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Organocatalytic Enantioselective Amination of Morita—Baylis—Hillman
Carbonates with Masked Ammonia: A Facile Method for the Synthesis of
Unprotected a-Methylene-f3-Amino Esters

Aijun Lin,"”! Haibin Mao,"”! Xi Zhu,"™ Huiming Ge,""' Renxiang Tan,"
Chengjian Zhu,**) and Yixiang Cheng*'"

Optically active a-alkylidene-f-amino carbonyl com-
pounds and their derivatives are highly valuable building
blocks, which are widely applied in the synthesis of medici-
nally relevant compounds as well as complex natural prod-
ucts.!! Therefore, the development of efficient methods for
the synthesis of these multifunctional compounds is current-
ly of particular significance. Giving access to valuable com-
pounds and structural complexity, the aza-Morita—Baylis—
Hillman (aza-MBH) reaction provides one of the most
direct and versatile methods to these compounds.”! Howev-
er, the aza-MBH reaction remains to be restricted in enan-
tiocontrol and substrate scope; the nucleophilic catalysts
typically utilized in aza-MBH reactions may induce product
racemization.®! Furthermore, the tosyl groups commonly
used as activating groups for the poorly reactive azomethine
in the aza-MBH adducts were hard to remove,* which limit-
ed the application of amino adducts in organic synthesis.

Compared with the aza-MBH reaction, the substitution of
MBH carbonates with nitrogen nucleophiles is another
straightforward strategy to the synthesis of a-methylene-f3-
amino carbonyl compounds through a direct C—N bond for-
mation reaction.’! Recently, the asymmetric substitution of
MBH carbonates has been established as an effective proto-
col in C—C bond,! C—O bond, C—P bond™® formation re-
actions and cycloaddition reactions!” with high enantioselec-
tivities for a broad range of substrates; however, the asym-
metric amination progress was not fruitful. Cyclic imide
such as phthalimide was usually employed as the nitrogen
nucleophile in this procedure; however, the enantioselectivi-
ties of most reported reactions were low to moderate.
Searching more suitable nitrogen nucleophiles to achieve
higher enantioselectivities and unprotected o-methylene-f3-
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amino esters through a simple operation is still a highly de-
sirable goal.

The smallest nitrogen nucleophile, ammonia, is theoreti-
cally the optimal nitrogen nucleophile, concerning atom
economy,'” but its volatile nature, high reactivity and toxici-
ty makes it difficult to work with in catalytic systems. Ben-
zophenone imine, which is industrially produced by conden-
sation of benzophenone and ammonia,!!! has previously
been shown to be an appropriate ammonia equivalent in the
asymmetric aza-Michael addition reaction of nitroalkenes
reported by Jgrgensen.'"? The unprotected B-amino nitro
compounds were obtained in good yields and enantioselec-
tivities, and the ammonia carrier benzophenone could be re-
covered and reused in the preparation of the starting benzo-
phenone imine. Inspired by this elegant progress, and con-
tinuing our interest in chiral C—X (X=N, O, S, Se) bond for-
mation reactions,"” herein we report the organocatalytic
asymmetric allylic amination reaction of MBH carbonates
with benzophenone imine. High enantioselectivities (up to
99% enantiomeric excess (ee)) were achieved for a wide
range of MBH carbonates; the optically pure unprotected
a-methylene-f-amino esters were easily obtained by a one-
step acidic hydrolysis protocol (Scheme 1).
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Scheme 1. Organocatalytic asymmetric allylic amination of MBH carbo-
nates with masked ammonia (benzophenone imine). Boc =tert-butoxycar-
bonyl.

recovery/reuse

Initial examination was carried out by using the MBH car-
bonate 2a (1.5 equiv) and benzophenone imine 3 (1.0 equiv)
as the substrates in the presence of 1,4-diazabicyclo-
[2.2.2]octane (DABCO) with MgSO, (30 mg) in 1,2-dichlor-
oethene (DCE, 0.5mL) at room temperature.The corre-
sponding N-allylic amination product 4a was isolated in
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Table 1. Optimization of the reaction conditions."!
Ph
OBoc Ph Ph Ph/ﬁ\N
mCOOMe 4 TN catd (20 mol %) . COOMe
_N solvent, MgSQOy, rt
2a 3 Cl 4a

Entry Cat. Solvent t Yield ee

(h] [%]" [%]*
1 DABCO DCE 48 78 -
2 1a DCE 60 62 69
3 1b DCE 60 76 —4714
4 1c DCE 60 42 —35ldl
5 1d DCE 60 58 84
6 le DCE 60 70 98
7 1f DCE 60 74 81
8 le hexane 60 13 98
9 le CH,Cl, 84 44 98
10 le toluene 84 58 98
11 le xylene 84 50 98
12 le THF 60 75 98
13 le PhCF; 72 52 99
14 le 1,4-dioxane 60 84 99
15 le 1,4-dioxane 60 65 97l
16 le 1,4-dioxane 84 68 96!l
17 le 1,4-dioxane 96 57 94le]

[a] The reaction was carried out with 2a (0.15 mmol), 3 (0.10 mmol), cat-
alyst 1 (20 mol %, 0.02 mmol) and MgSO, (30 mg) in solvent (0.5 mL) at
room temperature. [b] Yield of isolated product. [c] ee values were deter-
mined by chiral HPLC analysis. [d] The opposite configuration. [e] The
absence of MgSO,. [f] 10 mol % of catalyst 1e was used. [g] 5 mol% of
catalyst 1e was used.

