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Asymmetric Synthesis of (–)-Lentiginosine by Double Aza-Michael Reaction
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Total synthesis of (–)-lentiginosine (1) was achieved in nine
steps from (3R,4R)-3,4-dihydroxy-1,5-hexadiene (2). Cross
metathesis, vinyl addition and DDQ oxidation were applied
to generate the key 3-oxonona-1,4,8-triene 6, which was

Introduction

A variety of polyhydroxylated indolizidines, such as lenti-
ginosine, castanospermine, swainsonine and slaframine, are
naturally occurring alkaloids[1] and effective glycosidase in-
hibitors.[2] Due to the potential use of glycosidase inhibitors
as antifungal agents, insecticides, antidiabetics and anti-
obesities, antivirals, and therapeutic agents for some genetic
disorders, syntheses of these polyhydroxylated indolizidines
have attracted the attention of chemists.[3,4] For example,
lentiginosine, isolated from the plant Astragalus lentiginosus
in 1990 and later found as the most powerful, competitive
inhibitor of amyloglucosidases known so far,[5,6] has been
the subject of a considerable number of synthetic studies.[7,8]

Most of the reported syntheses utilized or constructed the
five-membered pyrrolidines as the precursors to indolizid-
ines.[7] Recently, Bischoff and Fruit’s group efficiently pre-
pared lentiginosine by hydrogenating the corresponding
pyridinium cation to the piperidine/lentiginosine in spite of
the low stereoselectivity.[8a] However, several examples have
shown that a stereocontrolled formation of piperidines
could be achieved by double aza-Michael reaction between
dienones and amines.[9] As part of our current interest in
aza-Michael reactions[10] and the use of (3R,4R)-3,4-dihy-
droxy-1,5-hexadiene (2) as a versatile synthetic block,[11] we
envisioned the double aza-Michael reaction as a new entry
into lentiginosine (Scheme 1). We planned to prepared the
core structure of the indolizidine by reductive amination of
the intermediate A. The 4-oxopiperidine (intermediate B)
could be prepared by diastereoselective double aza-Michael
reaction of benzylamine and the dienone C, which was gen-
erated by cross metathesis between acrolein and 2.
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cyclised to 4-oxopiperidine 7 by diastereoselective double
aza-Michael reaction. Both theoretical and empirical studies
support that the stereochemical assignment of the major
Michael adduct is the desired (2R)-4-oxopiperidine 7.

Scheme 1. Proposed retrosynthesis of (–)-lentiginose.

Results and Discussion

Dienediol 2 was first protected as silyl ether 3.[12] Cross
metathesis (CM) between 3 and acrolein provided the trans-
α,β-unsaturated aldehyde 4, which was converted into the
dienone 6 after a sequence of protection with chloromethyl
methyl ether, addition of vinyl Grignard reagent and oxi-
dation (Scheme 2). We noticed that the use of Hoveyda–
Grubbs catalyst[13] gave a better yield than the Grubbs cata-
lyst in this CM reaction (75 and 37%, respectively).

Double aza-Michael reaction of 6 and benzylamine gen-
erated the 4-oxopiperidines 7 and 8 (Scheme 3). Solvent and
temperature have modest effects on the diastereomeric ratio
(Table 1), and acetonitrile is the solvent of choice, which is
in agreement with related examples.[9a] Although this
Michael reaction is sluggish in nonpolar solvents (En-
tries 4–7), we found that adding 10 mol-% of trifluoroacetic
acid accelerated the reaction in dichloromethane and gave
the most clean product under the reaction conditions scre-
ened (Entry 8). The two diastereomers were separated by
column chromatography, and the major isomer was tempo-
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Scheme 2. Synthesis of dienone 6.

rarily assigned as (2R)-7, since theoretical calculations sug-
gested that compound 7 is thermodynamically more stable
than the (2S) counterpart 8.[14] We observed that the 1H
NMR spectrum of isolated 7 was unchanged after 72 h in
[D3]acetonitrile at room temperature; however, epimeriz-
ation occurred after adding a trace of benzylamine–tri-
fluoroacetic acid (0.1 equiv.) to the solution, and the final
ratio of 7/8 was 2.4:1. This result supports that the forma-
tion of 7 is both kinetically and thermodynamically favored.

