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Letters
Studies of rhodium-catalyzed ring opening of vinyl epoxides
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Abstract—The stereoselective 6-endo mode cyclization of vinyl epoxides has been achieved by the use of a catalytic amount of
[Rh(CO)2Cl]2 affording six-membered heterocycle systems, such as piperidines and tetrahydropyrans. The scope and limitations of
the reaction are discussed.
� 2004 Elsevier Ltd. All rights reserved.
Functionalized six-membered heterocycles, such as
piperidine and tetrahydropyran, have been found in
many biologically active natural alkaloids or marine
polycyclic ethers.1 Thus, several successful synthetic
strategies for constructing six-membered heterocycle
systems have been devised. One of the most attractive
methods would be ring opening of an epoxide by ter-
minal heteroatoms (amine or hydroxy groups) in stereo-
selective 6-endo mode. Since ring closure of epoxides
generally proceeds via the favored 5-exo mode rather
than the 6-endo mode, introduction of p-orbital adjacent
to the epoxide has been developed to override that
tendency.2;3 In the previous paper,4 we developed the
acid-catalyzed ring closure of vinyl epoxides bearing
amino group for the construction of piperidine and
pyrrolidine systems, and Nicolaou et al. also reported
the ring closure of vinyl epoxides bearing hydroxy group
for tetrahydropyran and tetrahydrofuran system.2a;b

From both results, trans-epoxides with electron rich p-
orbital always gave rise to the 6-endo mode products 2
over 5-exo mode products, while ring closure of electron
deficient epoxides bearing the ester group at the vinyl
terminus suffered from a poor regioselectivity to give a
ca. 1:1 mixture of 6-endo 4 and 5-exo products 3. Since
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suitably functionalized intermediate 4 can be used as a
useful building block for the nucleus present in several
major classes of alkaloids2a and marine polycyclic
ethers, the regio- and stereoselective synthesis of 45 has
received much attention (Scheme 1).

Herein we wish to report a ring closure of various vinyl
epoxides using [Rh(CO)2Cl]2, which takes place in a
regio- and stereoselective manner. Although the general
synthetic utility of the intermolecular rhodium-catalyzed
ring opening of vinyl epoxides with alcohols and anilines
has been well studied in a pioneering work by Lautens
and co-workers,6 the corresponding intramolecular
version of this type has not yet been reported. To ex-
plore the scope of the intramolecular rhodium-catalyzed
ring closure of vinyl epoxides, a variety of vinyl epoxides
was prepared by following the literature procedures.2a;4

As shown in Table 1, the vinyl epoxides were subjected
to rhodium-catalyzed ring opening according to
Lautens’ condition.6a To a solution of vinyl epoxides 1a
(0.5mmol) in THF (2mL) was added [Rh(CO)2Cl]2
(0.01mmol) at room temperature and the yellow
solution was stirred for 10–30min. After the solvent
was removed, the residue was purified by column
l: jdha@krict.re.kr
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Table 1. [Rh(CO)2Cl]2-catalyzed ring closure of vinyl epoxidesa

Entry Product Yield (%)

1 NH
O

Cbz
CO2Et

1a
N

OH

Cbz
CO2Et

4a 83

2
OH

O
CO2Et1b O

OH

CO2Et
4b

90

3 NH
O

Cbz
CO2Et

5a N
Cbz

CO2Et

OH

6a 79

4 OH
O

CO2Et
5b O CO2Et

OH

6b 86

5

O

CbzHN CO2Et

7 NRb

6 NH
Cbz CO2Et

O

8

NRb

aReaction condition: [Rh(CO)2Cl]2 (2mol%), 25 �C, THF, 10–30min.
b Starting material was recovered.
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chromatography to give the piperidine derivative 4a as a
sole product in 83% yield.

