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ABSTRACT

A sulfur a-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(ll) iodide.

Solid-phase synthesis remains a powerful tool for synthetic undergo efficient Pummerer cyclization upon activation of
organic chemists. The development of versatile linker designsthe sulfur link, to give oxindoles. Heterocyclic products can
is important for continued advancements in the argéée then be cleaved from the support in a traceless manner using
have previously described a new traceless linker strategy forSmk (Scheme 1¥.

solid-phase organic synthesis where the link to resin is

cleaved using samarium(ll) iodide (St We refer to this || NN NN

family of linkers as HASC ¢-heteroatom-substituted car- Scheme 1
bonyl) linkers. We originally focused on an ether-based

HASC linker but have begun to explore the considerable 5\)1\ E') 1. Z%ﬁf;;"“;":‘;pz“ 02 -ol o 'S_o
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potential of sulfur-based HASC linkers. For examplesul-
fanyl N-aryl acetamides, attached to resin via the sulfur atom, NSRS D,
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and after heterocycle formation, in addition to its fundamental were prepared in which the benzyl sulfanyl group mimics a

role as a link to the suppott.
In this letter, we further explore the potential of our linker
system in an approach to tetrahydroquinolones.

benzylic sulfur resin. Although few Heck reactionsifo-
halophenylamides and carbamates have been refdtet,
5 and6 underwent efficient Heck coupling io-xylene with

The tetrahydroquinolone framework can be found in many tert-butyl acrylate under microwave conditions. Oxidation
natural and nonnatural biologically active compounds and of 7 and8 to the corresponding sulfones and treatment with

is therefore an attractive scaffold for synthesis (Figuré 1).
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Figure 1. Tetrahydroquinolone framework.

Our proposed, solid-phase approach to tetrahydroquinolones

1 is outlined in Scheme 2. Heck reactions of immobilized

Scheme 2
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EWG= electron-withdrawing group

aryl halides4 with electron-deficient alkenes should allow
access to key intermediat@sBase-mediated cyclization will
then furnish the tetrahydroquinolone cdewhich can be
modified before cleavage from the support.

K,CO; gave theanti-tetrahydroquinolone8 and10in good
yield. The relative stereochemistry @and10was confirmed

by X-ray crystallography.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 levetsreatment o® and10
with Smk, using LiCl as a promot8rgave the expected
products in moderate, unoptimized yields. Further modifica-
tion of 9 was readily achieved by alkylation to gius, the
relative stereochemistry of which was confirmed by X-ray
crystallography. Cleavage using SmiLiCl gave 14 as a
~1:1 mixture of diastereoisomers. Interestingly, the use of
t-BuOH as a proton source in the reduction gaya-14as

the major product (5:1 diastereoisomeric ratio) (Scheme 3).

Scheme 3
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Bn JLN/ (5 mol %), P{o-Tol)s (5 mol %), Bn’S\)I\N/

5R
6R

R Br R - CO,Bu-t
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The relative stereochemistry of the major diastereoisomer
was confirmed by X-ray crystallograpHy.
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Satisfied that our approach was feasible, we moved on to
the solid phase. Benzyl thiol resit6® was prepared, and
the loading was determined to be approximately 0.54 mmol

Table 1. Optimizing the Heck Reaction

g 1% An early reaction sequence on the solid phase is shown an\)]\ _
in Scheme 4. conditions
5 — o X
Scheme 4 -
entry conditions? hours yield®
o SH Q [o] tert-butyl acrylate, O (o]
LI N R s P(OAC)z (10 mol %), Ay 1 \)LOB . o-xylene, thermal 48 39%
B NEt, B P(oTol), (10 mol %), fBL'09Cw/~ Z o .
| DMF, rt NEts, DMF—o-xylene, | 2 " o-xylene, microwave 7 88%
16 17 % MW 100 °C 5
1. Oxone, DMF:H,0, rt 3 " DMF-o-xylene (3:7), 10x2 75%
2. K,COy, DMF, it microwave
0 o o 4 ] DMF, MW 100°C  10x2 90%
)’l\ )l\ & Sml2 THF, LiCI, 1, 579 o
o
@ Ej T overl il S 5 \)LN/\ DMF, MW 100°C  10x2  76%
19| (o

apPd(OAc) (5 mol %) and P(o-Tob (5 mol %) NE&. P Isolated yields.

