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1,3-Dipolar cycloaddition reaction of cinnamaldehyde with azomethine ylides generated through decar-
boxylation of iminium or oxazolidinone intermediate formed by the reaction of L-proline with cinnamal-
dehydes is reported. The stereoselective reaction provides an efficient access to the highly functionalized
hexahydro-1H-pyrrolizine.
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Following several decades of dormancy,! organocatalysis has
recently received overwhelming attention and led to many
advancements.? The broad utility of o,B-unsaturated aldehydes in
organic synthesis has attracted great attention for developing
new reactions of these compounds. Successes in organocatalysis
include nucleophilic conjugate addition,®> asymmetric conjugate
reduction,* Diels-Alder reaction,” reductive Michael cyclization,®
triple cascade reaction,” iminium cyclization,® cyclopropanation,’
Friedel-Crafts alkylation,'° y-butylactone formation,!! 1,3-dipolar
cycloaddition,'®' tandem Michael-aldol,'# [3+3] cycloaddition,'®
sequential conjugate addition aldol-dehydration reaction,'® intra-
molecular Michael reaction,'” p-hydroxylation,'® domino oxa-
Michael-aldol reaction,'® asymmetric y-amination,?® oxy-Michael
addition,?' and vinylogous Michael addition.??

Recently, we reported an enantioselective organocatalytic
formal [3+3] cycloaddition of crotonaldehyde and its application
in the asymmetric synthesis of (—)-isopulegol hydrate and
(—)-cubebaol. The methodology was subsequently extended to
the synthesis of aromatic aldehydes by organocatalytic [4+2] and
[3+3] cycloaddition of o,B-unsaturated aldehydes and, more
recently, applied to the synthesis of (+)-palitantin.?® In addition,
we observed the organocatalytic direct self-trimerization of
acrolein, which was applied to the total synthesis of a marine
natural product, montiporyne F.2* In continuing our search for
new cycloadditions of the o,B-unsaturated aldehydes,?®> we report
here our observation of the proline-mediated 1,3-dipolar cyclo-
addition of cinnamaldehydes.

Initially, in a background blank study for the organocatalysis
reaction, cinnamaldehydes (1a) and r-proline (0.2 equiv) in CH3CN
were stirred at ambient temperature for 24 h. Surprisingly, the
novel products 2a and 3a,?® separated by flash column chromato-
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graphy, were obtained in trace amount, apparently arising from
the reaction of two molecules of cinnamaldehyde and proline?”-*®
followed by extrusion of CO,.

