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A Highly Enantioselective Mannich-Type Reaction of Glycine
Schiff Base Catalyzed by a Cinchoninium Salt'
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A chiral phase-transfer catalyst, derived from the combination of cinchona alkaloid backbone and BINOL
skeleton, enabled a Mannich reaction of glycine Schiff base with N-Boc-imines to generate a,f-diamino acid de-
rivatives in excellent yields (up to 99%) and with high diastereo- and enantioselectivities (up to>20 : 1 dr, 96%

ee).
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Introduction

Phase-transfer catalysis (PTC) has been a versatile
strategy in organic synthesis, featured by several
advantages including simple operations and mild
reaction conditions. PTC has also been exploited in in-
dustry for practical preparation of chiral molecules.!
Recently, the use of chiral ammonium in asymmetric
phase-transfer catalysis has attracted intensive attention,
leading to notable accomplishments, enabling various
highly enantioselective reactions to occur readily under
mild conditions.””) Among these transformations, the
direct Mannich reaction®®! of a glycine Schiff bases or
o-amino acid derivatives with imines turns out to be a
straightforward protocol to stereoselectively access
o,B-diamino acid derivatives!*! that have been found
frequently in natural products, peptides and pharmaceu-
tical compounds.[s]

In 2004, Maruoka and co-workers reported a Man-
nich-type addition of glycine Schiff base to a-imino
esters using a chiral N-spiro quaternary ammonium
bromide I as catalyst, delivering the protected 3-amino-
aspartates with moderate diastereomeric ratios and en-
antioselectivities (Scheme 1, Eq. 1).* Later, Ohshima,
Shibasaki and co-workers described a tartrate-derived
diammonium salt (II)-catalyzed asymmetric Mannich
reaction of a glycine Schiff base with N-Boc-imines
with excellent diastereoselectivity, but the enantioselec-
tivity obtained was not satisfactory (Scheme 1, Eq.
1), [4bel

More recently, Ooi and co-workers designed a chiral
aminophosphonium pivalate III, which was able to act
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as an efficient phase transfer catalyst capable of render-
ing a Mannich-like reaction of azlactones with sulfonyl
imines to give amino acid precursors with excellent
enantioselectivity, but with modest diastereomeric ratios
(Scheme 1, Eq. 2).*7 A highly enantioselective Man-
nich reaction of azlactones with aliphatic imines was
established by using a bis(betaine) catalysts (IV), which
were derived from BINOL and quinidine, delivering
a,p-diamino acid derivatives with excellent enantiose-
lectivities but with only moderate diastereoselectivities
(Scheme 1, Eq. 2).1*! Despite of many highly stereose-
lective approaches available to access a,f-diamino acid
derivatives,!®” a practical and straight-forward route
still remains desirable and needs to be disclosed. Herein,
we will present a highly diastereo- and enantioselective
direct Mannich reaction of glycine Schiff base with
N-Boc-imines under the phase transfer catalysis of
chiral quininium salts®!"! prepared from cinchona al-
kaloids and binaphthols (up to>20/1 dr and 96% ee).
Initially, a library of chiral ammonium salts 1—4
were readily prepared from substitution reactions of
cinchona alkaloid derivatives with structurally different
aryl bromides in CHCI3/EtOH at 40 ‘C by following
known procedure reported previously.[”] Among them,
chiral catalysts 1 and 2 were prepared from the reaction
of quinine with benzyl bromide and 1-(bromomethyl)-
naphthalene, respectively. On the other hand, the corre-
sponding newly designed ammonium salts 3 featured by
the installation of an additional axial chiral element
were accessed by the substitution reactions of quinine
with 3-(bromomethyl)-bis-O-protected (R)-BINOL de-
rivatives,[4e] as described in Supporting Information.
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Scheme 1 Chiral organocatalysts in Mannich-type reaction of a glycine Schiff base derivatives with imines
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The ammonium salts 4 represent the derivatives of 3 by
alkylation of the OH at C-9 of the quinine moiety and
have been prepared by following procedures similar to
those for the preparation of 3 (See Supporting Informa-
tion).

