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Several ruthenium-indenylidene complexes bearing N-
heterocyclic carbenes (NHCs) and phosphanes have been in-
vestigated for the ring rearrangement of cyclic compounds
by alkene metathesis. These catalysts were found to promote
efficiently such domino reactions, especially sterically hin-

Introduction
A fascinating aspect of olefin metathesis is the accessi-

bility to diverse olefin reactivity as a function of substrate
architecture and/or reaction conditions using the same
metal–carbene pre-catalyst.[1] These metathesis transforma-
tions include ring-opening metathesis polymerization
(ROMP)[2] ring-closing metathesis[3] (RCM), and cross me-
tathesis[4] (CM) of substrates incorporating either double or
triple C–C bonds. Combinations of several metathesis steps
are also possible and allow for the straightforward con-
struction of complex scaffolds. Amongst these domino reac-
tions, ring-rearrangement metathesis[5] (RRM) involving
ring-opening/ring-closing metathesis steps (Scheme 1) has
been successfully applied to the formation of carbo- and
heterocycles.[6]

As an attractive alternative to ruthenium-benzylidene
pre-catalysts, we[7] and others[8] have focused on the devel-
opment of indenylidene analogues bearing phosphanes and
N-heterocyclic carbenes (NHC) (Figure 1).[9] These com-
plexes were found to be efficient in a wide array of ROMP,
RCM, and CM transformations.[7,8] Of note, tricyclohexyl-
phosphane-containing complex 1 and 5 bearing the steri-
cally encumbering NHC SIPr [1,3-bis(2,6-diisopropyl-
phenyl)-4,5-dihydroimidazol-2-ylidene] appear as most
efficient at room temperature, whereas SIMes-indenylidene
catalyst 3 [1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimid-
azol-2-ylidene] is the most capable at higher temperature.
In spite of these catalyst development efforts, the breadth
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dered NHC-containing complexes. Moreover, indenylidene-
type catalysts were compared to benzylidene- and Hoveyda-
type analogues. The scope of the reaction highlights the pa-
rameters governing the RRM.

Scheme 1. General principle and mechanism of RMM.

of application for ruthenium-indenylidene catalysts remains
relatively narrow. We now report the potential of these pre-
catalysts in RRM.

Figure 1. Ruthenium-indenylidene complexes used in this work.

Results and Discussion

We first compared activity of indenylidene catalysts on
the endo adduct 6 obtained from Diels–Alder cycload-
dition[10] as a benchmark substrate with 1 mol-% ruthenium
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complex using dichloromethane as solvent and low concen-
tration (C = 0.01 ) (Table 1). Complex 1 showed good ac-
tivity as a 69% conversion was reached after 3 h at room
temperature (Entry 1). As expected, saturated NHC-con-
taining catalysts 3 and 5 were found significantly superior
to their respective unsaturated counterparts 2 and 4 (En-
tries 2–8). Complex 3 bearing sterically less demanding
SIMes required a slight thermal activation to form the spi-
rocycle 7 (Entries 4 and 5). On the other hand, 5 exhibited
remarkable activity and only 15 min were required to
achieve the RRM (Entry 8). We then examined the reaction
at higher concentration (C = 0.1 ) (Entry 9). Under these
conditions, the polymerisation process was more favored
and 30 % polymer formation was observed. Since it has
been observed that 5 could be used in various solvents for
RCM,[7e] reactions were carried out in toluene and diethyl
ether at 0.1 . Unfortunately under these conditions, sub-
stantial polymerisation was also obtained. The excellent ac-
tivity of 5 prompted us to decrease the catalyst loading (En-
tries 10 and 11). However using 0.5 mol-% of 5 required an
increase in the reaction time; unfortunately at 0.1 mol-%
only traces of 7 were observed after 3 h of reaction.

Table 1. Catalysts comparison on a model substrate.[a]

[a] Reaction conditions: substrate (0.5 mmol), [Ru], DCM (50 mL,
0.01 ). [b] Starting material recovered. [c] Reaction was performed
at 0.1 . [d] 30% of polymerisation was obtained.

In addition to examining a variety of NHCs bound to
the ruthenium-indenylidene moiety, the benzylidene and 2-
isopropoxybenzylidene patterns in the form of the 2nd gen-
eration Grubbs[11] and Hoveyda–Grubbs[12] catalysts,
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respectively 8 and 9, were examined. Whereas SIMes-con-
taining 3 required a thermal activation at 40 °C (Entries 3
and 4), the benzylidene- and 2-isopropoxybenzylidene-
based catalysts 8 and 9 performed well at room tempera-
ture, and only 3 h were required to reach complete reaction
(Entries 12 and 13). Such activity differences between
benzylidene- and indenylidene-ruthenium complexes are in
sharp contrast to those previously reported for RCM.[7c]

Nevertheless, with the more sterically demanding NHC
SIPr, the difference was found insignificant, both catalysts
5 and 10[13] permitted the complete reaction in 15 min at
25 °C (Entries 8 and 14). Because it has been reported that
the 2-isopropoxybenzylidene-based complex bearing
SIPr[14] showed slow activation,[15] this complex was not ex-
amined.

