
Tetrahedron Letters 46 (2005) 3889–3893

Tetrahedron
Letters
Efficient access to functionalised medium-ring systems by
radical fragmentation/radical addition to a-iodoketones
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Abstract—Functionalised medium-ring systems of various sizes can be efficiently prepared by a novel approach that embodies a
radical-induced fragmentation of bicyclic b-hydroxy ketones, followed by a second radical-coupling reaction. The unexpected
reactivity of a-keto radicals is also discussed.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 2. Retrosynthesis of medium-sized rings.
Compounds possessing a medium-ring fragment embed-
ded in their structure, for example, punctaporonine 1
or sielbodianine A 2 (Scheme 1), have historically1

attracted much attention because of their biological
activities and the synthetic challenge imposed by the
formation of the ring itself.2 Numerous methods, involv-
ing ring expansion, have been employed to access such
subunits.3 Among these, oxy-Cope rearrangements,4

Wharton/Grob fragmentations5 and SmI2-mediated
sequential condensations6 have been successfully applied
to the synthesis of medium-sized rings.

As part of a project aimed at the rapid and versatile
assembly of a variety of natural products containing a
medium-ring system, the approach outlined in Scheme
2 was investigated. It was thought that Grob–Wharton
fragmentation of bicycle 4, readily available by the con-
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Scheme 1. Medium-sized ring containing natural products.
densation of silylenol ethers 5 with the orthoesters 6,
would lead to the ketoketals 3, in which one of the
carbonyl functions has been selectively protected.

The presence of the ketone function in adduct 3 raises
also the interesting possibility of subsequently iterating
the process, and therefore, obtaining not only medium
but also functionalised macrocyclic structures.

In this letter, we wish to report the successful implemen-
tation of this strategy as well as describe some aspects of
the reactivity of a-keto radicals.

Accordingly, a variety of bicyclic alcohols 4 have been
prepared by the two step sequence depicted in Scheme
3.7 Thus, condensation of the iodo-orthoester 6 with
the silyl enol ethers 5, catalysed by ZnCl2,

8 afforded
the corresponding b-ketoketals 7. Cyclisation of 7 was
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Table 1. Synthesis of medium-sized ring by deprotection/radical

fragmentation

Entry Substrate Products Yielda (%)
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Scheme 3. Synthesis of bicyclic precursors.
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found to proceed best in the presence of an excess of
SmI2, leading to the desired substrates 4 in good to
excellent yields.

With a rapid access to a range of bicycles 4 in hand,
attention was then devoted to the crucial Grob–Whar-
ton fragmentation step. Unfortunately, numerous at-
tempts at promoting this transformation failed to
provide the desired ring-enlarged product. It transpires
that the ketal functionality refuses to act as a leaving
group, despite the proper antiperiplanar alignment of
all the bonds implicated in the fragmentation. In order
to favour the ring-opening process, adduct 4 (n = 1)
was transformed into the corresponding dithioketal 8,
using TMSSEt in the presence of catalytic amounts of
TMSOTf.9
OH O

IH

O O

HgOyellow (3eq),
I2 (4 eq), CCl4,
reflux, hν, 7-8h

36%
4a 11 O O

OH

H

12 O
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I2 (4 eq), CCl4,
TA, hν, 7-8h

88%
13 O

CAN (0.03 eq),
CH3CN/buffer,

70°C

quant.

Scheme 4. Radical fragmentation of bicyclic precursors.
Disappointingly, most of the conditions examined led
either to recovered starting material or to the elimina-
tion product 10. The thought-after vinyl sulfide 9 could
be obtained when a thiophilic Lewis acid, combined
with a hard base, was employed, though in a mediocre
25% yield. The sulfoxide and sulfone analogues of 8
did not behave any better.

In desperation, we turned our attention to the radical-
induced fragmentation of bicycle 4a (Scheme 4). Re-
cently, Suginome reported that tertiary alcohols under-
went ring opening when reacted with yellow HgO and
iodine.10 Under these conditions, 4a afforded the cyclo-
decanone derivative 11 in a modest 36% yield, accompa-
nied by various products resulting from the cleavage of
OOOOOOOOOOOOOOO
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a Yields over two steps (deprotection/fragmentation).
b (1) Deprotection, (2) PhI(OAc)2, I2.
c (1) Deprotection, (2) Pb(OAc)4 (2 equiv), AIBN, benzene.
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the other C–C bonds connected to the tertiary alcohol
function. Varying the conditions (IBDA/I2,

11 NIS/
Li2CO3,

12 . . .) neither improved the yields nor the prod-
uct distribution.

In order to control the regioselectivity of the fragmenta-
tion, the ketal protecting group was removed. Using our
CAN-catalysed procedure,13 the acid and base sensitive
aldol product 12 could be obtained quantitatively. Grat-
ifyingly, ring opening of 12 proceeded smoothly, at
room temperature, affording the desired a-iodoketone
13 in 88% isolated yield. This method proved to be
rather general and a selection of pertinent results are
displayed in Table 1.

