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Abstract: Aryl radicals were generated by Sml> on solid support, cyclized on to C=C bond, and reduced
to their organosamarium anionic species followed by electrophilic capture. However, the capture
reaction was substrate-dependant in solution and on solid support. In some examples, results from solid
phase reactions were equal or better to the corresponding solution reactions. © 1998 Elsevier Science Ltd.
All rights reserved.

Combinatorial chemistry has emerged as a powerful new technology to synthesize large number of
compounds for biological evaluation.! Apart from many studies toward libraries of small organic molecules,
investigations toward more complicated natural product libraries have also emerged.? Since many combinatorial
libraries are generated on solid support, adapting reactions to resins will increase the applicability of this

echnigue e leq-medlated"' sequential radical cyclizaton/anionic capture of aryl iodides is a reaction that can
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rm multiple carbon-carbon or carbon-heteroatom bonds in one step without isolation of any intermediates.
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undeveloped in solid phase, and the highly reactive n:
examine on a polymeric support.

We reported® recently that Sml,-mediated aryl radical cyclizations worked efficiently on solid support.
Herein, we wish to report that cyclized aryl radicals on solid support can be reduced to their anionic species

followed by electrophilic capture (eq 1).
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To study sequential aryl radical cyclization/capture on solid support, a substrate with an additional
functional group attachable to solid support is needed. As nothing is known about the influence of ring

unctional groups on the sequential cyclization/capture, we decided to first investigate the substituent effect in
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solution. With SmlI; added to a mixture of the substrate and D20 reaction of methyl 4-crotyloxy-3-iodo-5-

ethoxv b 1 had 2390, de : ; ;
ethoxy benzoatel had 32% deutertum incorporat
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memyl 4—cr0ty10xy 3-iodo benzoate 2/ had 64% deuterium 1nc0rporduon an % radical dis Sproport
ha

product, and reaction of methyl 4-allyloxy-3-iodophenyl acetate 3 (see scheme 1 for synthesis of 3) i
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4, the crotyloxy analog of 3 (Figure 1). None of the three substrates was as good as the literature example
crotyloxy-2-iodo benzene8 with substrate 3 being relatively the best one. Therefore we decided to study the
reaction of 3 on solid support before finding a better substrate.
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Figure 1. D;0-quenching experiments of various aryl iodides in solution.

In the literature, the sequential reactions worked best52, ¢ (65-96%) with allyloxy-2-iodo benzene when the
electrophiles (both aldehydes and ketones) were added five minutes after the reaction of the substrate and Sml,.

A mixture of the substrate and ketones could also react with Sml, (38-81%), but poor yields were obtained with
ha onth A aldahyd A nt th + 5b ; H Farm
the substrate and aldehydes mixed at the same time.”? More detailed capture reactions were performed to find
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the best timing for addition of electrophiles to substrate 3 and also to compare with reactions on solid support.
With Sml; added to a mixture of 3 and cyclohexanone, captured product § was obtained in 36% yield. With
Sml, added to a mixture of 3 and 3-pentanone, captured product 6 was obtained in 40%. However, with 3-
pentanone added five minutes after the reaction of 3 and Sml;, only a small amount of 6 (8%) was obtained.
This indicated that the reductive species from 3 was generated faster and had a shorter lifetime than allyloxy-2-
iodobenzene. With butyraldehyde added immediately after reaction of 3 and Sml,,? 7 was generated in 33%

yield as a mixture of 1.7:1 diastereomers (Figure 2). The moderate stereoselectivity was probably a result of the

ing substituent group.
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Scheme 1. Adaptation of sequential radical cyclization/anionic capture to solid support.
Scheme 1 shows the adaption of 3 to solid support. Iodination on methyl 4-hydroxyphenyl acetate 8
generated 9 in 51% yield. Allylation of 9 generated 3 in 93% yield. Hydrolysis of 3 provided acid 10 for solid

phase synthesis.

Table 1. Products and yields for capture reactions on solid support.

Electrophile Product 12 yield
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agmi, added to the mixture of 11 and electrophile. Electrophile added five minutes
after reaction of 11 and Sml,. 2.2 : 1 diastereomeric ratio. 1.8 : 1 diastereomeric ratio.

10 and 3-pentanone gave only the uncaptursd cyclized product. This result may be due to the relatively poor
crzrallic s smmamantes AF malsrotirnnna hande e tha Fraa amiida sentmim e tha Dinl linl mutannhing tha +ad 3
swelling property of poiystyrene neads of tie iiee aimide proton on ine RinK 1nker quencning tne reauctive

anionic species. To avoid these problems, TentaGel S PHB resinl0 was selected as the polymeric support. 10
was loaded on TentaGel via an ester linkage as opposed to an amide linkage. We were encouraged to find that
reaction of 11 with 3-pentanone under the same condition as Rink-bound 10 generated captured product 12a
(Table T) in 33% yield.11 The 'H NMR of the solid-phase reaction product before chromatography showed only
the captured and uncaptured cyclized products in a 1:1 ratio, while for the corresponding solution reaction, the
'H NMR obtained before chromatography showed some impurities in addition to the 1:1 product mixture.

Consequently, the capture of 11 with other acyclic ketones such as 4-heptanone (see Table I, 12b) and
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butyraldehyde added immediately after reaction of 11 and Sml, rapid decoloration of Sml; was observed and
only 10 was recovered from the reaction. These resuits indicated that the anionic species was generated more
slowly on solid support than in solution and Sml, was consumed by reactive electrophiles (cyclic ketones,
aldehydes) before it reacted with 11. To generate the anionic species, 11 and Sml, must react for some time
before reactive electrophiles were added. With butyraldehyde added one, three, and five minutes after reaction
of 11 and Smly, the captured product 12d was observed in small amounts with no large differences in yields.!3
These results indicated that the anionic species was generated gradually on solid support and its concentration

was not high enough to obtain a good capture yield. On the other hand, the stability of the anionic species was

cimilar nn enlid ciimnart With cucrlahavannne added aftar tan minntac nf reactinn af 11 and SmT, nn cantured
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and solid phase as evidenced by the formation of i2d in a 1.8:1 diastereomeric mixture.

In conclusion, we have demonstrated Sml,-mediated sequential radical cyclization/anionic capture on
TentaGel S PHB. In some examples, results were equal or better to the corresponding solution reactions. Both
solution and solid phase capture reactions are highly substrate-dependent, which may limit its general utility in
combinatorial construction.
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