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Abstract

An intramolecular Stetter reaction of vinylphosphine oxides and vinylphosphonates has been
developed. Treatment of an aldehyde with a nucleophilic N-heterocyclic carbene catalyst allows for
addition of an acyl anion equivalent into a vinylphosphine oxide or vinylphosphonate Michael
acceptor in yields up to 99% and ee’s up to 96%.

Organophosphorus compounds are abundant in many facets of chemistry including
agrochemistry1 and medicinal chemistry.2 They have also found much utility as ligands in
asymmetric catalysis.3 Owing to the multiple ways in which they can be employed, the
synthesis of small molecules containing phosphorus has garnered significant attention.4 More
importantly, the ability to generate phosphorus compounds with chiral centers at or near
phosphorus in an asymmetric fashion is particularly attractive.5

Since the first report of N-heterocyclic carbenes in 1991,6 carbene catalysis has become a
burgeoning field. NHCs have been used to propagate Umpolung reactivity of aldehydes to
form new carbon-carbon bonds catalytically and enantioselectively.7 Over the past several
years, we have been engaged in developing a family of chiral nucleophilic carbenes (Figure 1)
8 and applying them to a variety of transformations. These catalysts, in particular 1a–d and
2a–d have proven especially useful in the catalytic asymmetric Stetter reaction providing
ketoester products in typically high yield and enantioselectivity.9

Although there are numerous examples that exploit the nucleophilic nature of the acyl anion
equivalent,10 the α, β-unsaturated acceptors of the Stetter reaction11 have been largely limited
to simple enones and enoates. We envisaged that vinylphosphine oxides and vinylphosphonates
would make excellent acceptors for the intramolecular Stetter reaction due to their highly
electrophilic nature at the β-position.12

While many nucleophiles add readily to the β-position of vinylphosphines and vinylphosphine
oxides, few examples have been shown to do so asymmetrically.13 Recently, the first
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organocatalytic asymmetric transformation employing highly activated bis-phosphonates as
electrophilic acceptors has been achieved by Alexakis and co-workers yielding chiral bis-
phosphonates in good yields and enantioselectivities.14 During the preparation of this
manuscript, Jørgensen also reported a method complimentary to Alexakis’ work utilizing
cinchona alkaloid derived catalysts in an asymmetric Michael-type addition affording high
yields and enantioselectivities.15

We decided to employ a series of vinylphosphine oxides and vinylphosphonates as electrophilic
acceptors in the intramolecular Stetter reaction. The vinylphosphine oxides of type 4 were
prepared using a modified procedure described by Tanaka and co-workers (Scheme 1).16 The
use of the bromide salt of Wilkinson’s catalyst17 on alkynes 3 provides a smooth transformation
to the desired vinylphosphine oxides in good yields. Deprotection of the 1,3-dithiane proved
trivial and provided the desired aldehydes 4 in excellent yields.

The requisite vinylphosphonates of type 6 were prepared by treatment of the corresponding
aldehyde 5 with a preformed bis-phosphonate complex, as demonstrated by Ojea and Ruiz
(Scheme 2).18

With a series of vinylphosphine oxides and vinylphosphonates prepared, we were able to test
our hypothesis on the viability of these Michael acceptors for the intramolecular Stetter
reaction.

Structures with an aromatic backbone employing a vinylphosphine oxide or vinylphosphonate
as the electrophilic acceptor afford the Stetter product in typically high yields and
enantioselectivities (Table 1). Vinylphosphine oxide 4a provides higher yields than its
vinylphosphonate congener 8 while enantioselectivities are increased as well (entries 1 and 9).
The presence of halogen substituents on the aromatic ring (entries 2–4) is well tolerated as long
as reaction time is limited to 30 minutes. When the reaction time is extended to 12 hours,
enantioselectivities drop significantly to 80% and 70% ee respectively, due to epimerization.
Electron donating p-methoxy aldehyde 4e shows only a slight increase in selectivity over sigma
withdrawing m-methoxy aldehyde 4d and only a slight decrease in chemical yield.19 The
presence of sulfur in the tether (4f) leads to higher enantioselectivies, albeit in lower chemical
yields than when an oxygen is used in the tether (e.g. 4a). Five membered carbocycle 7g was
also obtained in excellent yield and high enantioselectivity.20,21

Previously, we demonstrated that aliphatic aldehydes are competent substrates to undergo the
intramolecular Stetter reaction.9a,f By exchanging the acceptor to a vinylphosphonate or
vinylphosphine oxide, the intramolecular Stetter reaction proceeds smoothly to give the desired
products in high yields and enantioselectivities (Table 2).

Phosphonate 11a was obtained in modest yield and enantioselectivity. Gratifyingly, when the
diethyl vinylphosphonate was switched to the diphenyl phosphonate 10b, the yield and
enantioselectivity of the desired product 11b were both improved substantially (entry 2). This
increase in ee is most likely due to the increased steric demand of the diaryloxy group, but
indicates that tuning of selectivities is possible using this approach.

Introduction of an oxygen in the aliphatic chain 10c gives higher yields and enantioselectivities
in the Stetter product 11c compared to its alkyl congener 11a (entry 3 vs entry 1). It is also
possible to form a carbocycle bearing a phosphine oxide moiety 11d which proceeds in good
yield and enantioselectivity.22

Treatment of 11d under Luche-type conditions affords the global reduction product 12 (Scheme
3) bearing a syn relationship (>19:1), presumably due to the intervention of a Lewis acid
chelation during the reduction step.23,24 Hydrolysis of 11a with bromotrimethylsilane in DCM

Cullen and Rovis Page 2

Org Lett. Author manuscript; available in PMC 2009 September 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



overnight followed by a methanol quench affords phosphonic acid 13 in quantitative yield
which was then subjected to esterification with (trimethylsilyl)diazomethane25 to generate
methyl ester 14 with no loss of ee.

In summary, we have developed an intramolecular Stetter reaction employing vinylphosphine
oxides and vinylphosphonates as electrophilic acceptors. Both aromatic and aliphatic substrates
are tolerated providing keto phosphonates and phosphine oxides in good to excellent yields
and enantioselectivities. This extension of the Stetter reaction leads to interesting new
enantioenriched scaffolds of phosphorus containing compounds not easily obtainable by other
methods.
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Figure 1.
Chiral triazolium salts
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Scheme 1.
Rhodium Catalyzed Hydrophosphinylation
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Scheme 2.
Aliphatic Vinylphosphonates
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Scheme 3.
Elaboration of Substrates
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Table 1
Scope of Aromatic Aldehyde Substrates

a
All reactions conducted in the presence of 20 mol % catalyst 1c, 20 mol % KHMDS (.25M in PhMe) in PhMe for 12 h at 23 °C.

b
Determined by HPLC using a chiral stationary phase - ee’s in parantheses obtained with catalyst 2c.

c
Using catalyst 1a, no reaction was observed.

d
10 mol % 1c and 10 mol % KHMDS.
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Table 2
Scope of Aliphatic Aldehyde Substrates

a,b
See footnotes Table 1
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