In light of these preliminary results, we then proceeded
to investigate, using 1 mol-% of 5 as the catalyst loading,
the scope of RRM reactions involving oxabicyclo[2.2.1]-
heptene and norbornene derivatives (Table 2).[10] Whereas
the rearrangement of endo adducts was found straightfor-
ward (Entries 1, 3 and 5), exo products were significantly
less reactive and required longer reaction time in contrast to
data reported in the literature (Entries 2, 4 and 6). Blechert
reported identical reaction time for both adducts.[16] This
may suggest that the endo conformation is more susceptible
to RRM in the present system. This also suggests to us that
RRM may possibly be use in kinetic resolution. Of note, in
this study, the endo and exo adducts resulting from Diels–
Alder cycloaddition were always separable by silica-gel
chromatography and consequently we did not attempt any
kinetic resolution. Furthermore, the above-mentioned sub-
strates are endo; catalytic results with the exo adducts can
be found in the Supporting Information. Substrate 21 con-
taining a bulkier tosylamine group necessitated prolonged
reaction time (Entry 7). Formation of the above-mentioned
five- and six-membered rings was easily achieved, however
RRM leading to seven-membered ring product 24 required
a significant increase in the reaction time with concomitant
polymerization (Entry 8). Unfortunately, only traces of the
eight-membered ring spirocycle 26 were observed with poly-
mers as major product (Entry 9). Of note, with the exo ad-
duct of 25, reaction occurred more slowly but only lead
to polymerization products.[10] In an effort to examine the
functional group tolerance of this transformation, the di-
azabicyclo[2.2.1]hept-5-ene compound 27 was submitted to
optimum catalytic conditions (Entry 10). Only dimer 28 was
isolated showing that 5 was compatible with such a func-
tionality, but the RRM appears unfavored. The substitution
of the exocyclic C=C bond was also of interest. Ψ,Ψ-disub-
stitution of this architecture leads to a lack of reactivity at
room temperature and at 80 °C using catalyst 3, provides
mainly retro Diels–Alder products (Entries 11 and 12). This
result highlights the importance of pre-catalysts operating
efficiently at low temperature. On the other hand, the RRM
transformation of 31 into 32 proceeded smoothly (Entry 13)
and the reaction on the exo adduct was also found pos-
sible.[10] Double cyclization of 33 occurred with thermal ac-
tivation at 40 °C, but at this temperature the retro Diels–
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Table 2. RRM of oxabicyclo[2.2.1]heptene and norbornene deriva-
tives.[a]

[a] Reaction conditions: substrate (0.5 mmol), 5 (1 mol-%), DCM
(50 mL, 0.01 ), 25 °C. [b] Starting material accounts for mass bal-
ance. [c] Polymerization product accounts for mass balance. [d] Re-
action carried out at 80 °C in toluene using 5 mol-% of 3; mass
balance is decomposition. [e] Reaction performed at 40 °C; mass
balance is decomposition.
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Alder process was found parasitic and competitive (Entries
14 and 15). At this stage, we cannot explain why 35 pro-
vided mostly 36, while 37 solely lead to polymerization (En-
tries 16 and 17). This could be due to the endo/exo confor-
mation of 37 or to the presence of the ester function (amide
analogue also gave polymers).[10] Reactions conducted un-
der ethylene atmosphere allowed to slow the polymerization
process, but only small quantities of the ring-opened prod-
uct were isolated under these conditions.[10]

Table 3. Other substrates investigated in RRM.[a]

[a] Reaction conditions: substrate (0.5 mmol), 5 (1 mol-%), DCM
(50 mL, 0.01 ), 25 °C. [b] Starting material accounts for mass bal-
ance. [c] Polymer accounts for mass balance. [d] Reaction byprod-
ucts are an inseparable mixture of dimers of the starting material
and of the expected product. [e] Reaction carried out at 80 °C in
toluene using 5 mol-% of 3.
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Various other substrates were tested for RRM (Table 3).

At room temperature, 5 afforded quantitatively the desired
bicyclic product 40, by opening the strained cyclobutene
(Entry 1). RRM of cyclopentene derivatives leading to five-
and six-membered rings took place smoothly (Entries 2–4).
Nevertheless, in the case of cyclohexene 47, dimerisation
issues were encountered (Entry 5). Attempts to form ther-
modynamically disfavoured seven-membered ring led to the
exclusive dimerisation of the starting materials (Entries 6
and 7). Bicyclic compound 53 did not react at 25 °C and
heating to 80 °C using 5 mol-% of SIMes-containing 3 af-
forded its dimer (Entry 8 and 9), suggesting that the driving
force behind the oxabicyclo[2.2.1]heptene RRM is the re-
lease of ring strain. More challenging substrates were also
studied giving the expected products despite low yields and
side polymerization (Entries 10 and 11). Whereas 43 gave,
in a straightforward manner, the product 44 (Entry 3), the
complete lack of reactivity of its analogue 59 suggests that
the reaction may have adopted reaction pathway B of the
postulated mechanism where the ruthenium carbene com-
plex reacts first with the exocyclic double bond then with
the endo double bond (Scheme 1). In spite of the fact that
pathway A clearly explains the polymerization process, the
second pathway explains the formation of dimeric species
as side products. For these reasons the term ring-opening/
ring-closing metathesis usually associated with RRM ap-
pears an oversimplification of the actual mechanism and
only corresponds to the net and formal RRM transforma-
tion.

Conclusions

In summary, we have reported the use of ruthenium-in-
denylidene complexes in RRM. The selection of the steri-
cally demanding NHC SIPr has proven to be beneficial and
leads to attractive yields as a function of substrate structure.
Thus, some RRM reactions could be carried out in only
15 min using 1 mol-% of catalyst 5. Moreover, the sterically
hindered SIPr allowed to improve the activity of the benzyl-
idene-based catalyst and help close the gap in activity dif-
ferences between the two types of alkylidene-bearing com-
plexes. Whereas second generation Grubbs and Hoveyda–
Grubbs complexes surpass SIMes-containing ruthenium-in-
denylidene 3, the catalytic performance of their SIPr coun-
terparts, 10 and 5, are very similar. We believe the presented
reaction scope provides insights into parameters governing
the RRM and will facilitate its further development. Ongo-
ing studies aimed at elucidating the reaction mechanism at
play in this fascinating reaction sequence are being con-
ducted in our laboratories.

Experimental Section
General Considerations: All reagents were used as received. Dichlo-
romethane (DCM) and toluene were dispensed from a solvent puri-
fication system from Innovative Technology. Catalyst syntheses
were performed in a MBraun glovebox containing dry argon and
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less than 1 ppm oxygen. Complexes 1 and 3 were generously pro-
vided by Umicore AG and complexes 2, 4, 5 and 10 were synthe-
sized according the previously reported procedures.[7a,7e,13] Flash
column chromatography was performed on silica gel 60 (230–
400 mesh). 1H and 13C Nuclear Magnetic Resonance (NMR) spec-
tra were recorded with a Bruker Avance 300 Ultrashield NMR
spectrometer. High-Resolution Mass Spectroscopy (HRMS) analy-
ses were performed on a Waters LCT Premier spectrometer. For
the synthesis of substrates, see Supporting Information.