Scheme 3. Double aza-Michael reaction of 6.

Table 1. Double aza-Michael reaction of 6 and benzylamine.

Entry Solvent T [°C] Time [h] 7/8[a] Yield [%][b]

1 CH3CN 25 16 3.0:1 54
2 CH3CN 0 96 5.2:1 41
3 CH3CN[c] 0 16 2.0:1 56
4 THF 25 96 – 0
5 benzene 25 96 4.4:1 37
6 CH2Cl2 25 48 2.3:1 37
7 CH2Cl2 10 48 4.8:1 26
8 CH2Cl2[c] 25 16 2.1:1 75

[a] Determined by 1H NMR spectroscopy of the crude product. [b]
Isolated yield. [c] Addition of 10 mol-% trifluoroacetic acid.

The major isomer 7 was subjected to ozonolysis and re-
ductive amination to generate the indolizidine 9 (Scheme 4).
We screened several methods to achieve the reduction of
the carbonyl group to a methylene group, and found that
the sequence of the dithiolane formation and Raney nickel
reduction gave the most satisfactory result in terms of effi-
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ciency. Deprotection of the remaining tert-butyldimethyl-
silyl group provided the title compound 1. The spectro-
scopic data (1H, 13C NMR and optical rotation) of the syn-
thetic (–)-lentiginosine are consistent with those in the lit-
erature;[8] therefore, the stereochemical assignment of the
Michael adduct 7 was confirmed.

Scheme 4. Synthesis of (–)-lentiginosine from 7.

Conclusions

We have accomplished the total synthesis of (–)-lentigin-
osine in nine steps from (R,R)-3,4-dihydroxy-1,5-hexadiene,
readily available from inexpensive mannitol. This synthesis
utilizes a cross metathesis to prepare the key trienone and a
diastereoselective double aza-Michael reaction to form the
corresponding 4-oxopiperidine, which was converted to the
indolizidine after ozonolysis and reductive amination. This
new approach could be applied to other polyhydroxylated
indolizidines.

Experimental Section
(–)-Lentiginosine [(1R,2R,8aR)-1,2-Dihydroxyindolizidine, 1]: Hy-
drochloric acid (3 , 2.5 mL) was added to the solution of 11
(31 mg, 0.12 mmol) and methanol (7.5 mL). The solution was
stirred at 55 °C for 5 h, cooled to room temp. and concentrated to
give the salt of lentiginosine (20 mg, 0.10 mmol, 90%). The salt
was redissolved in satd. KOH(aq) (2 mL), extracted with THF (3�

10 mL), dried with Na2SO4(s), filtered and concentrated to give 1
as a colorless solid. M.p. 106–108 °C. [α]D20 = –3.00 (c = 0.3,
MeOH). 1H NMR (D2O, 500 MHz): δ = 1.23–1.28 (t, J = 9.5 Hz,
2 H), 1.42–1.51 (m, 1 H), 1.64–1.66 (d, J = 12 Hz, 1 H), 1.79–1.85
(m, 1 H), 1.92–1.97 (m, 2 H), 2.03–2.08 (dt, J = 3, 12.5 Hz, 1 H),
2.61–2.65 (dd, J = 7.5, 11 Hz, 1 H, 3a-H), 2.82–2.85 (dd, J = 1.5,
11 Hz, 1 H, 3b-H), 2.94–2.96 (d, J = 11 Hz, 1 H, 8a-H), 3.65–3.67
(dd, J = 4, 8.5 Hz, 1 H, 1-H), 4.07–4.10 (m, 1 H, 2-H) ppm. 13C
NMR (D2O, 125 MHz): δ = 22.8, 23.8, 27.4, 52.4, 60.0, 68.3, 75.5,
82.8 ppm.[7v]

Supporting Information (see footnote on the first page of this arti-
cle): Experimental details for the synthesis of compounds 4–11,
copies of the 1H and 13C NMR spectra of compounds 4–11, 1, and
the calculated stationary structures of 7 and 8 (Figure S1).



