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2,5-Unsubstituted Pyrrolidines from Formaldehyde and Amino Acids through in situ
Azomethine-ylide 1,3-Dipolar Cycloaddition to Alkenes

Marc Joucla* and Jacques Mortier

Groupe de Recherche de Physicochimie Structurale 3, U.A. CNRS n° 704, Université de Rennes I, Campus de
Beaulieu, 35042 Rennes Cedex, France

Formaldehyde and a-amino acids such as sarcosine and glycine react with alkenes to give N-Me and N-H
pyrrolidines via in situ generated azomethine-ylides.

Non-stabilized azomethine-ylides are valuable synthons in The direct condensation of «-amino acids and «-amino acid
pyrrolidine synthesis. In the past years several original derivatives with aldehydes and ketones has received some
synthetic methods have appeared, mainly desilylation reac- recent applications? but, to our knowledge, no reaction
tions from iminium precursors! and base-induced elimination involving the parent compound formaldehyde and «-amino
from amino derivatives.2 acids has been reported.

Table 1. N-Methyl-2,5-unsubstituted pyrrolidines.

BCN.m.r.c
Alkene Product (yield)a-b C-2orC-5 C-3orC4 Me(N)
Methyl -, (88) 58.48 (1) 55.74 (1) 42.33(d) 28.20 (1) 41.66(q)
o :
acrylate cOpMe
(2)
CO;Me
Methyl Me—N (92) 58.05 (1) 45.68 (d) 41.79(q)
maleate COyMe
(3)
COzMe
Methyl Me—N (75) 58.72(t) 45.75 (d) 41.48(q)
fumarate 111C0y Me
(4)
Ph
Methyl (E) M"‘N: COM (68) 59.51(t)63.96 (t) 47.51 (d) 51.90(d) 41.85(q)
cinnamate 5 e
Ph
Dimethyl Me—N (90) 61.94 () 62.80 (t) 65.72 (s) 49.77 (d) 41.73(q)
benzylidene- (COzMe);
malonate (6)

2 Yields refer to isolated products from bulb to bulb distillation. ® All compounds gave spectroscopic data in good agreement with the
proposed structures. 500 MHz H n.m.r. [WM 500 Bruker (D. Davoust, Centre de Spectroscopie, Université, P. et M. Curie, Paris)], 300 MHz 'H
n.m.r. (AM 300 WB Bruker), mass spectrometry (Varian MAT 311), 1*C n.m.r. (Jeol FX 100, WP 80 DS Bruker) were recorded by MM. S.
Sinbandhit, J. Y. Le Gall, and P. Guénot, Centre de Mesures Physiques de I’Ouest.
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Scheme 1. i, Refluxing benzene or toluene; -H,0, Dean-Stark trap;
ii, alkene.

The reaction of paraformaldehyde with a-amino acid deriva-
tives leads to the reactive methylene azomethine-ylides (1)
which undergo 1,3-dipolar cycloaddition reactions with
alkenes to give pyrrolidines in a one-pot three component
reaction, Scheme 1.

Depending on the nature of R3, two different azomethine-
ylides (1) can result: with R3 = H, decarboxylative dehydra-
tion occurs leading to non-stabilized azomethine-ylides (1), R?
= H, and with R3 # H, stabilized azomethine-ylides (1), Rz =
CO;R3, are formed.3b4

We report here our first results with sarcosinet and glycine.
Thus paraformaldehyde, sarcosine, and alkenes [such as
methyl acrylate, maleate, fumarate, cinnamate (E), and
benzylidene malonate] in refluxing benzene for several hours
give 2,5-unsubstituted pyrrolidines (2)—(6) in good yields
(Table 1).

In the same way paraformaldehyde, glycine, and methyl
fumarate in refluxing toluene with a Dean-Stark trap for
seven hours leads to pyrrolidine (7) (85% based on n.m.r.
spectroscopy). With methyl maleate a mixture of pyrrolidines
(8) + (7)f is recovered (80:20 based on n.m.r. spectro-
scopy).$§

If 1,3-dipolar cycloaddition reactions are involved in this
three component pyrrolidine synthesis® we assume that the
parent azomethine-ylide (9) is generated in these conditions.

Azomethine-ylides in this reaction could arise from several
intermediates. For instance (9) could be generated through
the initial hydroxymethylglycine intermediate (10) which
could equilibrate with (11), (12), and (13). All four inter-
mediates could give rise to the parent azomethine-ylide (9).

The fact that an oxazolidinone3® reacts with tetra-
methoxycarbonylethylene to give pyrrolidine is not significant
enough to determine which intermediates are involved.

t Sarcosine gives a quantitative intramolecular cycloaddition adduct
with o-allylsalicylaldehyde by direct condensation without use of the
silylated sarcosine as was previously reported (ref. 3e).

