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ABSTRACT

A versatile and metal-free approach for the synthesis of molecules bearing seven- and eight-membered rings is described. The strategy is
based on the ring expansion of 1-vinylcycloalkanols (or the corresponding silyl or methyl ether) mediated by the hypervalent iodine reagent
HTIB (PhI(OH)OTs). The reaction condition can be easily adjusted to give seven-membered rings bearing different functional groups. A route
to medium-ring lactones was also developed.

A seven-membered ring fused to an aromatic ring is present
in several compounds with remarkable biological activity.
Examples are: (a) theaflavin,1a which is a promising
anticancer compound present in black tea; (b) colchicine,1b

which has several properties; and (c) TAK-779,1c which has
anti-HIV-1 activity (Figure 1). Thus, the research in this area
has been very active.1-2 Whereas uncountable methodologies
are available to obtain five- and six-membered rings, the
construction of seven-membered rings is an unsolved prob-
lem in synthesis, mainly because in the latter system

cyclization reactions suffer from several limitations.3 In this
scenario, the synthesis of seven-membered ring derivatives
remains to be a challenging endeavor in synthetic organic
chemistry. An attractive route to obtain a seven-membered
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Figure 1. Natural products bearing a seven-membered ring.
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ring is the ring expansion of a readily available six-membered
ring substrate.2e,4This approach has been applied to prepare
ring expanded enones by the rearrangement of protected
1-alkenyl-1-cycloalkanols mediated by Tl(III),4aPd(II),4b,cand
Hg(II).4d Intense efforts are underway to avoid the use of
heavy metals in chemistry. In this context, hypervalent iodine
compounds constitute a class of reagents that can be used
for a number of oxidative transformations with high levels
of selectivity.5 Thus, we decided to study the reactivity of
1-vinylcyclohexanol derivatives toward PhI(OH)OTs (HTIB
or Koser’s Reagent)5f to develop metal-free routes to seven-
membered ring derivatives.

An efficient method to prepare the substrates was the first
goal of our study. The reaction of 1-tetralone (1) with CH2d
CHMgBr gave the unsaturated 1-tetralol2 in 89% yield.6

Considering the possible instability of the tertiary benzylic
and allylic alcohol2, we decided to protect it as the TMS
ether. The protocol using TMSCl/HMDS in reflux of hexane
was applied to2, giving the desired product3 in only 11%
yield. However, we were delighted to find that using HMDS
in the presence of a catalytic amount of I2 gave3 cleanly in
99% yield (Scheme 1).7

The above two-step sequence was then applied to several
ketones, leading to4-10. We were also interested in the
behavior of alkyl ethers. Thus, the methyl ether11 was
prepared treating2 with KOH/MeI (Figure 2).8 We first
performed a detailed investigation on the reactivity of the
TMS-protected 1-vinylcycloalkanol3 focusing on HTIB,
based on previous works.9 Thus, treatment of3 with HTIB
in CH3CN, in trimethylorthoformiate or without solvent,10

led to a complex mixture of compounds. Fortunately, when
the unsaturated TMS-ether3 was treated with HTIB in
MeOH in the presence ofp-TsOH,11 TLC analysis indicated
the cleavage of the labile TMS-group. Then, the alcohol2

formed in the medium reacted with iodine(III), giving the
ring expansion product12, in 61% yield (Table 1, entry 1).

The methoxy-ketone12 would be originated from3 in four
steps. The first would be the acid-catalyzed deprotection of
the TMS group, giving2, on which the electrophilic addition
of iodine(III) to the double bond would give the cation16.
Migration of the aryl carbon would lead to17. Finally, a
reductive solvolysis on17 would produce the methoxylated
ketone12. Higher temperatures and longer reaction times
promote an acid-catalyzed elimination of MeOH from12,
furnishing the enone13 (Scheme 2), together with the dimer
14 (Table 1, entry 2).12 This result is slightly different from
that using Tl(III), which gives only the enone13 from 3.4a

On standing, the mixture13/14gave only14, in 55% yield
(entry 3), whose structure was determined by X-ray analysis
(see Supporting Information). The pentacyclic compound14
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Scheme 1. Preparation of the Unsaturated TMS Ether3

Figure 2. Structures of the substrates4-11.

Table 1. HTIB-Mediated Ring Expansion of3
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is formed from the 1-vinylcycloalkanol derivative3 in a
single operation through a tandem ring-expansion/hetero-
Diels-Alder reaction. We envisioned that14 could be used
to obtain a medium ring lactone.13 Indeed, the oxidative
cleavage of the double bond of14 could be performed with
RuCl3/NaIO4, giving the 11-membered ring keto-lactone18
(Scheme 3). In summary, the commercially available 1-

tetralone (1) was transformed in only four steps into18,
which bears a spiro seven-membered ring and a medium-
ring lactone. Thus, in this short sequence of steps, the
molecular complexity is greatly increased, because several
reactions took place in a few operations.

