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ABSTRACT:

A latent Ru olefin metathesis catalyst bearing @lating ligand with an azoxybenzene fragment
was obtained and characterized. The complex wasivean the ring closing metathesis (RCM)
reaction of a standard test diene: diethyl dialpliomate at room temperature but can be
subsequently activated by elevated temperatureéo(@00 °C). The lack of activity of this azoxy
catalyst in RCM of dienes containing terminal C-@uble bonds at room temperature and high
activity in ring opening metathesis polymerizatigROMP) of bicyclo[2.2.1]hept-2-ene
(norbornene, NBE) permitted the ROMP of the chalieg monomer: 5-vinyl-2-norbornene

yielding soluble polymers with cyclopentenylenev@mne chains with vinyl pendant groups.
KEYWORDS: Olefin metathesis, ring opening metatbgslymerisation (ROMP), ruthenium

Introduction

Olefin metathesis is widely used as a synthetichodlogy in various fields, including
synthetic organic chemistry [1], polymer chemiq®)3], biochemistry [4], and materials science
[5]. The application of olefin metathesis in théiséds has been facilitated by the development of

various increasingly sophisticated and specialsgdlysts tailored to the requirements of these



applications. Due to the huge interest in olefintatiesis, new catalysts are continually
developed and the latest trends focus on the dewelot of latent type of metathesis catalysts
(Figure 1).

Figure 1. Grubbs-Hoveyda cataly$tand selected latent catalysts for olefin metathesis

The “latent” catalysts are of great importancehe polymer chemistry since it is possible to
effectively admix the catalyst in bulk monomer &astdre until a metathesis reaction is desired
[6]. The trigger for initiation can be heat [7]ghit [8], chemical activation [9] or ultrasound [10]
The use of chelating carbene ligands at the rutinerdentre is the most promising approach to
synthesis of a latent catalyst [5a]. Such chelaliggnds are bidentate and stabilize the resting
state of the catalyst at room temperature whilelavated temperature a coordination site is
vacated. The group of Van der Schaaf describednibrawitchable ruthenium complex with 2-
pyridylethanyl-carbene ligand [11], the Lemcoff a@dela groups presented latent metathesis
initiators with a chelating quinoline, sulfoxideyl®ne and benzylidene thioether ligands [12].

Recently, Sashuk presented a thermo- and photatsatite ruthenium initiator witN-chelating



azo benzene moiety, which coordinates to the rughethrough either of the two nitrogen atoms
[13].

Ring opening metathesis polymerization (ROMP) ioagithe polymerization techniques of
choice, affording polymers exhibiting tailored cheteristics [2]. Moreover, ROMP mediated by
Ru carbene initiators is reliable, flexible and dtional-group tolerant. Highly strained
norbornene and its derivatives are the most comynasgéd monomers for ROMP mainly due to
its commercial availability or accessibility via ds-Alder reaction. Despite ROMP becoming a
valuable method for the synthesis of structuratcise polymers, relatively little is known about
ROMP of norbornene-type monomers containing vingleties. In this case it is conceivable that
the monomers with vinyl groups can also participateross-metathesis reaction, which might
complicate the polymerization process leading tarsoluble cross-linked polymer. This may
especially be true in the presence of a more nea€rubbs-Hoveyda catalysts. Up to now, the
poly(5-vinyl-norbornene) polymers with unsaturatedin chain and vinyl pedant groups were
achieved almost exclusively with less active W- &Aldased initiators [14-18]. According to our
best knowledge, there is only one example of ROMP-ginyl-2-norbornene mediated by
Grubbs-Hoveyda type Ru alkylidene complex leadimgsdluble polymers unfortunately with
high polydispersity indexes (PDI = 4.6 - 8.5) [19].

