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Structure and Activity Peculiarities of Ruthenium Quinoline and
Quinoxaline Complexes: Novel Metathesis Catalysts
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Novel metathesis catalysts that are derivatives of 8-vinylquinolingMes)(Cl,Ru(CH«?(C,N)-8-
CoHeN) (1a; HolMes = 1,3-dimesityl-4,5-dihydroimidzol-2-ylidene), and 5-vinylquinoxaline;li#tes)-
(CI)2Ru(CH+?(C,N)-5-CgHsN,) (2a), which possess five-membered chelate rings, were synthesized in
ligand exchange reactions with {iMles)(PCy)(Cl).Ru=CHPh. Bothla and2aare formed as complexes
with the trans-dichloro geometry common for Grubbs-type complexes, while on prolonged storage in
dichloromethane they isomerize to the thermodynamically favaiedichloro isomers 1b and 2b,
respectively). The structures of compourddsb were confirmed by X-ray analysis. The kinetics of trans
to cis isomerization were measured Y NMR to give the rate constankg,—1, = 3.2 x 102 h™* and
Koa—2o = 5.5 x 1072 h~tin dichloromethanel, at 23°C. Investigations of the relative activities of these
catalysts in model RCM and enyne reactions showed that catedysas faster tharib (and2a faster
than2b) but that2a was faster tharia.
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highly active catalysts for sophisticated synthetic tasks and more
stable ones for polymer technology (so-called “latent” cata- —
Iysts)_.2 The Iqtter often ex_hibit decre_ase_d initiat_ion rates in ring- o b L MesN/_\NMeS MesN. _NMes
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In both groups of Ru complexes a wise choice of chelating & Ph

ligands plays a predominant role, while their activity can later v v Vi

be fine-tuned by the introduction of substituents and relevant Figure 1. Representative- andN-ruthenium chelates exhibiting

changes in the geometry of the complexes. These compoundsctivity in olefin metathesis (Mes: 2,4,6-trimethylphenyl, Cy=
can be generally classified according to the type of donor atom cyclohexyl).

forming a chelate with a Ru alkylidene (carbene) fragment.
Oxygen ether derivatives (e.d; Figure 1), pioneered by
Hoveyda? exhibit high activity and possess excellent functional
group tolerance. The RtO chelate can easily dissociate and
release active 14-electron ruthenium complexes, the intrinsic
catalytic intermediatesCatalystl was later successfully fine-
tuned in order to increase its activity and applicability by the
introduction of electron-withdrawing groups to diminish the
donor properties of the oxygen atdh.Otherwise, oxygen
carbonyl donors, e.g. 2-vinylbenzoic acid derivativds L =
PCys, 1,3-dimesitylimidazol-2-ylidene), are less reactive in the

RCM of substituted dienesAll these compounds have in
common a square-pyramidahns-dichloro geometry $P¥5-

31), where the carbon atom of the NHC ligand, chloride ions,
and the oxygen atom of the chelate lie in one plane and the
alkylidene substituent occupies the perpendicular position. An
interesting variation from this structure, which exhibitedis
dichloro orientation $P¥5-34), was observed initially foy®-
vinylcarbene complexes by GrubbSlugové described similar
Hoveyda-typecis-dichloro complexesl{l ) with a chelating

(5) (a) Grela, K.; Harutyunyan, S.; Michrowska, Angew. Chen2002
114, 4210;Angew. Chem., Int. E®002 41, 4038. (b) Harutyunyan, S.;
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carbonyl group, which catalyzed the ROMP polymerization of OH oTf X
functionalized norbornené8. NNy Ref 15 Ny CHp=CHSnBus N
_ To_ the second group of comp_lexes belong_chglates formed J 2 PdPPhapCh P
via nitrogen donor atoms.Phosphine-based derivatives of 2-(3- DMF, reflux
butenyl)pyridine, introduced by van der Scha4fV ; L = P(- 54%
Pr)) were tested in ROMP, where desired gel times and Br S
initiation temperatures were tuned by changing the substitution N\] Ref. 17 N\] CHz=CHSnBus Nj
pattern of the pyridine ring. Later, Schrédiemonstrated an @[N/ N®  Pd(PPhs),Cly NG
analogous NHC derivative, which exhibited the aforementioned toluene, reflux
isomerism. Thetrans-dichloro complexIV (L = HjlMes), 76%
initially formed by a ligand exchange procedure froml{#es)- Figure 2. Synthesis of 8-vinylquinoline and 5-vinylquinoxaline.
(py)2(Cl)2Ru=CHPh, slowly converted into the cis isom¥r
(L = HzIMes), while on prolonged heating in a solution-&:7 o M\
equilibrium between these complexes was established. Recently, &i\‘j Mes/NYN‘Mes
Slugoveé also explored five- and six-membered imine chelates = C"'Ru\
(VI, VII') and studied the influence of the chelating carbene CI/,L
ring size on the ROM polymerization activity of these cata- |
lysts13 Z 1a
[\
New Quinoline and Quinoxaline Complexes: MeSC’Ir'YN‘MeS
Synthesis, Isomerization, and X-ray Structures o ,’RT\
Our present work has been aimed at preparing a novel group [N\
of quinoline and quinoxaline-derived ruthenium complexes, N7 2a
bearing a saturated NHC ligand. Unlike the recent approach of Figure 3. Formation of complexe$aand2avia a ligand exchange