General Procedure for Metathesis Reaction: A Schlenk flask, under
nitrogen, was charged with the substrate (0.5 mmol) and dry
dichloromethane (5–50 mL, c = 0.1–0.01 ) the pre-catalyst
(0.005 mmol) was then added. The progress of the reaction was
monitored by TLC. The solvent was removed under vacuum and
the crude was purified by flash column chromatography to yield
the pure product.

(1S,3R,3aR,6aS)-5-Phenyl-3-vinyl-2�,3,3a,6�-tetrahydrospiro[furo-
[3,4-c]pyrrole-1,3�-pyran]-4,6(5H,6aH)-dione (7): According to the
general procedure for metathesis, the title compound was isolated
as a colorless oil (94%). 1H NMR (300 MHz, CDCl3): δ = 7.39 [t,
J(H,H) = 5.5 Hz, 2 H, HPh], 7.33 [t, J(H,H) = 5.5 Hz, 1 H, HPh],
7.19 [d, J(H,H) = 5.5 Hz, 2 H, HPh], 5.99 (m, 2 H, CH=CH and
CH=CH2), 5.77 [d, J(H,H) = 7.7 Hz, 1 H, CH2=CH], 5.36 [dd,
J(H,H) = 12.9 and 0.6 Hz, 1 H, CH=CH], 5.21 [d, J(H,H) =
7.8 Hz, 1 H, CH2=CH], 4.80 (m, 1 H, CH-O), 4.15–4.02 (m, 2 H,
CH2-O), 3.91 [d, J(H,H) = 9.0 Hz, 1 H, CH2-C], 3.76 [d, J(H,H)
= 9.0 Hz, 1 H, CH2-C], 3.50 [dd, J(H,H) = 6.8 and 3.5 Hz, 1 H,
CH-CO], 3.35 [d, J(H,H) = 6.8 Hz, 1 H, CH-CO] ppm. 13C NMR
(75 MHz, CDCl3): δ = 175.3 (C), 173.0 (C), 137.4 (CH), 131.5 (C),
130.3 (CH), 129.3 (CH), 128.9 (CH), 128.1 (CH), 126.4 (CH), 117.6
(CH2), 80.7 (CH), 79.6 (C), 68.3 (CH2), 65.0 (CH2), 53.6 (CH),
52.8 (CH) ppm. HRMS (ESI): m/z: calcd. for C18H17NO4 + Na:
334.1055 [M+ + Na]; found 334.1043.

(1S,3R,3aS,6aR)-5-Phenyl-3-vinyl-2�,3,3a,6�-tetrahydrospiro[furo-
[3,4-c]pyrrole-1,3�-pyran]-4,6(5H,6aH)-dione (12): According to the
general procedure for metathesis, the title compound was isolated
as a yellow oil (71%). 1H NMR (300 MHz, CDCl3): δ = 7.34–7.29
(m, 3 H, HPh), 7.20–7.17 (m, 2 H, HPh), 6.00–5.87 (m, 2 H,
CH=CH and CH=CH2), 5.69 [d, J (H,H) = 10.5 Hz, 1 H,
CH=CH], 5.42 [dt, J(H,H) = 17.0 and 1.3 Hz, 1 H, CH2=CH], 5.27
[dt, J(H,H) = 10.5 and 1.1 Hz, 1 H, CH2=CH], 4.68 [td, J(H,H) =
6.9 and 1.0 Hz, 1 H, CH-O], 4.16 [d, J(H,H) = 2.2 Hz, 2 H, CH-
CH2-O], 3.78 [d, J(H,H) = 10.9 Hz, 1 H, CH-CO], 3.62–3.56 (m, 2
H, C-CH2-O), 3.51 [d, J(H,H) = 8.1 Hz, 1 H, CH-CO] ppm. 13C
NMR (75 MHz, CDCl3): δ = 174.2 (C), 174.1 (C), 133.1 (CH),
132.0 (C), 130.6 (CH), 129.6 (CH), 129.2 (CH), 126.8 (CH), 125.6
(CH), 118.8 (CH2), 79.6 (CH), 77.9 (C), 70.8 (CH2), 66.0 (CH2),
53.5 (CH), 50.2 (CH) ppm. HRMS (ESI): m /z : calcd. for
C18H17NO4 + H: 312.1236 [M+ + H]; found 312.1234.

(1S,3R,3aR,6aS)-5-Methyl-3-vinyl-2�,3,3a,6�-tetrahydrospiro[furo-
[3,4-c]pyrrole-1,3�-pyran]-4,6(5H,6aH)-dione (14): According to the
general procedure for metathesis, the title compound was isolated
as a white solid (96 %). 1H NMR (300 MHz, CDCl3): δ = 5.91–
5.89 (m, 2 H, CH=CH and CH=CH2), 5.76 [dq, J(H,H) = 10.2
and 1.2 Hz, 1 H, CH=CH], 5.35 [d, J(H,H) = 17.2 Hz, 1 H,
CH2=CH], 5.21 [d, J(H,H) = 10.5 Hz, 1 H, CH2=CH], 4.67 [tt,
J(H,H) = 5.1 and 1.4 Hz, 1 H, CH-O], 4.09 [qt, J(H,H) = 17.1 and
2.2 Hz, 2 H, CH-CH2-O], 3.83 [d, J(H,H) = 12.0 Hz, 1 H, CH-
CO], 3.67 [dd, J(H,H) = 12.0 and 1.2 Hz, 1 H, C-CH2-O], 3.39 [dd,
J(H,H) = 8.9 and 4.8 Hz, 1 H, C-CH2-O], 3.51 [d, J(H,H) = 8.9 Hz,
1 H, CH-CO], 2.92 (s, 3 H, CH3) ppm. 13C NMR (75 MHz,
CDCl3): δ = 176.6 (C), 174.5 (C), 138.0 (CH), 130.5 (CH), 128.5
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(CH), 117.9 (CH2), 80.9 (CH), 79.5 (C), 68.8 (CH2), 65.3 (CH2),
54.1 (CH), 52.9 (CH), 25.5 (CH3) ppm. HRMS (ESI): m/z: calcd.
for C13H15NO4 + H: 250.1079 [M+ + H]; found 250.1073.