Experimental

Representative procedure for asymmetric Mannich
reaction

To a mixture of N-(diphenylmethylene) glycine
tert-butyl ester (5) (29.5 mg, 0.10 mmol), (2R,4R,8S)-1-
(((R)-2,2'-bis(anthracen-9-ylmethoxy)-1,1'-binaphthyl-
3-yl)methyl)-2-((S)-hydroxy(6-methoxyquinolin-4-yl)-
methyl)-8-vinyl-1-azoniabicyclo[2.2.2]octane  bromide
(3¢) (10.8 mg, 0.01 mmol), Cs,CO; (65.2 mg, 0.20
mmol) and Na,SO,4 (100 mg, 0.70 mmol) in toluene (0.7
mL) was added a solution of (F)-tert-butyl 4-methoxy-
benzylidenecarbamate (6a) (28.2 mg, 0.12 mmol) in
toluene (0.3 mL) at —20 “C. After 48 h, the reaction was
quenched with water. The aqueous layer was extracted
with EtOAc (10 mL X 3). The combined organic layers
were dried over anhydrous magnesium sulfate and then
concentrated under vacuum. The residue was purified
by flash column chromatography on silica gel
[M(hexane)/V(ether)=10/1] to give tert-butyl 3-(fert-
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butoxycarbonylamino)-2-[(diphenylmethylene)amino]-
3-(4-methoxyphenyl) propaonate (7a).

Results and Discussion

The chiral ammonium salts 1—4 were evaluated for
the Mannich reaction of fert-butyl glycinate 5 and
N-Boc imine 6a. The reaction was conducted in toluene
at 0 C and in the presence of Cs,CO;3 (2 equiv.),
wherein anhydrous Na,SO4 was added to remove resid-
ual water and thereby to avoid the hydrolysis of imines.
As shown in Table 1, although all the catalysts were
able to accelerate the reaction, basically favouring the
generation of syn-diamine adduct 7a, the stercoselectiv-
ity was greatly dependent on the structure of ammonium
salts. Either 1 or 2 enabled the reaction to give 7a in a
high yield and with high diastereomeric ratio, but a very
low enantioselectivity was obtained (entries 1 and 2).
Interestingly, much higher enantioselectivities were ob-
served upon using the ammonium salts 3 incorporated
with an additional axial chirality as the catalysts, sug-
gesting that the additional chirality really exerted great
impact on the stereochemical control (entries 3—35). In
particular, promising stereochemical outcomes of 67%
ee and 8/1 dr were obtained in the presence of 3¢ (entry
5). In sharp contrast, the catalysts 4a—4c with the
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Scheme 2 Synthesis of catalyst library
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hydroxyl of the quinine moiety being protected by alkyl
groups offered much diminished enantioselectivities,
but gave slightly improved diastereoselectivity (entries
6—238). These results clearly indicated that the hydroxyl
group in ammonium salts may coordinate with the
enolate generated from the protonation of substrate 5
with base, by the hydrogen-bonding interaction, to im-
prove the enantioselectivity.[me’12] In the presence of the
optimal catalyst 3¢, a variety of solvents were examined
and found that toluene appeared to be the most suitable
media (entries 5, 9—13). Significantly, conducting the
reaction at —20 ‘C led to a considerable improvement
in the diastereomeric ratio (13/1) and enantioselectivity
(86% ee) (entry 5 vs. 14). To clarify the role played by
the axial chirality in the catalysis, the (S)-binaphthyl
skeleton was adopted in the synthesis of 3¢', an epimer
of catalyst 3¢. Under the otherwise identical conditions,
similar yield and diastereoslectivity (87% yield, 13 : 1
dr) of the product was obtained, but the enantioselectiv-
ity was considerably decreased to 78% ee (entry 15).
These results implied that the (S)-axial chirality might
mismatch with quinine in the control of enantioselectiv-
ity (entry 15 vs. 14).

Having established the optimal conditions, we then
investigated reaction generality for imine substrates
(Table 2). A wide scope of aromatic aldimines were
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Table 1 Evaluation of chiral catalysts and optimization of con-

ditions”
Boc
/
|
CO,t-Bu
PO Q)
Ph MeO
5 6a
NHBoc
Cat. (10 mol%) CO,t-Bu
Cs,CO3 (2.0 equiv.) N oh
“NaySO,, 48h  MeO 3
Ph
7a
Entry Cat. Temp./C  Solvent Yield/%  dr ee"%