Slugovc? we decided to apply in our studies quinoline and
quinoxaline structural motifs to form more rigid analogues of
the rather flexible five-membered imine chelatd .14

Complexesla and2a were conveniently obtained from the
Grubbs second-generation catalystl{es)(PCy)(Cl).Ru=
CHPh and vinyl-substituted quinoline and quinoxaline via a
ligand exchange procedure. 8-Vinylquinoline can be obtained
from 8-hydroxyquinoline in a two-step synthesis consisting of
formation of a triflate esté? and the subsequent Stille reaction
with tributylvinylstannane in a procedure analogous to that
described in the literatufé.Similarly, 5-vinylquinoxaline was
synthesized from quinoxaline via brominatldrand a Stille
reaction (Figure 238

procedure.

(9) Slugovce, C.; Perner, B.; Stelzer, F.; Mereiter, ®rganometallics
2004 23, 3622.

(10) For similar trans to cis rearrangements of nonchelating ligands on r; 0 ; ; . .
silica gel, see: Phs, S.; Lehmann, C. W.; Tstner, A.Organometallics Figure 4. ORTEP® drawing ofla (transdichloro) (La-CeH; the

2004 23, 280. cocrystallized solvent molecule has been omitted for clarity)
(11) (a) For complexes bearing chelating pyridiglcoholato ligands, represented by th(_armal ellipsoids drawn at the 50% probability level.
see: Denk, K.; Fridgen, J.; Herrmann, W.Adv. Synth. Catal2002 344, Selected bond distances (A) and angles (deg): RuCl)) =

666. (b) Cationic and neutral ruthenium vinylidene complexes containing 2.063(4), Ru(1}-C(22) = 1.845(4), Ru(1}N(3) = 2.162(3),
tridentate pyridine ligands: Del Rio, R.; Van Koten, Getrahedron Lett. Ru(1)-CI(1) = 2.3519(10), Ru(5Cl(2) = 2.3465(10); CI(1}

1999 40, 1401. (c) For neutral and cationic Ru tris(pyrazolyl)borate _ _
alkylidene and vinylidene complexes, see: Sanford, M. S.; Henling, L. M.; Ru(1)-Cl(2) = 155.48(5), C(1yRu(1}-N(3) = 176.37(12),

Grubbs, R. HOrganometallics1998 17, 5384. (d) Katayama, H.; Yoshida, C(22)-Ru(1)-N(3) = 80.55(14), C(1)yRu(1)-Cl(2) = 89.69(11),
T.; Osawa, FJ. Organomet. Chenl998 52, 203. CI(1)—Ru(1)y-N(3) = 86.70(8).
(12) van der Schaaf, P. A.; Kolly, R.; Kirner, H.-J.; Rime, F.;Mebach,

A.; Hafner, A.J. Organomet. Chen200Q 606, 65. ; ;
(13) For other Ru complexes, containing Schiff base ligands, see: (a) Ligand exchange proceeded cleanly in the presence of CuCl

Chang, S.; Jones, L.-R., Il.; Wang, C.; Henling, L. M.: Grubbs, R. H. in dichloromethane at 40C within 20 min to give complexes

Organometallics1998 17, 3460. (b) De Clercq, B.; Verpoort, Rdv. Synth. laand?2ain high yields (Figure 3).

gﬁgari-] %gg% igé 23'96()0)0335'9{ ‘?q\'/g-rio\éftfpgfr:;e% '\éﬁ:én?atlilt' éid The prepared complexdsand2awere perfectly stable and

