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ABSTRACT

The first examples of ring-closing metathesis reactions of olefin-containing enamides using ruthenium-based catalysts have been demonstrated.
A preliminary investigation into the scope and limitations, leading to protected five- and six-membered cyclic enamides, will be presented.

The use of ring-closing olefin metathesis in organic synthesis
has seen explosive growth over the past decade.1 This is not
only expressed by the large number of articles appearing on
this subject but also by the rapid emergence of new improved
catalysts with a higher stability under more forcing conditions
and a wider functional group tolerance.2

The importance of ring-closing and related ring-opening
metathesis strategies is further underlined by an impressive
number of total syntheses of natural products.1a In the
majority of these syntheses, the first- and second-generation

olefin metathesis catalysts1, 2 and3, 4, respectively (Figure
1), have been employed to give high yields of the metathesis

products. Ring-closing metathesis is routinely applied to
construct cyclic olefins of virtually all ring sizes containing
ether, ester, amide, and/or amine functionalities.1

The synthesis of sulfur-3 and phosphorus-containing
heterocycles4 via ring-closing metathesis has also been
reported.

Considering the numerous examples, it becomes apparent
that ring-closing metathesis of olefins connected directly to
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Figure 1. First- and second-generation olefin metathesis catalysts.
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a heteroatom are significantly less abundant. For example,
ring-closing metathesis of enol ethers is more difficult to
achieve than that of regular olefinic ethers.5 In addition,
successful metathesis cyclizations of olefins substituted with
a phosphorus atom (viz. vinylphosphonates and vinylphos-
phonamides) have recently been carried out.6 In contrast, to
the best of our knowledge, ring-closing metathesis of
enamines or enamides so far has not been reported in the
literature.7

In this paper, we wish to present the first examples of
ring-closing metathesis of olefinic enamides, to obtain the
corresponding cyclic enamides. These enamides are versatile
structural moieties, which are amenable to further function-
alization.8 Most of the enamide RCM precursors were
synthesized using the procedure of Breederveld, see Table
1.9 The yields of the precursors10 and14 (entries 1 and 5)

were low, probably due to the instability of both the starting
aldimines and the products. The yields of the other precursors
11-13and15-20were comparable to the yields reported
in the literature for Breederveld conditions on similar
compounds.

In addition to the unsubstituted and 1-substituted enamides
shown in Table 1, we prepared similar 2-substituted en-
amides. This proceeded via a reaction that was accidentally
encountered during the palladium-catalyzedN,O-acetal for-
mation of tosylamide22.10 Reaction of tosylamide22 with
phenyl propadienyl ether (21) in the presence of Pd(OAc)2

led to the initial formation of theN,O-acetal23. This acetal
spontaneously isomerized during the aqueous workup, lead-
ing to the thermodynamically more stable enamide24 in 41%
yield after column chromatography (Scheme 1).

With these precursors in hand, we commenced the ring-
closing metathesis experiments (Table 2). We were very
pleased to find that the five-membered ring precursors
(entries 1-6) readily underwent ring closure at temperatures
between 20 and 40°C using Grubbs catalyst2 (the reaction
was monitored by TLC and1H NMR). Silica gel column
chromatography was used to remove the catalyst, yielding
the pure cyclic enamides25-28 in isolated yields around
60% and higher.

With a methyl substituent on the 1-position of the
precursor (entry 2), the yield dropped slightly when the same
catalyst was used. Gratifyingly, the yield increased again to
86% by subjecting the tosyl-protected precursor26 to the
more stable catalyst3 at 84°C (entry 3). Experiments with
a benzoyl or ethoxycarbonyl protecting group partly led to
degradation of starting materials and products at elevated
temperatures. Therefore, the yield of27 could not be
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Table 1. Synthesis of the RCM Precursors

entry imine n R electrophile product (PG) yield (%)a

1 5 1 H Ts2O 10 (Ts) 14
2 6 1 Me Ts2O 11 (Ts) 37
3 6 1 Me BzCl 12 (Bz) 40
4 6 1 Me (EtO2C)2O 13 (CO2Et) 30
5 7 2 H Ts2O 14 (Ts) 5
6 8 2 Me Ts2O 15 (Ts) 52
7 8 2 Me BzCl 16 (Bz) 44
8 8 2 Me (EtO2C)2O 17 (CO2Et) 41
9 9 3 Me Ts2O 18 (Ts) 48

10 9 3 Me BzCl 19 (Bz) 63
11 9 3 Me (EtO2C)2O 20 (CO2Et) 68

a Isolated yield after column chromatography.

