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Tertiary alkylamines are common motifs in many natural
products and pharmaceuticals but access to them in enantio-
merically enriched form can sometimes present a major
challenge. A standard route to these compounds involves the
addition of nucleophiles, for example, organometallic
reagents[1] or cyanide[2] to ketimines, but other indirect
methods have also been reported.[3] Whilst many of these
methods have been successful in delivering high levels of
stereocontrol, the level of selectivity is highly substrate-
dependent.

We recently reported a conceptually new method for the
synthesis of tertiary alcohols that routinely delivered more
than 98 % ee over a broad range of substrates (Scheme 1).[4] In

this process, lithiation of secondary carbamates 1 followed by
treatment with boronic esters and subsequent addition of
MgBr2/MeOH gave the tertiary boronic esters 2, which were
finally oxidized to tertiary alcohols in high ee. We reasoned
that isolation of the intermediate tertiary boronic esters and
subsequent amination could provide a new route to C-tertiary
alkylamines in high ee. Whilst amination of primary and even
secondary boronic esters had been reported,[5–7] the much
more challenging tertiary boronic esters had not. We there-
fore embarked on this study and now report that C-tertiary
alkylamines can indeed be obtained in more than 98 % ee
using this methodology.

Of the reported amination transformations, Matteson�s
direct conversion of a potassium trifluoroborate salt into an
amine[7] turned out to be the most efficient and reliable,[8] and

after some modification of the reaction conditions[9] this
protocol was ultimately successful. Thus, a broad range of
tertiary boronic esters were first converted into the corre-
sponding trifluoroborates 3 and then treated with SiCl4 and an
alkyl azide (Table 1). Using this protocol with benzyl azide

4a, the tertiary trifluoroborate 3a was converted into the
tertiary benzylamine 5aa in 94% yield and 99 % ee (entry 1).
The methodology could be extended to other substituted
benzylic and alkyl azides (entries 2, 3). In terms of the scope
of the tertiary trifluoroborate, hindered alkyl groups (iPr,
cHex; entries 4–6) and even diarylalkyl trifluoroborates
(entries 7, 8) could all be employed, leading to C-tertiary
alkyl amines with very high ee. The latter two examples are
noteworthy as the diarylalkyl boron intermediates are
especially prone to homolysis and radical recombination but
no erosion in ee was observed.

Some limitations of the methodology however, were
uncovered. For example, the homoallylic trifluoroborate salt
6 only gave the tertiary amine 7 in 14 % yield together with
ketone 8 in 75 % yield (Scheme 2, see Supporting Information
for a mechanistic discussion on the origin of 8).

The para-methoxy analogue of the trifluoroborate 3 f was
also ineffective. Since both the meta-methoxy substrate 3 f
and the para-methoxybenzylic secondary trifluoroborate
salt[10] worked well, it showed that this limitation was specific
to the tertiary, electron-rich diaryl trifluoroborate salt.

Scheme 1. Synthesis of highly enantioenriched tertiary boronic esters
and tertiary alcohols. Cb = C(O)NiPr2.

Table 1: Amination of tertiary potassium trifluoroborates with alkyl
azides.[a]

Entry 3[b] R R1 4 R2 5 Yield [%]
(ee [%])[c]

1 a H Et a Bn aa 94 (99)
2 a H Et b PMB ab 73 (99)
3 a H Et c cPrCH2 ac 89 (99)
4 b H cHex a Bn ba 78 (99)
5 c 4-Cl iPr a Bn ca 76 (99)
6 d 2-F cHex a Bn da 47 (99)
7 e H 4-ClC6H4 a Bn ea 74 (99)
8 f H 3-MeOC6H4 a Bn fa 69 (99)