78 % vyield (Table 1, entry 1). Encouraged by this prelimina-
ry result, we then examined the enantioselective variant in
the presence of chiral tertiary amine catalysts. When catalyst
1la was tested, the product 4a was obtained in 62% yield
with 69 % ee (Table 1, entry 2). Then we tested other tertiary
amine catalysts derived from cinchona alkaloids™ and
found that le served as the best catalyst, which gave the
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product 4a with 98 % ee (Table 1, entry 6). The examina-
tion of solvent effects with catalyst 1e revealed that 1,4-
dioxane was the best reaction media for this reaction,
which can significantly facilitate the reaction to produce
the corresponding product in 84 % yield with 99 % ee
(Table 1, entry 14). The reaction was found to be sluggish
in the absence of MgSO, (Table 1, entry 15). Decreasing
the catalyst loading to 10 mol % and 5 mol % had a nega-
tive impact on both the yields and the enantioselectivities
(Table 1, entries 16 and 17).

Having established the optimal reaction conditions, we
then examined a spectrum of MBH carbonates 2 to ex-
plore the generality of this asymmetric transformation.
The reactions were conducted in 1,4-dioxane (0.5 mL)
with catalyst 1e (20 mol %) at room temperature. The re-
sults are summarized in Table 2. The position and elec-
tronic properties of the substituent on the aromatic ring
had little or no effect on the enantioselectivity and all
these MBH carbonates participated in this process in
high efficiency (Table 2, entries 1-10). When 2-thienyl-

Table 2. Catalytic enantioselective allylic amination of MBH carbonates
2 with benzophenone imine."!

Ph
OB°°COR . PhYPh cat.1e (20 mol %) F’h/a\N
Ar H,lN 1,4-dioxane, MgSOy, rt Ar)W(COR
2 3 4
Entry Ar R t Product Yield ee
[h] [%]" [%]9
1 4-CIPh OMe 60 4a 84 99
2 Ph OMe 72 4b 80 95
3 4-FPh OMe 84 4c 78 98
4 4-BrPh OMe 84 4d 75 99
5 4-NO,Ph OMe 72 4e 71 99
6 4-CF;Ph OMe 72 4f 68 97
7 4-OMePh OMe 96 4g 86 98
8 4-MePh OMe 96 4h 81 99
9 2-CIPh OMe 84 4i 63 99
10 2-C,oH; OMe 84 4j 70 96
11 2-thienyl OMe 96 4k 65 90
12 4-CIPh OEt 84 41 81 93
13 4-CIPh OPh 84 4m 61 90
14 4-CIPh OBn 84 4n 74 95
15 Ph Me 144 40 53 91

[a] The reaction was carried out with 2 (0.15 mmol), 3 (0.10 mmol), cata-
lyst 1e (20 mol%, 0.02 mmol) and MgSO, (30mg) in 14-dioxane
(0.5 mL) at room temperature. [b] Yield of isolated product. [c] ee values
were determined by chiral HPLC analysis.

substituted MBH carbonate was used as the substrate, the
asymmetric amination reaction could be completed with
90 % ee (Table 2, entry 11). Further exploration of the sub-
strate scope focused on the ester group. Different esters
yielded the desired products in good yields with high enan-
tioselectivities (Table 2, entries 12-14). MBH carbonates de-
rived from methyl vinyl ketone (MVK) could also be trans-
formed with a good ee value under the same reaction condi-
tion (Table 2, entry 15). Unfortunately, when f-alkyl-substi-
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tuted MBH carbonates were tested under the optimal proto-
col the results were not as positive as presented above and
they failed to afford the desired allylic amination prod-
ucts.[1)

As shown in Scheme 2, the unprotected o-methylene-f3-
amino esters could be easily obtained by one-step acidic hy-
drolysis protocol. Upon completion of the substitution step,
products 4 were quickly isolated by flash column chromatog-

Ph organic phase

) Lo

Ph™ "N O g0 aqHCI(2M) )ﬁ(COOMe LN
" Ar + ! :

Ar%OMe L Ph”ph |

90% recovery

4 5 ‘
5a: Ar = 4-CIPh, 96% yield, 99% ee
5b: Ar = Ph, 93% yield, 95% ee

Scheme 2. One-step acidic hydrolysis protocol for the synthesis of unpro-
tected a-methylene-B-amino esters.

raphy, then 2m HCI (aq) and Et,0O were added. Isolating the
aqueous phase, and subsequent removal of water as azeo-
trope with toluene, the hydrochloride salt of the primary f3-
amino esters 5 were obtained as a white solid with retained
enantiopurity; the benzophenone could be recovered in
90 % yield from the organic phase. The absolute configura-
tions of product 4a and 4b were assigned to be R by chemi-
cal correlation with the corresponding described N-Boc-pro-
tected amines."! The remaining configurations of adducts 4
and salts 5a and 5b were assumed by analogy.