The yield was increased to 50% after reaction for 24 h when
2 equiv of L-proline was applied. Interestingly, adducts 2a and 3a
share the same skeleton of hexahydropyrrolizine. Pyrrolozidine
alkaloids are widespread in nature and many of them have impor-
tant biological activities (see Scheme 1).2° For example, 3'-acetyl-
trachelanthamine is a strong antifeedant against Leptinotarsa
decemlineata with low toxicity, while floridinine exhibits moderate
antifungal activity against Fusarium monoliforme.3° SC-53116, a
potent and selective 5-HT, receptor agonist, has been shown to
promote antral contractions and gastric emptying in canine
models.>! The broad biological activities and structural novelties
of pyrrolozidine alkaloids have received great attention and have
made them popular targets for showcasing new synthetic method-
ologies,>? such as in the synthesis of (—)-trachelanthamidine,** iso-
retronecanol,>® macronecine,®> and (+)-petasinecine.® The
structures of 2a and 3a were assigned based on IR, 'H, '*C NMR,
COSY, DEPT, HMQC, HMBC, and INADEQUATE analysis. Unfortu-
nately, the adducts 2a and 3a were obtained with no enantioselec-
tivity. Higher temperature (60 °C) shortened the reaction time
(24h vs 2 h) in ca. 1:1 ratio of 2a and 3a with 53% yield (Table 1,
entry 2). However, further increasing the reaction temperature
(80 °C) gave complicated mixtures (Table 1, entry 3). A survey of
solvents revealed that the reaction medium significantly affects
the yield of this process. For example, the reaction carried out in
CH5CN and DMF gave the highest yields, 53% and 51%, respectively
(Table 1, entries 2 and 4), whereas lower yields were observed for
the reactions in toluene, CH,Cl,, and DMSO (Table 1, entries 5-7).
Microwave-assisted organic reactions (MOREs) are faster and more
efficient than their conventional counterparts.>’” For some
reactions, microwave irradiation not only enhances the rates of
reaction, but can also give rise to products that do not form under
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Scheme 1. Examples of biologically active natural occurring hexahydropyrrolizine alkaloids and pharmaceutics agents.
Table 1
Reactions of cinnamaldehyde derivatives with L-Pro
Ar Ar
Ar N 2
/=/ > OHC!+ + Artie
OHC 1
AP H O, OHC H 3
Entry Aldehydes (1) Solvent Meth T (h) T (°C) Ratio® (2:3) Yield® (%)
1 1a, Ar=Ph CHsCN A 24 25 4:3 50
2 1a, Ar=Ph CHsCN A 2 60 1:1 53
3 1a, Ar = Ph CH3CN A 1 80 n.a. ~0°¢
4 1a, Ar=Ph DMF A 1 60 5:4 51
5 1a, Ar =Ph Toluene A 1.5 60 n.a. 0°¢
6 1a, Ar = Ph CH,Cl, A 3 40 4:3 42
7 1a, Ar=Ph DMSO A 1 60 0:1 24
8 1a, Ar=Ph CHsCN B 0.1 60 5:4 61
9 1a, Ar =Ph DMF B 0.1 60 5:4 63
10 1a, Ar=Ph Toluene B 2 60 6:1 28
11 1a, Ar=Ph CH,Cl, B 0.75 40 5:2 47
12 1a, Ar = Ph DMSO B 0.1 60 5:4 52
13 1b, Ar = Furanyl CHsCN A 7 25 2:3 65
14 1b, Ar = Furanyl DMF B 0.1 60 4:3 68
15 1b, Ar = Furanyl CHsCN B 1.5 60 2:1 69
16 1c, Ar = 4-MeOCgH4 CHsCN A 18 25 1:1 52
17 1c, Ar = 4-MeOCgH,4 DMF B 0.25 60 3:2 55
18 1c, Ar = 4-MeOCgH,4 CH3CN B 1 60 1:1 71
19 1d, Ar = 2-NO,CH,4 CHsCN A 3 25 1:1 35¢
20 1d, Ar = 2-NO,CH. DMF B 0.1 60 ~0:1 57
21 1d, Ar = 2-NO,CgH,4 CH3CN B 0.2 60 ~0:1 61
22 1e, Ar = 4-Me,NCgHy CHsCN A 72 25 7:6 30
23 1e, Ar = 4-Me,NCgHy4 DMF B 1 60 4:3 61
24 1e, Ar = 4-Me,;NCgHy CHsCN B 3 60 n.a ~04

Method A: stirred at 25-80 °C. Method B: microwave.
 The ratios were determined by '"H NMR.
b Isolated yields.
€ With complicate mixtures.

4 Almost no reaction and removed starting aldehyde; reaction at 80 °C gave the complicate mixtures.

conventional thermolytic conditions.?® In this study, reactions of
L-proline and cinnamaldehyde in DMF and CH3CN at 60 °C under
microwave conditions*® gave the highest yields, with much shorter
reaction times (a few hours vs 6 min; Table 1, entries 8-12). A
series of cinnamaldehyde derivatives reacted with L-proline at
ambient temperature and under microwave conditions, respec-
tively, gave products 2 and 3 in similar yields and selectivity (Table
1, entries 13-24). Most of the reactions under microwave
conditions were completed in a few minutes. Interestingly, in the
reaction with 1d, much higher selectivity was observed under

microwave conditions than at ambient temperature (Table 1,
entries 19-21). Noteworthily, reaction of 1e in CH3CN under
microwave conditions gave almost no reaction after 3 h, whereas
61% yield was obtained when reacted in DMF for 1 h. The structure
of 3d was assigned unambiguously by single-crystal X-ray analysis
of its derivatives. Reduction of 3d (NaBH4, MeOH, 25 °C; 15 min,;
85% yield) to alcohol 4 followed by esterification with 4-nitrobenz-
oic acid (EDCI, DMAP, 4-NO,C4H,CO,H, CH)Cl,, 25°C, 1h; 80%
yield) gave 5. The ORTEP structure of 5 is shown in Figure 1.4°
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Figure 1. ORTEP plots for X-ray crystal structures of 5.

