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SYNTHESIS OF UNSYMMETRICAL 2,5-DI-n-ALKYLPYRROLIDINES: 2-HEXYL-5-PENTYLPYRROLIDINE
FROM THE THIEF ANTS Solenopsis molesta, S. texanas, AND ITS HOMOLOGUES.
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Unsymmetrical 2,5-di-n-alkylpyrrolidines have been identified as characteristic poison
gland products of the South African ant Solenopsis punctaticeps; the stereochemistry of these
compounds has not been assigned in previous syntheses.]’2 We now wish to describe a convenient
stereoselective synthesis of these 2,5-diakylpyrrolidines from the corresponding 1,4-diketones,
which elucidates the geometry of the natural products. In addition, we report on the
occurrence of a new venomous constituent, 2-hexyl-5-pentylpyrrolidine, as the major poison
gland product of two species of thief ants, Solenopsis molesta and S. texanas.3

The buffered pyridinium chlorochromate oxidation* of 1-octen-3-o1 (Aldrich) gave the
unstable 1-octen-3-one (2a) in 43% isolated yield (b.p. 60-65°/13mm). The freshly prepared
enone was immediately refluxed overnight under a nitrogen atmosphere with equivalent amounts of
distilled heptanal, triethylamine, and 0.1 equivalent of 5-(2'-hydroxyethyl)-4-methyl-3-
benzylthiazolium ch1oride.5’6 After filtration, distillation gave 6,9-pentadecadione (3a) in
78% yield,b.p. 150-155° (0.5mm); m.p. 55-56°.7

The sequence was repeated using pentanal to give 5,8-tridecadione (3b) in 72% yield,

b.p. 104° (0.4mm); m.p. 37-38°.7 The preparation of 5,8-pentadecadione (3c) required the
preparation of 1-decen-3-01 (1c) which was obtained in 65% yield by treatment of octanal with
1.5 equivalent of vinyl magnesium bromide: b.p. 53-54°(0.35mm); ir 3360, 3070, 3010, 995,
925 cm']; nmr {60MHz) & 6.1 ~ 4.9 (3H, vinyl ABX multiplet identical to that shown by a
commercial sample of 1-octen-3-01), 4.0 (1H, m, CH-OH), 3.3 (1H,-OH by D,0 exchange), 1.35
(12H, br s, (CH2)6), 0.9 (3.H, br t, CH3). Oxidation of enol 1c gave the unstable 1-decen-3-
one (2c) in 59% yield (b.p. 107-108°/26mm), which was immediately condensed with pentanal in
the manner dsscribed above to give the diketone 3c in 61% yield; b.p. 122° (0.35mm);

m.p. 53-54°.
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The diketone 3a was heated under a nitrogen atmosphere at 120° (bath temperafare) with an
excess of ammonium carbonate for 18 hr. GLC analysis showed ca. 90% conversion to a single
unstable product, 2-hexyl-5-pentylpyrrole (4a) whose nmr spectrum was quite characteristic,

8 5.50 (2H, d, J=2.5Hz).8 The diketones 3b and 3c were also cyclized in this way to give
2-n-butyl1-5-n-pentylpyrrole (4b), nmr § 5.59 (2H, d, J=2.5Hz), and 2-n-butyl-5-n-heptylpyrrole
(4c), nmr § 5.46 (2H, d, J=2.5Hz), respectively.

Each of the unstable pyrroles was immediately taken up in five volumes of acetic acid
and hydrogenated over a fourth of their weight of 5% Rh/A1203 at 3atm. pressure.9 After
neutralization of the solvent with aqueous sodium hydroxide, GLC analysis (OV-1, OV-17)
indicated ca. 85% conversion of each pyrrole to a more volatile product which was isolated as a
colorless liquid by preparative GLC (2m x 5 mm column packed with 10% OV-1 on Gaschrom Q).]0
The diketones 3 and pyrrolidines 5 are well characterized by their mass spectra (See Table).

TABLE. Mass spectral data for diketones (3) and pyrrolidines (5). (70 eV). MS: m/e (rel. %)

3a: 240(M+, 9), 197(5), 184(24), 170(23), 169(23), 155(33), 141(21), 127(46), 114(46), 113(36),
99(33), 85(16), 71(41), 57(13), 55(30), 43(100).