As can be seen from Table 1, the HgO/I2 induced frag-
mentation provides the corresponding 9-, 10- and 11-
membered ring iodo-diketones in excellent yield (entries
1–3). Moreover, the process appears to be independent
of the stereochemistry of the ring junction of the initial
bicyclic adduct (entries 4 and 5). In both cases, a single
diastereoisomer is obtained, as depicted in Table 1. It is
noteworthy that the reaction proceeds under very mild
conditions. Interestingly, HgO can be replaced by
PhI(OAc)2, though the yields are somewhat lower and
the purification can be more tedious (entry 6). Finally,
lead tetraacetate also induces the cleavage of 12, afford-
ing the a-acetoxy diketone in moderate yield, accompa-
nied by substantial amounts of the corresponding
bicyclic enone (entry 7).

Having devised a simple and efficient route towards
these medium-ring systems, we then turned our atten-
tion to their selective functionalisation. At the onset, it
was thought that the presence of the iodine substituent
would provide an easy discrimination between the two
carbonyl functions. Unfortunately, this assumption
proved to be invalid in these cases. Indeed, under a wide
variety of conditions,14 only the ring-closed bicycle 12
O

O

I

Bu3SnH (1.2 eq),
AIBN (0.1 eq),
benzene, reflux

79%13

O

O14

Scheme 5. Reduction of a-iodoketone.
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Scheme 6. a-Keto radical addition to activated olefins.
was observed, implying that transannular cyclisation
far exceeds any intermolecular process.

A solution to this problem surfaced when the iodocyc-
lodecane-dione 13 was treated with Bu3SnH/AIBN and
afforded the reduced product 14 in excellent yield
(Scheme 5).

Alas, attempted capture of the in situ generated a-keto
radical by a variety of radicophilic trapping agents
(tetraallyltin, Bu3Snallyl, butylvinylether), in the presence
of AIBN or light, resulted either in the formation of the
reduced product 14 or the bicycle 12. It thus transpires
that, in contrast to our expectation, the a-ketoradical
does not appear to possess an electrophilic character
but rather might display nucleophilic properties.

To test this hypothesis, a-iodocyclodecanone 15 was
reacted with methyl methacrylate, in the presence of
Bu3SnH and AIBN. Gratifyingly, the desired adduct
17 was obtained in 84% yield. It is noteworthy that
the time of addition is crucial to the success of this reac-
tion, with 40 min being the optimum. Longer or shorter
addition times lead to decreased yields. More interest-
ingly, the radical-mediated coupling of 15 with
a-bromomethyl ethyl acrylate 18 produced the a,b-
unsaturated ester 19 in essentially quantitative yield
(Scheme 6).

In order to expand the scope of this allylation reaction,
a range of a-iodoketones were treated with 18 in the
presence of AIBN. A selection of pertinent examples
are displayed in Table 2.

In general, good to excellent yields of the keto-acrylate
adducts are obtained, regardless of the ring size of the
substrate (entries 1, 2, 5 and 7) or the degree of substitu-
tion of the radical (primary or secondary; entries 3 and
4). The medium-ring iodo diketones afforded the desired
coupling product in good yields. It is noteworthy that no
reduction or transannular ring closure was observed in
these cases (entries 5–7). To the best of our knowledge,
this is the first general method for the intermolecular
capture of a a-keto radical.15,16

The keto enoates, obtained by the union of the a-iodo-
ketones with the allylic bromide 18, are useful synthetic
O
CO2EtnH (1 eq),

 (0.1 eq), 
ne, reflux

in, 84% 17

O
CO2Et

2 (1.1 eq)
 (0.1 eq), 
ne, reflux

90% 19



Table 2. Addition of a-iodoketones to ethyl a-bromomethyl acrylate

Entry substrate Products Yielda (%)

1

O

I
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2
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3b
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7
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a All yields are for pure, isolated products.
b All the reactions were completed within 4 h except in this case (1 h).
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intermediates. For example, chemoselective reduction of
the ketone function of 20, followed by acid-catalysed
cyclisation, leads to the corresponding a,b-unsaturated
valerolactone 21,17 a motif, which is ubiquitous in a
wide range of natural products (Scheme 7).

In summary, a simple and efficient protocol has been de-
vised for the transformation of bicyclic tertiary hydroxy-
ketals into medium-ring-containing a-iodo diketones.18

Subsequent radical-mediated functionalisation afforded
O CO2Et
O

O

H

H1. NaBH4, MeOH, -78°C
2. APTS, benzene

75%20 21

O CO2Et
O

O

H

H1. NaBH4, MeOH, -78°C
2. APTS, benzene

75%20 21

Scheme 7. a-Methylene lactone formation.
useful intermediates, which can be easily and chemo-
selectively converted into the corresponding unsaturated
valerolactones. Further work is now directed towards
expanding the scope of this novel methodology, explor-
ing the unique reactivity of a-keto radicals and applying
this approach to the total synthesis of relevant natural
products. The results of these investigations will be
reported in due course.
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