In the search for new architectures of potentidhgrmo-switchable ruthenium-alkylidene
complexes we turned our attention to the relativelgxplored class of azoxybenzeridsrein,
we report the synthesis of new ruthenium comd#&with azoxybenzene ligand, its structural
characterization and thermo-switchability asses$nmea model ring closing metathesis (RCM)
reaction of diethyl diallylmalonate. Finally ringpening metathesis polymerization (ROMP) of
norbornene and its vinyl derivative is describeemdnstrating the potential usefulness of the

newly obtained complex.
Results and discussion

Synthesis of the catalyst
The synthesis of the desired 2-vinylnitrosobenzprecursor was planneda a two step
reaction starting from commercial 2-bromoanilinen the first step, the 1-bromo-2-

nitrosobenzene dimes was synthesized from 2-bromoaniline in 83% yietdaading to the



literature [20] by an oxidation with Oxone® in axtre of dichloromethane (DCM) and water
(Scheme 1).

Br Oxone, Br o
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Scheme 1. Synthesis of 2-bromonitrosobenzene dimer.

Next, we attempted to install the vinyl moiety torrh a precursor for a chelating azoxy-
benzylidene ligand. Despite our efforts, we werpahle to obtain the desired 2-
vinylnitrosobenzene 7). Instead we observed formation of a number oftigdr reduced
compounds (Scheme 2). After some experimentatienyere able to establish conditions for the
tandem vinylation-reduction yielding vinyl derivei8 as the major product. Interestingly, only
this isomer was formed, i.e. the isomer with theyligroup exclusively installed at the NQ)
bearing benzene ring. In this reaction bronideas reacted with 1.5 eq. tributyl(vinyl)tin in the
presence of catalytic amount of Pd(BRI5 mol%) in a toluene (Scheme 2) leadin@to 28%
yield. As a byproduct (up to 6% of the yield) inisttreaction compoundO was isolated.
Surprisingly, the reaction of 2-bromonitrosobereaiith 1.1 eq. or 2.0 eq. of the vinyl donor did
not work any better and we observed only the foionabf compound® (49% of yield). To our
knowledge this is the first example of the reductmf a nitrosobenzene to a azoxybenzene

derivative with an organic tin compound under 8titaction conditions.
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Scheme 2. Synthesis of ligand precurs@r

Due to the difficulty of synthesizin@, we opted to test another design of the chelafng
complex, derived from compour@l We considered two possible modes of chelatianeither
N- andO-chelates. To test this ligand precurBavas reacted with™-generation Grubbs catalyst
[RuCly(PCy)(SIMes)(CHPh)] in the presence of CuCl, used gshasphine scavenger. After
‘carbene exchange’, flash chromatography yieldeoriek-red colored microcrystalline solid,

later characterized as compoutidin 48%.
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Scheme 3. Synthesis of compleXl with azoxybenzene motif.

Compoundll was found to be perfectly stable at room tempeeatnd can be handled under air

for a long periods of time (6-12 months).



The complex was characterized ty and™*C NMR spectra. It contains ¥-chelating
azoxybenzene motif which coordinates to the ruti@ncenter through both the nitrogen and
benzylidene carbene forming a six-membered chelateplex. The NMR spectra exhibited the
characteristic features for @ symmetric compound witltrans dichloro geometry [12e]. The
benzylidene proton gave a singletsat7.9 ppm in"H NMR and the corresponding carbon was
found ats 303 ppm in"*C NMR, almost the same as those reported for ttieenium carbene
complex5 bearing azobenzene functionality [13]. For the lgata with chelating carbene ligands
based on imines the corresponding proton was famride range 18.4-18.7 ppm, while the
NMR spectra shows the alkylidene carbon shiftedrdmhd (341-343 ppm) [7a].