1 1 0 PhCH; 83 10 .1 9
2 2 0 PhCH; 94 13:1 0
3 3a 0 PhCH; 73 5:1 64
4 3b 0 PhCH; 66 6.1 55
5 3c 0 PhCH; 84 8.1 67
6 4a 0 PhCH; 79 14 .1 16
7 4b 0 PhCH; 65 14 .1 13
8 4c 0 PhCH; 82 11:1 32
9 3c 0 CH,CI, 92 191 16
10 3c 0 Et,O 99 10 .1 0
11 3c 0 THF 87 13:1 8
12 3c 0 PhF 69 15:1 55
13 3c 0 PhCl 70 14 .1 60
14 3c -20 PhCH; 79 13:1 86
15 3¢’ -20°¢ PhCH; 87 13:1 78

© 2014 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

“Unless indicated otherwise, reactions of 5 (0.10 mmol), 6a (0.12
mmol), catalyst (0.01 mmol), Cs,CO; (0.20 mmol) and Na,SO,
(100 mg) were carried out in a solvent (1 mL) for 48 h. * Isolated
yield. “ Determined by '"H NMR analysis. ¢ Determined by HPLC
analysis. ¢ Catalyst 3¢' was used in the reaction. The (S)-BINOL
skeleton was used in the synthesis of the epimer 3¢ of the catalyst
3c.

able to smoothly undergo the Mannich reaction to give
rise to a,f-diamino acid derivatives in high yields while
both diastereo- and enantioselectivities have an apparent
correlation with the aryl substituent of aldimines (en-
tries 1—13). Obviously, the presence of electronically
withdrawing or neutral substituents at ortho or para-
position of the benzene ring basically provided higher
enantioselectivity than those bearing electron-donating
substituents (entries 1 —2 and 4—6 vs. 7). In contrast,
the introduction of either an electronically rich or defi-
cient meta-substituent at the benzene ring of aldimines
was nicely tolerated to give excellent levels of enanti-
oselectivity (entries 3 and 8 —9). Moreover, the disub-
stituted aldimine also underwent the Mannich reaction
in a perfect yield and with 90% ee (entry 10). Addition-
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ally, the protocol was also amenable to 2-thiophenyl,
2-furyl and 1-naphthyl imines, leading to the generation
of desired products in excellent yields ranging from
93% to 99% and with high enantioselectivity of up to
94% ee (entries 11—13). However, the Mannich reac-
tion of aliphatic imines with tert-butyl glycinate 5 was
unable to give satisfactory enantioselectivities.!'*! The
relative configurations and absolute configuration of the
same products 7 were assigned by comparing the data
with those in the literatures by "H NMR, HPLC and op-
tical rotation,**! and other products were assigned by
analogy.

Table 2 Substrate scope for imines”

Cat. 3¢ (10 mol%) NHBoc
Ph._N._CO,tBu y~B0C Cs,C0; (2 equiv.) ar CO,t-Bu
\Prh + Ar | Na,SO;, Toluene NYPh
-20°C, 48 h Ph
5 6 7
Entry Ar Yield /% drf ee“1%
! 6b (C¢Hs) 99 >20:1 93
2 6¢ (2-FC4H,) 99 19:1 9
3 6d (3-FC4H,) 99 19:1 9
4 6e (4-FCgH,) 99 20:1 9%
5 6f (4-CIC4H,) 99 >20:1 94
6 6g (4-BrC¢Hy) 90 >20:1 92
7 6h (4-MeCgH,) 99 15:1 88
8 6i (3-MeCgH,) 99 17:1 9%
9 6j (3-MeOCgH,4) 64 >20:1 93
10 6k (3,4-C1,C¢H3) 99 13:1 90
1 61 (2-thiopheny1) 99 10:1 92
12 6m (2-furyl) 93 14:1 9%
13 6n (1-naphthyl) 99 6:1 90

“Unless indicated otherwise, reactions of 5 (0.10 mmol), 6 (0.12
mmol), catalyst 3¢ (0.01 mmol), Cs,CO; (0.20 mmol) and
Na,SO, (100 mg) were carried out in toluene (1 mL) for 48 h.
?Isolated yield. ¢ Determined by H NMR analysis. ¢ Determined
by HPLC analysis.

Conclusions

In conclusion, we have developed a family of qui-
nine-based ammonium salts featured by the incorpora-
tion of an additional axial chirality, capable of effi-
ciently promoting the Mannich-type reaction of a gly-
cine Schiff base with N-Boc imines. In particular, the
ammonium salt derived from (R)-BINOL and quinine
was found to be the most efficient catalyst, rendering
the Mannich reaction to give a,f-diamino ester deriva-
tives in up to 99% yield and with high diastereo- and
enantioselectivities (up t0>20 : 1 dr and 96% ee).
More importantly, the finding that the axial chirality
plays a crucial role in the control of stereoselectivity
might provide a possible clue for the design of new
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chiral phase transfer catalysts.