[a] Bn = benzyl, DCE = 1,2-dichloroethane, PMB= para-methoxybenzyl.
[b] The ee’s of all trifluoroborates 3a–f were 99%. [c] Yields of isolated
product are given; ee-values of amines 5 were determined by chiral HPLC
following derivatization as their trifluoroacetamides (see Supporting
Information for details).
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In a representative example we have shown that the
C-tertiary secondary alkylamines can be selectively debenzy-
lated to give the C-tertiary primary alkylamines by catalytic
hydrogenolysis (Scheme 3).[11]

In order to broaden the scope of the methodology we have
considered its application towards cyclic substrates partic-
ularly since certain 2,2-disubstituted piperidines (e.g. 11) have
emerged as promising neurokinin 1 (NK1) antagonists that
possesses unique antidepressant, anxiolytic, and antiemetic
properties.[12] We were therefore keen to explore the potential
of our methodology to target this important class of com-
pounds (Scheme 4). The key steps involved lithiation of

carbamate 1a followed by borylation with the required
boronic ester which gave the tertiary boronic ester 10 in
74% yield and 99 % ee. Subsequent conversion to the
trifluoroborate salt followed by treatment with SiCl4

(second key step) gave piperidine 11 in 53% yield and 99%
ee.

Finally, we considered the application of this methodology
to a stereocontrolled synthesis of the pharmaceutical igme-
sine (17),[13] a compound which shows significant activity

across a spectrum of challenging disease areas including
depression,[14] cancer,[15] and diarrhoea.[16] The activity of this
pharmaceutical resides in the (+)-enantiomer but the abso-
lute configuration had not been established, thus providing
further impetus for the need for its stereocontrolled syn-
thesis.[13] However, such a target posed some potential
difficulties because it would involve a homoallylic trifluor-
oborate salt—a motif that was found to be somewhat
problematic in the amination step. Nevertheless, we reasoned
that the additional substitution might retard the unwanted
[3+2] cycloaddition and give a higher yield of the desired
amination product. We therefore embarked on the synthesis,
although with some trepidation. Starting from the commer-
cially available secondary alcohol 12, following carbamate
formation 13 the key lithiation–borylation reaction under the
optimized conditions[4a] furnished the tertiary boronic ester 14
in 92% yield and with perfect enantioselectivity (Scheme 5).

Subsequent conversion to the trifluoroborate salt 15 followed
by amination with cyclopropyl azide (4c) gave the C-tertiary
secondary amine 16 in 56% yield, again without erosion of
enantioselectivity. This showed that the limitation in scope
highlighted above applied to the parent homoallylic substrate
6 but not necessarily to other substituted homoallylic groups.
Finally, methylation gave (+)-igmesine (17) in an overall yield
of 46% and a total of just five synthetic steps starting from
commercially available alcohol 12. The modular nature, high
levels of stereocontrol, and brevity are noteworthy features of
the synthesis. Finally, as the optical rotation of 17·HCl ([a]D

23

+ 45.7) matched the optical rotation of the active enantiomer
([a]D

25 + 49.7),[17] our stereoselective synthesis enables us to
establish the absolute configuration of (+)-igmesine as being
R.

In summary, we have shown that tertiary boronic esters,
readily available in high ee using the lithiation–borylation
reaction, can be converted into tertiary alkylamines including
2,2-disubstituted piperidines with very high ee. Such com-

Scheme 2. Unexpected formation of methylketone side-product 8
during attempted amination of homoallylic trifluoroborate 6.

Scheme 3. Representative example for the selective deprotection of
C-tertiary benzylamines.

Scheme 4. Synthesis of (+)-piperidine 11. Reagents and conditions:
a) pinacol, MgSO4, Et2O, RT, 97%; b) nBu4NBr, NaN3, H2O/EtOAc,
80 8C, 16 h, 96%; c) sec-butyllithium (1.1 equiv), �78 8C, 20 min; then
N3(CH2)4BPin (1.2 equiv), �78 8C, 1 h; then 1m MgBr2 in MeOH
(1.2 equiv), �78 8C, 10 min, then RT, 16 h; then 1m aq KH2PO4, 74%;
d) 4.5m aq KHF2 (2.5 equiv), MeOH, RT, 30 min, evaporation; then
60% aq MeOH, 10 min and evaporation (9 � ), 95 %; e) SiCl4,
(1.5 equiv), DCE, RT, 1 h; 80 8C, 1 h; then 2m aq NaOH, RT, 1 h, 53%.