X-ray Crystallographic Sudies

A single crystal of compountil suitable for X-ray diffraction studies was grown+&°C from
a trichloromethanethexane solution. This allowed us to confirm thelenolar assignment of
the novel catalyst unambiguougligure 2). Important bond lengths and angles @ifohnd in
the captions of Figure 2. Further crystallograptetails are given in the Supporting Information.
X-Ray crystal structure analysis reveals that gatall is a five-coordinate monomeric
ruthenium complex chelated by a bromo substituteokygbenzene ligand. The coordination
geometry of ruthenium center is a distorted sqpgramid the apex of which is formed by the
carbene atom C(4) with Ru—C bond of 1.826(2) A. Bhse of the square pyramid is formed by
the two chloro ligands Cl(1) and CI(2) in a mutyditans arrangement while the remaining
coordination sites are occupied by the C(1) atonthefNHC ligand and azoxy nitrogen N(3).
Azoxy ligand is twisted with a dihedral angle of6106° between the two aromatic rings and is
bound via a dative interaction through the nitrodene pair with Ru(1)-N(3) distance of
2.088(2) A. The N(3)-N(4) distances of 1.297(2) r& &pical N-N bond lengths in coordinated
azoxy molecules (1.279-1.312 A) [21i]is noteworthy that the open side of the Ru cowation
is comparatively crowded by the presence of th&bphenyl rings. However, in comparison to
earlier presented thermally triggered rutheniumalgats [7, 22], the geometry dfl is quite
unique. The molecular structure of the azoxy ligandrdinates metal center simultaneously by
carbene atom C(4) and additional nitrogen donor).N{Zeems, that the neutral nitrogen donor
could be reversible exchange in a metathesis mFectivithout reorganisation coordination sphere
around the metal centre. This should allow to axtles ruthenium active site relatively easy and

altered its chemical activity as catalyst.



Figure 2. The molecular structure dfl (thermal ellipsoids at 50% probability level; hgden
atoms and co-crystallized CHCmolecule omitted for clarity); selected bond ldrsg(A) and
angles (°): Ru(1)-CI(1) 2.3632(5), Ru(1)-CI(2) B36), Ru(1)-N(3) 2.088(2), Ru(1)-C(1)
2.054(2), Ru(1)-C(4) 1.826(2), C(4)—-C(5) 1.450(8)3)-N(4) 1.295(2), N(4)-O(1) 1.257(2),
Cl(1)-Ru(1)-Cl(2) 164.88(2), C(1)-Ru(1)-N(3) 16970 C(4)-Ru(1)-N(3) 89.15(8),
C(5)-C(4)-Ru(1) 124.76(14).

Catalytic Performance Tests

The activity of complexX1 was evaluated by employing standard tests for timetés catalysts.
Thus, catalytic performance dfl was investigated in the ring closing metathesi€NR of
diethyl diallyimalonate (DEDAM) and the ring opegimetathesis polymerization (ROMP) of
norbornene 14) (Scheme 4). These reactions were selected bethegere representative of

processes of interest to the organic and polymemdtry communities.
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Scheme 4. RCM of diethyl diallylmalonatel@) and ROMP of norbornené4) mediated byl 1.



Firstly, the RCM of DEDAM was examined at differef@mperatures in toluene under air
(Figure 3). In a demonstration of the latent natfrthe azoxybenzene catalyst the RCM reaction
of DEDAM was monitored by NMR at 25°C for a one hoduring this time no metathesis
product 13 was detected. Even for longer reaction time tlok laf catalyst activity was still
observed. However, its activity was dramaticallgreased at elevated temperatures. At a catalyst
loading of 1.0 mol % the produ&8 was achieved in conversion 60% at 80°C and 81%@RCL
after 60 minutes. Extension of the reaction timeap0 minutes resulted in conversion 16% at
40 °C and 99% at 80°C (see the Supporting Infoonti
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Figure 3. Conversion-time diagram for the RCM of diethylldimalonatel2 (0.1 M) in
toluene with 1 mol% catalyst.

It is noteworthy that despite of such extreme lieaatonditions (toluene 100°C) catalyst solution
remained almost unchanged orange colour, whichcae$ that the catalyst is still active.
Nitrogen containing ligands are strong electronatan the ruthenium complex, which explains
high initiation temperature (80°C-100°C) for thdaatgst. Slugovcet al. [23] have previously
shown that in the case of nitrogen donor ligangdshnembered ring size are more stable than 5-

membered increasing the precatalyst stability artzhtion.

Due to the importance of precatalyst latency forMED we decided to investigate latent
catalystl1 with highly strained ROMP monomer, norbornei¥) (as detailed in Table 1.