Asymmetric Synthesis of (–)-Lentiginosine

Acknowledgments
This research was supported by the National Science Council, Tai-
wan (NSC 98-2119-M-008-001 and NSC 95-2113-M-008-007). We
are grateful to Ms. Ping-Yu Lin at the Institute of Chemistry, Aca-
demia Sinica, and Valuable Instrument Center in National Central
University for obtaining mass analyses. Thanks are also due to the
National Center for High Performance Computing for computer
time and facilities.

[1] Recent reviews: a) A. Brandi, F. Cardona, S. Cicchi, F. M.
Cordero, A. Goti, Chem. Eur. J. 2009, 15, 7808–7821; b) J. P.
Michael, Nat. Prod. Rep. 2008, 25, 139–165; c) J. P. Michael,
Nat. Prod. Rep. 2004, 21, 625–649; d) J. C. Carretero, R. G.
Arrayás, J. Org. Chem. 1998, 63, 2993–3005.

[2] a) N. Asano, Glycobiology 2003, 13, 93R–104R; b) K. Ikeda,
A. Kato, I. Adachi, M. Haraguchi, N. Asano, J. Agric. Food
Chem. 2003, 51, 7642–7646; c) N. Asano, R. J. Nash, R. J. Mo-
lyneux, G. W. J. Fleet, Tetrahedron: Asymmetry 2000, 11, 1645–
1680; d) Nash, R. J.; Watson, A. A.; Asano, N. In Alkaloids:
Chemical and Biological Perspectives (Ed.: S. W. Pelletier), Per-
gamon, New York, 1996, vol. 11, chapter 5; e) M. L. Sinnott,
Chem. Rev. 1990, 90, 1171–1202.

[3] a) P. Greimel, J. Spreitz, A. E. Stütz, T. M. Wrodnigg, Curr.
Top. Med. Chem. 2003, 3, 513–523B; b) N. Asano, Curr. Top.
Med. Chem. 2003, 3, 471–484; c) P. Compain, O. R. Martin,
Curr. Top. Med. Chem. 2003, 3, 541–560; d) A. A. Watson,
G. W. J. Fleet, N. Asano, R. J. Molyneux, R. J. Nash, Phyto-
chemistry 2001, 56, 265–295; e) C.-H. Wong, R. L. Halcomb,
Y. Ichibaka, T. Kajimoto, Angew. Chem. Int. Ed. Engl. 1995,
34, 521–546; f) B. Winchester, G. W. J. Fleet, Glycobiology
1992, 2, 199–210; g) R. Saul, J. J. Ghidoni, R. J. Molyneux,
A. D. Elbein, Proc. Natl. Acad. Sci. USA 1985, 82, 93–97.

[4] a) F. Cardona, A. Goti, A. Brandi, Eur. J. Org. Chem. 2007,
1551–1565; b) T. Ayad, Y. Genisson, M. Baltas, Curr. Org.
Chem. 2004, 8, 1211–1233; c) H. Yoda, Curr. Org. Chem. 2002,
6, 223–243; d) K. Burgess, I. Henderson, Tetrahedron 1992, 48,
4045–4066.

[5] I. Pastuszak, R. J. Molyneux, L. F. James, A. D. Elbein, Bio-
chemistry 1990, 29, 1886–1991.

[6] A. Brandi, S. Cicchi, F. M. Cordero, R. Frignoli, A. Goti, S.
Picasso, P. Vogel, J. Org. Chem. 1995, 60, 6806–6812.