(1S,3R,3aS,6aR)-5-Methyl-3-vinyl-2�,3,3a,6�-tetrahydrospiro[furo-
[3,4-c]pyrrole-1,3�-pyran]-4,6(5H,6aH)-dione (16): According to the
general procedure for metathesis, the title compound was isolated
as a colorless oil (74%). 1H NMR (300 MHz, CDCl3): δ = 5.97 [d,
J(H,H) = 10.4 Hz, 1 H, CH=CH], 5.82 [ddd, J(H,H) = 17.0, 10.4
and 6.7 Hz, 1 H, CH2=CH], 5.57 [d, J(H,H) = 10.4 Hz, 1 H,
CH2=CH], 5.35 [d, J(H,H) = 17.0 Hz, 1 H, CH-O], 5.24 [d, J(H,H)
= 6.7 Hz, 1 H, CH-O], 4.57 [d, J(H,H) = 7.1 Hz, 1 H, CH-CH2-
O], 4.14 (s, 2 H, CH-CH2-O), 3.73 [d, J(H,H) = 10.9 Hz, 1 H, C-
CH2-O], 3.56 [d, J(H,H) = 10.9 Hz, 1 H, C-CH2-O], 3.44 [t, J(H,H)
= 7.8 Hz, 1 H, CH-CO], 3.35 [d, J(H,H) = 7.8 Hz, 1 H, CH-CO],
2.91 (s, 3 H, CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 175.2
(C), 175.1 (C), 133.0 (CH), 130.5 (CH), 125.6 (CH), 119.1 (CH2),
79.4 (CH), 79.1 (C), 70.7 (CH2), 65.9 (CH2), 53.5 (CH), 50.4 (CH),
25.4 (CH3) ppm. HRMS (ESI): m/z: calcd. for C13H15NO4 + H:
250.1079 [M+ + H]; found 250.1077.

(1S,3�R,3a�R,6a�S)-5�-Methyl-3�-vinyl-3�,3a�-dihydrospiro[cyclo-
pent[2]ene-1,1�-furo[3,4-c]pyrrole]-4�,6�(5�H,6a�H)-dione (18): Ac-
cording to the general procedure for metathesis, the title compound
was isolated as a colorless oil (90%). 1H NMR (300 MHz, CDCl3):
δ = 6.00 [dt, J(H,H) = 5.6 and 2.4 Hz, 1 H, CH=CH], 5.92 [ddd,
J(H,H) = 17.2, 10.5 and 5.8 Hz, 1 H, CH=CH2], 5.57 [dt, J(H,H)
= 5.6 and 2.1 Hz, 1 H, CH=CH], 5.35 [d, J(H,H) = 17.2 Hz, 1 H,
CH2=CH], 5.20 [d, J(H,H) = 10.5 Hz, 1 H, CH2=CH], 4.50 [t,
J(H,H) = 5.8 and 1.0 Hz, 1 H, CH-O], 3.34 (m, 2 H, CH2-C-O),
2.93 (s, 3 H, CH3), 2.49–2.27 (m, 2 H, CH-CH2-CH2), 2.10 [ddd,
J(H,H) = 13.7, 8.1 and 4.6 Hz, 1 H, CH-CO], 1.77 [ddd, J(H,H) =
13.7, 8.1 and 4.6 Hz, 1 H, CH-CO] ppm. 13C NMR (75 MHz,
CDCl3): δ = 177.1 (C), 176.1 (C), 137.6 (CH), 136.7 (CH), 134.2
(CH), 117.9 (CH2), 96.3 (C), 80.3 (CH), 54.3 (CH), 53.1 (CH), 32.7
(CH2), 31.8 (CH2), 25.3 (CH3) ppm. HRMS (ESI): m/z: calcd. for
for C13H15NO3 + H: 234.1130 [M+ + H]; found 234.1132.

(1S,3�R,3a�S,6a�R)-5�-Methyl-3�-vinyl-3�,3a�-dihydrospiro[cyclo-
pent[2]ene-1,1�-furo[3,4-c]pyrrole]-4�,6�(5�H,6a�H)-dione (20): Fol-
lowing the general procedure for metathesis, the title compound
was isolated as a colorless oil (60%). 1H NMR (300 MHz, CDCl3):
δ = 6.11 [dt, J(H,H) = 5.7 and 2.3 Hz, 1 H, CH=CH], 5.84 [ddd,
J(H,H) = 17.1, 10.4 and 6.8 Hz, 1 H, CH=CH2], 5.62 [dt, J(H,H)
= 5.7 and 2.3 Hz, 1 H, CH=CH], 5.35 [dt, J(H,H) = 17.1 and
1.2 Hz, 1 H, CH2=CH], 5.24 [dt, J(H,H) = 10.4 and 1.2 Hz, 1 H,
CH2=CH], 4.48 [t, J(H,H) = 7.2 Hz, 1 H, CH-O], 3.39 [t, J(H,H)
= 7.6 Hz, 1 H, CH2-C-O], 3.16 [d, J(H,H) = 7.6 Hz, 1 H, CH2-C-
O], 2.90 (s, 3 H, CH3), 2.49–2.41 (m, 2 H, CH-CH2-CH2), 2.10–
2.01 (m, 1 H, CH-CO), 1.96–1.88 (m, 1 H, CH-CO) ppm. 13C
NMR (75 MHz, CDCl3): δ = 175.6 (C), 175.1 (C), 137.3 (CH),
132.8 (CH), 130.0 (CH), 118.8 (CH2), 95.3 (C), 78.7 (CH), 54.8
(CH), 50.2 (CH), 36.9 (CH2), 31.1 (CH2), 25.0 (CH3) ppm. HRMS
(ESI): m/z: calcd. for C13H15NO3 + H: 234.1130 [M+ + H]; found
234.1136.