Table 1. ROMP ofi4 and15 initiated by complex1.

monomer 11

) % solvent time (h) Conv (%) M, PDP  cisltrans’
14 1 DCM 3 100 20639  1.29 61/39
14 1 toluene 1 100 18923 1.21 59/41
14 0.33 toluene 2 100 32046 1.10 65/35
14 0.1 toluene 5 95 19 240 1.20 58/42
15 1 toluene 6 gb 9917  3.21 -

15 0.1 toluene 24 g1 10322  3.10 -

Reaction conditions: [M] = 0.1 mol-din RT; ® conversion determined byH NMR;
b determined by GPC in THF relative to polystyretiandard;® cistrans double bonds of
poly(14) calculated frontH NMR; 9 yield calculated based on the weight of pbb)(

Not surprisingly, the monomer was polymerized lagdpoly(NBE)s with the molecular
weights M,) and polydispersities (PDI) in a range of 32 069 000 g/mol and 1.10 to 1.29,
respectively. The higher than expectdd of poly(NBE)s and the lack of a linear relationshi
between thévin of the polymers and thé&4]/[ 11] ratio suggests high propagation rates and slow
initiation rates as well as competing chain-transéactions [24]. In fact, monitoring Bi# NMR
spectroscopy the ROMP &# (100 equivalents) in the presence of the azoxyeazatalyst in
deuterated benzene at room temperature shows ¢keofapropagating species and very low
conversion of initiator. Moreover, alkylidene progoof propagating species were not detectable
during this reaction.

The cig/trans ratio of the obtained poly(NBE) by using the invgsted initiator1l is c.a.
60/40 regardless of solvent used, which is typfoal2" generation Grubbs initiators bearing
SIMes ligand [25-27].

The complete lack of activity of the new catalystRCM toward terminal C-C double bonds,
and at the same time its high activity in ROMP @&Hat room temperature inspired us to test
the complex activity in ROMP of 5-vinyl-2-norborree(i5, Scheme 5).
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Scheme 5. ROMP reaction 5-vinyl-2-norbornen#s) mediated byl1.

First the reaction of5 mediated by catalydtl in CsDg at room temperature was followed by
means of'H NMR spectroscopy, in order to provide some infation about the initiator’s
activity toward vinyl group of the monomer. Duritige reaction, the disappearance of signals
arising from the internal olefinic protons ¥ and the emergence of signals characteristic ®r th
vinylene protons of polymer chain &t5.24 ppm were observed. Simultaneously, the vinyl
protons signals ai 5.74 and 4.81 ppm were left intact, indicatingt tttee complex11 reacts
selectively with the internal C-C double bond oé thirained bicycle. Careful investigation of
alkylidene region (above 20 ppm) revealed that braalount of the catalyst rearranges to
propagating species, as in the case of ROMElof

The catalytic polymerization reactions ¥ in the presence of different ratios df were then
studied and the results are detailed in Table lodrosatisfaction, in the presence of compléx
the polymerization occurs smoothly at room tempeeagiving polymers soluble in common
organic solvents. Reducing the catalyst’s loadeeaglito the ROMP reaction requiring a longer
time to complete. Not surprisingly, the initiataroduced poly(5) with a broad polydispersites
(3.10 — 3.21) due to chain-transfer reactions [Mwever, the obtainet, are similar and

polydispersities are lower in comparison with pofysiprepared by Balcar et al [19].

In order to confirm the structure of the pdl§{ *H NMR and IR spectra were measured (see
Supplementary Information, Figures S2 and S3)hét NMR spectrum two broad signalsét
5.68 and 4.86 ppm arising from the vinyl protond ansignal at 5.19 ppm due to the olefinic
protons in the polymer chain were observed indicpthat the pendant vinyl group was left intact
(Fig. S2) [14]. From'H NMR spectrum it is possible to estimate if anyyigroups were
consumed. For this, the integration ratio of resaea due to vinyl protons &t4.86 ppm (2H)

and aliphatic protons (7H) in a range of 3.2 ar@ifpm was calculated giving a value of 2/7.2.

10



Such good agreement between theoretical and ctdduiategration ratio supports the lack of
pendant vinyl groups metathesis in the presencemplex11.