Scheme 5. Synthesis of (+)-igmesine. Reagents and conditions:
a) iPr2NCOCl (1.05 equiv), NEt3 (1.1 equiv), CH2Cl2, reflux, 24 h, 92 %;
b) sec-butyllithium (1.1 equiv), �78 8C, 20 min; then cinnamyl boronic
acid pinacol ester (1.2 equiv), �78 8C, 1 h; then 1m MgBr2 in MeOH
(1.2 equiv), �78 8C, 10 min, then RT, 16 h; then 1m aq KH2PO4, 92%;
c) 4.5m aq KHF2 (2.5 equiv), MeOH, RT, 30 min, evaporation; then
50% aq MeOH, 10 min and evaporation (5 � ), 98 %; d) SiCl4,
(2 equiv), DCE, RT, 1 h; cPrCH2N3 (2 equiv), 80 8C, 30 min; then 2m aq
NaOH, RT, 1 h, 56%; e) 37% aq CH2O, NaHB(OAc)3, DCE, RT, 16 h,
99%.[18]
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pounds are not easily accessible in high ee by alternative
methods and the synthetic utility of the methodology has been
demonstrated in the synthesis and determination of absolute
configuration of the pharmaceutical igmesine.

Experimental Section
General procedure for the aminations of tertiary potassium trifluor-
oborates with alkylazides. SiCl4 (189 mg, 1.10–2.00 mmol) was added
to a stirred suspension of trifluoroborate salt 3a–f (1.00 mmol) in
anhydrous 1,2-dichloroethane (2 mL) under a slightly positive
pressure of argon, and the reaction mixture was stirred at ambient
temperature for 0.5–2 h. Then, the respective azide 4a–c (1.20–
2.00 mmol) was added, the mixture was heated to 70 8C and stirred at
this temperature for 1 h. After cooling, the reaction mixture was
diluted with THF (2 mL) and quenched with 2m aq. NaOH (5 mL).
After stirring for an additional 1 h, the reaction vessel was discon-
nected from argon line and the reaction mixture was extracted with
diethyl ether (3 � 10 mL). Combined extracts were washed with brine
(10 mL) and dried over anhydrous K2CO3. Crude product obtained
after solvents removal was purified by flash chromatography and/or
subsequent kugelrohr distillation.

Received: September 27, 2010
Published online: December 29, 2010

.Keywords: azides · boronic esters · C-tertiary amines ·
quaternary stereocenters · trifluoroborates

[1] For recent examples see: a) R. Wada, T. Shibuguchi, S. Makino,
K. Oisaki, M. Kanai, M. Shibasaki, J. Am. Chem. Soc. 2006, 128,
7687 – 7691; b) P. Fu, M. L. Snapper, A. H. Hoveyda, J. Am.
Chem. Soc. 2008, 130, 5530 – 5541; c) G. T. Notte, J. L. Leighton,
J. Am. Chem. Soc. 2008, 130, 6676 – 6677; d) R. Yazaki, T.
Nitabaru, N. Kumagai, M. Shibasaki, J. Am. Chem. Soc. 2008,
130, 14477 – 14479; e) Y. Du, L.-W. Xu, Y. Shimizu, K. Oisaki, M.
Kanai, M. Shibasaki, J. Am. Chem. Soc. 2008, 130, 16146 – 16147;
f) L. R. Reddy, B. Hu, M. Prashad, K. Prasad, Org. Lett. 2008, 10,
3109 – 3112; g) J. Liu, L. Zhang, J. Hu, Org. Lett. 2008, 10, 5377 –
5380; h) B. Musio, G. J. Clarkson, M. Shipman, S. Florio, R.
Luisi, Org. Lett. 2009, 11, 325 – 328; i) A. Z. Gonz�lez, J. G.
Rom�n, E. Alicea, E. Canales, J. A. Soderquist, J. Am. Chem.
Soc. 2009, 131, 1269 – 1273. For an early and highly reliable
method see: j) D. A. Cogan, J. A. Ellman, J. Am. Chem. Soc.
1999, 121, 268 – 269. For reviews see: k) O. Riant, J. Hanne-
douche, Org. Biomol. Chem. 2007, 5, 873 – 888; l) M. Shibasaki,
M. Kanai, Chem. Rev. 2008, 108, 2853 – 2873.

