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Abstract

The radical cyclization of oxime ethers anchored to a polymer support proceeded effectively by the use of
triethylborane as a radical initiator to provide the functionalized pyrrolidines via a carbon—carbon bond-forming
process. © 1999 Elsevier Science Ltd. All rights reserved.
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The free radical-mediated reaction has developed as a particularly powerful method for carbon—carbon
bond construction. Although a variety of carbon—carbon bond-forming reactions have been performed on
solid support, these are less common than the carbon-heteroatom bond-forming reactions.! Therefore,
the extension of carbon—carbon bond-forming radical reactions to solid-phase reactions is an import-
ant task, and studies on the solid-phase radical reactions using AIBN and Sml; have been recently
reported.>”” We have also demonstrated that triethylborane has the potential to induce intermolecular
radical reactions on solid support at below room temperature.® As a part of our program directed toward
the development of solid-phase radical reactions, we now report the first example of triethylborane-
promoted solid-phase radical cyclization of oxime ethers, which provides a new carbon—carbon bond-
forming method for the synthesis of the functionalized pyrrolidines.’

Preparation of oxime ethers 3A and 3B anchored to a polymer support is shown in Scheme 1. Treatment
of a-chloroacetaldoxime ether® with allylamine gave the amine 1A which was then treated with glutaric
anhydride to give the oxime ether 2A. The oxime ether 2A was attached to Wang resin by treatment with
DCC in the presence of DMAP in CH,Cl, at 20°C for 12 h to give the Wang resin-bound oxime ether 3A
in ca. 95% loading level.!? The loading level of the Wang resin-bound oxime ether 3A was determined
to be 0.81 mmol/g by quantification of nitrogen by elemental analysis. According to the similar reaction
methods, the oxime ether 3B was also prepared from propargylamine in good loading levels.

Prior to exploring the solid-phase radical cyclization, we first investigated the radical cyclization of
oxime ether 4A in solution under several reaction conditions (Table 1). Treatment of 4A with Bu3SnH in
the presence of AIBN (1 equiv.) in boiling benzene for 15 min gave the cyclic product 5Aa in 31% yield
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Scheme 1.
Table 1

Solution-phase radical cyclization of oxime ether 4A

/\/ XH X a: X =SnBus BocN/\/E'

BocN BocN b : X = SnPhy A~
\/\\NOBn benzene NHoBn G X =SPh NHOBn
A 5Aa-Ad d:X=Si(TMS)s 6

Entry XH Radical Initiator T (C)  Time(min)  Product Yield (%)®

1 BusSnH AIBN (1.0eq) reflux 15 S5Aa 31 (65)

2 Bu3SnH AIBN (1.0 eq) reflux 120 5Aa 84

3 Bu3SnH Ei3B (2.5eq) reflux 15 5Aa 82

4 Bu3SnH Et3B (0.2 eq) reflux 15 5Aa 27 (61)

5 Bu3SnH Et3B (5.0 ¢q) 20 120 5Aa 37(57)

6 Ph3SnH E3B (2.5¢eq) reflux 15 5Ab 81

7 PhSH Et3B 2.5¢eq) reflux 15 5Ac 24 (54)

8 Et3SiH EuB (5.0¢q) reflux 15 6 32 (39)

9 (TMS)3SiH Et3B (2.5 ¢q) reflux 15 5Ad 79

4 Yields of isolated product; Yields in parentheses are for the recovered starting material 4A.

accompanied with 65% yield of the starting material 4A (entry 1).!! When triethylborane (2.5 equiv.)
was employed as a radical initiator, the cyclic product SAa was obtained in 82% yield within 15 min
(entry 3). However, the use of a catalytic amount of triethylborane (0.2 equiv.) was less effective for
the radical cyclization (entry 4). The reaction using triethylborane proceeded moderately even at 20°C
(entry 5). These results indicate that triethylborane acts as not only a radical initiator but also a Lewis
acid and a radical terminator; therefore, more than a stoichiometric amount of triethylborane is required
(Scheme 2).!213 Thus, the rationale of the major reaction pathway is that the stannyl radical adds to the
triethylborane-activated oxime ether 4A to form the benzyloxyaminyl radical A which is then trapped
by triethylborane as a radical terminator to give the product B.!* To survey the scope and limitations
of the triethylborane-promoted radical cyclization, we investigated the reaction using different radical
precursors. High chemical yield was also observed in the radical cyclization using triphenyltin hydride
(entry 6). The combination of triethylborane and thiophenol was less effective for the radical cyclization,
presumably due to the formation of an unidentified complex from triethylborane and thiophenol (entry
7). The use of the less reactive triethylsilane led to the predominant formation of the ethylated product
6 as a result of the competitive intermolecular addition of an ethyl radical generated from triethylborane
(entry 8). In contrast with triethylsilane, the reaction using the more reactive tris(trimethylsilyl)silane
proceeded smoothly to give the cyclic product 5Ad in 79% yield (entry 9).

