement of diverse new tools
(including a bisphosphoramide) can now be applied else-
where. One basic investigation that seems worthy of broader
study® is the relative acidity within and across classes of
Brgnsted acids.’) It should be noted that the “acidity” of a
given catalyst, as defined by pK,, is not necessarily related
directly to its activity or selectivity.[™!"

In the broader context of biomimetic asymmetric catal-
ysis, this catalyst motif is a new platform with which we might
advance on our grand challenges. Catalyst design is the key
that will eventually unlock the myriad of reaction types we
cannot yet effect. Barton conveniently encapsulated the spirit
of this subdiscipline of enantioselective catalysis in 1973 when
he pontificated:

“I can foresee also a great deal of work on the synthesis of
molecules which will imitate more closely the chemical
synthesizing powers of enzymes. I do not believe that you
have to have a great big protein in order to get this kind of
effect. I suspect a much smaller molecule with the right kind of
three-dimensional structure will do the same sort of thing, but
these kinds of molecules are quite unknown yet in organic
chemistry, and obviously we have to make them.”']

Extrapolating forward in the Barton style, chiral Brgnsted
acids that provide hydrogen bonds with different electronic
character, and a fashionable three-dimensional environment,
constitute a solid step toward the imitation of nature’s most
prized chemical transformations."? List’s new catalyst broad-
ens the class of phosphoric acid-derived Brgnsted acids first
described by Akiyama and Terada, and unlocks the door to a
novel enantioselective 1,3-benzoxazine synthesis.

Received: November 5, 2010
Published online: February 15, 2011

[1] S. Vellalath, 1. Coric, B. List, Angew. Chem. 2010, 122, 9943;
Angew. Chem. Int. Ed. 2010, 49, 9749.

[2] a) T. Akiyama, J. Itoh, K. Yokota, K. Fuchibe, Angew. Chem.
2004, 116, 1592; Angew. Chem. Int. Ed. 2004, 43, 1566; b) D.
Uraguchi, M. Terada, J. Am. Chem. Soc. 2004, 126, 5356; c) M.
Terada, Synthesis 2010, 1929.

[3] Oxygen and nitrogen nucleophiles: a) G. L. Li, F. R. Fronczek,
J. C. Antilla, J. Am. Chem. Soc. 2008, 130, 12216; b) G. B.
Rowland, H. L. Zhang, E. B. Rowland, S. Chennamadhavuni, Y.
Wang, J. C. Antilla, J. Am. Chem. Soc. 2005, 127, 15696.

[4] For analogous phosphorous additions to azomethine, see: T.
Akiyama, H. Morita, J. Itoh, K. Fuchibe, Org. Lett. 2005, 7, 2583.

[5] X. Cheng, S. Vellalath, R. Goddard, B. List, J. Am. Chem. Soc.
2008, 130, 15786.

[6] D.Nakashima, H. Yamamoto, J. Am. Chem. Soc. 2006, 128, 9626.

[7] Selected analyses: a) I. D. Gridnev, M. Kouchi, K. Sorimachi, M.
Terada, Tetrahedron Lett. 2007, 48, 497; b) T. Akiyama, Chem.
Rev. 2007, 107,5744; ¢) L. Simén, J. M. Goodman, J. Am. Chem.
Soc. 2009, 131, 4070; d) M. Hatano, K. Moriyama, T. Maki, K.
Ishihara, Angew. Chem. 2010, 122, 3911; Angew. Chem. 2010, 49,
3823;e) F.-Q. Shi, B.-A. Song, Org. Biomol. Chem. 2009, 7,1292.

[8] A.S.Hess, R. A. Yoder, J. N. Johnston, Synlett 2006, 147.

[9] Other strong Brgnsted acid catalysts include amidinium:
a) B. M. Nugent, R. A. Yoder, J.N. Johnston, J. Am. Chem.
Soc. 2004, 126, 3418; b) N. Takenaka, J. Chen, B. Captain, R. S.
Sarangthem, A. Chandrakumar, J. Am. Chem. Soc. 2010, 132,
4536; sulfonic acid: ¢) M. Hatano, T. Maki, K. Moriyama, M.
Arinobe, K. Ishihara, J. Am. Chem. Soc. 2008, 130, 16858;
carboxylic acid: d) T. Hashimoto, K. Maruoka, J. Am. Chem.
Soc. 2007, 129, 10054.

[10] Compare: a) K. H. Jensen, M. S. Sigman, Angew. Chem. 2007,
119, 4832; Angew. Chem. Int. Ed. 2007, 46, 4748; b) T. A. Davis,
J. C. Wilt, J. N. Johnston, J. Am. Chem. Soc. 2010, 132, 2880.

[11] P. Farago, J. Chem. Educ. 1973, 50, 234. Frank McDonald
(Emory) is appreciated for bringing this interview to my
attention.

[12] For an analysis of one prized transformation, see: a) R. A.
Yoder, J.N. Johnston, Chem. Rev. 2005, 105, 4730; for the
development of short peptide-based enantioselective catalysts,
see: b) S. J. Miller, Acc. Chem. Res. 2004, 37, 601.

Angew. Chem. Int. Ed. 201, 50, 2890—2891

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.org

2801


http://dx.doi.org/10.1002/ange.201005347
http://dx.doi.org/10.1002/anie.201005347
http://dx.doi.org/10.1002/ange.200353240
http://dx.doi.org/10.1002/ange.200353240
http://dx.doi.org/10.1002/anie.200353240
http://dx.doi.org/10.1021/ja0491533
http://dx.doi.org/10.1055/s-0029-1218801
http://dx.doi.org/10.1021/ja8033334
http://dx.doi.org/10.1021/ja0533085
http://dx.doi.org/10.1021/ol050695e
http://dx.doi.org/10.1021/ja8071034
http://dx.doi.org/10.1021/ja8071034
http://dx.doi.org/10.1021/ja062508t
http://dx.doi.org/10.1016/j.tetlet.2006.11.017
http://dx.doi.org/10.1021/cr068374j
http://dx.doi.org/10.1021/cr068374j
http://dx.doi.org/10.1002/ange.201000824
http://dx.doi.org/10.1039/b815008g
http://dx.doi.org/10.1021/ja031906i
http://dx.doi.org/10.1021/ja031906i
http://dx.doi.org/10.1021/ja100539c
http://dx.doi.org/10.1021/ja100539c
http://dx.doi.org/10.1021/ja806875c
http://dx.doi.org/10.1021/ja0713375
http://dx.doi.org/10.1021/ja0713375
http://dx.doi.org/10.1002/ange.200700298
http://dx.doi.org/10.1002/ange.200700298
http://dx.doi.org/10.1002/anie.200700298
http://dx.doi.org/10.1021/ja908814h
http://dx.doi.org/10.1021/ed050p234
http://dx.doi.org/10.1021/cr040623l
http://dx.doi.org/10.1021/ar030061c
http://www.angewandte.org

