JIAICIS

COMMUNICATIONS

Published on Web 08/10/2002

Converting Radical Oligomers to a Single Product
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Free radical polymerizations are one of the most important tools
in polymer synthesi%? Free radical reactions also find unique
applications in organic synthesisdowever, radical oligomeriza-
tions have received little attentidrin most cases, low molecular
weight radical oligomers are treated as undesired components in
polymer synthesis. In the meantime, radical oligomers are consid-
ered useless in organic synthesis, and enormous efforts have been
aimed at avoiding their formations. We report here that radical
oligomers can be converted to a single product via rearrangemental
deoligomerizationthus of synthetic value.

Our discovery originated from our investigation of the role of Wu\mm
Lewis acid8 in the atom-transfer cyclization reactions of allyl _AJ
iodoacetate ¥a). Atom-transfer radical additions and cyclization
reactions with (BeSn), or BEt/O, as the initiatoB first reported L
by Kharaschand later developed by Curraand others, have been ~ Figure 1. HPLC analysis of oligmers.
proved to be some of the most important methods in free radical
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Scheme 1. Preparations of 5 and 4a

chemistry, and they are widely used in the studies.afarbonyl 1) BEt; (cat.)/O,

radical cyclizations because of their great potential in organic CH,Cl, (0.5 M) o 2) HySO, (cat.)
synthesi$. Various techniques have been developed to carry out rt r.t,4h

such transformations (e.gla to 4-iodomethyldihydro-2(8)- la ——— O/a\ 4a
furanone R)), including high dilutior? elevated temperatufand | n 92%
solvent effecf° all by suppressing the intermolecular oligomer- 5 n=234,..

izations.
present in a considerable amount. This unusual phenomenon led
o [f\' | t?‘ ohur alssumption t:ata migzt |b§ formled via theddehcomlposition
of the oligomers. Thus, we deliberately prepared the oligorGers
I\)LO/\/ o0” Mo o/‘/foj/ OJ\:)\/I by treatment ofla in CH,Cl, with BEt; (0.2 equiv)/Q (trace) as
1a 2 3 4a the initiator (Scheme 1). HPLC analysis®indicated it contained
a mixture of oligomers (Figure 1). The oligomeric mixture ®f
was treated with BfH,O at rt for 1 h, andda was obtained in
85% yield. This result clearly demonstrated thatwas generated
via the decomposition of the oligoméssOur continued endeavors

to understand the role of BfH,O showed that the oligomefs
could be converted téain 92% yield by treatment with a catalytic

Thus, with the presence of BIOEL (3 equiv) as the catalyst
and 10 mol % of (BeSn), as the initiator, sunlamp irradiation of
lain CHxCI, (0.03 M) at room temperature led to the formations
of oligomers, while no corresponding 5-exo cyclization prodiict

could be isolated, indicating the failure of BBEL, in promoting . L
o . amount of concentrated,80, in CH,Cl; at rt, indicating that BE
the cyclization. However, it happened that whesged BF;-OE
y ' P =OEk H,O simply functioned as a strong acid (Scheme 1). Further

(10 equiv) was used in the above reaction, a major product different . o . .
from 2 was formed in 81% yield. The product was at first thought |nyest|gat|on revealed that direct heatmgiaindgr N atmosp_ht_ere
to be the 6-endo cyclization product, 5-iodotetrahydra-8¢2 without any solvent at 90C for 1.5 h also furnisheda, albeit in

: : 66% vyield. Thus, variousw-alkenyl iodoacetateda—h were
anone 8), but later was correctly characterized to be 5-iodo-
Enyerthyldihfc)i’ro-;(l}l)-furvgnzne ;a) ny ' 'z I oligomerized in CHCI, at rt with BEg (0.1 equiv)/Q (trace) as

Apparently the formation oda could not be explained by simple ::]es'n't!atngag? thtent ?Ubfﬁte'sl t?hc?jtil\ytlc ?mr? untt cgei%réco?trated
atom-transfer radical cyclization. Thinking that aged;&FEt 2dO4|n " 2 Zlfl r O'rth t( N OI )torl\/lothGZEE Satisf )t
might be caused by the contamination of moisture, we prepared under N atmosphere without any solvent (Method B). Satistactory

BFs+H,0 to substitute for the aged BIEWL in the above reaction yields of productgla—h were achieved in most cases, and the results
Indeed4awas achieved in 78% yield whdrawas photostimulated are s.umm.arlzed n Table 1 . . .
with (BusSn), (10 mol %) and BE-H,O (3 equiv) in CHCI, at With acid catalysis (method A), high yields dfwere achieved

room temperature (rt) for 1 h. More interestingly, no oligomers LortthelaII);I ester;j_la—e. Howe;/e(;, th%g;ﬁlds l\évire Ig\t/vc_ere(; _for
could be detected in the reaction, which were otherwise always utenyl esters, while no expected pro could be obtained in
the case ofLth with a longer ester chain. On the other hand, direct
*To whom correspondence should be addressed. E-mail: clig@ heating (MethOd_ B) proved to be a more general methOd' The
pub.sioc.ac.cn. reasons for the difference between the two methods are still unclear.
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Table 1. Synthesis of y-Lactones 4
Substrate Product Method® Temp./Time Yield
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aSee text? Isolated yield based oh © Two stereoisomers in 2.2:1 ratio.
dTwo stereoisomers in 1:1 ratio.

On the basis of the above results, a plausible mechanism could
be outlined in Scheme 2. The weak-Cbond in an oligomei6
breaks to form the corresponding carbocationic intermediate fol-
lowed by the subsequent attack by the carbonyl oxygen. Further
attack of iodide ion at the carbon adjacent to “ether” oxygen
generate§ having ay-lactone unit? The same process is repeated
in each unit of the oligomer, leading to the formation of the same
product4a. Since the oligomers of different sizes contain the same
unit (—CH,CO,CH,CHICH,—), the same product is generated via
this deoligomerizatiorprocess, regardless of the degree of oligo-
merization. To provide further evidence for the mechanism, the
oligomers5 were treated with AIGI(1 equiv) or Cul (1 equiv) or
concentrated HCI (cat.) in Gi@l, at 10°C, and4awas isolated in
76, 68, and 81% yield, respectively, indicating the cationic nature
of the rearrangement. We also isolated the cyclic diraed trimef
from the oligomers (see Supporting Information) and subjected

Scheme 2. Proposed Mechanism of Deoligomerization
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these compounds to acid treatment, respectively. Quantitative yield
of 4a was achieved in both cases. This result also implies that,
with more complete oligomerization, higher yields of deoligomer-
ization product should be achieved. Thus, high concentration and
relatively low temperature, which are not only easily operational
but also economical, are preferable rather than the opposite in the
radical cyclization reactions?

While radical oligomerizations are the fundamentally preferred
mode of reactions in many cases, it is more logical teeffgp them
into useful synthetic methodologi€ur results clearly demonstrate
that radical oligomers can serve as useful intermediates in organic
synthesis rather than useless byproducts.
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