The high diastereoselectivity (two from the eight possible dia-
stereoisomers) of this dipolar cycloaddition can be realized in a
plausible mechanism, as illustrated in Scheme 2. Initial formation
of iminium A or oxazolidinone B*!' by cinnamaldehyde and proline
provides a non-stabilized cyclic azomethine ylides C,*? followed by
1,3-dipolar cycloaddition*® with another cinnamaldehyde to give
the adducts 2a and 3a. While the dipole C approaches cinnamalde-
hyde, all the substituents, including CHO, CH=CHPh, and Ph, tend
to be away from each other, but aligned with H on the same side
for less steric hindrance, giving 2a and 3a. In Scheme 2, syn and anti
approaches are described for the orientation of the Ph group on the
cinnamaldehyde relative to the CH=CHPh group on the dipolar
zwitterions C. Endo and exo approaches denote the orientation of
the aldehyde group relative to the pyrrolidine ring on the dipole
C. The small differences in the head-to-head** versus head-to-tail
selectivity of Ph and CHO groups toward CH=CHPh cause the sub-
tle differences in the regioselectivity of 2a/3a.*>

Natural products present in dimeric form are common in nat-
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tivity give great potential for the synthetic versatility of the
products. Further applications of this methodology toward total
synthesis of natural products are currently underway.

Acknowledgments

We thank Dr. Hsing-Chang Tseng for his help in the study. We
acknowledge the National Science Council, ROC for financial
support of this research. Thanks to National Center for High-Perfor-
mance Computing (NCHC) for their help in the literature searching.

Supplementary data

Supplementary data (experimental procedures and character-
ization data for the new compound (2-5)) associated with this
article can be found, in the online version, at doi:10.1016/j.tetlet.
2008.07.039.

References and notes

1. Barbas, C. F., Ill. Angew. Chem., Int. Ed. 2008, 47, 42.

2. (a) For recent reviews on organocatalysis, see: List, B., Ed. thematic issues (12),
Chem. Rev. 2007, 107, 5413-5884; (b) de Figueiredo, R. M.; Christmann, M. Eur.
J. Org. Chem. 2007, 2575; (c) Enantioselective Organocatalysis: Reactions and
Experimental Procedures; Dalko, P. 1., Ed.; Willey-VCH, 2007; (d) Enders, D.;
Grondal, C.; Hiittl, M. R. M. Angew. Chem., Int. Ed. 2007, 46, 1570; (e) Chapman,
C.J.; Frost, C. G. Synthesis 2007, 1; (f) Enantioselective Organocatalysis: Reactions
and Experimental Procedures; Dalko, P. 1., Ed.; Wiley-VCH, Weinheim: Germany,
2007; (g) Asymmetric Synthesis: The Essentials; Christmann, M., Braese, S., Eds.;
Wiley-VCH: Weinheim, Germany, 2006, 2nd edition in print in 2007; (h)
Kellogg, R. M. . Angew. Chem., Int. Ed. 2007, 46, 494; (i) Brogan, A. P.; Dickerson,
T.].; Janda, K. D. Angew. Chem., Int. Ed. 2006, 45, 8100; (j) List, B. Chem. Commun.
2006, 819; (k) Marcelli, T.; van Maarseveen, J. H.; Hiemstra, H. Angew. Chem.,
Int. Ed. 2006, 45, 7496; (1) Seayad, J.; List, B. Org. Biomol. Chem. 2005, 3, 719; (m)
Berkessel, A.; Groger, H. Asymmetric Organocatalysis; Wiley-VCH: Weinheim,
Germany, 2005.