On the basis of the experimental results, a plausible acti-
vation model for the R-selective formation of 4b catalyzed
by 1e is outlined in Scheme 3. The MBH carbonate presum-

Re-face attack

Scheme 3. Proposed transition state for the formation of (-amination
product 4b.

ably first undergoes the Michael-type addition at the nitro-
gen atom of the quinuclidine to afford a cationic intermedi-
ates, the resulting complex would be preferentially formed
as the E isomer!'” and stabilized through the m—m stacking
between the quinoline moiety and phenyl ring."®! The Si
face of the complex is effectively blocked by the left half of
the quinoline moiety, which is bonded to the MBH moiety
through the N—C covalent bond. Thus the benzophenone
imine anion is much more accessible to attack from the Re
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face, affording the corresponding f-amination product 4b in
the R configuration.

In summary, we have provided a highly efficient asymmet-
ric allylic amination of MBH carbonates with masked am-
monia (benzophenone imine) under the catalysis of modi-
fied cinchona alkaloids. The reaction proceeded in good
yields with excellent enantioselectivities (up to 99 % ee) for
a wide range of MBH carbonates. Furthermore, the unpro-
tected a-methylene-f-amino esters were easily obtained
with retentive enantioselectivities through a one-step acidic
hydrolysis protocol, and the recovered benzophenone could
be reused in the preparation of the starting benzophenone
imine. We believe that this methodology presented herein
may potentially expand the synthetic utility of a-methylene-
-amino esters in organic chemistry and medicinal chemis-
try. Further synthetic application of this transformation and
mechanistic studies are underway in our laboratory.

Experimental Section

General procedure for the organocatalytic asymmetric allylic amination
of Morita-Baylis—-Hillman carbonates with benzophenone imine: A mix-
ture of catalyst 1e (17.2 mg, 0.02 mmol), MBH carbonate 2a (48.9 mg,
0.15 mmol) and MgSO, (30 mg) in 1,4-dioxane (0.5 mL) was stirred for
30 min at room temperature before the benzophenone imine 3 (18.1 mg,
0.10 mmol) was added, then the resulting mixture was stirred for another
60 h. The crude reaction mixture was diluted with ethyl acetate and then
directly purified by flash chromatography on silica gel (petroleum ether/
ethyl acetate PE/EA) to afford the corresponding product 4a.

Acknowledgements

We gratefully acknowledge the National Natural Science Foundation of
China (20832001, 20972065, 21074054) and the National Basic Research
Program of China (2007CB925103, 2010CB923303) for their financial
support.

Keywords: allylic compounds - amination . ammonia -
benzophenone imine - organocatalysis - Morita—Baylis—
Hillman carbonates

[1] a) D. Basavaiah, A.J. Rao, T. Satyanarayana, Chem. Rev. 2003, 103,
811-891; b) R. Galeazzi, G. Martelli, G. Mobbili, M. Orena, S. Ri-
naldi, Org. Lett. 2004, 6, 2571-2574; c) J. M. Sorbetti, K. N. Clary,
D. A. Rankic, J. E. Wulff, M. Parvez, T. G. Back, J. Org. Chem.
2007, 72, 3326-3331; d) T. Nemoto, T. Fukuyama, E. Yamamoto, S.
Tamura, T. Fukuda, T. Matsumoto, Y. Akimoto, Y. Hamada, Org.
Lertt. 2007, 9, 927-930; e) V. Declerck, L. Toupet, J. Martinez, F.
Lamaty, J. Org. Chem. 2009, 74, 2004—-2007.

For recent reviews on the aza-MBH reaction, see: a) Y.-L. Shi, M.
Shi, Eur. J. Org. Chem. 2007, 2905-2916; b) G. Masson, C. Housse-
man, J. Zhu, Angew. Chem. 2007, 119, 4698-4712; Angew. Chem.
Int. Ed. 2007, 46, 4614-4628; c) D. Basavaiah, K. V. Rao, R.J.
Reddy, Chem. Soc. Rev. 2007, 36, 1581-1588; d) D. Basavaiah, B. S.
Reddy, S.S. Badsara, Chem. Rev. 2010, 110, 5447-5674. For some
selective references, see: ) M. Shi, Y.-M. Xu, Angew. Chem. 2002,
114, 4689-4692; Angew. Chem. Int. Ed. 2002, 41, 4507-4510; f) M.
Shi, L.-H. Chen, Chem. Commun. 2003, 1310-1311; g) S. Kawahara,

