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Abstract

Synthesis of y-butyrolactones using radical cyclization on solid-phase has been achieved. Polymer-supported
B-bromoethylacetals were treated with tributyltin hydride in the presence of a catalytic amount of o,a'-
azobisisobutyronitrile to generate intermediate carbon radicals which cyclize onto the intramolecular carbon-
carbon double bond. The cyclization products were released by Jones oxidation from resin to give y-
butyrolactones in good yields. © 1999 Eisevier Science Lid. All rights reserved.
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Recently, a variety of useful solution-phase reactions have been applied to the reactions on
solid phase since combinatorial chemistry has been recognized as powerful technology for
creating a large number of compounds to be biologically evaluated.! Development of
carbon-carbon bond formation on solid phase is an important task as well as peptide
synthesis, aromatic substitution, oxidation, reduction, etc. Some effective methodologies
for carbon-carbon bond formation, e.g., cross-couplings, condensations, Michael reactions
and Grignard reactions, have so far been studied on solid phase.2 Recently, study on
radical carbon-carbon bond formation on solid phase such as allylation and cyclization has
been undertaken3 although radical reactions have been relatively undeveloped on solid
phase. The radical reaction has been recognized as an attractive method for construction of
organic molecules, and the characteristic advantages such as high extent of reactivity,
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regioselectivity, and stereoselectivity would be promising for natural product syntheses.4

In the course of our studies on solution-phase radical reaction,’ we report herein a
convenient synthesis of y-butyrolactones using the solid-phase radical reaction. Our
strategy consists of the radical cyclization of the B-bromoacetals leading to the cyclic acetals6
on solid support and subsequent cleavage of the cyclization products from the solid-phase by
Jones oxidation releasing of y-butyrolactones (Scheme 1).
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a) NaH (2 equiv), 1,4-butanediol (5 equiv), THF, reflux, 20 h, 82%. b) NaH (3 equiv),
Merrifield resin, THF, reflux, 3 days, 84%. c) NBS (5 equiv), allylalcohol (30 equiv), 0 °C, 6
days. d) tributyltin hydride (5 equiv), AIBN (0.5 eq), benzene, reflux. e) Jones reagent (2
equiv), r.t., 3 h.

Scheme 2

At first, a highly efficient preparation of the resin 3 was carried out in three steps, in which
a linear spacer separates the polystyrene support from the reactive site’ (Scheme 2). A
mixture of chloroethyl vinyl ether, 1,4-butanediol and NaH in THF was refluxed for 20 h to
give the vinyl ether 1 in 82% yield. Merrifield resin8 was then converted to the resin 2 in
84% yield® by treatment with the vinyl ether 1 in the presence of NaH. A series of
substrates 3a-e bearing various B-bromoacetals!0 were prepared by treating resin 2 with
NBS (5 equiv) and the corresponding allyl alcohol (30 equiv) in CH2Cl at 0 °C. Loading
yields of resins 2 and 3 were determined by the increase in weight after each reaction in
comparison with the weight of the starting resins, and were typically 68-92%.11 The radical
cyclization was carried out by treatment with 5 equiv of tributyltin hydride in the presence
of a catalytic amount of a,a'-azobisisobutyronitrile (AIBN) (0.5 equiv) in benzene at 80 °C.
Following is a typical experimental procedure for cyclization of 3a and subsequent oxidative
cleavage of the cyclization product from the solid-phase. =~ To a suspension of the
bromoacetal resin 3a (150 mg, 0.162 mmol loaded substrate) in benzene (8 ml) was added
Bu3SnH (215 ul, 0.799 mmol, 5 equiv) and a catalytic amount of AIBN (13.3 mg, 0.081
mmol, 0.5 equiv), and the mixture was stirred for 18 h at 80 °C. The resin 4 was washed
succesively with hexane (5 x 3 ml), CH2Cl2 (5 X 3 ml), and ether (2 X 3 ml). Analytical
samples were dried under vacuum for 12 h. To a suspension of the resin 4 (132.1 mg) in
acetone (1.6 ml) was added Jones reagent (2.0 mol/l, 0.34 ml, ca. 5 equiv), and the mixture
was stirred for 3 h at room temperature. Then, an excess amount of Jones reagent was
consumed by adding 2-propanol. The reaction mixture was neutralized with aq. NaHCO3,
filtered, and the solid was washed with CH2Cly (3 x 5 ml). The organic layer was separated
and the aqueous layer was extracted with CH2Cl, (4 X 5 ml). The combined organic
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Table. Synthesis of the Bromoacetal Resins and Lactones'?

Resin 3 Yield of 3% Lactone 5 Yield of 5?

Ph
Br. J) [f\Ph
a 1 92% 67% (36%)
s‘a\o 0" ch, 0”0
Br.
—d
b ;’ 1 J)\c'ﬁ 72% K 93% (43%)
~o0 0 0o
Br.
1L LS
c f"\o Q7 "0~ Ph

O~ "Ph

81% (36%)
trans : cis = >99 : 1

nBu
Br. L
1 f 69% [f/\ nBu 47% (23%)
d r“é\o o

00 E:Z=10:90

NO - O o

trans : cis=1:>99
h

SP
Br. > =
j\ J)/ 85% [f\ 62% (36%)
f f'{\o (o] o

4 Yields based on the vinyl content of the resin 3. b Isolated yields based on the resin 3. Yields based on Merrifieid resin
are shown in parentheses.

solutions were dried over NapSO4 and concentrated to give the y-butyrolactone Sa (67%
yield) which was purified by column chromatography, if neccesary.  The results of the
cyclization on polymer support followed by Jones oxidation are shown in Table. Cyclization
occurred at the internal carbon of the double bond, and no six-membered ring was formed.
The stereochemistry of the 2,3-disubstituted lactone Sc was trans (trans:cis = >99:1), which
was determined by the TH nmr spectrum. Cyclization also proceeded on the triple bond to
give the lactone 5d in 47% yield13 in a ratio of E:Z = 10:90. The cis bicyclic lactone 5e
was obtained in 61% yield. Radical cyclization of 3f, followed by B-elimination of the
phenylthiyl radical and subsequent Jones oxidation afforded 3-vinyl-y-butyrolactone 5f in
62% yield.

An organotin method sometimes results in low yields, which may be caused by the
purification procedure to remove the somewhat troublesome tin reagents or tin byproducts
from the reaction mixture. This polymer-supported radical cyclization has advantages over
its solution-phase reaction.  Isolation of the product is easy and purification of the
cyclization products is not required for Jones oxidation. In particular, insoluble polymer-
supports could be separated easily from the reaction mixture by simple washing and
filtration.14 It is not neccesary to perform the radical cyclization under high dilution
conditions presumably due to the polymer effect, and use of an excess amount of tributyltin
hydride does not cause contamination of the reduction products.® In addition, oxidation of
the acetals by Jones reagent concurrently releases the lactones from the polymer support. In
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summary, we have demonstrated that radical cyclization of B-bromoethylacetal can be
performed on solid support and oxidative cleavage by Jones reagent gave y-butyrolactones in
good yields.
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