[2] a) P. Vachal, E. N. Jacobsen, Org. Lett. 2000, 2, 867 – 870; b) P.
Vachal, E. N. Jacobsen, J. Am. Chem. Soc. 2002, 124, 10012 –
10014; c) J. Wang, X. Hu, J. Jiang, S. Gou, X. Huang, X. Liu, X.
Feng, Angew. Chem. 2007, 119, 8620 – 8622; Angew. Chem. Int.
Ed. 2007, 46, 8468 – 8470; d) J. Wang, W. Wang, W. Li, X. Hu, K.
Shen, C. Tan, X. Liu, X. Feng, Chem. Eur. J. 2009, 15, 11642 –
11659; e) K. Shen, X. Liu, Y. Cai, L. Lin, X. Feng, Chem. Eur. J.
2009, 15, 6008 – 6014. For reviews see: f) Y. Ohfune, T. Shinada,
Bull. Chem. Soc. Jpn. 2003, 76, 1115 – 1129; g) S. J. Connon,
Angew. Chem. 2008, 120, 1194 – 1197; Angew. Chem. Int. Ed.
2008, 47, 1176 – 1178; See also Ref. [1i].

[3] a) J. C. Ruble, G. C. Fu, J. Am. Chem. Soc. 1998, 120, 11532 –
11533; b) S. A. Shaw, P. Aleman, E. Vedejs, J. Am. Chem. Soc.
2003, 125, 13368 – 13369; c) H. Leuser, S. Perrone, F. Liron, F. F.
Kneisel, P. Knochel, Angew. Chem. 2005, 117, 4703 – 4707;
Angew. Chem. Int. Ed. 2005, 44, 4627 – 4631; d) D. F. Fischer, Z.
Xin, R. Peters, Angew. Chem. 2007, 119, 7848 – 7851; Angew.
Chem. Int. Ed. 2007, 46, 7704 – 7707; e) Y.-X. Jia, J. Zhong, S.-F.

Zhu, C.-M. Zhang, Q.-L. Zhou, Angew. Chem. 2007, 119, 5661 –
5663; Angew. Chem. Int. Ed. 2007, 46, 5565 – 5567; f) J. Clayden,
J. Dufour, D. M. Grainger, M. Helliwell, J. Am. Chem. Soc. 2007,
129, 7488 – 7489; g) J. Clayden, U. Hennecke, Org. Lett. 2008, 10,
3567 – 3570; h) L. C. Wieland, E. M. Vieira, M. L. Snapper,
A. H. Hoveyda, J. Am. Chem. Soc. 2009, 131, 570 – 576; i) L. Yin,
M. Kanai, M. Shibasaki, J. Am. Chem. Soc. 2009, 131, 9610 –
9611; j) T. Yoshino, H. Morimoto, G. Lu, S. Matsunaga, M.
Shibasaki, J. Am. Chem. Soc. 2009, 131, 17082 – 17083; k) J.
Clayden, M. Donnard, J. Lefranc, A. Minassi, D. J. Tetlow, J. Am.
Chem. Soc. 2010, 132, 6624 – 6625.