Thecig/trans double bond ratio in the polymer chain couldn’tdssessed due to the overlap of
their respective signals with one other [14]. HoeMR spectroscopy can permit us to draw
some conclusions concerning the microstructurehef polymer (Fig. S3). The spectrum of
poly(15) exhibits three bands for the pendant vinyl group®e at 1639 cih assigned to the
stretching vibration(C=C) and the two other at 993 and 907 canising from the deformation
vibration §(H-C=). This is in close agreement with the resalisained fromtH NMR spectrum
of poly(15). Comparing the IR spectra of pdl$) and poly(4) obtained under the same
conditions, the occurrence of bands at 966 andci88indicating olefinic deformatiosi(H-C=)
of trans andcis olefinic units in polymer chain was observed [28]ggesting thatis/trans ratio

of both polymers are similar.
Conclusions

In conclusion, we have developed, partially on eersgipitous way, a new latent catalyst
system derived from Grubb$%catalyst bearing chelating azoxybenzene ligané @mplex
was inactive in RCM reaction at room temperaturedan be subsequently activated by elevated
temperature. Under such conditions, the studiedptemwas efficient in RCM, had a short
initiation period, and led for the reaction under @omplex11 readily polymerised norbornene
at room temperature. The lack of activity of théabst in RCM and high activity in ROMP of
NBE at room temperature allowed us to successigatyy out ROMP reactions of 5-vinyl-2-
norbornene. Metathesis occurs selectively at thernal olefin yielding soluble polymers with
cyclopentenylenevinylene main chains with vinyl gant groups. The apparently lack of cross-
linking leaves vinyl pedant groups intact, ripe florther elaboration.

We are continuing to explore the utility of theelat catalystll in the development of new

high temperature polymerization applications.
Experimental section

All reagents were purchased from Sigma-Aldrich,e®tr TCl and Alfa Aesar chemical
companies and used without further purificationlu€oe was distilled over potassium under

atmosphere of argon. GBI, and 5-vinyl-2-norbornenel$) (95%, mixture ofendo and exo,

11



Sigma-Aldrich) were dried and distilled from Caldnd stored under inert atmosphere. For
testing the activity of catalyst in RCM HPLC grast#vents (Aldrich), CHCIl, and toluene were
used as received. Analytical thin-layer chromatpgya(TLC) was performed using silica gel 60
F.s4 precoated plates (0.25 mm thickness) with a fleceat indicator. Visualization of TLC
plates was performed by UV light either KMp®©r [, stains. Flash chromatography was
performed using silica gel 60 (230-400 mesh). NMigcsra were recorded on Agilent 400-MR
DD2 400 MHz, Bruker AMX-300 or Avance-500 MHz speeheters. NMR chemical shifts are
reported in ppm, and referred to residual solvestkpat 7.26 ppm and 77.16 ppm ferand**C
in CDChk, 5.32 and 53.84 ppm foH and °C in CD,Cl,, 2.50 ppm and 39.52 ppm foH
respectively. The following abbreviations are udadreporting NMR data: s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplethr (broad). Coupling constantg) (are in Hz.
Spectra are reported as follows: chemical shift dgpm), multiplicity, integration, coupling
constants (Hz). IR spectra were recorded on a Bi@&J100A FTIR spectrometer. Wave numbers
are in cm'. GC analyses were performed using Clarus 580 ci@graph using durene as an
internal standard. Micro-analyses were made usidAtl @400 Perkin-Elmer apparatus. Melting
points were recorded on OptiMelt SRS with heatiatg 10°C/min. High resolution electrospray
mass spectra (ESI-HRMS) were recorded on Quattrdriple quadrupole mass spectrometer.
The mass spectrometer was calibrated with an ialtestandard solution of sodium formate or
sodium iodide in MeOH. IR spectra were measuretl wiBruker 113V FTIR instrument in KBr
pellets. Gel Permeation Chromatography (GPC) date wbtained using a Viscotek GPC max
equipped with a refractive index detector Viscowtk 3580 and 300 mm Phenomenex Phenogel
5 um 500 A column. Tetrahydrofuran (THF) was usedhaseluent at a flow rate of 1.0 mL/min
at 30°C. Polystyrene standards were used for edildor.

The reactions were carried out under nitrogen u#iiregconventional vacuum/nitrogen line

technique.