2

—

Chem. Eur. J. 2011, 17, 13676 -13679


http://dx.doi.org/10.1021/cr010043d
http://dx.doi.org/10.1021/cr010043d
http://dx.doi.org/10.1021/cr010043d
http://dx.doi.org/10.1021/cr010043d
http://dx.doi.org/10.1021/ol049146j
http://dx.doi.org/10.1021/ol049146j
http://dx.doi.org/10.1021/ol049146j
http://dx.doi.org/10.1021/jo062655+
http://dx.doi.org/10.1021/jo062655+
http://dx.doi.org/10.1021/jo062655+
http://dx.doi.org/10.1021/jo062655+
http://dx.doi.org/10.1021/ol0700207
http://dx.doi.org/10.1021/ol0700207
http://dx.doi.org/10.1021/ol0700207
http://dx.doi.org/10.1021/ol0700207
http://dx.doi.org/10.1021/jo802533d
http://dx.doi.org/10.1021/jo802533d
http://dx.doi.org/10.1021/jo802533d
http://dx.doi.org/10.1002/ejoc.200700030
http://dx.doi.org/10.1002/ejoc.200700030
http://dx.doi.org/10.1002/ejoc.200700030
http://dx.doi.org/10.1002/ange.200604366
http://dx.doi.org/10.1002/ange.200604366
http://dx.doi.org/10.1002/ange.200604366
http://dx.doi.org/10.1002/anie.200604366
http://dx.doi.org/10.1002/anie.200604366
http://dx.doi.org/10.1002/anie.200604366
http://dx.doi.org/10.1002/anie.200604366
http://dx.doi.org/10.1039/b613741p
http://dx.doi.org/10.1039/b613741p
http://dx.doi.org/10.1039/b613741p
http://dx.doi.org/10.1021/cr900291g
http://dx.doi.org/10.1021/cr900291g
http://dx.doi.org/10.1021/cr900291g
http://dx.doi.org/10.1002/1521-3757(20021202)114:23%3C4689::AID-ANGE4689%3E3.0.CO;2-2
http://dx.doi.org/10.1002/1521-3757(20021202)114:23%3C4689::AID-ANGE4689%3E3.0.CO;2-2
http://dx.doi.org/10.1002/1521-3757(20021202)114:23%3C4689::AID-ANGE4689%3E3.0.CO;2-2
http://dx.doi.org/10.1002/1521-3757(20021202)114:23%3C4689::AID-ANGE4689%3E3.0.CO;2-2
http://dx.doi.org/10.1002/1521-3773(20021202)41:23%3C4507::AID-ANIE4507%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3773(20021202)41:23%3C4507::AID-ANIE4507%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3773(20021202)41:23%3C4507::AID-ANIE4507%3E3.0.CO;2-I
http://dx.doi.org/10.1039/b301863f
http://dx.doi.org/10.1039/b301863f
http://dx.doi.org/10.1039/b301863f
www.chemeurj.org

Organocatalytic Enantioselective Amination

B3]
(4]

5

[t

[6

—

(7]

(8]

Chem. Eur. J. 2011, 17, 13676 -13679

A. Nakano, T. Esumi, Y. Iwabuchi, S. Hatakeyama, Org. Lett. 2003,
5, 3103-3105; h) K. Matsui, S. Takizawa, H. Sasai, J. Am. Chem.
Soc. 2005, 127, 3680-3681; i) M. Shi, L.-H. Chen, C.-Q. Li, J. Am.
Chem. Soc. 2005, 127, 3790-3800; j) M. Shi, Y.-M. Xu, Y.-L Shi,
Chem. Eur. J. 2005, 11, 1794-1802; k) Y.-H. Liu, L.-H. Chen, M.
Shi, Adv. Synth. Catal. 2006, 348, 973-979; 1) N. Abermil, G.
Masson, J. Zhu, J. Am. Chem. Soc. 2008, 130, 12596-12597.

P. Buskens, J. Klankemayer, W. Leitner, J. Am. Chem. Soc. 2005,
127,16762-16763.

a) E. M. Campi, A. Holmes, P. Perlmutter, C. C. Teo, Aust. J. Chem.
1995, 48, 1535-1540; b) Y.-M. Xu, M. Shi, J. Org. Chem. 2004, 69,
417-425.

For C—N bond formation reactions, see: a)J.N. Kim, H.J. Lee,
K.Y. Lee, J.-H. Gong, Synlett 2002, 173—-175; b) J. N. Kim, H. J. Lee,
J.-H. Gong, Tetrahedron Lett. 2002, 43, 9141-9146; c) C.-W. Cho, J.-
R. Kong, M. J. Krische, Org. Lett. 2004, 6, 1337-1339; d) Y. Du, X.
Han, X. Lu, Tetrahedron Lett. 2004, 45, 4967-4971; e) H. Park, C.-
W. Cho, M. I. Krische, J. Org. Chem. 2006, 71, 7892-7894; f) T.-Z.
Zhang, L.-X. Dai, X.-L. Hou, Tetrahedron: Asymmetry 2007, 18,
1990-1994; g) G.-N. Ma, S.-H. Cao, M. Shi, Tetrahedron: Asymmetry
2009, 20, 1086-1092; h) H.-L. Cui, X. Feng, J. Peng, J. Lei, K. Jiang,
Y.-C. Chen, Angew. Chem. 2009, 121, 5847-5850; Angew. Chem. Int.
Ed. 2009, 48, 5737-5740; i) S.-J. Zhang, H.-L. Cui, K. Jiang, R. Li,
Z.-Y. Ding, Y.-C. Chen, Eur. J. Org. Chem. 2009, 5804-5809; j) H.-P.
Deng, Y. Wei, M. Shi, Eur. J. Org. Chem. 2011, 1956-1960; k) J.-R.
Huang, H.-L. Cui, J. Lei, X.-H. Sun, Y.-C. Chen, Chem. Commun.
2011, 47, 4784-4786.

