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A short and highly efficient synthetic method to prepare synthetically useful tetrahydroindolizinone derivatives 
from the ring-closing metathesis of N-allyl-5-allyl-5-hydroxylactams is described.
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Introduction

Indolizidine alkaloids which contain 1-azabicycle[4.3.0]- 
nonane skeleton play important role in medicinal chemistry. 
Diabetes, anti-cancer, anti-viral and anti-AIDS activities 
have also been reported for polyhydroxylated indolizidine 
alkaloids.1 Lentiginosine 1,2 swainsonine 23 and castano- 
spermin 33d,4 are naturally occurring indolizidine alkaloids 
which are known to inhibit enzymatic glycosidase hydro
lysis.

Ring-closing metathesis (RCM) has recently emerged as a 
powerful method to synthesize a variety of ring systems.5 A 
lot of related syntheses of indolizidine and pyrrolizidine 
moieties using RCM have been reported in the literature.6

Here, we show this methodology can be extended to the 
synthesis of fused bicyclic systems which contain a nitrogen 
atom at the angular position, a carbonyl group and a hydrox
yl group. These bicyclic systems available from the ring
closure metathesis of N-allyl-5-allyl-5-hydroxylactams 4 
could be potentially useful for the synthesis of more com
plex indolizidine derivatives. Although a number of ex
amples of metathesis have been described,5-7 only one 
example was reported involving the participation of hetero
substituted hydroxyolefins.8 It is reported that the presence 
of free polar groups close to the double bonds inhibits the 
RCM reaction with Grubbs’ catalyst in most cases.9 We 

employed bis-alkenyl substituted hydroxylactams 4 and 
showed that RCM underwent smoothly to afford unsaturated 
cyclic olefins 5 in moderate to good yields (Scheme 1).

Results and Discussion

For the synthesis of fused bicyclic systems 5, N-allyl 
cyclic imides 8 which were readily obtained from succin
imide, phthalimide, maleic anhydride, and tartaric anhydride 
were used as starting materials. We previously reported that 
the zinc mediated Barbier type allylation of cyclic imides in 
the presence of a catalytic amount of PbBr2 went very effi- 
ciently.10 The resulting hydroxylactams were transformed 
into the corresponding fused bicyclic systems 5 in good 
yields using intramolecular ring-closing olefin metathesis. 
The unsaturated hydroxylactams could also serve as a 
potentially valuable synthetic intermediate for the synthesis 
of certain natural products containing an azabicyclic system.11

The RCM reaction was performed using 3 mol% of 
Grubbs' ruthenium catalyst 6 or 7 (Fig. 1). We used Grubbs' 
1st generation catalyst 6 for the RCM of 4c, 4d and 2nd gener
ation catalyst 7 for 4a and 4b. After stirring in dichloro
methane at 35 under Ar atmosphere for 4h, the cyclized 
products were isolated in high yields (Scheme 2).
The results are summarized in Table 1. When RCM of 
hydroxylactam 4a and of 4b were carried out in dichloro
methane at 35 in the presence of 3 mol% Grubbs 1st 
generation catalyst 6, almost starting material 4a and 4b 
were recovered. The use of Grubbs' 2nd generation catalyst 7 
gave increased isolated yields of 5a and 5b in 55% and 45%, 
respectively. In case of 4b, higher dosage of catalyst 6 (10 
mol%) gave 5b in 85% yield. The RCM of hydroxylactam 
4c and 4d were carried out in dichloromethane at 35 in the

3 m 이 %

Scheme 1 Figure 1. Grubbs' catalysts used for RCM reactions.
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Figure 2. Nuclear Overhauser eiiect of 5c.

Table 1. Allylation of cyclic imides and ring-closing metathesis of

presence of 3 mol% Grubbs 1st generation catalyst 6, the 
cyclized products 5c and 5d were isolated in almost 
quantitative yield.

The stereochemical assignment of 5c was carried out 
using nuclear Overhauser effect, as illustrated in Figure 2. 
Irradiation of the angular hydroxyl hydrogen led to a 7.3% 
increment in the H2 signal and no increment in the H1 
signal. Accordingly, irradiation of the hydrogen at C2 led to 
a 4.6% increment in the hydroxyl hydrogen signal, indi
cating that 5c possesses 次-configurations at 8시 position.