Acknowledgement

We are grateful for financial support from the Na-
tional Natural Science Foundation of China (No.
21232007).

References

[1] (a) Dehmlow, E. V.; Dehmlow, S. S. Phase Transfer Catalysis, 3rd
ed., VCH, Weinheim, 1993; (b) Starks, C. M.; Liotta, C. L.; Halpern,
M. Phase-Transfer Catalysis, Chapman & Hall, New York, 1994; (c)
Handbook of Phase-Transfer Catalysis, Eds.: Sasson, Y.; Neumann,
R., Blackie Academic & Professional, London, 1997; (d)
Phase-Transfer Catalysis, Ed.: Halpern, M. E., ACS Symposium
Series 659, American Chemical Society, Washington, D. C., 1997.

[2] (a) Shioiri, T. In Handbook of Phase-Transfer Catalysis, Eds.: Sas-
son, Y.; Neumann, R., Blackie Academic & Professional, London,
1997, Chapter 14, p. 462; (b) O’ Donnell, M. J. Phases-The Sachem
Phase Transfer Catalysis Review, Sachem Inc., Austin, TX, 1998,
Issue 4, p. 5; (c) O’Donnell, M. J. Phases-The Sachem Phase Trans-
fer Catalysis Review, Sachem Inc., Austin, TX, 1999, Issue 5, p. 5;
(d) Nelson, A. Angew. Chem., Int. Ed. 1999, 38, 1583; (e) Shioiri, T.;
Arai, S. In Stimulating Concepts in Chemistry, Eds.: Vogtle, F.;
Stoddart, J. F.; Shibasaki, M., Wiley-VCH, Weinheim, 2000, p. 123;
(f) O’Donnell, M. J. In Catalytic Asymmetric Syntheses, 2nd ed., Ed.:
Ojima, 1., Wiley-VCH, New York, 2000, Chapter 10, p. 727; (g)
O’Donnell, M. J. Aldrichim Acta 2001, 34, 3; (h) Maruoka, K.; Ooi,
T. Chem. Rev. 2003, 103, 3013; (i) O’Donnell, M. J. Acc. Chem. Res.
2004, 37, 506; (j) Lygo, B.; Andrews, B. 1. Acc. Chem. Res. 2004,
37, 518; (k) Vachon, J.; Lacour, J. Chimia 2006, 60, 266; (1) Ooi, T.;
Maruoka, K. Angew. Chem., Int. Ed. 2007, 46, 4222; (m) Ooi, T.;
Maruoka, K. Aldrichim. Acta 2007, 40, 77, (n) Hashimoto, T.; Ma-
ruoka, K. Chem. Rev. 2007, 107, 5656, (o) Maruoka, K. Org. Proc-
ess Res. Dev. 2008, 12, 679; (p) Maruoka, K. Asymmetric Phase
Transfer Catalysis, Wiley-VCH, Weinheim, 2008.

[3] For reviews on direct asymmetric Mannich reactions, see: (a) Ver-
kade, J. M. M.; van Hemert, L. J. C.; Quaedflieg, P. J. L. M.; Rutjes,
F. P. J. T. Chem. Soc. Rev. 2008, 37, 29; (b) Shibasaki, M.; Matsu-
naga, S. Chem. Soc. Rev. 2006, 35, 269; (c) Ting, A.; Schaus, S. E.
Eur. J. Org. Chem. 2007, 35, 5797; (d) Marques, M. M. B. Angew.
Chem., Int. Ed. 2006, 45, 348.

[4] (a) Ooi, T.; Kameda, M.; Fujii, J.; Maruoka, K. Org. Lett. 2004, 6,
2397; (b) Shibuguchi, T.; Mihara, H.; Kuramochi, A.; Ohshima, T.;
Shibasaki, M. Chem. Asian J. 2007, 2, 794; (c) Okada, A.; Shibugu-
chi, T.; Ohshima, T.; Masu, H.; Yamaguchi, K.; Shibasaki, M.
Angew. Chem., Int. Ed. 2005, 44, 4564; (d) Uraguchi, D.; Ueki, Y.;
Ooi, T. J. Am. Chem. Soc. 2008, 130, 14088; (¢) Zhang, W.-Q.;
Cheng, L.-F.; Yu, J.; Gong, L.-Z. Angew. Chem., Int. Ed. 2012, 51,
4085; (f) Ortin, 1.; Dixon, D. J. Angew. Chem., Int. Ed. 2014, 53,
3462.