For C—C bond formation reactions, see: a) D. J. V. C. van Steenis, T.
Marcelli, M. Lutz, A.L. Spek, J. H. van Maarseveen, H. Hiemstra,
Adv. Synth. Catal. 2007, 349, 281-286; b) Y.-Q. Jiang, Y.-L. Shi, M.
Shi, J. Am. Chem. Soc. 2008, 130, 7202-7203; c) K. Jiang, J. Peng,
H.-L. Cui, Y.-C. Chen, Chem. Commun. 2009, 45, 3955-3957; d) H.-
L. Cui, J. Peng, X. Feng, W. Du, K. Jiang, Y.-C. Chen, Chem. Eur. J.
2009, 15, 1574-1577; e) H.-L. Cui, J.-R. Huang, J. Lei, Z.-F. Wang,
S. Chen, L. Wu, Y.-C. Chen, Org. Lett. 2010, 12, 720-723; ) J. Peng,
X. Huang, H.-L. Cui, Y.-C. Chen, Org. Lett. 2010, 12, 4260-4263;
g) J. Peng, H.-L. Cui, Y.-C. Chen, Sci. China, Ser. B-Chem. 2011, 54,
81-86; h) Y.-L. Yang, C.-K. Pei, M. Shi, Org. Biomol. Chem. 2011,
9, 3349-3358; i) W.-G. Yang, X.-L. Wei, Y.-H. Pan, R. Lee, B. Zhu,
H.-J. Liu, L. Yan, K.-W. Huang, Z.-Y. Jiang, C.-H. Tan, Chem. Eur.
J. 2011, 17, 8066—8070; j) L. Jiang, Q. Lei, X. Huang, H.-L. Cui, X.
Zhou, Y.-C. Chen, Chem. Eur. J. 2011, 17, 9489-9493.

For C—O bond formation reactions, see: a) Z.-K. Hu, H.-L. Cui, K.
Jiang, Y.-C. Chen, Sci. China, Ser. B-Chem. 2009, 52, 1309-1313;
b) X. Feng, Y.-Q. Yuan, H.-L. Cui, K. Jiang, Y.-C. Chen, Org.
Biomol. Chem. 2009, 7, 3660—3662.

For C—P bond formation reaction, see: a) L. Hong, W.-S. Sun, C.-X.
Liu, D.-P. Zhao, R. Wang, Chem. Commun. 2010, 46, 2856-2858;
b) W.-S. Sun, L. Hong, C.-X. Liu, R. Wang, Org. Lett. 2010, 12,
3914-3917.

]

(10]
(1]
(12]

(13]

(14]

(15]

[16]

(17]

(18]

COMMUNICATION

a) B. Tan, N. R. Candeias, C. F. Barbas III, J. Am. Chem. Soc. 2011,
133, 4672-4675; b) F-R. Zhong, X.-Y Han, Y.-Q. Wang, Y.-X. Lu,
Angew. Chem. 2011, 123, 7983-7987; Angew. Chem. Int. Ed. 2011,
50, 7837-7841.

a) B.M. Trost, Angew. Chem. 1995, 107, 285-307; Angew. Chem.
Int. Ed. Engl. 1995, 34, 259-281; b) B. M. Trost, Acc. Chem. Res.
2002, 35, 695-705.

BASF Akteingesellschaft, US 7683214, 2009.

L. Lykke, D. Monge, M. Nielsen, K. A. Jgrgensen, Chem. Eur. J.
2010, 76, 13330-13334.

a) M.-H. Yang, C.-J. Zhu, F. Yuan, Y.-J. Huang, Y. Pan, Org. Lett.
2005, 7, 1927-1930; b) J.-T. Sun, M.-H. Yang, F. Yuan, X.-F. Jia, X.
Yang, Y. Pan, C.-J. Zhu, Adv. Synth. Catal. 2009, 351, 920-930; c) J.-
T. Sun, F. Yuan, M.-H. Yang, Y. Pan, C.-J. Zhu, Tetrahedron Lett.
2009, 50, 548-551; d) L. Fang, A.-J. Lin, H.-W. Hu, C.-J. Zhu, Chem.
Eur. J. 2009, 15, 7039-7043; ¢) X. Ding, W.-M. Tang, C.-J. Zhu, Y.-
X. Cheng, Adv. Synth. Catal. 2010, 352, 108-112; f) X. Ding, H.-L.
Jiang, C.-J. Zhu, Y.-X. Cheng, Tetrahedron Lett. 2010, 51, 6105—
6107; g) A.-J. Lin, L. Fang, X. Zhu, C.-J. Zhu, Y.-X. Cheng, Adv.
Synth. Catal. 2011, 353, 545-549.

