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ABSTRACT

A sulfur r-heteroatom-substituted carbonyl (HASC) linker has been utilized in a solid-phase approach to tetrahydroquinolones. The route
illustrates the compatibility of the linker system with palladium-catalyzed transformations and its utility for library synthesis. The linker is
cleaved by electron transfer from samarium(II) iodide.

Solid-phase synthesis remains a powerful tool for synthetic
organic chemists. The development of versatile linker designs
is important for continued advancements in the area.1 We
have previously described a new traceless linker strategy for
solid-phase organic synthesis where the link to resin is
cleaved using samarium(II) iodide (SmI2).2 We refer to this
family of linkers as HASC (R-heteroatom-substituted car-
bonyl) linkers. We originally focused on an ether-based
HASC linker3 but have begun to explore the considerable
potential of sulfur-based HASC linkers. For example,R-sul-
fanyl N-aryl acetamides, attached to resin via the sulfur atom,

undergo efficient Pummerer cyclization upon activation of
the sulfur link, to give oxindoles. Heterocyclic products can
then be cleaved from the support in a traceless manner using
SmI2 (Scheme 1).4

In our approach, the linking sulfur atom operates in a
multifunctional sense, mediating C-C bond formation during
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and after heterocycle formation, in addition to its fundamental
role as a link to the support.4

In this letter, we further explore the potential of our linker
system in an approach to tetrahydroquinolones.

The tetrahydroquinolone framework can be found in many
natural and nonnatural biologically active compounds and
is therefore an attractive scaffold for synthesis (Figure 1).5

Our proposed, solid-phase approach to tetrahydroquinolones
1 is outlined in Scheme 2. Heck reactions of immobilized

aryl halides4 with electron-deficient alkenes should allow
access to key intermediates3. Base-mediated cyclization will
then furnish the tetrahydroquinolone core2 which can be
modified before cleavage from the support.

We began our studies by evaluating the route using a
solution-phase model system.R-Sulfanyl amides5 and 6

were prepared in which the benzyl sulfanyl group mimics a
benzylic sulfur resin. Although few Heck reactions ofN-R-
halophenylamides and carbamates have been reported,6 both
5 and6 underwent efficient Heck coupling ino-xylene with
tert-butyl acrylate under microwave conditions. Oxidation
of 7 and8 to the corresponding sulfones and treatment with
K2CO3 gave theanti-tetrahydroquinolones9 and10 in good
yield. The relative stereochemistry of9 and10was confirmed
by X-ray crystallography.7 The cleavage reaction was next
investigated in the model system. We have previously shown
that cleavage of the linker can be carried out at both the
sulfide and sulfone oxidation levels.4 Treatment of9 and10
with SmI2 using LiCl as a promotor8 gave the expected
products in moderate, unoptimized yields. Further modifica-
tion of 9 was readily achieved by alkylation to give13, the
relative stereochemistry of which was confirmed by X-ray
crystallography.7 Cleavage using SmI2/LiCl gave 14 as a
∼1:1 mixture of diastereoisomers. Interestingly, the use of
t-BuOH as a proton source in the reduction gavesyn-14as
the major product (5:1 diastereoisomeric ratio) (Scheme 3).

The relative stereochemistry of the major diastereoisomer
was confirmed by X-ray crystallography.7
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Figure 1. Tetrahydroquinolone framework.
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Satisfied that our approach was feasible, we moved on to
the solid phase. Benzyl thiol resin159 was prepared, and
the loading was determined to be approximately 0.54 mmol
g-1.4 An early reaction sequence on the solid phase is shown
in Scheme 4.

Immobilization of R-bromoamide16 gave amide17. A
microwave-assisted Heck reaction withtert-butyl acrylate
was unsatisfactory usingo-xylene because of poor swelling
of the resin and gave low conversion as indicated by FTIR.
The use of a DMF/o-xylene solvent mixture in the Heck
reaction appeared to solve this issue and gave18. Cyclization
then gave supported tetrahydroquinolone19. As expected,
treatment of19 with SmI2/LiCl gave 11, although in a
disappointing overall yield of 15% (for five steps). The
isolation of amide byproducts20 and21 indicated that the
Heck reaction was not proceeding efficiently on the solid
phase.10 A more detailed solution-phase study on the pivotal
Heck reaction was therefore carried out to provide improved
conditions for use on the solid phase (Table 1). Although
o-xylene was an excellent solvent for the Heck reaction, in
solution it was clearly unsuitable for use on the solid phase.11

The use of a combination of DMF ando-xylene (3:7) gave
lower conversion (entry 3). In neat DMF, a more suitable
solvent for solid-phase reactions, conversion was acceptable
particularly after a retreatment (entries 4 and 5).

The improved Heck coupling conditions were applied in
the solid-phase sequence with the additional modification
that m-CPBA was used for oxidation to the sulfone.12

Pleasingly, employing these conditions gave11 in an
improved 27% overall yield after purification (Figure 2). We

have utilized the approach to prepare a collection of
tetrahydroquinolones usingR-bromoamide starting materials
16 and22-25. Additional diversity was introduced by the
Heck reaction with a different olefin and by alkylation of
an intermediate sulfone.

The expected products were obtained in satisfactory overall
yields for five and six steps on the solid phase. Aryl iodide
22 gave improved yields due to more efficient Heck
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Scheme 4

Table 1. Optimizing the Heck Reaction

a Pd(OAc)2 (5 mol %) and P(o-Tol)3 (5 mol %) NEt3. b Isolated yields.

Figure 2. Starting materials and tetrahydroquinolone products.
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reactions. Alkylations of intermediate sulfones proved to be
more difficult than solution models had predicted, and more
forcing conditions were necessary (50°C, KI). Products27
and28were obtained with little diastereoselectivity possibly
because of residual moisture in the resin acting as an
alternative proton source to the addedt-BuOH (Figure 2).

Finally, we have investigated the feasibility of a cyclative
cleavage strategy using the HASC linker. Pleasingly, treat-
ment of sulfone31 with SmI2 resulted in cleavage of the
sulfur linkage and cyclization to give26 in moderate overall
yield (Scheme 5).13

In summary, we have developed a solid-phase approach
to tetrahydroquinolones using a HASC sulfur linker cleaved
using SmI2. The route involves a Heck reaction and a
Michael cyclization as the key steps. Our studies illustrate
the compatibility of sulfur HASC linkers with palladium-
catalyzed transformations and also provide a further illustra-
tion of the multifunctional roles possible using sulfur linkers.
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(13) The cyclization may be either a radical or an anionic process.

Scheme 5

332 Org. Lett., Vol. 8, No. 2, 2006