[5] For reviews on a,f-diamino acids: (a) Viso, A.; de la Pradilla, R. F.;
Garcia, A.; Flores, A. Chem. Rev. 2005, 105, 3167, (b) Viso, A.; de
la Pradilla, R. F.; Tortosa, M.; Garcia, A.; Flores, A. Chem. Rev.
2011, /11, PR1; For a review on the synthesis of a,f-diamino acids
by using Mannich reaction strategies, see: (c¢) Arrayas, R. G.; Car-
retero, J. C. Chem. Soc. Rev. 2009, 38, 1940.

[6] For selected examples of enantioselective Mannich reactions of gly-
cinate ester Schiff bases and related pronucleophiles with imines
accelerated by organocatalysts other than PTC: (a) Bandar, J. S.;
Lambert, T. H. J. Am. Chem. Soc. 2013, 135, 11799; (b) Liu, X.;
Deng, L.; Jiang, X.; Yan, W.; Liu, C.; Wang, R. Org. Lett. 2010, 12,
876; (c) Shi, S.-H.; Huang, F.-P.; Zhu, P.; Dong, Z.-W.; Hui, X.-P.
Org. Lett. 2012, 14, 2010; (d) Zhang, H.; Syed, S.; Barbas III, C. F.

Chin. J. Chem. 2014, 32, 969—973



A Highly Enantioselective Mannich-Type Reaction of Glycine Schiff Base

CHINESE JOURNAL OF
CHEMISTRY

Chin. J. Chem. 2014, 32, 969—973

—

[}

[}

Org. Lett. 2010, 12, 708; (e) Li, L.; Ganesh, M.; Seidel, D. J. Am.
Chem. Soc. 2009, 131, 11648; (f) Chen, X.; Dong, S.; Qiao, Z.; Zhu,
Y.; Xie, M.; Lin, L.; Liu, X.; Feng, X. Chem. Eur. J. 2011, 17, 2583;
(g) Nakamura, S.; Maeno, Y.; Ohara, M.; Yamamura, A.; Funahashi,
Y.; Shibata, N. Org. Lett. 2012, 14, 2960; (h) Kobayashi, S.; Yazaki,
R.; Seki, K.; Yamashita, Y. Angew. Chem., Int. Ed. 2008, 47, 5613.
For selected examples of enantioselective Mannich reactions of gly-
cine imines catalyzed by metal complexes: (a) Bernardi, L.; Gothelf,
A. S.; Hazell, R. G.; Jorgensen, K. A. J. Org. Chem. 2003, 68, 2583;
(b) Salter, M.; Kobayashi, J.; Shimizu, Y.; Kobayashi, S. Org. Lett.
2006, 8, 3533; (c) Cutting, G. A.; Stainforth, N. E.; John, M. P.; Ko-
ciok-Kohn, G.; Willis, M. C. J. Am. Chem. Soc. 2007, 129, 10632;
(d) Wang, J.; Shi, T.; Deng, G. H.; Jiang, H. L.; Liu, H. J. Org.
Chem. 2008, 73, 8563; (e) Hernandez-Toribio, J.; Gomez Arrayas,
R.; Carretero, J. C. J. Am. Chem. Soc. 2008, 130, 16150; (f) Yan, X.
X.; Peng, Q.; Li, Q.; Zhang, K.; Yao, J.; Hou, X. L.; Wu, Y. D. J.
Am. Chem. Soc. 2008, 130, 14362; (g) Shang, D.; Liu, Y.; Zhou, X.;
Liu, X.; Feng, X. Chem. Eur. J. 2009, 15, 3678; (h) Hernandez-
Toribio, J.; Gomez Arrayas, R.; Carretero, J. C. Chem. Eur. J. 2010,
16, 1153; (i) Liang, G.; Tong, M. C.; Tao, H.; Wang, C. J. Adv.
Synth. Catal. 2010, 352, 1851; (j) Lu, G.; Yoshino, T.; Morimoto, H.;
Matsunaga, S.; Shibasaki, M. Angew. Chem., Int. Ed. 2011, 50, 4382;
(k) Melhado, A. D.; Amarante, G. W.; Wang, Z. J.; Luparia, M.;
Toste, F. D. J. Am. Chem. Soc. 2011, 133, 3517; (1) Hernando, E.;
Gomez Arrayas, R.; Carretero, J. C. Chem. Commun. 2012, 48,
9622.