Immobilization of a-bromoamidel6 gave amidel7. A
microwave-assisted Heck reaction witbrt-butyl acrylate
was unsatisfactory usingrxylene because of poor swelling
of the resin and gave low conversion as indicated by FTIR.
The use of a DMFJ-xylene solvent mixture in the Heck
reaction appeared to solve this issue and d&/€yclization
then gave supported tetrahydroquinoldr® As expected, O O O o
treatment of19 with SmL/LiCl gave 11, although in a N~ Br A N Br A N B
disappointing overall yield of 15% (for five steps). The Br F.
isolation of amide byproduct®0 and21 indicated that the
Heck reaction was not proceeding efficiently on the solid 16X Br
phase® A more detailed solution-phase study on the pivotal

Heck reaction was therefore carried out to provide improved tBuO,C +BuO,C
conditions for use on the solid phase (Table 1). Although
o-xylene was an excellent solvent for the Heck reaction, in

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

+BuO,C

solution it was clearly unsuitable for use on the solid pHase. 'I‘ o
The use of a c_ombmatlon of DMF arwdxylene (3:7) gave 11 (from 16) 26 (from 23) o 27 (trom 23)
lower conversion (entry 3). In neat DMF, a more suitable 27%*, (from 22) 35%° 31%* 16%b5°

solvent for solid-phase reactions, conversion was acceptable

particularly after a retreatment (entries 4 and 5). #+BuO,C +BuO,C +BuO,C
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 sulfolte.

28 (from 23) 12 (from 24) 29 (from22) 30 (from 25)

(8) (a) Fuchs, J. R.; Mitchell, M. L.; Shabangi, M.; Flowers, R. A., II. 12%"° and 26 19% 27%* 18%*° 35%*
Tetrahedron Lett1997,38, 8157. (b) Miller, R. S.; Sealy, J. M.; Shabangi, . . . .
M.; Kuhlman, M. L.; Fuchs, J. R.; Flowers, R. A., b. Am. Chem. Soc. Figure 2. Starting materials and tetrahydroquinolone products.
2000,122, 7718. (c) Hughes, A. D.; Price, D. A.; Simpkins, NJSChem.
Soc., Perkin Trans. 1999, 1295.

(9) Kobayashi, S.; Hachiya, I.; Suzuki, S.; Moriwaki, Metrahedron
Lett. 1996,37, 2809. have utilized the approach to prepare a collection of

(10) The debrominated produ2t most likely results from Smalreduction ; ; ; ; ;
during the cleavage step, although it is possible that reduction of the aryl tetrahydroqumomnelsf u3|rtgprompam|de -startlng materials
bromide occurs under the conditions of the Heck reaction. 16 and 22—25. Additional diversity was introduced by the
(11) The use of JandaGel, a support more suitable for use with nonpolar Hack reaction with a different olefin and by aIkyIation of
solvents such as-xylene, also gavélin low yield. . .
(12) The use of oxone for the oxidation caused problems with inorganic @n intermediate sulfone.

byproducts contaminating the resin after washing. Solution-phase oxidation The expected products were obtained in satisfactory overall

of sulfide 7 with m-CPBA gave the corresponding sulfone in 71% yield - . . . .
(M-CPBA, KeCOs, CHyCla, 2 h. room temperature). Longer reaction times  Yi€1dS for five and six steps on the solid phase. Aryl iodide

led to some epoxidation of the electron-deficient alkene. 22 gave improved yields due to more efficient Heck
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reactions. Alkylations of intermediate sulfones proved to be In summary, we have developed a solid-phase approach
more difficult than solution models had predicted, and more to tetrahydroquinolones using a HASC sulfur linker cleaved
forcing conditions were necessary (50, Kl). Product27 using Smj. The route involves a Heck reaction and a
and28 were obtained with little diastereoselectivity possibly Michael cyclization as the key steps. Our studies illustrate
because of residual moisture in the resin acting as anthe compatibility of sulfur HASC linkers with palladium-
alternative proton source to the addeBuOH (Figure 2). catalyzed transformations and also provide a further illustra-
Finally, we have investigated the feasibility of a cyclative 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.
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