In order to check the versatility of our tetrahydroindo-

Table 2. Addition of carbon nucleophiles to 5-hydroxytetrahydro- 
indolizinones 5

^reaction condition: 1 eq. BF3 -OEt2 in CH2CZ, -78 oC, then slowly 
warmed up to rt, 1 day

lizinone derivatives, intermolecular alkylations with differ
ent carbon nucleophiles were accomplished under mild 
conditions using Lewis acid.9a,12 The reactions first tested 
were with allyltrimethylsilane, trimethylsilyl cyanide as 
carbon nucleophiles and BF3,OEt2 to generate the Macyl- 
iminium ion. Thus, to a solution of 5 and a carbon nucleo
phile in dichloromethane was added BF3,OEt2 at -78 oC, 
stirred for 2 h, then the reaction mixture was allowed to 
warm to room temperature. The yields were relatively low 
because of dehydration to conjugated dienes.10a The results 
are summarized in Table 2.

As described here, we have developed a simple method 
for the cyclization of Mallyl-5-allyl-5-hydroxylactams, 
using RCM to construct tetrahydroindolizinone derivatives. 
This synthetic approach is short and highly efficient. Sub
stitution of hydroxyl group in compounds 5b-d by carbon
based nucleophiles via Macyliminium ion intermediate 
promoted by Lewis acid were also achieved in order to 
prove synthetic versatility. The methodology described 
herein has potential applicability in the synthesis of complex 
natural and non-natural indolizidine compounds because of 
the presence of the double bond, carbonyl group and 
hydroxyl group available for further functionalization.



Cyclization of N-Allyl-5-allyl-5-hydroxylactams Bull. Korean Chem. Soc. 2008, Vol. 29, No. 4 757

Acknowledgements. This work was supported by Konkuk 
University 2006.

References

1. (a) Michael, J. P. Nat. Prod. Report 2004, 21, 6259. (b) Anzeveno, 
P. B.; Creemer, L. J.; Angell, P. T. EP0446832. (c) Dennis, J. W.; 
Shah, R. N.; Ziser, L. US2004063951.

2. (a) Pastuszak, I.; Molyneux, R. J.; James, L. F.; Elbein, A. D. 
Biochem. 1990, 29, 1886. (b) Goti, A.; Cardona, F.; Brandi, A.; 
Picasso, S.; Vogel, P. Tetrahedron Asymm. 1996, 7, 1659. (c) 
Nukui, S.; Sodeoka, M.; Sasai, H.; Shibasaki, M. J. Org. Chem. 
1995, 60, 398. (e) Yoda, H.; Takabe, K. Tetrahedron Lett. 2001, 
42, 2509.

3. (a) Molyneux, R. J.; McKenzie, R. A.; O' Sullivan, B. M.; Elbein, 
A. D. J. Nat. Prod. 1995, 58, 878. (b) Pearson, W. H.; Hembre, E. 
J. J. Org. Chem. 1996, 61, 7217. (c) Cenci di Bello, I.; Dorling, P.; 
Winchester, B. Biochem. J. 1983, 215, 693. (d) Kino, T.; Inamura, 
N.; Nakahara, K.; Kiyoto, T. G.; Terano, H.; Kohsaka, M. J. 
Antibiot. 1985, 38, 936.

4. (a) Asano, N.; Nash, R. J.; Molyneux, R. J.; Fleet, G. W. J. 
Tetrahedron Asymm. 2000, 11, 1645. (b) Hohenshutz, L. D.; Bell, 
E. A.; Jewess, P. J.; Leworthy, D. P.; Pryce, R. J.; Arnold, E.; 
Clardy, J. Phytochem. 1981, 20, 811. (c) Jiang, X.-P.; Cheng, Y.; 
Shi, G.-F.; Kang, Z.-M. J. Org. Chem. 2007, 72, 2212.