3b: 212(M*, 5), 197(2), 183(8), 170(31), 156(60), 155(50), 141(80), 127(56}, 114(48), 113(40),
99(73), 95(15), 85(52), 73(32), 71(72), 57(100), 55(35), 43(93), 41(63).

3c:  240(M*, 8), 198(24), 183(22), 169(8), 157(6), 156(56), 155(20), 141(56), 127(60), 114(44),
113(32), 99(8), 98(10), 95(10), 85(60), 73(23), 71(28), 69(12), 57(100), 55(27), 43(36).

5a: 225(M+, 2), 224(3), 155(13), 154(97), 141(13), 140(100), 97(1), 96(3), 95(4), 84(2), 83(4),
82%}2%, 81(7), 70(4) 69(16), 68(11), 67(7), 57(4), 56(9), 55(24) 44(7), 43(9) 42(4),
44 .

5b: 197(M+, 2), 196(5), 141(9), 140(88), 127(12), 126(100), 112(7), 98(1), 97(1), 96(2), 84(5),
832; s 2%§}2}, 81(5), 70(5), 69(7), 68(9), 67(7), 57(2), 56(9), 55(26), 44(5), 43(7),

5c: 225(M", 2) 224(3), 169(12), 168(84), 127(12), 128(100), 94(3), 93(3), 92(4), 85(3), 84(3),
83(9), 82(12), 69(6), 68(9), 67(5), 57(3), 56(6), 55(15), 44(6), 43(8), 42(2), 41{12).
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Further examination by GC/MS using a column packed with 10% SP-1000 on Supelcoport
showed that each pyrrolidine 5 was a mixture of two components, (ca. 85/15 ratio) which had
identical mass spectra. The major component elutes first, and by analogy from dimethylpyrrole
hydrogenation and GLC behavior has the gjg_configuration.]’9
dialkylpiperidines also elutes first on this liquid phase.]]

The mass spectrum of 5a was identical to that of the product from both S. molesta and S.
texanas, the mass spectrum of 5b was identical to that of 2-butyl-5-pentylpyrrolidine in S.
punctaticeps, and the mass spectrum of 5¢ was identical to that of 2-butyl-5-heptylpyrrolidine
in S. punctaticeps. In every case, comparison by retention times and coinjection showed that
the naturally occuring pyrrolidine was of the trans configuration.

1Y NaQCl
- 2) NaOH R R R R

! NaBH4 °

The cis isomer of the 2,5-

Because of the large percentage of the cis isomer in the pyrrolidine 5, we undertook the
epimerization of 5a by stirring an 0.2M solution of 5a in methanol with a slight excess of
5% sodium hypochlorite solution under nitrogen for 1.5 hours. After refluxing for 3.5 hours
with a ten-fold excess of sodium hydroxide,12 GLC(OV-17) analysis indicated ca. 90% of an
inseparable mixture of the isomeric 2-n-hexyl-5-n-pentyl-1-pyrrolines (6a), ir 1643, 725cm'].]3
Reduction of the pyrroline mixture with sodium borohydride in methanol regenerated the
pyrrolidines 5a in which the trans isomer predominated in a ratio of 3:2.

The chemistry of the venoms of the thief ants Solenopsis molesta and S. texanas contrasts
considerably with that of the fire ants in this genus. The venoms of the latter species have
been identified as unsymmetrical 2,5-di-n-a1ky]piperidines1]’14 that are injected into either

prey or predators. Thief ants, on the other hand, which are not reported to sting, utilize
15

their pyrrolidine~rich venoms as repelients for other ant species, - especially those from
which they steal larvae for food. It may be chemotaxonomically significant that while both
thief ants and fire ants are placed in the genus Solenopsis, the former species are classified
in the subgenus Diplorhoptrum whereas the latter are assigned to the subgenus Solenogsis.]6
That 2,5-dialkylpyrrolidines are not restricted in their distribution to thief ants is
demonstrated by the report that two of these pyrrolidines, 5b and 2-(1-hex-5-en¥1)-5-penty1—
pyrrolidine, are venomous constituents of Pharaoh's ant, Monomorium pharaonis.]
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