[4] a) V. Bagutski, R. M. French, V. K. Aggarwal, Angew. Chem.
2010, 122, 5268 – 5271; Angew. Chem. Int. Ed. 2010, 49, 5142 –
5145; b) J. L. Stymiest, V. Bagutski, R. M. French, V. K. Aggar-
wal, Nature 2008, 456, 778 – 782. For other routes to tertiary
boronic esters see: c) J. M. O�Brien, K.-S. Lee, A. H. Hoveyda,
J. Am. Chem. Soc. 2010, 132, 10630 – 10633; d) A. Guzman-
Martinez, A. H. Hoveyda, J. Am. Chem. Soc. 2010, 132, 10634 –
10637.

[5] For conversions of boronic esters into amines through borinic
esters see: a) H. C. Brown, K.-W. Kim, T. E. Cole, B. Singaram,
J. Am. Chem. Soc. 1986, 108, 6761 – 6764; b) E. Fernandez, K.
Maeda, M. W. Hooper, J. M. Brown, Chem. Eur. J. 2000, 6, 1840 –
1846; c) R. W. Hoffmann, B. H�lzer, O. Knopff, Org. Lett. 2001,
3, 1945 – 1948.

[6] For aminations of dichloroboranes see: a) H. C. Brown, M. M.
Midland, A. B. Levy, J. Am. Chem. Soc. 1973, 95, 2394 – 2396. For
conversions of diaminoboranes into dichloroboranes followed
by aminations see: b) P. Y. Chavant, F. Lhermitte, M. Vaultier,
Synlett 1993, 519 – 521. For one-pot conversions of boronic esters
into dichloroboranes followed by aminations see: c) J. M. Jego,
B. Carboni, M. Vaultier, R. Carri�, J. Chem. Soc. Chem.
Commun. 1989, 142 – 143; d) E. Hupe, I. Marek, P. Knochel,
Org. Lett. 2002, 4, 2861 – 2863; e) W. J. Moran, J. P. Morken, Org.
Lett. 2006, 8, 2413 – 2415.

[7] For aminations of trifluoroborate salts see: a) D. S. Matteson,
G. Y. Kim, Org. Lett. 2002, 4, 2153 – 2155; b) B. J. Kim, D. S.
Matteson, Angew. Chem. 2004, 116, 3118 – 3120; Angew. Chem.
Int. Ed. 2004, 43, 3056 – 3058; c) J. Pietruszka, G. Solduga, Synlett
1349 – 1352; d) J. Pietruszka, G. Solduga, Eur. J. Org. Chem.
2009, 5998 – 6008.

[8] Attempted one-pot amination of the simplest tertiary boronic
ester 2a according to Ref. [6e] gave the desired amine but only in
moderate yield (50%), whereas subjecting the trifluoroborate
salt 3a to Matteson�s original protocol afforded amine 5aa in
considerably higher yield (74%). Furthermore, any trifluorobo-
rate salt is readily available from the respective pinacolboronic
ester in essentially quantitative yield: V. Bagutski, A. Ros, V. K.
Aggarwal, Tetrahedron 2009, 65, 9956 – 9960.

[9] Toluene was the original solvent but we have found 1,2-
dichloroethane to be the solvent of choice. For the use of DCE
in aminations of dichloroboranes see also: H. C. Brown, A. M.
Salunkhe, B. Singaram, J. Org. Chem. 1991, 56, 1170 – 1175.

[10] For the preparation of the title trifluoroborate and its subse-
quent amination see Supporting Information.

[11] a) T. Suzuki, Y. Honda, K. Izawa, R. M. Williams, J. Org. Chem.
2005, 70, 7317 – 7323. For an example for chemoselective
debenzylation see also: b) S. G. Davies, D. G. Hughes, R. L.
Nicholson, A. D. Smith, A. J. Wright, Org. Biomol. Chem. 2004,
2, 1549 – 1553.