[7] a) K. R. Prasad, A. B. Pawar, ARKIVOC 2010, vi, 39–46; b) L.
Cui, L.-M. Zhang, Sci. China, Ser. B: Chem. 2010, 53, 113–118;
c) T. M. Shaikh, A. Sudalai, Tetrahedron: Asymmetry 2009, 20,
2287–2292; d) S. Chandrasekhar, B. V. D. Vijaykumar, T. V. Pra-
tap, Tetrahedron: Asymmetry 2008, 19, 746–750; e) S. Lauzon,
F. Tremblay, D. Gagnon, C. Godbout, C. Chabot, C. Mercier-
Shanks, S. Perreault, H. DeSéve, C. Spino, J. Org. Chem. 2008,
73, 6239–6250; f) M. A. Alam, Y. D. Vankar, Tetrahedron Lett.
2008, 49, 5534–5536; g) T. Muramatsu, S. Yamashita, Y. Naka-
mura, M. Suzuki, N. Mase, H. Yoda, K. Takabe, Tetrahedron
Lett. 2007, 48, 8956–8959; h) M.-J. Chen, Y.-M. Tsai, Tetrahe-
dron Lett. 2007, 48, 6271–6274; i) S. R. Angle, D. Bensa, D. S.
Belanger, J. Org. Chem. 2007, 72, 5592–5597; j) I. S. Kim, O. P.
Zee, Y. H. Jung, Org. Lett. 2006, 8, 4101–4104; k) V. D. Chaud-
hari, K. S. A. Kumar, D. D. Dhavale, Tetrahedron 2006, 62,
4349–4354; l) F. Cardona, G. Moreno, F. Guarna, P. Vogel, C.
Schuetz, P. Merino, A. Goti, J. Org. Chem. 2005, 70, 6552–6555;
m) S. Raghavan, T. Sreekanth, Tetrahedron: Asymmetry 2004,
15, 565–570; n) C.-K. Sha, C.-M. Chau, Tetrahedron Lett. 2003,
44, 499–501; o) Z.-X. Feng, W.-S. Zhou, Tetrahedron Lett. 2003,
44, 497–498; p) T. Ayad, Y. Génisson, M. Baltas, L. Gorrichon,
Chem. Commun. 2003, 582–583; q) J. Rabiczko, Z. Urbaczyk-
Lipkowska, M. Chmielewski, Tetrahedron 2002, 58, 1433–1441;
r) K. L. Chandra, M. Chandrasekhar, V. K. Singh, J. Org.
Chem. 2002, 67, 4630–4633; s) A. O. H. El-Nezhawy, H. I. El-
Diwani, R. R. Schmidt, Eur. J. Org. Chem. 2002, 4137–4142; t)

Eur. J. Org. Chem. 2010, 4771–4773 © 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 4773

M. O. Rasmussen, P. Delair, A. E. Greene, J. Org. Chem. 2001,
66, 5438–5443; u) D.-C. Ha, C.-S. Yun, Y. Lee, J. Org. Chem.
2000, 65, 621–623; v) A. E. McCaig, K. P. Meldrum, R. H.
Wightman, Tetrahedron 1998, 54, 9429–9446; w) S. Nukui, M.
Sodeoka, H. Sasai, M. Shibasaki, J. Org. Chem. 1995, 60, 398–
404; x) M. K. Gurjar, L. Ghosh, M. Syamala, V. Jayasree, Tetra-
hedron Lett. 1994, 35, 8871–8872.

[8] a) R. Azzouz, C. Fruit, L. Bischoff, F. Marsais, J. Org. Chem.
2008, 73, 1154–1157; b) K. S. A. Kumar, V. D. Chaudhari,
D. D. Dhavale, Org. Biomol. Chem. 2008, 6, 703–711; c) T.
Ayad, Y. Genisson, M. Baltas, Org. Biomol. Chem. 2005, 3,
2626–2631; d) Y. Ichikawa, T. Ito, M. Isobe, Chem. Eur. J. 2005,
11, 1949–1957.

