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ABSTRACT

The electrophilic activation of lactams with triflic anhydride in the presence of pyridine was investigated by NMR. It was found that 2-pyrrolidone
led to the clean formation of the corresponding pyridinium imidate in 89% isolated yield. The subsequent nucleophilic addition of organometallic
reagents led to 2-substituted dihydropyridines. A synthesis of ( ±)-tetraponerine T4 with three simple building blocks was accomplished in 3
steps (38% yield).

Tetraponerines are natural alkaloids isolated from the venom
of the New Guinean antTetraponera sp.(Scheme 1).1 Since

their isolation, several diastereoselective2 and enantioselec-
tive3 syntheses have been reported. Herein is presented a

highly expedient synthesis of (()-tetraponerine T4 that is
based on the rapid and efficient assembly of three compo-
nents.

Our retrosynthetic strategy is depicted in Scheme 2.
Tetraponerine T4 could be derived from the piperidine
intermediate1 after the cyclization of the amidine moiety
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Scheme 1. TetraponerinesT1-T8
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onto the carbonyl group and reduction. This piperidine would
come from pyridinium salt3b through a chemoselective
hydrogenation of the double bonds, and regioselective
addition of a suitable nucleophile at the 2-position of the
pyridinium ring. This approach relies on our ability to add
nucleophiles to pyridinium salts such as3b that are prepared
from lactams.

Pioneering work, namely by the group of Comins and
others, on metallo enolate addition on both achiral4 and
chiral5 1-acylpyridinium salts has been reported, affording
the corresponding dihydropyridines (or dihydropyridones).

Over the past few years, we have shown that the activation
of amides using triflic anhydride in the presence of pyridine
generates pyridinium saltsA-C.6,7,8 A variety of functional
groups are then accessible upon quenching with the ap-
propriate nucleophile (Figure 1).9

Due to the competitiveN-triflation pathway occurring in
the activation of lactams with triflic anhydride,10 only a few

examples of formation of endocyclic iminium or imino
triflates (O-triflation) have been reported with lactams.9a,11

Thus, our interest in natural product synthesis led us to
submit several lactams to the activation protocol to establish
which ones cleanly generated the endocyclic pyridinium
imidate3.

The activation of four- to seven-membered-ring lactams
with triflic anhydride/pyridine was monitored by1H and19F
NMR, and the product distribution is shown in Table 1.

Not surprisingly, the treatment of theâ-lactam4a led to
a mixture of unidentifiable products containing olefinic
protons among others. Attempts to isolate either the starting
material back upon quenching with water or a dihydropy-
ridine upon Grignard addition failed.12 Conversely, the
activation of the five- or six-membered-ring lactam was very
clean, leading to the desired pyridinium salts that contained
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Scheme 2

Figure 1. Pyridinium salt formation from amides, Tf2O, and
pyridine: access to various functional groups.

Table 1. Activation of Four- to Seven-Membered-Ring
Lactams with Tf2O

entry n 3:5:6:7a

1 0 (4a) messy
2 1 (4b) >95:<5:0:0
3 2 (4c) 45:55:0:0
4 3 (4d) 53:0:29:18

a Ratio determined by1H NMR.
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various amounts of theN-triflated product (3% and 55%,
respectively) (Table 1, entries 2 and 3). Finally, the seven-
membered-ring lactam4d led to a mixture of3d, 6d, and
7d under the same reaction protocol, indicating that the
O-triflation was the major reaction pathway (Table 1, entry
4). The use of excess reagents or the reverse addition protocol
could minimize the formation of6d and7d.

The cyclic pyridinium salts of typeA-C are typically
readily hydrolyzed back to the corresponding amides upon
quenching with aqueous solutions. On the contrary, the
pyridinium salts3b-d derived from lactams were surpris-
ingly robust to aqueous workup (neutral or mildly basic
conditions). Indeed, pyridinium salt3b was isolated in 89%
yield after flash chromatography on silica gel when the
reaction was directly quenched with a small quantity of
aqueous K2CO3 followed by drying with Na2SO4 (Scheme
3).13

An X-ray crystal structure of3b was obtained (Figure
2).14,15

Recently, we have reported the highly regio- and diaste-
reoselective addition of organometallic reagents to pyri-
dinium saltA derived from a valinol-derived amide to form
2-substituted 1,2-dihydropyridines.16 This work was further
extended to the synthesis of 2,3-disubstituted piperidines17

and 2-substituted 3-amino-1,2,3,6-tetrahydropyridines,18 as
well as 2,6-disubstituted-3-piperidinols.19

With pyridinium salt3b in hand, several organometallic
nucleophiles were then added, to afford 1,2-dihydropyridines
in good to excellent yields (Table 2).