For recent reviews on modified cinchona alkaloids in asymmetric or-
ganocatalysis, see: a) S.-K. Tian, Y. Chen, J. Huang, L. Tang, P.
Mcdaid, L. Deng, Acc. Chem. Res. 2004, 37, 621-631; b) M.J.
Gaunt, C.C.C. Johansson, Chem. Rev. 2007, 107, 5596-5605;
¢) S. E. Denmark, G.L. Beutner, Angew. Chem. 2008, 120, 1584—
1663; Angew. Chem. Int. Ed. 2008, 47, 1560—1638; for selected ex-
amples, see: d) Y. Chen, S.-K. Tian, L. Deng, J. Am. Chem. Soc.
2000, 122, 9542-9543; ) S.-K. Tian, L. Deng, J. Am. Chem. Soc.
2001, 723, 6195-6196; f)J. Hang, S.-K. Tian, L. Tang, L. Deng, J.
Am. Chem. Soc. 2001, 123, 12696-12697; g) P. McDaid, Y. Chen, L.
Deng, Angew. Chem. 2002, 114, 348-350; Angew. Chem. Int. Ed.
2002, 41, 338-340; h) S.-K. Tian, R. Hong, L. Deng, J. Am. Chem.
Soc. 2003, 125, 9900-9901.

A similar phenomenon was observed in other allylic nucleophilic
substitution of MBH carbonates; see ref. [Sh], [51], [6¢], [6d], [6¢],
and [8b].

a) Y. Zhang, Y.-K. Liu, T.-R. Kang, Z.-K. Hu, Y.-C. Chen, J. Am.
Chem. Soc. 2008, 130, 2456-2457; b) C. Cassani, L. Bernardi, F.
Fini, A. Ricci, Angew. Chem. 2009, 121, 5804-5807; Angew. Chem.
Int. Ed. 2009, 48, 5694—-5697.

M. Baidya, G.Y. Remennikov, P. Mayer, H. Mayr, Chem. Eur. J.
2010, 16, 1365-1371.

a)E.J. Corey, M. C. Noe, J. Am. Chem. Soc. 1993, 115, 12579-
12580; b) S. Ogawa, N. Shibata, J. Inagaki, S. Nakamura, T. Toru, M.
Shiro, Angew. Chem. 2007, 119, 8820-8823; Angew. Chem. Int. Ed.
2007, 46, 8666—8669.