Zuschriften

1114 www.angewandte.de � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. 2011, 123, 1112 –1115

http://dx.doi.org/10.1021/ja061510h
http://dx.doi.org/10.1021/ja061510h
http://dx.doi.org/10.1021/ja8001343
http://dx.doi.org/10.1021/ja8001343
http://dx.doi.org/10.1021/ja800830h
http://dx.doi.org/10.1021/ja806572b
http://dx.doi.org/10.1021/ja806572b
http://dx.doi.org/10.1021/ja8069727
http://dx.doi.org/10.1021/ol800998u
http://dx.doi.org/10.1021/ol800998u
http://dx.doi.org/10.1021/ol802226k
http://dx.doi.org/10.1021/ol802226k
http://dx.doi.org/10.1021/ol802487v
http://dx.doi.org/10.1021/ja983217q
http://dx.doi.org/10.1021/ja983217q
http://dx.doi.org/10.1039/b617746h
http://dx.doi.org/10.1021/cr078340r
http://dx.doi.org/10.1021/ol005636+
http://dx.doi.org/10.1021/ja027246j
http://dx.doi.org/10.1021/ja027246j
http://dx.doi.org/10.1002/ange.200703188
http://dx.doi.org/10.1002/anie.200703188
http://dx.doi.org/10.1002/anie.200703188
http://dx.doi.org/10.1002/chem.200900936
http://dx.doi.org/10.1002/chem.200900936
http://dx.doi.org/10.1002/chem.200900210
http://dx.doi.org/10.1002/chem.200900210
http://dx.doi.org/10.1246/bcsj.76.1115
http://dx.doi.org/10.1002/ange.200703879
http://dx.doi.org/10.1002/anie.200703879
http://dx.doi.org/10.1002/anie.200703879
http://dx.doi.org/10.1021/ja982890c
http://dx.doi.org/10.1021/ja982890c
http://dx.doi.org/10.1021/ja037223k
http://dx.doi.org/10.1021/ja037223k
http://dx.doi.org/10.1002/ange.200500672
http://dx.doi.org/10.1002/anie.200500672
http://dx.doi.org/10.1002/ange.200702086
http://dx.doi.org/10.1002/anie.200702086
http://dx.doi.org/10.1002/anie.200702086
http://dx.doi.org/10.1002/ange.200701067
http://dx.doi.org/10.1002/ange.200701067
http://dx.doi.org/10.1002/anie.200701067
http://dx.doi.org/10.1021/ja071523a
http://dx.doi.org/10.1021/ja071523a
http://dx.doi.org/10.1021/ol801332n
http://dx.doi.org/10.1021/ol801332n
http://dx.doi.org/10.1021/ja8062315
http://dx.doi.org/10.1021/ja9036675
http://dx.doi.org/10.1021/ja9036675
http://dx.doi.org/10.1021/ja908571w
http://dx.doi.org/10.1021/ja1007992
http://dx.doi.org/10.1021/ja1007992
http://dx.doi.org/10.1002/ange.201001371
http://dx.doi.org/10.1002/ange.201001371
http://dx.doi.org/10.1002/anie.201001371
http://dx.doi.org/10.1002/anie.201001371
http://dx.doi.org/10.1038/nature07592
http://dx.doi.org/10.1021/ja104254d
http://dx.doi.org/10.1021/ja104254d
http://dx.doi.org/10.1002/(SICI)1521-3765(20000515)6:10%3C1840::AID-CHEM1840%3E3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1521-3765(20000515)6:10%3C1840::AID-CHEM1840%3E3.0.CO;2-6
http://dx.doi.org/10.1021/ol0160248
http://dx.doi.org/10.1021/ol0160248
http://dx.doi.org/10.1021/ja00788a066
http://dx.doi.org/10.1055/s-1993-22514
http://dx.doi.org/10.1039/c39890000142
http://dx.doi.org/10.1039/c39890000142
http://dx.doi.org/10.1021/ol0262486
http://dx.doi.org/10.1021/ol060735u
http://dx.doi.org/10.1021/ol060735u
http://dx.doi.org/10.1021/ol025973d
http://dx.doi.org/10.1002/ange.200453690
http://dx.doi.org/10.1002/anie.200453690
http://dx.doi.org/10.1002/anie.200453690
http://dx.doi.org/10.1002/ejoc.200900882
http://dx.doi.org/10.1002/ejoc.200900882
http://dx.doi.org/10.1016/j.tet.2009.10.002
http://dx.doi.org/10.1021/jo00003a046
http://dx.doi.org/10.1021/jo0509915
http://dx.doi.org/10.1021/jo0509915
http://dx.doi.org/10.1039/b402437k
http://dx.doi.org/10.1039/b402437k
http://www.angewandte.de