For reviews, see: (a) Novacek, J.; Waser, M. Eur. J. Org. Chem.
2013, 637; (b) Shirakawa, S.; Maruoka, K. In Catalytic Asymmetric
Synthesis, 3rd edn., Ed.: Hoboken, O. 1., John Wiley & Sons, New
Jersey, 2010, Chapter 2C, p. 95.

For seminal studies on cinchona alkaloid based ammonium salt
catalysts, see: (a) Helder, R.; Hummelen, J. C.; Laane, R. W. P. M.
J.; Wiering, S.; Wynberg, H. Tetrahedron Lett. 1976, 17, 1831; (b)

[10]

[11]

[12]

[13]

©2014 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

O’Donnell, M. J.; Eckrich, T. M. Tetrahedron Lett. 1978, 19, 4625;
(c) Dolling, U.-H.; Davis, P.; Grabowski, E. J. J. J. Am. Chem. Soc.
1984, 106, 446; (d) Hughes, D. L.; Dolling, U.-H.; Ryan, K. M.;
Schoenewaldt, E. F.; Grabowski, E. J. J. J. Org. Chem. 1987, 52,
4745; (e) O’Donnell, M. J.; Bennett, W. D.; Wu, S. J. Am. Chem.
Soc. 1989, 111, 2353; (f) O’Donnell, M. J.; Wu, S.; Huffman, J. C.
Tetrahedron 1994, 50, 4507; (g) Corey, E. J.; Xu, F.; Noe, M. C. J.
Am. Chem. Soc. 1997, 119, 12414; (h) Corey, E. J.; Noe, M. C.; Xu,
F. Tetrahedron Lett. 1998, 39, 5347.

For the asymmetric Mannich-type reactions catalyzed by ammonium
salt catalysts, see: (a) Palomo, C.; Oiarbide, M.; Laso, A.; Lopez, R.
J. Am. Chem. Soc. 2005, 127, 17622; (b) Fini, F.; Sgarzani, V.; Pet-
tersen, D.; Herrera, R. P.; Bernardi, L.; Ricci, A. Angew. Chem., Int.
Ed. 2005, 44, 7975; (c) Gomez-Bengoa, E.; Linden, A.; Lopez, R.;
Mugica-Mendiola, 1.; Oiarbide, M.; Palomo, C. J. Am. Chem. Soc.
2008, 730, 7955; (d) Marianacci, O.; Micheletti, G.; Bernardi, L.;
Fini, F.; Fochi, M.; Pettersen, D.; Sgarzani, V.; Ricci, A. Chem. Eur.
J. 2007, 13, 8338; (e) Gonzalez, P. B.; Lopez, R.; Palomo, C. J. Org.
Chem. 2010, 75, 3920; (f) Johnson, K. M.; Rattley, M. S.; Slado-
jevich, F.; Barber, D. M.; Nunez, M. G.; Goldys, A. M.; Dixon, D. J.
Org. Lett. 2012, 14,2492.

Provencher, B. A.; Bartelson, K. J.; Liu, Y.; Foxman, B. M.; Deng,
L. Angew. Chem., Int. Ed. 2011, 50, 10565.

For recent examples: (a) Herrera, R. P.; Sgarzani, V.; Bernardi, L.;
Fini, F.; Pettersen, D.; Ricci, A. J. Org. Chem. 2006, 71, 9869; (b)
Berkessel, A.; Guixa, M.; Schmidt, F.; Neudorfl, J. M.; Lex, J. Chem.
Eur. J. 2007, 13, 4483; (c) Arai, S.; Ishida, T.; Shioiri, T. Tetrahe-
dron Lett. 1998, 39, 8299; (d) Arai, S.; Shirai, Y.; Ishida, T.; Shioiri,
T. Tetrahedron 1999, 55, 6375; (e) Fiandra, C. D.; Piras, L.; Fini, F.;
Disetti, P.; Moccia, M.; Adamo, M. F. A. Chem. Commun. 2012, 48,
3863.

Only 50% ee was observed for the fert-butyl (cyclohexylmethyl-
ene)carbamate.

(Zhao, X.)

973

www.cje.wiley-vch.de




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