(1S,3R,3aR,6aS)-5-Phenyl-1�-tosyl-3-vinyl-2�,3,3a,6�-tetrahydro-
1�H-spiro[furo[3,4-c]pyrrole-1,3�-pyridine]-4,6(5H,6aH)-dione (22):
Following the general procedure for metathesis, the title compound
was isolated as a white solid (69%). 1H NMR (300 MHz, CDCl3):
δ = 7.56 [d, J(H,H) = 8.2 Hz, 2 H, HTs], 7.43–7.34 (m, 3 H, HPh),
7.23–7.19 (m, 4 H, HPh and HTs), 5.97–5.86 (m, 1 H, CH=CH2),
5.83–5.79 (m, 1 H, CH=CH), 5.68 [d, J(H,H) = 10.1 Hz, 1 H,
CH=CH], 5.33 [d, J(H,H) = 17.2 Hz, 1 H, CH2=CH], 5.20 [d,
J(H,H) = 10.4 Hz, 1 H, CH2=CH], 4.78 [t, J(H,H) = 5.1 Hz, 1 H,
CH-O], 3.89–3.83 (m, 1 H, CH2-NTs), 3.66 [d, J(H,H) = 12.4 Hz,
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1 H, CH2-NTs] 3.51 [dd, J(H,H) = 9.2 and 5.2 Hz, CH-CO], 3.36
[d, J(H,H) = 9.2 Hz, 1 H, CH-CO], 3.17 [d, J(H,H) = 17.2 Hz, 1
H, CH2-NTs], 3.02 [d, J(H,H) = 12.4 Hz, 1 H, CH2-NTs], 2.32 (s,
3 H, CH3

Ts) ppm. 13C NMR (75 MHz, CDCl3): δ = 175.3 (C),
173.4 (C), 144.3 (C), 137.6 (CH), 133.5 (C), 131.8 (C), 130.2 (CH),
129.7 (CH), 129.4 (CH), 129.2 (CH), 128.2 (CH), 127.5 (CH), 126.9
(CH), 118.2 (CH2), 80.1 (CH), 80.7 (C), 54.8 (CH), 53.0 (CH), 48.2
(CH2), 44.7 (CH2), 22.0 (CH3) ppm. HRMS (ESI): m/z: calcd. for
C25H24N2O5S + Na: 487.1304 [M+ + Na]; found 487.1296.

(1S,3�R,3a�R,6a�S)-3�-Vinyl-3�H-spiro[cyclohept[2]ene-1,1�-
furo[3,4-c]furan]-4�,6�(3a�H,6a�H)-dione (24): Following the general
procedure for metathesis, the title compound was isolated as a col-
orless oil (79%). 1H NMR (300 MHz, CDCl3): δ = 5.97–5.86 (m,
2 H, CH=CH2 and CH=CH), 5.53 [dd, J(H,H) = 11.6 and 1.1 Hz,
1 H, CH=CH], 5.38 [dt, J(H,H) = 17.2 and 1.0 Hz, 1 H, CH2=CH],
5.22 [dt, J(H,H) = 11.3 and 1.0 Hz, 1 H, CH2=CH], 4.67–4.63 (m,
1 H, CH-CH=CH2), 3.56 (s, 2 H, CH-CO), 2.23–2.06 (m, 2 H,
CH2), 1.91–1.64 (m, 5 H, CH2), 1.57–1.50 (m, 1 H, CH2) ppm. 13C
NMR (75 MHz, CDCl3): δ = 170.8 (C), 168.7 (C), 136.5 (CH),
136.2 (CH), 134.0 (CH), 118.4 (CH2), 87.7 (C), 80.5 (CH), 59.0
(CH), 53.5 (CH), 31.6 (CH2), 27.0 (CH2), 26.3 (CH2), 23.0 (CH2)
ppm.

(1S,4R)-Diisopropyl 1-{(E)-8-[(1R,4S)-2,3-Bis(isopropoxycarbonyl)-
7-oxa-2,3-diazabicyclo[2.2.1]hept-5-en-1-yl]oct-4-enyl}-7-oxa-2,3-di-
azabicyclo[2.2.1]hept-5-ene-2,3-dicarboxylate (28): According the
general procedure for metathesis, the title compound was isolated
as a yellow oil (36%). 1H NMR (300 MHz, CDCl3): δ = 6.98 (s br,
2 H, CH=CH), 6.11 (s br, 2 H, CH=CH), 5.88 [d, J(H,H) = 3.1 Hz,
2 H, CH-O], 5.34–5.32 (m, 2 H, CH=CH), 4.94–4.86 [m, 4 H,
CH(CH3)2], 2.49 [t, J(H,H) = 7.6 Hz, 4 H, C-CH2], 1.97–1.93 (m,
4 H, CH-CH2), 1.60 [quint, J(H,H) = 7.1 Hz, 4 H, CH2-CH-CH2],
1.20 [d, J(H,H) = 7.1 Hz, 12 H, CH(CH3)2], 1.17 [d, J(H,H) =
7.1 Hz, 12 H, CH(CH3)2] ppm. 13C NMR (75 MHz, CDCl3): δ =
153.6 (C), 145.4 (C), 130.6 (CH), 130.1 (CH), 106.8 (CH), 105.4
(CH), 71.8 (CH), 70.4 (CH), 32.2 (CH2), 28.0 (CH2), 27.8 (CH2),
22.4 (CH3), 22.2 (CH3) ppm. HRMS (ESI): m/z: calcd. for
C32H48N4O10 + Na: 671.3268 [M+ + Na]; found 671.3260.