Synthesis of ligand
1-bromo-2-nitrosobenzene (6). To a solution of 2-bromoaniline (2 g, 11.62 mmal) DCM
(10ml) Oxone® (7.14 g, 23.24 mmol) dissolved inavatl0 ml) was added. The
Br 'l“ I mixture was stirred under argon at room temperaturgél TLC monitoring

o indicated complete consumption of the starting met€l2-18h). After separation

12



of the layers, the aqueous layer was extracted Wi@M (3x30 ml). The combined organic layers
were washed with 3% HCI, saturated sodium bicarteosalution, water, brine and dried over
MgSQy. Purification by silica-gel chromatographg-Klex:EtOAc, 30:1) yielded product as a
yellow powder (yield 83%). Crystalline nitrosobeneewas a pale yellow substance due to the
formation of dimer, however in organic solventsttdamer dissociates to the corresponding
monomer, which was visualized as a change in ther ob the reaction mixture from yellow to
green.!H NMR (400 MHz, CDCJ): § = 7.98 (dd, 1HJ = 8.0, 4.0, Ar-H), 7.53 (ddd, 1H,= 9.6,
7.2, 1.6, Ar-H), 7.27 (ddd, 1H] = 9.6, 7.6, 1.2, Ar-H), 6.21 (dd, 1H, = 8.0, 7.6, Ar-H),
¥C NMR (100 MHz, CDGJ): 6 = 161.1, 136.6, 135.2, 133.2, 108.9. Anal. CdledCsH,BrNO:
C, 38.74; H, 2.17; N, 7.53; Found: C, 38.38; HE62 N, 7.45.
General procedure for the Stille reaction. The bromide (110 mg, 0.59 mmol), G¥CHSnBy
and 5% mol of Pd(PRJy were placed in a Schlenk tube under argon. Dnyeted was added
(5ml) and a mixture was refluxed. Progress of teaction was monitored by TLCc-(
Hex:EtOAc, 10:1). After full consumption of the siitates the reaction mixture was cooled
down to RT and was stirred with an aqueous solubibKF. The organic phase was separated
and water phase was extracted with DCM (3x20 ntig @rganic phases were dried over MgSO
filtered and evaporated. The residue was chromapbgd withc-Hex:EtOAc, 50:1. Depending
on the reaction condition, three compouBd8, 10 were obtained.
1-bromo-2-[(2-vinylphenyl)-NNO-azoxy]benzene (8). The compound was isolated as a pale
yellow oil, it decomposed very fastd NMR (400 MHz, CDCY): & = 7.90 (d,
Q 1H,J=8.0, Ar-H), 7.81 (d, 1HJ = 8.0, Ar-H), 7.76-7.73 (m, 2H, Ar-H), 7.53-
N ﬂ & 7.43 (m, 1H, Ar-H), 7.42-7.41 (m, 2H, Ar-H), 7.24t3 (m, 2H, Ar-H, CH),
o 5.81 (d, 1H,J = 16.0, CH=G1,), 5.45 (d, 1H,) = 8.0, CH=C,), *C NMR (100
MHz, CDCk): 6 = 142.6, 133.4, 131.7, 130.7, 129.4, 128.3, 12128,2, 124.0,
123.4, 119.1, 117.8; IR (film from GBI,): v = 3061, 2917, 1568, 1433, 1410, 1259, 1030, 902,
735cm’; Anal. Calcd. for GH11BrN,O: C, 55.47; H, 3.66; N, 9.24; Found: C, 55.703H6; N,
9.65, m/z 325.0, [M+N&] HRMS calcd. for g4H1:N;ONaBr 324.9952, found 324.9940.

