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ABSTRACT

A phosphine-catalyzed annulation of modified allylic ylides with various aromatic imines to form 3-pyrrolines was developed. The presence
of a substituent in the allylic compound is crucial for this reaction. Without the substituent, (E)-dienylimines will be produced via the dimerization
of the allylic compounds.

Reports of phosphines as nucleophilic catalysts in the reaction
of alkynoates or allenoates have grown significantly.1,2

Recently, we developed phosphine-catalyzed [3 + 2] and
[3 + 6] annulation reactions of carbon-phosphorus ylides
with electron-deficient olefins.3

In these reactions, simple allylic compounds, which can
be easily obtained by one-step transformation from the
product of the Morita-Baylis-Hillman reaction, were used
as the three-carbon unit instead of the alkynoates or alle-
noates. Compared with alkynoates or allenoates, the allylic
compounds have some special reactivities, which stimulated
us to explore the new reaction with other kinds of electro-
philes.

3-Pyrrolines are a class of compounds, generally used as
intermediates for the synthesis of five-membered nitrogen-
containing heterocyclic natural products and pharmaceutical
compounds.4 Among the numerous known methodologies,
the [3 + 2] cycloaddition provides the most versatile method
for the formation of pyrrolines.5 Recently, there are many
reports related to the phosphine-catalyzed [3 + 2] annulation
reaction of 2,3-butadienoates or 2-butynoates with N-
tosylimines to form pyrrolines (Scheme 1).2,6 Herein, we
wish to report the reaction of allylic compounds with
N-tosylimines under the catalysis of a tertiary phosphine.
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To initiate our study, compound 1a and imine 2a were
stirred in toluene at room temperature under 10 mol % of
PPh3 as the catalyst. Unfortunately, we did not obtain the
product pyrroline as expected from the reaction of allenoate
and N-tosylimine, but only (E)-dienylimine 3aa was obtained
in 62% yield (Scheme 2). The structure of compound 3aa

was confirmed by X-ray crystallography of the analogous
compound 3ad substituted with a p-bromophenyl group.7

Varying the ratio of 1a/2a could not change the product
to pyrroline. When the ratio of 1a/2a was 2:1.5, the yield
could be improved to 86% (Table 1, entry 2). Changing PPh3

to the more nucleophilic phosphine PPh2Et, the reaction also
proceeded smoothly, but no product was obtained when the
strong nucleophilic phosphine PBu3 was used. The reaction
proceeded smoothly in many solvents except polar solvents
such as acetonitrile or DMF. Toluene was the best solvent.

The reaction could occur with various substituted N-
tosylimines, and electron-donating group substituted N-
tosylimines led to better yields (Table 2, entries 1 and 6).

In this reaction, highly substituted (E)-dienylimines could
be obtained in one step. These compounds are useful in
hetero-Diels-Alder reactions8 and can be used as intermedi-
ates for the synthesis of γ-amino acids.9 The synthetic utility
of this reaction can be further demonstrated by the Al2O3-

mediated hydrolysis of the imino group to ketone 5ad
(Scheme 3).

A possible mechanism for this unexpected phosphine-
catalyzed reaction is proposed (Scheme 4). The phosphine
reacted with modified allylic compound 1a to form the
phosphonium salt A. The in situ generated tert-butoxide
anion deprotonated this salt to afford ylide B which was
added to another molecule of 1a to produce C. C was
deprotonated by the in situ generated tert-butoxide again to
give ylide D. The ylide D was added to the imine 2 to
produce E. After hydrogen transfer, E was changed to F
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Scheme 1. [3 + 2] Reaction of Methyl 2,3-Butadienoate with
N-Tosylimines

Scheme 2

Table 1. Effect of Phosphine Catalysts on the Formation of 3aa
from 1a and 2aa

entry catalyst (10 mol %) 1a/2a yieldb (%)

1 PPh3 2:1 73
2 PPh3 2:1.5 86
3 PPh3 1:1 62
4c PPh3 2:1.5 78
5 PBu3 2:1.5 -d

6 PPh2Et 2:1.5 80
a Reaction conditions: Under Ar, a mixture of 1a, 2a, and catalyst in

toluene was stirred at room temperature for 2 days. b Isolated yields. c 20
mol % of PPh3 was used. d Complicated products.

Table 2. Synthesis of 3 from 1a and N-Tosyliminesa

a Reaction conditions: Under Ar, a mixture of 1a (0.20 mmol), 2 (0.15
mmol), and PPh3 (0.02 mmol) in toluene was stirred at room temperature
for 2 days. b Isolated yields.

Scheme 3
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which afforded intermediate G by elimination of PPh3.
Finally, 3 was formed by isomerization.

On the basis of the above mechanism, it was suggested
that the reason why the reaction could not produce 3-pyr-
rolines might be due to the high reactivity of 1a to add to
another molecule of 1a to obtain the dimerized intermediate
C. It occurred to us that it is possible to facilitate the
formation of 3-pyrrolines if the steric bulkiness of 1 is
increased. To test the feasibility of this idea, 1b (1.2 equiv),
the phenyl-substituted analogue of 1a, was used to react with
imine 2e (1 equiv) in refluxing toluene using PPh3 (10 mol
%) as the catalyst. Fortunately, product 4be was isolated in
85% yield as a single isomer (Table 3, entry 4).