Based on these results, we next investigated the radical cyclization of oxime ethers 3A and 3B anchored
to a polymer support (Scheme 3, Table 2). Triethylborane worked well as an effective radical initiator
at high temperature for the solid-phase radical cyclization of oxime ethers without interference of the
polystyrene skeleton of the resin. To a flask containing oxime ether 3A and Bu3SnH in toluene was
added (three times) a commercially available 1.0 M solution of triethylborane (13 equiv.) in hexane at
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80°C (entry 1).15 After the reaction mixture was stirred at 80°C for 8 h, the resin was then filtered and
washed successively with CH,Cl,, AcOEt followed by MeOH, and the subsequent cleavage of the resin
by treatment with TFA:CH,Cl, (1:5, v/v) gave the cyclic product 8Aa in 65% yield.!® Purification of
8Aa was accomplished by preparative TLC (MeOH:CHCl3, 1:20, v/v) to afford the product 8Aa in 64%
isolated yield.!! In contrast with the solution-phase radical cyclization of 4A, the solid-phase cyclization
of 3A using triethylborane at 80°C did not go to completion within 15 min. We also examined the reaction
using triethylborane at 20°C; however, 8Aa was obtained only in low yield after prolonged reaction of
around 3 days. Treatment of oxime ether 3A with Bu3SnH in the presence of AIBN (1.0%X3 equiv.) in
toluene at 80°C for 20 h was also found to be effective for the solid-phase cyclization and gave the cyclic
product 8Aa in 47% isolated yield after cleavage of the resin (entry 2). In agreement with the general
advantages of the solid-phase methodology over the reaction in solution, the tedious workup to remove
tin residues from the reaction mixture is eliminated by ready washing of the resin with solvents. The use
of 9-BBN!7 (6.5%3 equiv.) as a radical initiator was less effective for the solid-phase radical reaction
of 3A in the present study (entry 3). A silyl centered-radical, generated from tris(trimethylsilyl)silane
and triethylborane, could also be utilized to achieve the cyclization of 3A to give the cyclic product 8Ad
in 50% isolated yield under similar reaction conditions (entry 4). Reaction of oxime ether 3B having a
C—C triple bond with a stannyl radical also proceeded effectively to give the cyclic product 8Ba in 77%
isolated yield (entry 5).

et 20l Bl
toluene H,Cl
3 \/\ 80 °C 2-2

“NoBn NHOBn 20°C NHOBN
3A 7Aa and 7Ad 8Aa and 8Ad
XH, Initiator CHX CHX
=
NS toluene <j CHZCIZ (:/(
“Nosn 80 °C NHOBn 20°C NHOBn
3B 7Ba

a: X =SnBujg, d:X=Si(TMS)3
Scheme 3.

In conclusion, we have shown the first example of the triethylborane-induced radical cyclization of
oxime ethers on solid support, providing a novel method for preparing the functionalized pyrrolidines via
a carbon—carbon bond-forming process. In this reaction, triethylborane plays multiple roles as a Lewis
acid, a radical initiator, and a terminator. Additionally, the direct comparison of the solid-phase reaction
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Table 2
Solid-phase radical cyclization of 3A and 3B

Entry Oxime Ether XH Radical Initiator Product Yield (%)°
1 3A Bu;SnH Et;B 8Aa 64
2 3A Bu;SnH AIBN 8Aa 47
3 3A Bu3SnH 9-BBN 8Aa trace
4 3A (TMS),SiH Ey;B 8Ad 50
5 3B Bu3SnH Ey;B 8Ba 71

4 Yields are for the isolated products after purification of the crude products by preparative TLC (CHCI3/MeOH 20:1).

with the solution-phase reaction indicated that the reactivity of oxime ethers anchored to a polymer
support was slightly lower than that of oxime ethers in solution.
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