[9] a) A. Rosiak, C. Hoenke, J. Christoffers, Eur. J. Org. Chem.
2007, 4376–4382; b) P. R. Krishna, A. Sreeshailam, Tetrahe-
dron Lett. 2007, 48, 6924–6927; c) A. Gagnon, S. J. Danishef-
sky, Angew. Chem. Int. Ed. 2002, 41, 1581–1584; d) G. A. Mo-
lander, M. Rönn, J. Org. Chem. 1999, 64, 5183–5187; e) J. F.
Liu, C. H. Heathcock, J. Org. Chem. 1999, 64, 8263–8266; f)
B. B. Snider, T. Liu, J. Org. Chem. 1997, 62, 5630–5633; g) E.
Nakamura, K. Kubota, M. Isaka, J. Org. Chem. 1992, 57,
5809–5810.

[10] a) L.-J. Chen, D.-R. Hou, Tetrahedron: Asymmetry 2008, 19,
715–720; b) D.-R. Hou, H.-Y. Cheng, E.-C. Wang, J. Org.
Chem. 2004, 69, 6094–6099.

[11] a) J. S. Yadav, S. V. Mysorekar, S. M. Pawar, M. K. Gurjar, J.
Carbohydr. Chem. 1990, 9, 307–316; b) S. D. Burke, G. M. Sa-
metz, Org. Lett. 1999, 1, 71–74; c) C.-Y. Chou, D.-R. Hou, J.
Org. Chem. 2006, 71, 9887–9890.

[12] K.-J. Lu, C.-H. Chen, D.-R. Hou, Tetrahedron 2009, 65, 225–
231.

[13] J. S. Kingsbury, J. P. A. Harrity, P. J. Bonitatebus, A. H. Hov-
eyda, J. Am. Chem. Soc. 1999, 121, 791–799.

[14] The stationary structures of 7 and 8, where the tert-butyldi-
methylsilyl group was modelled as SiH3, were calculated by
using the gradient-corrected hybrid density functional theory
(DFT) at the B3LYP/6-31G(d,p) level within the Gaussian 03
suite of programs[15] on an IBM cluster 1350 at the National
Center for High-Performance Computing, Taiwan (Figure S1,
Supporting Information). The calculated stable structures were
examined in terms of vibrational frequency calculations with
all positive values. The thermal energy at 25 °C and 1 atm was
corrected for energy calculations. The calculated energies indi-
cate that 7 is more stable than 8 by 2.20 kcal/mol in the gaseous
Gibbs free energy. Both structures have similar conformations:
the piperidine rings are in the stable, quasi-chair conformation;
the carbon side chains are located in axial position, and the
benzyl groups are in equatorial position.

[15] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria,
M. A. Robb, J. R. Cheeseman, J. A. Montgomery, Jr., T.
Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. Iyengar,
J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N.
Rega, G. A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J. E. Knox, H. P.
Hratchian, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R.
Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R.
Cammi, C. Pomelli, J. W. Ochterski, P. Y. Ayala, K. Morok-
uma, G. A. Voth, P. Salvador, J. J. Dannenberg, V. G. Zakrzew-
ski, S. Dapprich, A. D. Daniels, M. C. Strain, O. Farkas, D. K.
Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman, J. V.
Ortiz, Q. Cui, A. G. Baboul, S. Clifford, J. Cioslowski, B. B.
Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L.
Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A.
Nanayakkara, M. Challacombe, P. M. W. Gill, B. Johnson, W.
Chen, M. W. Wong, C. Gonzalez, J. A. Pople, Gaussian 03, re-
vision C.02, Gaussian, Inc., Wallingford CT, 2004.

Received: May 14, 2010
Published Online: July 29, 2010