(1S,3R,3aR,6aS)-5-Phenyl-3-[(E)-prop-1-enyl]-2�,3,3a,6�-tetrahydro-
spiro[furo[3,4-c]pyrrole-1,3�-pyran]-4,6(5H,6aH)-dione (32): Accord-
ing to the general procedure for metathesis, the title compound was
isolated as a white solid (93%). 1H NMR (300 MHz, CDCl3): δ =
7.42–7.29 (m, 3 H, HPh), 7.26–7.14 (m, 2 H, HPh), 5.93 [dt, J(H,H)
= 10.2 and 2.3 Hz, 1 H, C-CH=CH], 5.84–5.75 (m, 2 H, Me-
CH=CH and CH=CH-C), 5.51 [ddq, J(H,H) = 15.2, 6.8 and
1.6 Hz, 1 H, CH=CH-Me], 4.61 [t, J(H,H) = 5.8 Hz, 1 H, CH-O],
4.05 [qt, J(H,H) = 9.2 and 2.4 Hz, 2 H, CH-CH2-O], 3.89 [d,
J(H,H) = 11.9 Hz, 1 H, CH-CO], 3.75 [dd, J(H,H) = 11.9 and
0.7 Hz, 1 H, CH-CO], 3.43 [dd, J(H,H) = 9.2 and 4.9 Hz, 1 H, C-
CH2-O], 3.35 [d, J(H,H) = 9.2 Hz, 1 H, C-CH2-O], 1.67 [dd,
J(H,H) = 6.5 and 0.8 Hz, 1 H, CH3] ppm. 13C NMR (75 MHz,
CDCl3): δ = 175.3 (C), 173.0 (C), 131.5 (C), 130.5 (CH), 130.1
(CH), 129.8 (CH), 129.5 (CH), 129.3 (CH), 128.8 (CH), 128.0
(CH), 126.4 (CH), 80.8 (CH), 79.2 (C), 68.0 (CH2), 65.0 (CH2),
53.9 (CH), 53.1 (CH), 17.8 (CH3) ppm. HRMS (ESI): m/z: calcd.
for C19H19NO4 + Na: 348.1212 [M+ + Na]; found 348.1201.

Dispiro Compound 34: Following the general procedure for metath-
esis, the title compound was isolated as a white solid (58%). 1H
NMR (300 MHz, CDCl3): δ = 7.50–7.46 (m, 2 H, HPh), 7.44–7.39
(m, 1 H, HPh), 7.34–7.30 (m, 2 H, HPh), 5.99 [dt, J(H,H) = 10.2 and
3.6 Hz, 2 H, CH2-CH=CH], 5.66 [dt, J(H,H) = 10.2 and 2.0 Hz, 2
H, C-CH=CH], 3.51 (s, 2 H, CH-CO), 2.13–2.07 (m, 4 H, CH2),
2.03–1.96 (m, 4 H, CH2) 1.92–1.81 (m, 4 H, CH2) ppm. 13C NMR
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(75 MHz, CDCl3): δ = 174.0 (C), 131.9 (CH), 131.7 (C), 129.1
(CH), 128.6 (CH), 128.3 (CH), 126.2 (CH), 83.5 (C), 57.2 (CH),
39.1 (CH2), 24.5 (CH2), 19.7 (CH2) ppm. HRMS (ESI): m/z: calcd.
for C22H24NO3 + H: 350.1756 [M+ + H]; found 350.1755.

1,5a,6,6a,9,11,11a,11b-Octahydro-3H-oxepino[4�,3�:4,5]cyclopenta-
[1,2-c]oxepine (36):[6a] Following the general procedure for metathe-
sis, the title compound was isolated as a colorless oil (73%). 1H
NMR (300 MHz, CDCl3): δ = 5.51 [ddt, J(H,H) = 12.3, 4.8 and
2.0 Hz, 2 H, CH-CH=CH], 5.34–5.27 (m, 2 H, CH=CH-CH2), 4.20
[ddt, J(H,H) = 17.0, 3.5 and 2.0 Hz, 2 H, CH=CH-CH2-O], 4.20
[dq, J(H,H) = 17.0 and 2.4 Hz, 2 H, CH=CH-CH2-O], 3.81 [dd,
J(H,H) = 12.2 and 3.7 Hz, 2 H, CH-CH2-O], 3.48 [dd, J(H,H) =
12.9 and 9.3 Hz, 2 H, CH-CH2-O], 2.78–2.71 (m, 2 H, CH-CH2-
CH), 2.58–2.50 (m, 2 H, CH2-CH-CH-CH2), 2.15 [dt, J(H,H) =
12.2 and 7.3 Hz, 1 H, CH-CH2-CH], 1.33 [q, J(H,H) = 12.2 Hz, 1
H, CH-CH2-CH] ppm. 13C NMR (75 MHz, CDCl3): δ = 130.9
(CH), 126.4 (CH), 71.2 (CH2), 69.5 (CH2), 47.0 (CH), 41.6 (CH2),
41.4 (CH2) ppm.

(2R,2�S)-5,5�,6,6�-Tetrahydro-2H,2�H-2,2�-bipyran (40):[6a] Follow-
ing the general procedure for metathesis, the title compound was
isolated as a yellow oil (96%). 1H NMR (300 MHz, CDCl3): δ =
5.92–5.87 (m, 2 H, CH=CH), 5.70–5.65 (m, 2 H, CH=CH), 4.09
[d, J(H,H) = 1.1 Hz, 2 H, CH-O], 4.00 [dd, J(H,H) = 11.2 and
5.5 Hz, 2 H, CH2], 3.62 [dt, J(H,H) = 10.6 and 3.8 Hz, 2 H, CH2],
2.35–2.23 (m, 2 H, CH2), 1.88–1.81 (m, 2 H, CH2) ppm. 13C NMR
(75 MHz, CDCl3): δ = 126.51 (CH), 126.49 (CH), 76.2 (CH), 64.1
(CH2), 25.2 (CH2) ppm.

2-Methyl-3-(pent-4-enyl)-2-phenyl-2,5-dihydrofuran (42): Following
the general procedure for metathesis, the title compound was iso-
lated as a colorless oil (93%). 1H NMR (300 MHz, CDCl3): δ =
7.30–7.22 (m, 4 H, HPh), 7.19–7.16 (m, 1 H, HPh), 5.70–5.62 (m, 1
H, CH=CH2), 5.46 [t, J(H,H) = 1.7 Hz, 1 H, CH=C], 4.90–4.82
(m, 2 H, CH2=CH), 4.72 (m, 2 H, CH2-O), 1.98–1.90 (m, 2 H,
CH2), 1.88–1.81 (m, 1 H, CH2), 1.67–1.64 (m, 1 H, CH2), 1.60 (s,
3 H, CH3

Me) 1.52–1.39 (m, 2 H, CH2) ppm. 13C NMR (75 MHz,
CDCl3): δ = 147.1 (C), 145.3 (C), 138.4 (CH), 128.1 (CH), 127.1
(CH), 125.7 (CH), 118.0 (CH), 114.8 (CH2), 91.4 (C), 73.9 (CH2),
33.4 (CH2), 26.9 (CH2), 25.7 (CH2), 24.2 (CH2) ppm.