1-bromo-2-[(2-br omophenyl)-NNO-azoxy]benzene (9). The compound was isolated as a white
powder, mp: 111-112 °GH NMR (400 MHz, CDC}): & = 7.96 (d, 1H,) = 8.0,
Q Ar-H), 7.76-7.69 (m, 3H, Ar-H), 7.49-7.35 (m, 3Hr-Al), 7.25-7.20 (m, 1H,
Br

+
N\,

o

N
Br H

N
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Ar-H); 13C NMR (100 MHz, CDd): 6 = 142.6, 134.1, 133.4, 131.3, 129.7, 128.3, 12112%3,2,
123.4, 119.3, 115.0 ; IR (film from GBIl,): v = 3061, 2917, 1606, 1471, 1439, 1410, 1327,
1259, 1030, 902, 735¢mm/z 376.9, [M+Na], HRMS calcd. for @HgNaBr, 376.8901, found
376.8887. The analytical data corresponded toitdwature.[29]
1-vinyl-2-[(2-vinylphenyl)-NNO-azoxy]benzene (10). The compound was isolated as mixture

with compound9 (5-10%) as a pale yellow oil, it decomposed vexst fH

NMR (400 MHz, CDC)): & = 8.26-8.24 (m, 2H, Ar-H), 7.70-7.65 (m, 2H, Ar-

« H), 7.49-7.32 (m, 4H, Ar-H), 7.21-7.14 (m, 1HHECH,), 7.06-7.00 (m, 1H,

o CH=CH,), 5.79 (d, 1H,) = 16.0, CH=G1,), 5.74 (d, 1H, = 20.0, CH=G1,),

5.40 (d, 1H,J = 12.0, CH=G®.), 5.30 (d, 1HJ = 12.0, CH=,); *C NMR
(100 MHz, CDC}): 6 = 141.0, 135.5, 134.3, 133.8, 132.7, 131.7, 1302®.1, 128.3, 128.2,
127.1, 127.8, 125.9, 123.7, 121.7, 117.7, 116.1ffilk from CH,Cl,): v = 1465, 1346, 1045,
1025, 927, 750, 590, 440¢m

Synthesis of ruthenium complex (11)

In a flame dry Schlenk tubé'®generation Grubbs catalyst (98 mg, 0.11
N—

MES/N/\( M mmol), CuCl (12.0 mg, 0.12 mmol) and ligand preour® (35.0 mg, 0.11

Cl
Cl'? mmol) were placed. Then, dry DCM was added undaosphere of argon
N\\

N+

Br <'3 monitored by TLC ¢-Hex:EtOAc, 2:1). After 20 min the reaction mixture

and a mixture was heated to 30°C. The progresshefréaction was

was cooled down to RT and the solvent was evaphraturification by silica-gel
chromatography ccHex:EtOAc, 10:1, followed byc-Hex:EtOAc, 3:2) yielded brick-red solid
(48%). A single crystal of compourid suitable for X-ray diffraction studies was growhaa
temperature of +5°C from a trichloromethankéxane solutiorH NMR (400 MHz, CBCL,): &

= 17.9 (s, 1H, Ru=BAr), 8.50 (d, 1H,J = 12.0, Ar-H), 7.87 (dd, 1H] = 16.0, 8.0, Ar-H), 7.45-
6.88 (m, 10H, Ar-H), 4.28-4.04 (m, 4HHzx 2), 2.67-2.34 (br, 15H, I€3 x 5), 2.01 (s, 3H,
CH3); 1*C NMR (125 MHz, CDCL,): & = 303.9, 210.9, 142.8, 140.3, 136.8, 134.5, 1330,5,
129.5, 128.7, 128.0, 125.7, 125.0, 123.0, 116.6,/A2.2, 51.1, 20.9, 19.9, 19.8, 18.4, 17.6; IR
(film from CH.Cl,): v = 2913, 1607, 1481, 1414, 1258, 1013, 924, 8486, 863, 645, 576, 552
cm’; Anal. Calcd. for GsHseBrCI,N4,ORu: C, 53.13; H, 4.72; N, 7.29; Found: C, 53.814H6;
N, 7.27, m/z 791.0, [M+N4]
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Crystallography.