Received: August 15, 2011
Published online: November 3, 2011

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

www.chemeurj.org

— 13679


http://dx.doi.org/10.1021/ol035102j
http://dx.doi.org/10.1021/ol035102j
http://dx.doi.org/10.1021/ol035102j
http://dx.doi.org/10.1021/ol035102j
http://dx.doi.org/10.1021/ja0500254
http://dx.doi.org/10.1021/ja0500254
http://dx.doi.org/10.1021/ja0500254
http://dx.doi.org/10.1021/ja0500254
http://dx.doi.org/10.1021/ja0447255
http://dx.doi.org/10.1021/ja0447255
http://dx.doi.org/10.1021/ja0447255
http://dx.doi.org/10.1021/ja0447255
http://dx.doi.org/10.1002/chem.200400872
http://dx.doi.org/10.1002/chem.200400872
http://dx.doi.org/10.1002/chem.200400872
http://dx.doi.org/10.1002/adsc.200505476
http://dx.doi.org/10.1002/adsc.200505476
http://dx.doi.org/10.1002/adsc.200505476
http://dx.doi.org/10.1021/ja805122j
http://dx.doi.org/10.1021/ja805122j
http://dx.doi.org/10.1021/ja805122j
http://dx.doi.org/10.1021/ja0550024
http://dx.doi.org/10.1021/ja0550024
http://dx.doi.org/10.1021/ja0550024
http://dx.doi.org/10.1021/ja0550024
http://dx.doi.org/10.1071/CH9951535
http://dx.doi.org/10.1071/CH9951535
http://dx.doi.org/10.1071/CH9951535
http://dx.doi.org/10.1071/CH9951535
http://dx.doi.org/10.1021/jo035103p
http://dx.doi.org/10.1021/jo035103p
http://dx.doi.org/10.1021/jo035103p
http://dx.doi.org/10.1021/jo035103p
http://dx.doi.org/10.1016/S0040-4039(02)02274-8
http://dx.doi.org/10.1016/S0040-4039(02)02274-8
http://dx.doi.org/10.1016/S0040-4039(02)02274-8
http://dx.doi.org/10.1021/ol049600j
http://dx.doi.org/10.1021/ol049600j
http://dx.doi.org/10.1021/ol049600j
http://dx.doi.org/10.1016/j.tetlet.2004.04.135
http://dx.doi.org/10.1016/j.tetlet.2004.04.135
http://dx.doi.org/10.1016/j.tetlet.2004.04.135
http://dx.doi.org/10.1021/jo061218s
http://dx.doi.org/10.1021/jo061218s
http://dx.doi.org/10.1021/jo061218s
http://dx.doi.org/10.1016/j.tetasy.2007.08.005
http://dx.doi.org/10.1016/j.tetasy.2007.08.005
http://dx.doi.org/10.1016/j.tetasy.2007.08.005
http://dx.doi.org/10.1016/j.tetasy.2007.08.005
http://dx.doi.org/10.1016/j.tetasy.2009.03.040
http://dx.doi.org/10.1016/j.tetasy.2009.03.040
http://dx.doi.org/10.1016/j.tetasy.2009.03.040
http://dx.doi.org/10.1016/j.tetasy.2009.03.040
http://dx.doi.org/10.1002/ange.200902093
http://dx.doi.org/10.1002/ange.200902093
http://dx.doi.org/10.1002/ange.200902093
http://dx.doi.org/10.1002/anie.200902093
http://dx.doi.org/10.1002/anie.200902093
http://dx.doi.org/10.1002/anie.200902093
http://dx.doi.org/10.1002/anie.200902093
http://dx.doi.org/10.1002/ejoc.200900944
http://dx.doi.org/10.1002/ejoc.200900944
http://dx.doi.org/10.1002/ejoc.200900944
http://dx.doi.org/10.1002/ejoc.201001660
http://dx.doi.org/10.1002/ejoc.201001660
http://dx.doi.org/10.1002/ejoc.201001660
http://dx.doi.org/10.1039/c0cc05616b
http://dx.doi.org/10.1039/c0cc05616b
http://dx.doi.org/10.1039/c0cc05616b
http://dx.doi.org/10.1039/c0cc05616b
http://dx.doi.org/10.1002/adsc.200600467
http://dx.doi.org/10.1002/adsc.200600467
http://dx.doi.org/10.1002/adsc.200600467
http://dx.doi.org/10.1021/ja802422d
http://dx.doi.org/10.1021/ja802422d
http://dx.doi.org/10.1021/ja802422d
http://dx.doi.org/10.1002/chem.200802534
http://dx.doi.org/10.1002/chem.200802534
http://dx.doi.org/10.1002/chem.200802534
http://dx.doi.org/10.1002/chem.200802534
http://dx.doi.org/10.1021/ol100014m
http://dx.doi.org/10.1021/ol100014m
http://dx.doi.org/10.1021/ol100014m
http://dx.doi.org/10.1021/ol101668z
http://dx.doi.org/10.1021/ol101668z
http://dx.doi.org/10.1021/ol101668z
http://dx.doi.org/10.1039/c1ob00017a
http://dx.doi.org/10.1039/c1ob00017a
http://dx.doi.org/10.1039/c1ob00017a
http://dx.doi.org/10.1039/c1ob00017a
http://dx.doi.org/10.1002/chem.201100929
http://dx.doi.org/10.1002/chem.201100929
http://dx.doi.org/10.1002/chem.201100929
http://dx.doi.org/10.1002/chem.201100929
http://dx.doi.org/10.1002/chem.201100534
http://dx.doi.org/10.1002/chem.201100534
http://dx.doi.org/10.1002/chem.201100534
http://dx.doi.org/10.1007/s11426-009-0187-8
http://dx.doi.org/10.1007/s11426-009-0187-8
http://dx.doi.org/10.1007/s11426-009-0187-8
http://dx.doi.org/10.1039/b912110b
http://dx.doi.org/10.1039/b912110b
http://dx.doi.org/10.1039/b912110b
http://dx.doi.org/10.1039/b912110b
http://dx.doi.org/10.1039/b926037d
http://dx.doi.org/10.1039/b926037d
http://dx.doi.org/10.1039/b926037d
http://dx.doi.org/10.1021/ol101601d
http://dx.doi.org/10.1021/ol101601d
http://dx.doi.org/10.1021/ol101601d
http://dx.doi.org/10.1021/ol101601d