1 (7) m/z 187, M+, CgH3NOy; calc. 187.08445, found 187.0844; 300
MHz 'H n.m.r.: 3.76 (s, 6H), 3.44 (m, 2H), 3.20 (d, 1H, NH), 3.00
(m, 2H), 2.85 (m, 2H); 3C n.m.r.: C-2,C-5: 55.10 (t), C-3,C-4:
45.29 (d), MeO: 52.19 (q); C=0: 173.95 (s); i.r. (film) vy_gq: 3445 (W),
Ve-o: 1730 cm~1 (s). (8) m/z 187, M+, CgH3NO,; calc. 187.08445,
found 187.0844; 300 MHz 'H n.m.r.: 3.66 (s, 6H), 3.35 (s, 1H, NH),
3.28 (m, 2H), 3.17 (m, 2H), 2.84 (m, 2H); *C n.m.r.: C-2,C-5: 54.42
(t), C-3,C-4: 45.25 (d), MeO: 51.85 (q), C=0: 173.03 (s); i.r. (film)
Vnont 3445 (W); veeo: 1730 cm~! (s).

§ Depending on the reaction conditions variable amounts of pyrroli-
dines (3) and (4) have been obtained together with (7) and (8); (7)
could arise from the isomerisation of methyl maleate by the base
catalysis fror. pyrrolidine (8) in these reaction conditions; for similar
results see ref. 3h.
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The scope of this reaction, using other aldehydes and/or
other a-amino acids and derivatives,{ is under active investi-
gation.

We thank Lafarge-Coppée and CNRS for a grant (J. M.)
and CNRS for financial support.

Received, 21st June 1985; Com. 870

References

1 E. Vedejs and G. R. Martinez, J. Am. Chem. Soc., 1979, 101, 6452;
1980, 102, 7993; E. Vedejs and F. G. West, J. Org. Chem., 1983,
48, 4773; K. Achiwa and M. Sekiya, Chem. Lett., 1981, 1213;
Tetrahedron Lett., 1982, 2589; Y. Terao, N. Imai, K. Achiwa, and
M. Sekiya, Chem. Pharm. Bull., 1982, 30, 3167; T. Livinghouse and
R. Smith, J. Chem. Soc., Chem. Commun., 1983, 210; J. Org.
Chem., 1983, 48, 1554; S. F. Chen, J. N. Ullrich, and P. S. Mariano,
J. Am. Chem. Soc., 1983, 105, 6160; O. Tsuge, S. Kanemasa, S.
Kuraoka, and S. Takenaka, Chem. Lett., 1984,279; K. Achiwa, N.
Imai, T. Inaoka, and M. Sekiya, Chem. Pharm. Bull., 1984, 32,
2878.

2 R. Beugelmans, G. Negron, and G. Roussi, J. Chem. Soc., Chem.

Commun., 1983, 31; N. Imai, Y. Terao, K. Achiwa, and M. Sekiya,

Tetrahedron Lett., 1984, 25, 1579; A. Padwa and Y-Y. Chen, ibid.,

1983, 24, 3447; K. A. Parker, I. D. Cohen, A. Padwa, and W. Dent,

ibid., 1984, 25, 4917; A. Padwa, G. Hoffmann, and M. Tomas, J.

Org. Chem., 1984, 49, 3314; A. Hosomi, Y. Sakata, and I. Sakurai,

Chem. Lett., 1984, 1117.

(a) G. P. Rizzi, J. Org. Chem., 1970, 35,2069; (b) A. Eschenmoser,

Chem. Soc. Rev.,1976,5,377; (c) P. N. Confalone and E. M. Huie,

J. Org. Chem., 1983, 48, 2994; (d) J. Am. Chem. Soc., 1984, 106,

7175; (e) C-L. J. Wang, W. C. Ripka, and P. N. Confalone,

Tetrahedron Lett., 1984, 25, 4613; (f) R. Grigg and S. Thianpata-

nagul, J. Chem. Soc., Chem. Commun., 1984, 180; (g) R. Grigg,

M. F. Aly, V. Sridharanand, and S. Thianpatanagul, ibid., 1984,

182; (h) M. Joucla, J. Mortier, and J. Hamelin, Tetrahedron Lett.,

1985, 26, 2775. '

4 M. Joucla and J. Mortier, unpublished work.

5 F. Texier and R. Carrié, Bull. Soc. Chim., 1973, 310; M. Joucla and
J. Hamelin, J. Chem. Res. (S), 1978, 276, R. Delpierre and M.
Lamchen, Quart. Rev., 1965, 19, 329.

W

{1l For instance proline and methyl acrylate gave four compounds both
regio- and stereo-isomers in equivalent amounts. This is in agreement
with the general behaviour of methyl acrylate in 1,3-dipolar cycloaddi-
tion reactions with other 1,3-dipoles, ref. 5.