5. (a) For general references see: Handbook of Metathesis; Grubbs, 
R. H., Ed.; Wiley-VCH: 2003; vol. 2, chap. 2.2, pp 5-127. (b) 
Deiters, A.; Martin, S. F. Chem. Rev. 2004, 104, 2199.

6. (a) Murray, A. J.; Parsons, P. J.; Hitchcock, P. Tetrahedron 2007, 
63(28), 6485. (b) Adrian, J.; Parsons, P. J. Synlett 2006, 9, 1443. 
(c) Langlois, N.; Le, N.; Bao, K.; Retailleau, P.; Tarnus, C.; 
Salomon, E. Tetrahedron Asymm. 2006, 17(1), 53. (d) Sattely, E. 

S.; Cortez, G. A.; Moebius, D. C.; Schrock, R. R.; Hoveyda, A. H. 
J. Am. Chem. Soc. 2005, 127(23), 8526. (e) Nath, M.; 
Mukhopadhyay, R.; Bhattacharjya, A. Organic Lett. 2006, 8(2), 
317. (f) Verhelst, S. H. L.; Martinez, B. P.; Timmer, M. S. M.; 
Lodder, G.; Van der Marel, G. A.; Overkleeft, H. S.; Van Boom, J. 
H. J. Org. Chem. 2003, 68(25), 9598. (g) Hanessian, S.; Sailes, 
H.; Munro, A.; Therrien, E. J. Org. Chem. 2003, 68(19), 7219. (h) 
Chang, S.; Park, S. H.; Kang, H. J. Tetrahedron Asymm. 2001, 12, 
2621. (i) Martin, S. F.; Liao, Y.; Chen, H. J.; Paezel, M.; Ramser, 
M. N. Tetrahedron Lett. 1994, 35(33), 6005. (j) Ahn, J. B.; Yun, C. 
S.; Kim, K. H.; Ha, D. C. J. Org. Chem. 2000, 65, 9249. (k) Fu, G 
C.; Nguyen, S. T.; Grubbs, R. H. J. Am. Chem. Soc. 1993, 115(9), 
9856. (l) Chavan, S. P.; Pasupathy, K.; Venkatraman, M. S.; Kale, 
R. R. Tetrahedron Lett. 2004, 45(37), 6879. (m) Geng, X.; Geney, 
R.; Pera, P; Bernacki, R. J.; Ojima, I. Bioorg. &Med. Chem. Lett. 
2004, 14(13), 3491.

7. (a) Grubbs, R. H. Tetrahedron 2004, 60, 7117. (b) Kang, S. W.; 
Kim, S. H. Bull. Korean Chem. Soc. 2006, 27, 153.

8. Blakemore, P. R.; Kilner, C.; Norcross, N. R.; Astles, P. C. 
Organic Lett. 2005, 7(21), 4721.

9. (a) Poulsen, C. S.; Madsen, R. Synthesis 2003, 1-18, see p 4. (b) 
Schuster, M.; Blechert, S. Angew. Chem., Int. Ed. Engl. 1§97, 36, 
2036-2056, see p 2043. (c) Brocksom, T. J. Tetrahedron Lett. 
2004, 45, 9289.

10. (a) Kang, S. W.; Heo, E. Y.; Jun, J. G.; Kim, S. H. Bull. Korean 
Chem. Soc. 2004, 25, 1924. (b) Kim, S. H.; Han, E. Y. Tetra
hedron Lett. 2000, 41, 6479.

11. (a) Michael, J. P. Natural Product Reports 2005, 22, 603. (b) 
Kadlecikova, K.; Decroix, B.; Baran, P. Tetrahedron 2005, 61, 
4743. (c) Sha, C. K.; Chau, C. M. Tetrahedron Lett. 2003, 44, 499.

12. (a) Hiemstra, H.; Fortgens, H. P.; Speckamp, W. N. Tetrahedron 
Lett. 1984, 25(29), 3115. (b) Choi, J. K.; Ha, D. C.; Hart, D. J.; 
Lee, C. S.; Ramesh, S.; Wu, S. J. Org. Chem. 1989, 54(2), 279.