Many phosphines (Table 3) could catalyze this reaction,
among which PPh3 gave the best result. Solvents also were
tested, and toluene still was the best solvent. The reaction
was found to be general and to occur with different
substituted N-tosylimines, providing the 2,5-disubstituted
3-pyrrolines in moderate to excellent yields (Table 4).
Chloro- and bromo-substituted aryl N-tosylimines can afford
nearly quantitative yields (Table 4, entries 3 and 4). N-
Tosylimines with electron-donating aryl substituents gave
lower yields (Table 4, entries 1 and 6).

To investigate the scope of this reaction, a variety of
modified allylic tert-butyl carbonates were used to react with
N-tosylimine 2e (Table 5). For various aryl-substituted allylic
tert-butyl carbonates, reactions could provide moderate yields
(Table 5, entries 1-4), while alkyl-substituted allylic tert-
butyl carbonates gave relatively poor results (Table 5, entries
5 and 6). The reaction of tert-butyl ester could also proceed
very well (Table 5, entry 7). The cis-stereochemistry of these
products was confirmed by X-ray crystallography of the
analogous compound 4bc substituted with a p-chlorophenyl
group.7 Thus, this novel reaction potentially provides a new
approach to the preparation of multifunctionalized 3-pyrro-
lines.

A plausible mechanism for this phosphine-catalyzed [3 +
2] annulation reaction of the substituted allylic compounds
with N-tosylimines is proposed (Scheme 5). The reaction
might be initiated by the formation of the phosphoniun salt
A via the addition of PPh3to 1b. A was deprotonated by the
in situ generated tert-butoxide anion affording ylide B.
Subsequent nucleophilic addition of the ylide B to the
electron-deficient imine 2e yielded the intertmediate H.
Intramolecular annulation of the imine to the olefinic double
bond occurred with the elimination of PPh3 to yield the
product 4be and completed the catalytic cycle.

Scheme 4. Proposed Mechanism for the Formation of 3 Table 3. Effect of Phosphine Catalysts on the Formation of
Pyrroline 4bea

entry catalyst (10 mol %) temperature (°C) yieldb (%)

1 PPh3 rt -
2 PPh3 80 12
3 PPh3 110 72
4c PPh3 110 85
5d PPh3 110 73
6 PEtPh2 rt 26
7e PEtPh2 rt 47
8 PEt2Ph rt 24
9e PEt2Ph rt 40
10e PBu3 rt 42

a Reaction conditions: Under Ar, a mixture of 1b (76 mg, 0.24 mmol),
2e (51 mg, 0.2 mmol), and catalyst in toluene (1 mL) was stirred at the
temperature indicated. b Isolated yields. c 2 mL of toluene was used. d 1b
(37 mg, 0.12 mmol) in toluene (0.5 mL) was added over 12 h with a syringe
pump to a mixture of PPh3 and 2e (26 mg, 0.1 mmol) in toluene (0.5 mL)
at 110 °C. The mixture was stirred further for 1 h. e 20 mol % of catalyst
was used.

Table 4. Synthesis of 3-Pyrrolines from Various Iminesa

a Reaction conditions: Under Ar, a mixture of 1b (0.24 mmol), 2 (0.2
mmol), and PPh3 (0.02 mmol) in toluene (2 mL) was stirred at 110 °C.
b Isolated yields. c 4 mL of toluene was used.
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In conclusion, a novel phosphine-catalyzed reaction of
modified allylic tert-butyl carbonates with N-tosylimines has
been developed. The presence of substituents in allylic tert-
butyl carbonates is crucial for this reaction. For allylic tert-
butyl carbonates with substituents, a phosphine-catalyzed [3
+ 2] annulation of modified allylic tert-butyl carbonates with
N-tosylimines occurred to give 3-ethoxycarbonyl-2,5-cis-
disubstituted-3-pyrrolines in moderate to good yields with
high stereoselectivity. Highly substituted dienylimines 3 were
obtained from allylic tert-butyl carbonates without any

substituent. The appealing features of this process involve
the availability of the starting materials, the simple manipula-
tion, and the high stereoselectivity of the reaction.
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Table 5. Synthesis of 3-Pyrrolines 4 from Different Allylic
Compoundsa

a Reaction conditions: Under Ar, a mixture of 1 (0.24 mmol), 2e (0.2
mmol), and PPh3 (0.02 mmol) in toluene (2 mL) was stirred at 110 °C.
b Isolated yields. c 1f (85 mg, 0.24 mmol) in toluene (1 mL) was added
over 12 h with a syringe pump to a mixture of PPh3 and 2e (52 mg, 0.2
mmol) in toluene (1 mL) at 110 °C. The mixture was stirred further for
1 h.

Scheme 5
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