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1002/ange.201102094
http://dx.doi.org/10.1002/ange.201102094
http://dx.doi.org/10.1002/ange.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1002/ange.19951070304
http://dx.doi.org/10.1002/ange.19951070304
http://dx.doi.org/10.1002/ange.19951070304
http://dx.doi.org/10.1002/anie.199502591
http://dx.doi.org/10.1002/anie.199502591
http://dx.doi.org/10.1002/anie.199502591
http://dx.doi.org/10.1002/anie.199502591
http://dx.doi.org/10.1021/ar010068z
http://dx.doi.org/10.1021/ar010068z
http://dx.doi.org/10.1021/ar010068z
http://dx.doi.org/10.1021/ar010068z
http://dx.doi.org/10.1002/chem.201002415
http://dx.doi.org/10.1002/chem.201002415
http://dx.doi.org/10.1002/chem.201002415
http://dx.doi.org/10.1002/chem.201002415
http://dx.doi.org/10.1021/ol0503034
http://dx.doi.org/10.1021/ol0503034
http://dx.doi.org/10.1021/ol0503034
http://dx.doi.org/10.1021/ol0503034
http://dx.doi.org/10.1002/adsc.200800767
http://dx.doi.org/10.1002/adsc.200800767
http://dx.doi.org/10.1002/adsc.200800767
http://dx.doi.org/10.1016/j.tetlet.2008.11.060
http://dx.doi.org/10.1016/j.tetlet.2008.11.060
http://dx.doi.org/10.1016/j.tetlet.2008.11.060
http://dx.doi.org/10.1016/j.tetlet.2008.11.060
http://dx.doi.org/10.1002/chem.200901099
http://dx.doi.org/10.1002/chem.200901099
http://dx.doi.org/10.1002/chem.200901099
http://dx.doi.org/10.1002/chem.200901099
http://dx.doi.org/10.1002/adsc.200900652
http://dx.doi.org/10.1002/adsc.200900652
http://dx.doi.org/10.1002/adsc.200900652
http://dx.doi.org/10.1016/j.tetlet.2010.09.036
http://dx.doi.org/10.1016/j.tetlet.2010.09.036
http://dx.doi.org/10.1016/j.tetlet.2010.09.036
http://dx.doi.org/10.1002/adsc.201000679
http://dx.doi.org/10.1002/adsc.201000679
http://dx.doi.org/10.1002/adsc.201000679
http://dx.doi.org/10.1002/adsc.201000679
http://dx.doi.org/10.1021/ar030048s
http://dx.doi.org/10.1021/ar030048s
http://dx.doi.org/10.1021/ar030048s
http://dx.doi.org/10.1021/cr0683764
http://dx.doi.org/10.1021/cr0683764
http://dx.doi.org/10.1021/cr0683764
http://dx.doi.org/10.1002/ange.200604943
http://dx.doi.org/10.1002/ange.200604943
http://dx.doi.org/10.1002/ange.200604943
http://dx.doi.org/10.1002/anie.200604943
http://dx.doi.org/10.1002/anie.200604943
http://dx.doi.org/10.1002/anie.200604943
http://dx.doi.org/10.1021/ja001765+
http://dx.doi.org/10.1021/ja001765+
http://dx.doi.org/10.1021/ja001765+
http://dx.doi.org/10.1021/ja001765+
http://dx.doi.org/10.1021/ja010690m
http://dx.doi.org/10.1021/ja010690m
http://dx.doi.org/10.1021/ja010690m
http://dx.doi.org/10.1021/ja010690m
http://dx.doi.org/10.1021/ja011936q
http://dx.doi.org/10.1021/ja011936q
http://dx.doi.org/10.1021/ja011936q
http://dx.doi.org/10.1021/ja011936q
http://dx.doi.org/10.1002/1521-3757(20020118)114:2%3C348::AID-ANGE348%3E3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3757(20020118)114:2%3C348::AID-ANGE348%3E3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3757(20020118)114:2%3C348::AID-ANGE348%3E3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3773(20020118)41:2%3C338::AID-ANIE338%3E3.0.CO;2-M
http://dx.doi.org/10.1002/1521-3773(20020118)41:2%3C338::AID-ANIE338%3E3.0.CO;2-M
http://dx.doi.org/10.1002/1521-3773(20020118)41:2%3C338::AID-ANIE338%3E3.0.CO;2-M
http://dx.doi.org/10.1002/1521-3773(20020118)41:2%3C338::AID-ANIE338%3E3.0.CO;2-M
http://dx.doi.org/10.1021/ja036222p
http://dx.doi.org/10.1021/ja036222p
http://dx.doi.org/10.1021/ja036222p
http://dx.doi.org/10.1021/ja036222p
http://dx.doi.org/10.1021/ja7114844
http://dx.doi.org/10.1021/ja7114844
http://dx.doi.org/10.1021/ja7114844
http://dx.doi.org/10.1021/ja7114844
http://dx.doi.org/10.1002/ange.200900701
http://dx.doi.org/10.1002/ange.200900701
http://dx.doi.org/10.1002/ange.200900701
http://dx.doi.org/10.1002/anie.200900701
http://dx.doi.org/10.1002/anie.200900701
http://dx.doi.org/10.1002/anie.200900701
http://dx.doi.org/10.1002/anie.200900701
http://dx.doi.org/10.1002/chem.200902487
http://dx.doi.org/10.1002/chem.200902487
http://dx.doi.org/10.1002/chem.200902487
http://dx.doi.org/10.1002/chem.200902487
http://dx.doi.org/10.1021/ja00079a045
http://dx.doi.org/10.1021/ja00079a045
http://dx.doi.org/10.1021/ja00079a045
http://dx.doi.org/10.1002/ange.200703317
http://dx.doi.org/10.1002/ange.200703317
http://dx.doi.org/10.1002/ange.200703317
http://dx.doi.org/10.1002/anie.200703317
http://dx.doi.org/10.1002/anie.200703317
http://dx.doi.org/10.1002/anie.200703317
http://dx.doi.org/10.1002/anie.200703317
www.chemeurj.org