3. (a)Brandau, S.; Landa, A.; Franzén, ].; Marigo, M.; Jergensen, K. A. Angew. Chem.,
Int. Ed. 2006, 45, 4305; (b) Marigo, M.; Schulte, T.; Franzén, ].; Jergensen, K. A. J.
Am. Chem. Soc. 2005, 127, 15710; (c) Wu, F.; Hong, R.; Khan, J.; Lin, X.; Deng, L.
Angew. Chem., Int. Ed. 2006, 45, 4301; (d) Huang, Y.; Walji, A. M.; Larsen, C. H.;
MacMillan, D. W. C. J. Am. Chem. Soc. 2005, 127, 15051.

ure. Moreover, symmetry plays a crucial role in a variety of biolog— 4. (a) Mayer, S.; List,_B. Angew. Chem., Int. Ed. 2006, 45, 4193; (b) Ouellet, S. G.;
ical 46 \p ff h b d devel Tuttle, J. B.; MacMillan, D. W. C. . J. Am. Chem. Soc. 2005, 127, 32.
ical processes.” Many efforts have been made to develop new 5. Wilson, R. M.; Jen, W. S.; MacMillan, D. W. C. J. Am. Chem. Soc. 2005, 127, 11616.
methodologies in the dimerization synthesis.”” The proline-medi- 6. Yang, J. W.; Fonseca, M. T; List, B. J. Am. Chem. Soc. 2005, 127, 15036.
ated dimerization of cinnamaldehyde described herein provides 7. Enders, D.; Hiittle, M. R. M.; Grondal, C.; Raabe, G. Nature 2006, 441, 861.
an efficient route to the highly functionalized hexahydro-1H-pyr- 8. Sydorenko, N.; Hsung, R. P.; Vera, E. L. Org, Lett. 2006, 8, 2611.
o ! ghly 1exahy Py 9. Kunz, R. K;; MacMillan, D. W. C. J. Am. Chem. Soc. 2005, 127, 3240.
rolizine. The simple synthetic procedures and high diastereoselec- 10. Paras, N. A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2001, 123, 4370.
Ph Ph Ph
© Ph
Ph @‘COZH ® f ﬁ ? /:/
. . ®y OHC
/8 —_— N - N” o C0, N
) (8), —_—
CHO O(S")"COQ C/\:{\o O
A B [
Head-to-Tail
o Ph
Ph
—=\_©®
. T s
z anti OHCH el © SH OHC: By
Ph \ n e N OHC~§// & §
_Cp Ph\§ , 3 P H P M endo y "nPh exo PR H
OHC H " iGHO
endo vs vs
vs
Ph "
H @ @
Vi anti Ph%@ PhM:N Syn
rare - " /C/)HOH/’e vs EH "7 OHC:
N OHC=&_ ./
oHC' H PR H *3/"”% %"ulph
3a 2a Pr endo H exo

Scheme 2. Proposed mechanism for the dipolar cycloaddition.


http://dx.doi.org/10.1016/j.tetlet.2008.07.039
http://dx.doi.org/10.1016/j.tetlet.2008.07.039

11.
. (a) Chen, W.; Yuan, X.-H.; Li, R;; Du, W.; Wu, Y.; Ding, L.-S.; Chen, Y.-C. Adv.

13.

20.

21.
22.

23.

24.

. For recent publications: (a) Hong, B.-C.; Nimje, R. Y.; Wu, M.-F.; Sadani, A. A.

26.

27.

28.

B.-C. Hong et al./Tetrahedron Letters 49 (2008) 5480-5483

Burstein, C.; Glorius, F. Angew. Chem., Int. Ed. 2004, 43, 6205.

Synth. Catal. 2006, 348, 1818; (b) Chen, W.; Du, W.; Duan, Y.-Z.; Wuy, Y.; Yang,
S.-Y.; Chen, Y.-C. Angew. Chem., Int. Ed. 2007, 46, 7667; (c) Vicario, J. L;
Reboredo, S.; Badia, D.; Carrillo, L. Angew. Chem., Int. Ed. 2007, 46, 5168.