The regioselectivity was found to be excellent in almost
all the cases. The presence of the 1,4-adduct could only be
observed for the addition of allylmagnesium bromide (Table
2, entry 7). Moreover, the use of Me2Zn led to the clean
addition product8a in 67% yield (Table 2, entry 2).

Conversely, the addition of a metallo enolate to the
pyridinium salt derived from 2-pyrrolidone was not straight-
forward (Table 3).

Typically, a mixture of the 1,2-addition product1020 and
the 1,4-addition product11was formed in a combined yield
of 64-81%. Interestingly, none of the ketone2 could be
isolated. Even though our optimal yield was 42% for the
1,2-dihydropyridine10 (Table 3, entry 4), we have accessed
in one step a late intermediate of tetraponerine T4 entirely
from commercial reagents.

With the late intermediate (10) in hand, the two double
bonds were hydrogenated, leading to the corresponding
piperidine.21 The latter was then directly reduced stereose-
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Figure 2. ORTEP diagram of pyridinium salt3b. Selected bond
lengths (Å) and angles (deg): C(32)-N(31)-C(41), 118.3(4);
N(31)-C(41)-N(42), 118.8(4); N(31)-C(41), 1.452(7).

Table 2. Nucleophilic Addition to Pyridinium Salt Derived
from 4b

a Ratio determined by1H NMR. b Isolated yield of8. c Me2Zn added at
room temperature.d Et2Zn added at-20 °C. e Combined yield of dihydro-
pyridines8e and9e.

Scheme 3
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lectively with LAH, based on a similar strategy used by
Gevorgyan et al. to synthesize (()-tetraponerine T6.2a,bThus,
after this two-step, one-purification process (eq 1), (()-
tetraponerine T4 was obtained as a single diastereomer in
90% yield from dihydropyridine10, and an overall yield of
38% in three steps and two purifications. This constitutes
the shortest synthesis of (()-tetraponerine T4 reported so
far.

In conclusion, we have shown that the electrophilic
activation of five- and six-membered-ring lactams with triflic
anhydride in the presence of pyridine gives the corresponding
pyridinium salts, albeit with side-products in some cases. In
particular, 2-pyrrolidone gave a very clean formation of the
corresponding pyridinium salt, isolated in 89% yield, and
was surprisingly stable to aqueous media. The structure of
this salt was further confirmed by an X-ray crystal structure.
Upon addition of organometallic nucleophiles, this pyri-
dinium salt afforded 2-substituted dihydropyridines in good
to excellent yields. Finally, it was applied to the concise (3
steps, 38% overall yield) synthesis of (()-tetraponerine T4.
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(20)10was obtained as a mixture of two diastereomers since two distinct
patterns of signals were observed by1H NMR. Our structural assignment
of 10 is further supported by the presence of two quaternary centers at 82
(major diastereomer) and 85 ppm (minor diastereomer) by13C NMR.

(21) This intermediate, as a mixture of diastereomers, was shown to still
be an amidinium salt, due to the presence of a CF3 signal by13C and19F
NMR.

Table 3. Metallo Enolate Addition to Pyridinium Salt Derived
from 4b

entry metal salt (Met)a yield 10 (%)b yield 11 (%)b,c

1 MgBr2‚OEt2 35 35
2 ZnCl2 31 33
3 TiCl(OiPr)3 24 40
4 none 42 39

a The metal salt was added to the lithium enolate in THF/Et2O and was
stirred for 1 h at-78 °C prior to addition to pyridinium salt3b. b Yield
obtained with trichloroethylene as internal standard.c Combined yield of
11 and another unidentified addition adduct.
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