Selected single crystals &1 were mounted in inert oil and transferred to tbkl gas stream of
the diffractometer. Diffraction data was measurédl20.0(2) K with mirror monochromated
Mo—-Ka radiation on the Oxford Diffraction Gemini A Ultdiffractometer. Cell refinement and
data collection as well as data reduction and aimlyere performed with the crys8lts[30].
Absorption effects were corrected analytically frdm crystal shape. The structures were solved
by direct methods and subsequent Fourier-differayoghesis with shelxs—97 [3Hull-matrix
least-squares refinement method agaifstafues were carried out by using the shelx|-2G@03 |
and olex2 [30] programs. All non hydrogen atomsewvexfined with anisotropic displacement
parameters. Hydrogen atoms were added to the wwteuchodel at geometrically idealized
coordinates and refined as riding atoms. The uelit @f 11 contains molecules of solvents:
CHCI;. Crystal data and structure refinement parametergyiven in Table S4 (Supplementary
data). Crystallographic data were deposited in Gaigb Crystallographic Database Centre
(CCDC 1537635).

Activity data

RCM reaction of diethyl diallylmalonate (DEDAM) monitored by *HNMR. In a NMR tube
DEDAM (34.4 mg, 0.143 mmol) was weighed. Then, tillge was filled with non-distilled and
non-degassed toluene (0.5 ml). Pre-catalybt (7.1 umol) was weighed in the 2 ml flask and the
toluene was added (1.0 ml). The aliquot of thegaalyst (0.2 ml, 1.4mol) was injected into a
solution of substrate in NMR tube. Data points weslected over an appropriate period of time
using Varian array function at 25°C, 80°C, and 1ID0°

RCM reaction of diethyl diallylmalonate (DEDAM) monitored by GC. In a Schelnk tube
DEDAM (34.4 mg, 0.143 mmol) was weighed. Then, tillge was filled with non-distilled and
non-degassed toluene (0.7 ml). Pre-catali®)t (1 mol % or 5 mol %) was weighed and added
into a solution of the substrate. Reaction wasediout at 25°C, 40°C, and 80°C. Small amounts
of the reaction mixture were removed from the fléishe to time, diluted with CCl,, and
guenched with ethyl vinyl ether before GC analysis.

Procedurefor ROMP of 14 and 15. In a typical experiment, monomer (0.1 mol-Yndissolved

in toluene or DCM was added to the initiafdr dissolved in 0.5 cfof the same solvent. The
reaction was allowed to run for an appropriate t@beoom temperature under nitrogen. The

course of the reaction was monitored by samplingy ¢@F) and analysis byH NMR. Next, the

15



reaction was quenched with ethyl vinyl ethea(0.5 cni). The polymer was precipitated into an
excess of methanol, isolated and dried under vacuum
Procedure for ROMP of 14 and 15 in NMR tube. Under a nitrogen atmosphere, complidx
(0.7 mg, 0.0009 mmol) was weighted into a NMR tubee benzenegdwas then added to the
NMR tube via a syringe. Next the relevant mononi€0(equiv.) was added to the NMR tube.
The reactions were monitored tiy NMR spectroscopy at room temperature.
Poly(norbornene) (poly(14)). *H NMR (500 MHz, CDCJ): § = 5.23 (2H,trans HC*?), 5.18
; 1 (2H, cis HC*¥), 2.76 (2H,cis HC*%), 2.41 (2H,trans HC'%, 1.74 (3H,
— HC>®Y), 1.33 (2H,H.C>), 1.02 (1H,HC’). IR (KBr pellets, crif): 966

6 5 trans vinylened(H-C=), 738cis vinyleneds(H-C=).
Poly(5-vinyl-2-nor bor nene) (poly(15)). *H NMR (500 MHz, CDCJ): § = 5.71 (1HHC?), 5.27
(2H, HC?3), 4.90 (2H,H,C%), 5.27 (2H,HC??), 2.92, 2.81, 2.62, 2.49, 2.22
T (3H, HCY*9, 1.95, 1.71, 1,61, 1.29, 1.19 (4H,C®"). IR (KBr pellets,
cm’): 1639 v(C=C), 993 and 903(H-C=), 966trans vinylene §(H-C=),
749cis vinylened(H-C=).
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Thermo-switchable ruthenium alkylidene complex were isolated and characterized.
The complex was inactive in RCM and active in ROMP at room temperature.
ROMP of 5-vinyl-2-norbornene yielding soluble polymers with vinyl pendant groups.

It provides one-step synthesis of polymers carrying C=C bonds in side chains.