For recent review, see: (a) Gothelf, K. V.; Jergensen, K. A. Chem. Rev. 1998, 98,
863; (b) Najera, C.; Sansano, J. M. Angew. Chem., Int. Ed. 2005, 44, 6272; (c)
Bonin, M.; Chauveau, A.; Micouin, L. Synlett 2006, 2349; (d) Ess, D. H.; Jones, G.
0.; Houk, K. N. Adv. Synth. Catal. 2006, 348, 2337.

. (a)Wang, W.; Li,H.; Wang,].; Zu, L. . Am. Chem. Soc. 2006, 128, 10354; (b) Marigo,

M.; Bertelsen, S.; Landa, A.; Jergensen, K. A. J. Am. Chem. Soc. 2006, 128, 5475.

. Hong, B. C.; Wu, M.-F,; Tseng, H.-C.; Liao, J.-H. Org. Lett. 2006, 8, 2217.
. Li,H.; Wang, J.; Xie, H.; Zu, L.; Jiang, W.; Duesler, E. N.; Wang, W. Org. Lett. 2007,

9, 965.

. Hayashi, Y.; Gotoh, H.; Tamura, T.; Yamaguchi, H.; Masui, R.; Shoji, M. J. Am.

Chem. Soc. 2005, 127, 16028.

. Bertelsen, S.; Dinér, P.; Johansen, R. L.; Jergensen, K. A. . J. Am. Chem. Soc. 2007,

129, 1536.

. Li, H.; Wang, J.; E-Nunu, T.; Zu, L.; Jiang, W.; Wei, S.; Wang, W. Chem. Commun.

2007, 507.

Bertelsen, S.; Marigo, M.; Brandes, S.; Diner, P.; Jorgensen, K. A. J. Am. Chem. Soc.
2006, 128, 12973.

Kano, T.; Tanaka, Y.; Maruoka, K. Tetrahedron Lett. 2006, 47, 3039.

Xie, J.-W.; Yue, L.; Xue, D.; Ma, X.-L.; Chen, Y.-C.; Wu, Y.; Zhu, ].; Deng, ].-G.
Chem. Commun. 2006, 1563.

(a) Hong, B.-C.; Wu, M.-F.; Tseng, H.-C.; Huang, G.-F.; Su, C.-F.; Liao, ].-H. J. Org.
Chem. 2007, 72, 8459; (b) Hong, B.-C.; Tseng, H.-C.; Chen, S.-H. Tetrahedron
2007, 63, 2840; (c) Hong, B.-C.; Wu, M.-F,; Tseng, H.-C.; Liao, ].-H. Org. Lett.
2006, 8, 2217.

Hong, B.-C.; Nimje, R. Y.; Yang, C.-Y. Tetrahedron Lett. 2007, 48, 1121.

Eur. J. Org. Chem. 2008, 1449; (b) Hong, B.-C.; Nimje, R. Y.; Sadani, A. A,; Liao, J.-
H. Org. Lett. 2008, 10, 2345-2348.