Because the enone13 is prone to further oxidation, we
decided to investigate the reaction of3 with excess of
oxidant. When3 was treated with 2.5 equiv of HTIB, a
tandem ring expansion/addition of MeOH gave the dimethoxy-
ketone 15 (entry 4, Table 1). An iodine(III)-mediated
electrophilic addition of MeOH to the enone13 would give
15. As shown in Table 1, different ring expansion products
can be obtained from3 just by the modification of the
reaction conditions.

After exploring the oxidation of3 with iodine(III) under
several conditions, other parameters in the reaction were
studied. First, we checked if the protection as a silyl ether
was really required. The desired dimethoxy-ketone15 was
also obtained when either2 or 11 were treated with HTIB
(Scheme 4). Therefore, the presence of the TMS group is
not essential for the ring expansion, although higher yields
of the desired product were observed from3 (75%) than from
2 or from 11 (65-67%).

A group in the aromatic ring could modify the migratory
aptitude of the migrating carbon, which may influence the
yield of the rearrangement product.14 The TMS-protected
alcohol4, which bears methyl groups, gave the dimethoxy
ketone 19 (Table 2, entry 1) in a similar yield to the

nonsubstituted substrate3. A methoxy group at the meta
position could decrease the migratory aptitude of the migrat-
ing carbon.15 Hence, a lower yield of the ring expansion
product should be expected. However, the reaction of5 with
HTIB also gives the desired product (20) in comparable yield
(entry 2). On the other hand, the reaction with6 was sluggish,
leading to the ring expansion product21 in only 10% yield
(entry 3). Eventually, we found that treating6 with HTIB in
a mixture of AcOEt/MeOH gave21 in 67% yield (entry 4).
The substrate7 was exposure to HTIB giving22a/b in 44
and 16% yield, respectively (entry 5). This selectivity is
determined in the addition of iodine(III) to the enoneI , which

(13) For reviews concerning the synthesis of medium rings lactones,
including oxidative cleavage approaches, see: (a) Ferraz, H. M. C.;
Bombonato, F. I.; Longo, L. S., Jr.Synthesis2007, 3261. (b) Rousseau, G.
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J. Braz. Chem. Soc.2005,16, 1160. See also ref 9c.

(15) The value of the Hammett constantσm for OMe is 0.11.

Scheme 2. Ring Expansion of2 with 1.0 equiv of HTIB

Scheme 3. Preparation of the Medium-Ring Keto-Lactone18

Scheme 4. Tandem Expansion/Addition of2 and11 by HTIB

Table 2. I(III)-Promoted Tandem Ring Expansion/Addition

a MeOH. b AcOEt:MeOH: 2:1.
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is analogous to13. This step would occur preferentially
through its less hindered face (Scheme 5). The possibility

of using a ring expansion reaction to prepare eight-membered
rings was also investigated. The substrate8 was treated with
HTIB, giving the desired eight-membered ring compound
23 and the unsaturated ether2416 (entry 6). Although the
yield of the desired product23 was moderate, this route can
be useful to obtain eight-membered ring derivatives, because
only three steps are necessary to obtain23 from the com-
mercially available benzosuberone. The formation of24can
be explained by an acid-catalyzed SN2′ reaction (Scheme 6).

The reactivity of heterocyclic substrates was also exam-
ined. When compound9 was treated with HTIB, the ring
expansion reaction also took place. However, an inseparable
mixture of the seven-membered ringO-heterocycles27,28,
and29 was isolated (Scheme 7).11 The oxygen at the ortho
position of the migrating carbon appears to somehow change
the reactivity.

Treatment of the sulfur derivative10 with HTIB gave
exclusively the sulfoxide31, in 75% yield.11 The first reac-

tion is the oxidation of the sulfide moiety to the correspond-
ing sulfoxide.17 This electron-withdrawing group would
decrease the migratory aptitude of the migrating carbon.
Thus, the SN2′ reaction would take place exclusively on30
(Scheme 8).

In conclusion, a metal-free approach for the synthesis of
seven- and eight- membered rings through an iodine(III)-
mediated ring expansion reaction was described. The sub-
strates can be easily obtained from readily available starting
materials. The amount of the oxidizer and the reaction
conditions can be managed to obtain different products.
Moreover, a short route to the synthesis of medium-ring
lactones was developed. The results herein described have
great potential for application in the total synthesis of natural
products and compounds with biological activity.
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Scheme 5. Mechanism for the Formation of22a

Scheme 6. Acid-Catalyzed SN2′ Reaction of8

Scheme 7. Iodine(III)-Mediated Oxidation of9

Scheme 8. Tandem I(III)-Oxidation/SN2′ Reaction of10
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