The ring closure reaction was exclusively controlled in
the regio- and stereoselective manner as expected. No
trace of exo mode product, pyrrolidine derivative, was
detected in the reaction mixture. When the Cbz pro-
tecting group of 1a was changed to Boc group, the
corresponding N-Boc piperidine derivative was also
obtained in moderate yield (68%). Similar treatment of
vinyl epoxide 1b containing the terminal hydroxy group
afforded the tetrahydropyran derivative 4b exclusively in
90% yield. Ring closure of the lower homologous 5a and
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5b furnished pyrrolidine 6a (79%) and tetrahydrofuran
6b (86%), respectively. In order to obtain the cis-
substituted isomer of the corresponding trans-substi-
tuted piperidine 4, the cis-vinyl epoxide 7 was also
investigated. Unfortunately, the cis-vinyl epoxide 7 was
found to be inert under the same condition for trans-
vinyl epoxide, and both prolonged reaction time or
increased reaction temperature resulted in the slow
decomposition of starting material. Furthermore,
intermolecular ring opening of 7 with methanol also
failed. For the ring closure of the seven-membered ring
precursor 8, we were not able to detect any trace of
6-exo or 7-endo product and the starting material was
recovered intact.

The mechanism for the rhodium-catalyzed substitution
reaction has been discussed in a number of reports.
Evans et al. reported the rhodium-catalyzed allylic
alkylation of allyl carbonates, which proceeded with
retention of absolute configuration by the SN2

0 substi-
tution,7 whereas [Rh(CO)2Cl]2-catalyzed intermolecular
ring opening of vinyl epoxides reported by Lautens co-
workers proceeded with inversion of stereochemistry via
a net SN2 reaction.6a;b Although the reaction mechanism
is not clearly explained so far, both reactions are con-
sidered to proceed through enyl or p-allyl intermediate.
Since the a,b-saturated epoxide of the corresponding 1b
failed to give the cyclized product under the standard
condition, the reaction is not likely proceeded by a
normal SN2 reaction, in which [Rh(CO)2Cl]2 is acting as
a Lewis acid. The failure of the cis-vinyl epoxide 7 for
both intra- and intermolecular reaction might provide
evidence assuming the mechanism of these reactions.
Scheme 2 summarizes our current mechanistic hypoth-
esis. Probably rhodium (I) initially formed p-complex ii
with vinyl group, followed by an oxidative addition
resulting in the formation of enyl or p-allyl intermediate.
During this process, when R1 is H, the formation of the
double coordinations iv of rhodium with both vinyl
group and oxygen atom is likely crucial for an oxidative
addition through C–O insertion of rhodium, ultimately
affording to the trans-cyclized product v. On the other
t
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hand, when R1 substituent is alkyl group, the double
coordinations iii should be difficult to form, due to a
steric repulsion between the R1 and vinyl moiety, thus
not proceeding the C–O insertion and affording ring
opening product through enyl or p-allyl intermediate,
which is consistent with the experiment results.

As shown in Scheme 3, one final experiment presumably
provides further evidence for this mechanism. The
[Rh(CO)2Cl]2-catalyzed ring opening of cyclohexadiene
oxide 9 with MeOH by Lautens,5a which is likely to
form a double coordination intermediate readily due to
the vinyl group fixed on the inside of ring, furnished the
SN2 substitution product in 94% yield. However, in the
case of ring opening of exo-methylene cyclohexene oxide
118 under the same condition, we found that the reac-
tion was very sluggish, just affording intractable mix-
tures. Hence, this experiment clearly demonstrates that
11 having a vinyl group on the outside of ring may be
difficult to form a double coordination system, not
affording a ring opening product as appeared in the cis-
vinyl epoxide 7. In summary, we described the exploi-
tation of the [Rh(CO)2Cl]2-catalyzed ring opening of
vinyl epoxides with internal nucleophiles leading to
heterocyclic systems.

The mechanism of this reaction involved in a double
coordination system still need to be investigated. Never-
theless, this reaction proceeds in very mild condition and
gives a cyclized product in high yield with excellent
regio- and stereoselectivity. The trans-substituent het-
erocyclic systems possess useful functional groups for
further elaboration toward several major classes of
alkaloids and marine polycyclic ethers.
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