Selected data for 2a: Ry = 0.3 in 25% EtOAc-hexane; 'H NMR (CgDg, 500 MHz): &
9.37 (d, J=2.5Hz, 1H), 7.37 (d, J=7 Hz, 2H), 7.21-7.17 (m, 8H), 6.67 (d,
J=16Hz, 1H), 6.40 (dd, J = 15.5, 7 Hz, 1H), 3.72-3.64 (m, 1H), 3.48 (dd, J = 7.5,
5 Hz, 1H), 3.29-3.20 (m, 1H) 2.99 (dd, J = 9.75, 7.5 Hz, 1H), 2.90-2.82 (m, 1H),
2.58-2.50 (m, 1H), 1.64-1.36 (m, 4H); '3C NMR (CgDg, 125 MHz): 5 200.0 (CH),
140.5 (C), 137.3 (C), 131.3 (CH), 131.2 (CH), 129.0 (CH x 2), 128.8 (CH x 2),
127.9 (CH x 2), 127.8 (CH), 127.3 (CH), 126.9 (CH x 2), 72.6 (CH), 69.9 (CH),
66.4 (CH), 53.5 (CH3), 53.3 (CH), 31.4 (CH;), 25.3 (CH;); exact mass calculated
for C;5H»3NO (M*): 317.1780; found 317.1782. Selected spectroscopic data for
3a: Rr=0.3 in 10% MeOH-EtOAc; 'H NMR (C¢Ds, 500 MHz): & 9.31 (s, 1H),
7.21-6.95 (m, 10H), 6.34 (d, J=17.5Hz, 1H), 6.15 (dd, J=15.75, 7 Hz, 1H),
3.79-3.74 (m, 1H), 3.32 (dd, J = 10, 5 Hz, 1H), 3.17 (dd, J = 10, 7 Hz, 1H), 2.80-
2.76 (m, 1H), 2.63-2.61 (m, 1H), 2.49-2.45 (m, 1H), 1.66-1.35 (m, 4H); >C
NMR (C¢Ds, 125 MHz): 6 200.2 (CH), 138.3 (C), 137.4 (C), 131.5 (CH), 130.8
(CH), 128.9 (CH x 2), 128.7 (CH x 2), 128.3 (CH x 2), 127.5 (CH), 127.5 (CH),
126.7 (CH x 2), 76.0 (CH), 64.3 (CH), 64.1 (CH), 55.2 (CH), 53.2 (CHy), 32.1
(CH,), 25.8 (CHy); MS (m/z, relative intensity): 317 (M", 2), 185 (100), 156 (26),
149 (18), 115 (18), 91 (13); exact mass calculated for Cy,H,3NO (M*):
317.1780; found 317.1781.

For recent advances in the organocatalytic [3+2] cycloadditions, see: (a)
Gonzalez-Cruz, D.; Tejedor, D.; Armas, P.; Morales, E. Q.; Garcia-Tellado, F.
Chem. Commun. 2006, 2798; (b) Dambruoso, P.; Massi, A.; Dondoni, A. Org. Lett.
2005, 7, 4657.

For recent example in the asymmetric 1,3-dipolar cycloaddition reactions of
azomethine ylides affording the corresponding pyrrolines, see: (a) Xu, H.-W.;

29.

30.

31.

32.

33.
. (a) Pereira, E.; De Fatima Alves, C.; Bockelmann, M. A.; Pilli, R. A. Tetrahedron

35.

36.
37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

5483

Li, G.-Y.; Wong, M.-K.; Che, C.-M. Org. Lett. 2005, 7, 5349; (b) Gonzalez-Cruz, D.;
Tejedor, D.; de Armas, P.; Morales, E. Q.; Garcia-Tellado, F. Chem. Commun.
2006, 2798.

(c) Naturally Occurring Pyrrolizidine Alkaloids; Rizk, A.-F. M., Ed.; CRC Press:
Boston, 1991; (d) Hartmann, T.; Witte, L. In Alkaloids: Chemical and Biological
Perspectives; Pelletier, S. W., Ed.; Elsevier Science Ltd: Oxford, 1995; Vol. 9,
Chapter 4; (e) Asano, N.; Nash, R. ].; Molyneux, R. ].; Fleet, G. W. J. Tetrahedron:
Asymmetry 2000, 11, 1645-1680.

(a) Reina, M.; Gonzalez-Coloma, A.; Gutierrez, C.; Cabrera, R.; Henriquez, J.;
Villarroel, L. Phytochemistry 1997, 46, 845; (b) Kelly, R. B.; Seiber, J. N.
Phytochemistry 1992, 31, 2369.

Becker, D. P.; Flynn, D. L; Moormann, A. E.; Nosal, R; Villamil, C. L;
Loeffler, R.; Gullikson, G. W.; Moummi, C.; Yang, D.-C. J. Med. Chem. 2006, 49,
1125.