3-(Pent-4-enyl)-1-tosyl-2,5-dihydro-1H-pyrrole (44): Following the
general procedure for metathesis, the title compound was isolated
as a colorless oil (70%). 1H NMR (300 MHz, CDCl3): δ = 7.72 [d,
J(H,H) = 8.0 Hz, 2 H, HAr], 7.33 [d, J(H,H) = 8.0 Hz, 2 H, HAr],
5.81–5.67 (m, 1 H, CH=CH2), 5.28–5.25 (m, 1 H, CH=C), 5.00–
4.94 (m, 2 H, CH=CH2), 4.11–4.07 (m, 2 H, CH-CH2-N), 4.02–
3.97 (m, 2 H, C-CH2-N), 2.43 (s, 3 H, CH3), 1.98 [q, J(H,H) =
7.0 Hz, 4 H, CH2], 1.47 [quint, J(H,H) = 7.6 Hz, 4 H, CH2] ppm.
13C NMR (75 MHz, CDCl3): δ = 143.4 (C), 139.4 (C), 138.0 (CH),
134.2 (C), 129.8 (CH), 127.4 (CH), 118.1 (CH), 115.0 (CH2), 56.5
(CH2), 55.1 (CH2), 33.2 (CH2), 27.9 (CH2), 26.3 (CH2), 21.5 (CH3)
ppm. HRMS (ESI): m/z: calcd. for C16H21O2 + Na: 314.1191 [M+

+ Na]; found 314.1182.

5-(Pent-4-enyl)-1-tosyl-1,2,3,6-tetrahydropyridine (46): Following
the general procedure for metathesis, the title compound was iso-
lated as a colorless oil (95 %). 1H NMR (300 MHz, CDCl3): δ =
7.61 [d, J(H,H) = 8.0 Hz, 2 H, HAr], 7.25 [d, J(H,H) = 8.0 Hz, 2
H, HAr], 5.76–5.62 (m, 1 H, CH=CH2), 5.37 (s br, 1 H, CH=C),
4.94–4.88 (m, 2 H, CH=CH2), 3.76 [d, J(H,H) = 2.0 Hz, 1 H, C-
CH2-N], 3.04 [t, J(H,H) = 5.7 Hz, 2 H, CH2-CH2-N], 2.36 (s, 3 H,
CH3), 2.13–2.08 (m, 2 H, CH2), 1.97–1.83 (m, 4 H, CH2), 1.44–
1.34 (m, 4 H, CH2) ppm. 13C NMR (75 MHz, CDCl3): δ = 143.5
(C), 138.3 (CH), 133.8 (C), 133.3 (C), 129.7 (CH), 127.7 (CH),
119.0 (CH), 114.9 (CH2), 47.2 (CH2), 42.8 (CH2), 34.1 (CH2), 33.3
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(CH2), 26.7 (CH2), 25.1 (CH2), 21.6 (CH3) ppm. HRMS (ESI): m/z:
calcd. for C17H23O2 + Na: 328.1335 [M+ + Na]; found 328.1347.

3-(Hex-5-enyl)-1-tosyl-2,5-dihydro-1H-pyrrole (48): Following the
general procedure for metathesis, the title compound was isolated
as a white solid (57%). 1H NMR (300 MHz, CDCl3): δ = 7.64 [d,
J(H,H) = 8.2 Hz, 2 H, HAr], 7.24 [d, J(H,H) = 8.2 Hz, 2 H, HAr],
5.74–5.60 (m, 1 H, CH=CH2), 5.19–5.15 (m, 1 H, CH=C), 4.93–
4.84 (m, 2 H, CH=CH2), 4.03–3.98 (m, 2 H, CH-CH2-N), 3.94–
3.90 (m, 2 H, C-CH2-N), 2.35 (s, 3 H, CH3), 1.97–1.89 (m, 4 H,
CH2), 1.33–1.20 (m, 4 H, CH2) ppm. 13C NMR (75 MHz, CDCl3):
δ = 143.4 (C), 139.6 (C), 138.5 (CH), 134.2 (C), 129.8 (CH), 127.4
(CH), 118.0 (CH), 114.6 (CH2), 56.5 (CH2), 55.1 (CH2), 33.4
(CH2), 28.5 (CH2), 28.4 (CH2), 26.6 (CH2), 21.6 (CH3) ppm.
HRMS (ESI): m/z: calcd. for C17H23NO2S + Na: 328.1347 [M+ +
Na]; found 328.1341.

N,N�-(But-2-ene-1,4-diyl)bis[N-(cyclohex-3-enylmethyl)-4-methyl-
benzenesulfonamide] (50): Following the general procedure for me-
tathesis, the title compound was isolated as a white solid (48%).
1H NMR (300 MHz, CDCl3): δ = 7.58 [d, J(H,H) = 8.0 Hz, 4 H,
HTs], 7.22 [d, J(H,H) = 8.0 Hz, 4 H, HTs], 5.62–5.51 (m, 4 H,
CH=CHCy), 5.28–5.27 (m, 2 H, CH=CH), 3.60 [d, J(H,H) =
4.7 Hz, 4 H, CH2-CH-CH2], 2.86 [d, J(H,H) = 7.4 Hz, 4 H, CH2-
CH=CH], 2.35 (s, 3 H, CH3

Ts), 2.03–1.91 (m, 6 H, CH2), 1.87–
1.60 (m, 6 H, CH2), 1.18–1.04 (m, 2 H, CH-CH2) ppm. 13C NMR
(75 MHz, CDCl3): δ = 143.3 (C), 136.8 (C), 133.2 (CH), 129.7
(CH), 129.4 (CH), 127.2 (CH), 127.1 (CH), 125.5 (CH), 52.9 (CH2),
49.7 (CH2), 32.0 (CH), 29.3 (CH2), 26.1 (CH2), 24.5 (CH2), 21.5
(CH3) ppm. HRMS (ESI): m/z: calcd. for C32H42N2O4S2 + Na:
605.2484 [M+ + Na]; found 605.2479.