Scheme 1. Synthesis of Enamide24 via the
Palladium-CatalyzedN,O-Acetal Formation with Phenyl

Propadienyl Ethera

a Conditions: (a) Pd(OAc)2, dppp, Et3N, MeCN, room temper-
ature, 16 h; (b) aqueous workup.
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increased (entry 5). To obtain the five-membered cyclic
enamide28, the use of catalyst2 at 40°C (entry 6) gave an
optimal result. In the case of the six-membered rings, the
same trend was observed. The 2-unsubstituted enamide14
closed in a good yield of 80% at 40°C in 2 h (entry 7). In
contrast, with the same catalyst it took 24 h to ring-close
the methyl-substituted analogue in the somewhat disappoint-
ing yield of 26% (entry 8). Use of the Ru-imidazoline
catalyst3 also led to an improved yield of 75% for30 at 80
°C in toluene at a reasonable rate (entry 9). With the benzoyl
protecting group, the isolated yield exceeded 90% when the
same catalyst was used at 84°C with 1,2-dichloroethane

(EDC) as the solvent (entry 10). The isolated yield of the
carbamate-protected precursor17dropped to 57% under the
same conditions (entry 11). Precursor24, bearing a substitu-
ent on the 2-position of the enamide part, gave the ring-
closed product25 in only a moderate yield using catalyst2.
However, with catalyst3 at higher temperature this precursor
showed full conversion on both TLC and1H NMR, leading
to an isolated yield of 75% of25 after column chromatog-
raphy (entries 12 and 13).

Inspired by the successful enamide ring-closures and the
recently reported examples of allene cross-metathesis,11 we
set out to explore ring-closing metathesis of olefin-containing
allenamides.

We anticipated that due to the impossibility of forming
cyclic six-membered allenes, the corresponding cyclic en-
amides would be formed. The advantage of this approach is
the better accessibility of the precursors. Therefore, precur-
sors 35 and 36 were synthesized using a base-induced
isomerization of the corresponding alkynyl precursors33and
34 (Scheme 2),12 which were obtained in good yields (86

and 60%, respectively) from the tosylamides. Allenamide
35 was subjected to ruthenium catalyst2 at 40 °C and to
catalyst3 at 84°C, but in both cases no cyclic products were
observed and only starting material was recovered. We
reasoned that this might be due to the fact that the ruthenium
catalyst has a greater affinity for the allene fragment of the
molecule. Once the initial metathesis takes place at this end,
it will not react further with the double bond, since further
reaction would require incorporation of the allene fragment
in the ring.

Next, a comparison was made with precursor36containing
a methyl substituent on the allene side, thus preventing initial
metathesis at that side. Instead of cyclization, an interesting
and unprecedented ruthenium-catalyzed isomerization to
dienamide37 was observed.

A remarkable phenomenon was encountered in attempts
to create seven-membered cyclic enamides through ring-

(11) Ahmend, M.; Arnauld, T.; Barrett, A. G. M.; Braddock, D. C.; Flack,
K.; Procopiou, P. A.Org. Lett.2000,2, 551.
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Table 2. Ring-Closing Metathesis of the Olefinic Enamides

a 17.5 µM substrate concentration; 1-5 mol % of catalyst. Catalyst2
was used in dichloromethane; catalyst3 was used in ethylene dichloride
unless otherwise stated.b Isolated yield after column chromatography.c In
toluene.

Scheme 2. Synthesis and Attempted RCM of the Olefinic
Allenamides35 and36a

a Conditions: (a) t-BuOK, THF, room temperature; (b)2,
CH2Cl2, 40 °C or 3, EDC, 84°C, no reaction; (c)3, EDC, 84°C.
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closing metathesis. Subjection of precursors18-20 to the
metathesis conditions (Ru catalyst3, 84 °C, EDC, entries
1-3, Table 3) surprisingly led to six- rather than seven-
membered rings. Probably, ruthenium-catalyzed isomeriza-

tion to the more stable olefins38-40 took place, followed
by ring closure of the isomerized intermediates to the six-
membered enamides30-32.

In conclusion, the first successful examples of ring-closing
metathesis of olefin-containing enamides are described. We
demonstrated the possibility of constructing five- and six-
membered cyclic enamides in good yields using this pathway.
Because of a remarkable isomerization of the seven-
membered ring precursors, a challenge lies ahead for the
construction of medium-sized enamide rings. An interesting
problem was encountered in the case of the allenamides,
where the catalyst has to discriminate between the allene
moiety and the olefin part. Thus far, there are no such
examples, but investigations to successfully carry out these
types of olefin-allenamide metathesis reactions are currently
underway.
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Table 3. Seven-Membered Ring Precursors18-20Leading to
Six-Membered Ring Products30-32

a 17.5 µM substrate concentration; 1-5 mol % of catalyst. Catalyst3
was used in ethylene dichloride unless otherwise stated.b Isolated yield after
column chromatography.c In toluene.d Determined by 1H NMR. An
inseparable mixture of isomerized and ring-closed products was formed.
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