(a) Denmark, S. E.; Hurd, A. R. J. Org. Chem. 2000, 65, 2875; (b) Denmark, S. E.;
Cottell, J. J. J. Org. Chem. 2001, 66, 4276.

Craig, D.; Hyland, C. J. T.; Ward, S. E. Synlett 2006, 2142.

Lett. 2005, 46, 2691; (b) Lemaire, S.; Giambastiani, G.; Prestat, G.; Poli, G. Eur. J.
Org. Chem. 2004, 2840; (c) Dieter, R. K.; Watson, R. Tetrahedron Lett. 2002, 43,
7725; (d) Knight, D. W.; Share, A. C.; Gallagher, P. T. J. Chem. Soc., Perkin Trans. 1
1997, 2089.

Sarkar, T. K.; Hazra, A.; Gangopadhyay, P.; Panda, N.; Slanina, Z.; Lin, C.-C,;
Chen, H.-T. Tetrahedron 2005, 61, 1155.

Denmark, S. E.; Hurd, A. R. J. Org. Chem. 1998, 63, 3045.

(a) For reviews: Microwave-Assisted Organic Synthesis; Bogdal, D., Ed.One
Hundred Reaction Procedures (Tetrahedron Organic Chemistry); Elsevier
Science, 2006, Vol. 25; (b) Microwave-Assisted Organic Synthesis; Thierney, J.
P., Lidstrom, P., Eds.; Blackwell Publishing Ltd, 2005; (c) de la Hoz, A.; Diaz-
Ortiz, A.; Moreno, A. Chem. Soc. Rev. 2005, 34, 164; (d) Loupy, A. Microwave in
Organic Synthesis; Wiley-VCH, 2002.

For previous example of our work: Hong, B.-C.; Shr, Y.-J.; Liao, J.-H. Org. Lett.
2002, 4, 663.

Focused microwave irradiation was carried out at atmospheric pressure with a
CEM Discovery microwave reactor set at 50 W.

CCDC 691500 contains the supplementary crystallographic data for 5. These
data can be obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

For a recent discussion in the role of oxazolidinones in the organocatalysis
reaction, see: Seebach, D.; Beck, A. K. Badine, D. M.; Limbach, M.;
Eschenmoser, A.; Treasurywala, A. M.; Hobi, R.; Prikoszovich, W.; Linder, B.
Helv. Chim. Acta 2007, 90, 425.

For our previous study on the hetero [6+3] cycloaddition of N-metalated
azomethine ylides, see: Hong, B.-C.; Gupta, A. K.; Wu, M.-F.; Liao, J.-H.; Lee,
G.-H. Org. Lett. 2003, 5, 1689.

For a density functional calculations (DFT) theoretical study of the 1,3-dipolar
cycloaddition reactions of azomethine ylides, see: Domingo, L. R. J. Org. Chem.
1999, 64, 3922.

For recent example on the head-to-head adducts selectively of 1,3-dipolar
cycloadditions of azomethine ylide, see: Ishii, K.; Shimada, Y.; Sugiyama, S.;
Noji, M. J. Chem. Soc., Perkin Trans. 1 2000, 3022.

This could be rationalized on the basis of small steric difference of CHO and Ph
alignment in head-to-head exo-anti and head-to-tail endo-anti.

For a review on strategies for the synthesis of C, symmetric natural products,
see: Vrettou, M.; Gray, A. A.; Brewer, A. R. E.; Barrett, A. G. M. Tetrahedron 2007,
63, 1487.

For recent examples, see: Nicolaou, K. C.; Nold, A. L.; Milburn, R. R.; Schindler,
C. S.; Cole, K. P.; Yamaguchi, ]. J. Am. Chem. Soc. 2007, 129, 1760.


http://www.ccdc.cam.ac.uk/data_request/cif

	Proline-mediated dimerization of cinnamaldehydes via 1,3-dipolar cycloaddition reaction with azomethine ylides. A rapid access to highly functionalized hexahydro-1H-plyrrolizinehexahydro-1H-pyrrolizine
	AcknowledgementAcknowledgments
	Supplementary data
	References and notes