Bis(cyclopentenylmethyl) Oct-4-ene-1,8-dioate (52): According to
the general procedure for metathesis, the title compound was iso-
lated as a colorless oil (46%). 1H NMR (300 MHz, CDCl3): δ =
5.60–5.57 (m, 2 H, CH=C), 5.42–5.39 (m, 2 H, CH=CH), 4.56 [d,
J(H,H) = 1.0 Hz, 2 H, CH2-O], 2.35–2.20 (m, 16 H, CH2), 1.90–
1.85 (m, 4 H, CH2) ppm. 13C NMR (75 MHz, CDCl3): δ = 172.9
(C), 139.1 (C), 129.5 (CH), 129.0 (C), 128.6 (CH), 63.2 (CH2), 34.2
(CH2), 32.9 (CH2), 32.4 (CH2), 27.9 (CH2), 23.3 (CH2) ppm.
HRMS (ESI): m/z: calcd. for C20H28O4 + Na: 355.1885 [M+ + Na];
found 355.1872.

7,7�-[But-2-ene-1,4-diylbis(oxy)]bis(methylene)bis[4-methyl-2-
phenyl-3a,4,7,7a-tetrahydro-1H-isoindole-1,3(2H)-dione] (54): Ac-
cording to the general procedure for metathesis, the title compound
was isolated as a white solid (47%). 1H NMR (300 MHz, CDCl3):
δ = 7.47 [dd, J(H,H) = 14.3 and 1.6 Hz, 2 H, OCH2-CH=CH-
OCH2], 7.42–7.30 (m, 6 H, HPh), 7.12–7.07 (m, 4 H, HPh), 5.55 [dt,
J(H,H) = 10.0 and 2.0 Hz, 1 H, CH=CH], 5.41 [dt, J(H,H) = 10.0
and 2.8 Hz, 1 H, CH=CH], 4.38–4.25 (m, 4 H, CH2-O), 3.41 [t,
J(H,H) = 8.9 Hz, 2 H, CH2-O], 3.14–3.06 (m, 2 H, CH-CH-CO),
2.97 [dd, J(H,H) = 10.3 and 8.2 Hz, 2 H, CH-CH-CO], 2.52–2.44
(m, 2 H, CH-CH-CO), 2.20 [dd, J(H,H) = 10.3 and 8.6 Hz, 2 H,
CH-CH-CO], 1.55 [dd, J(H,H) = 6.8 and 1.6 Hz, 4 H, CH2-O],
0.86 [d, J(H,H) = 7.2 Hz, 6 H, CH3-CH] ppm. 13C NMR (75 MHz,
CDCl3): δ = 177.1 (C), 170.4 (C), 138.9 (C), 135.1 (CH), 129.6
(CH), 129.2 (CH), 128.7 (CH), 128.2 (CH), 111.0 (CH), 71.6 (CH2),
41.7 (CH), 41.2 (CH), 35.6 (CH), 33.4 (CH), 19.6 (CH3), 15.3
(CH3) ppm.

2-Tosyl-1,2,3,4,5,6-hexahydrocyclohepta[c]pyrrole (56):[6e] Accord-
ing to the general procedure for metathesis, the title compound was
isolated as a yellow solid (31%). 1H NMR (300 MHz, CDCl3): δ =
7.65 [d, J(H,H) = 8.3 Hz, 2 H, HAr], 7.25 [d, J(H,H) = 8.3 Hz, 2
H, HAr], 5.76 [dt, J(H,H) = 11.3 and 5.5 Hz, 1 H, CH2-CH=CH],
5.45 [d, J(H,H) = 11.3 Hz, 1 H, C-CH=CH], 4.03 (s, 4 H, CH2-N),
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2.36 (s, 3 H, CH3), 2.23 [q, J(H,H) = 5.9 Hz, 2 H, CH2], 2.13 [t,
J(H,H) = 5.9 Hz, 2 H, CH2], 1.70 [quint, J(H,H) = 5.9 Hz, 2 H,
CH2-CH2-CH2] ppm. 13C NMR (75 MHz, CDCl3): δ = 143.4 (C),
134.8 (CH), 134.3 (C), 134.1 (C), 129.8 (CH), 127.6 (CH), 127.3
(C), 120.5 (CH), 59.8 (CH2), 58.5 (CH2), 30.6 (CH2), 29.5 (CH2),
23.4 (CH2), 21.6 (CH3) ppm.

3-[3-(Prop-1-en-2-yl)hex-5-enyl]-1-tosyl-2,5-dihydro-1H-pyrrole (58):
Following the general procedure for metathesis, the title compound
was isolated as a white solid (35%). 1H NMR (300 MHz, CDCl3):
δ = 7.64 [d, J(H,H) = 8.2 Hz, 2 H, HTs], 7.24 [d, J(H,H) = 8.2 Hz,
2 H, HTs], 5.63–5.52 (m, 1 H, CH=CH2), 5.17–5.16 (m, 1 H,
CH=C), 4.94–4.90 (m, CH2=C), 4.88–4.87 (m, 1 H, CH2=C), 4.68–
4.66 (m, 1 H, CH2=CH), 4.54–4.43 (m, 1 H, CH2=CH), 4.02–3.99
(m, 2 H, CH2-NTs), 3.91–3.89 (m, 2 H, CH2-NTs), 2.35 (s, 3 H,
CH3

Ts), 2.00–1.78 (m, 5 H, CH2-CH2-CH and CH2-CH), 1.49 (s, 3
H, CH3-C=CH2), 1.40–1.30 (m, 2 H, CH2-CH2-CH) ppm. 13C
NMR (75 MHz, CDCl3): δ = 146.7 (C), 143.8 (C), 140.0 (C), 137.3
(CH), 134.7 (C), 130.1 (CH), 127.9 (CH), 118.3 (CH), 116.0 (CH2),
112.6 (CH2), 56.9 (CH2), 55.5 (CH2), 47.0 (CH), 38.5 (CH2), 30.2
(CH2), 26.8 (CH2), 21.9 (CH3), 18.7 (CH3) ppm. HRMS (ESI): m/z:
calcd. for C20H27NO2S + H: 346.1841 [M+ + H]; found 346.1854.

Supporting Information (see also the footnote on the first page of
this article): Synthetic procedures, additional catalytic results and
compound characterization details.
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