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Figure 1. Representative Procedure

An enantioselective [4 + 2]-annulation process
between cyano-activated oxadienes and allenones
is developed. An L-valine-derived phosphine was
efficient in catalyzing the reaction, and a wide range
of highly functionalized dihydropyrans were
prepared in high yields and with excellent
enantioselectivities.

Abstract

Table 1. Phosphine-Catalyzed [4 + 2]-Annulation 
between Oxadiene 1a and Allenone 2a: Initial 
Screening
Reactions were performed 
with 1a (0.1 mmol), 
2a (0.12 mmol), and
the catalyst (0.01 mmol)
in toluene (0.5 mL) at 
room temperature.
bIsolated yield.
cDetermined by HPLC
analysis on a chiral 
stationary phase.

Table 2. Optimization of the Reaction Conditions
Reactions were
performed with 1a
(0.1 mmol), 
2a (0.12 mmol), 
and 3a (0.01 mmol) 
under the specified 
conditions.
bIsolated yield.
cDetermined by
HPLC  analysis on
a chiral stationary phase.

Table 3.Scope of the [4 + 2]-Annulation between 
Oxadiene 1 with Allenone 2a

Introduction

Figure 4. Phosphine-Catalyzed [4 + 2]-Annulation 
between Oxadiene 1a and Allenone 2a: Initial 
Screening

Figure 5. Optimization of the Reaction Conditions

Figure `6. Enhancing the enantioselectivities

Methods and Materials

 Simple L-valine-derived amide−phosphine
catalysts were very effective.

 Changing the catalyst backbone to threonine or
alanine

 The L-thr-L-thr-derived catalysts 4a and 4b
provided sufficient activation for the reaction
and yielded the products with moderate to good
ee values.

 (L,L)-dipeptide catalysts led to the formation of
products with configurations opposite to those
obtained by employing natural amino acid based
phosphines.

Discussion

 The first phosphine catalyzed enantioselective [4 
+ 2]-cycloaddition between oxadienes and 
allenones has been develped. 

 A unique annulation process with oxadienes as 
C4 synthons and allenones as C2 synthons.

Conclusions

 Asymmetric nucleophilic phosphine catalysis
has received much attention in the past
decade due to its versatility in constructing
synthetically useful molecular architectures.

 Phosphine activations of electron deficient
allenes and oxadienes, possessing highly
activated C−C double bonds leading to a wide
range of annulation processes, i.e. [3 + 2]-,2
[4 + 2]-,3 and [4 +1].
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Figure 2. Phosphine Catalyzed Annulation Reactions
Employing Oxadienes

The catalyst

Figure 3. Key backbone for catalyst development
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X‐Ray Crystallographic Analysis of 5a