[12] a) D. Xiao, B. J. Lavey, A. Palani, C. Wang, R. G. Aslanian, J. A.
Kozlowski, N.-Y. Shih, A. T. McPhail, G. P. Randolph, J. E.
Lachowiczc, R. A. Duffy, Tetrahedron Lett. 2005, 46, 7653 – 7656.
For other related compounds of interest see: b) R. Baker, T.
Laddhwahetty, E. M. Seward, C. J. Swain, PCT Int. Appl. WO
9321181, 1993, 132 pp; c) R. Baenteli, N. G. Cooke, F. Zecri,
A. B. Smith, PCT Int. Appl. WO 2008092930, 2008, 29 pp; d) R.
Baker, T. Harrison, C. J. Swain, B. J. Williams, Eur. Pat. Appl.
EP 528495, 1993, 38 pp.

[13] F. J. Roman, X. Pascaud, B. Martin, D. Vauche, J. L. Junien,
J. Pharm. Pharmacol. 1990, 42, 439 – 440.

[14] a) K. R. Pennypacker, J. Cuevas, PCT Int. Appl. WO
2006133199, 2006, 73 pp; b) D. Stephenson, D. P. Taylor, PCT
Int. Appl. WO 2005084654, 2005, 200 pp; c) D. Stephenson, D. P.
Taylor, S. Arneric, PCT Int. Appl. WO 2005000294, 2005,

166 pp; d) J. Meunier, T. Maurice, Neurotoxicol. Teratol. 2004,
26, 783 – 797; e) H. C. Akunne, K. T. Zoski, S. Z. Whetzel, J. J.
Cordon, R. M. Brandon, F. Roman, T. A. Pugsley, Neurophar-
macology 2001, 41, 138 – 149.

[15] A. Renaudo, S. L�Hoste, H. Guizouarn, F. Borgese, O. Soriani,
J. Biol. Chem. 2007, 282, 2259 – 2267.

[16] a) J. L. Turvill, P. Kasapidis, M. J. G. Farthing, Gut 1999, 45, 564 –
569; b) C. Roze, D. S. Bruley, S. Stanislas, G. Guoxiang, J.
Geneve, J. P. Galmiche, Gastroenterology 1998, 115, 591 – 596.

[17] G. Aubard, A. Calvet, C. Gouret, A. Grouhel, H. Jacobelli, J.-L.
Junien, X. Pascaud, F. F. Roman, J. P. Hudspeth, Y. Lin (L�Oreal,
FR), US5034419, 23 July, 1991, 22 pp. .

[18] A. F. Abdel-Magid, K. G. Carson, B. D. Harris, C. A. Maryanoff,
R. D. Shah, J. Org. Chem. 1996, 61, 3849 – 3862.

Angewandte
Chemie

1115Angew. Chem. 2011, 123, 1112 –1115 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.de

http://dx.doi.org/10.1016/j.tetlet.2005.08.148
http://dx.doi.org/10.1016/j.ntt.2004.07.003
http://dx.doi.org/10.1016/j.ntt.2004.07.003
http://dx.doi.org/10.1016/S0028-3908(01)00049-1
http://dx.doi.org/10.1016/S0028-3908(01)00049-1
http://dx.doi.org/10.1136/gut.45.4.564
http://dx.doi.org/10.1136/gut.45.4.564
http://dx.doi.org/10.1016/S0016-5085(98)70138-6
http://dx.doi.org/10.1021/jo960057x
http://www.angewandte.de