2003 42, 2876. © dpstal, T. Vérpiﬂort, Synle’t12(502 035, ) De"c|e'rcq,' air-tolerant. The ruthenium carbene catalystvas characterized

B.; Lefebvre, F.; Verpoort, FAppl. Catal. A: Gen2003 247. (g) De Clercq, by NMR and appears to be a complex wi@hsymmetry (C+

B';(Il_g?r\]”e#rfék\éi{gﬂom tF_:(.\le\_/ghgl. Ctlhhemzto?z t26t, 12t01- described i Ru—Cl trans)!® The carbene proton resonance appeared at 17.06

e motr within the catalyst structure, aescrioed In H H _ H

ref 3, was twisted by about 3@or the five-membered-ring chelate complex. ppm' (in CDCL). Cry§tals suitable for X-ray analysis were

(15) (a) Stille, J. K.: Echavarren, A. M. Am. Chem. Sod.987, 109, obtained from a mixture of benzene andhexane. The

5478. (b) 8-Quinoliny! triflate is commercially available from Aldrich Inc.  molecular structure ofa in the solid state (Figure 4) was in

(16) The reaction was performed according to the procedure described i - i
in: Crisp. G. T.. Papadopoulos, Sust J. Chem1989 42, 279, excellent agreement with th@s-symmetric structure deduced

(17) Brown, W. D.; Gouliaev, A. HSynthesi£002 83. from the NMR data.
(18) The reaction was performed according to the procedure described
in: van Mullekom, H. A. M.; Vekemans, J. A. J. M.; Meijer, E. \@hem. (19) For a disscusion dH NMR spectra of similar isomeric complexes

Eur. J.1998 4, 1235. see ref 2.



Ruthenium Quinoline and Quinoxaline Complexes

Figure 5. ORTER? drawing of 1b (cis-dichloro) represented by
thermal ellipsoids drawn at the 50% probability level. Selected bond
distances (A) and angles (deg): RutQ(1) = 2.008(4), Ru(1)
C(22) = 1.823(4), Ru(1yN(3) = 2.072(3), Ru(1)yCl(1) =
2.3812(10), Ru(£yCI(2) = 2.3731(10); Cl(1yRu(1)>-Cl(2) =
89.61(3), C(1)Ru(1)}-N(3) = 96.82(13), C(22yRu(1)-N(3) =
81.73(15), C(1)Ru(1)-CI(2) = 150.36(11), Cl(1)Ru(1)-N(3)

= 171.52(9).

Mes/NYN‘Mes [\

CI"RU MesC/NYN‘Mes

. o |2,
cr” I\ isomerisation RU/ID
S CD,Cly, 23°C l</N/
[ ) 2012, cl &=Y
Y

Y=CH 1a 1b

N 2a 2b

Figure 6. Isomerization process.

Monitoring the reaction of the second-generation Grubbs
catalyst with 8-vinylquinoline (Figure 3) b4 NMR revealed
that the production ofa was followed by the slow formation
of a different complex Ib), exhibiting a carbene proton
resonance at 17.45 ppm (in CQEIWhen a solution olawas
left in an NMR tube for 4 days at room temperature, a 22:78
mixture of la,b was obtained. The major isomer was separated
by two consecutive crystallizations from ethyl acetgbentane
and dichloromethanepentane mixtures. According t6l NMR
the new complexXb appeared to be ¢&; symmetry (C-Ru—

Cl cis), which was later confirmed by an X-ray analysis of the
solid-state structure (Figure 5).
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Figure 7. Kinetics of isomerization (according {1 NMR) of 1a

to 1b (O) and of2ato 2b (A) in CD,Cl; at 23°C. Data were fitted
with an exponential equation (plot), with correlation coefficients
R2,4-1p = 0.9994 andR?,, .o, = 0.9927 and calculated rate constants
Kia—1p = 3.2 x 102 h 1 and Koa—op = 5.5 x 103 h1,

substrate product catalyst yield (GC)
1a 32%
E0,C, /~7 EtO,C 1b 14%
@ oc AP 38%
0
EtO,C N 2 2b 18%
/\/ la 41%
_ _ 1b 2%
Ts N\/\ 5a Ts N(] 5b 2a 56%
N 2b 20%
Ph
Ph ph. PN 1a 64%
= 6a X 6b 1b 51%
—
AN O?j/\ w7

Figure 8. Catalytic activity oflab and2ab in RCM reactions of
model substrates (dichloromethane, room temperature, 24 h;
conversions according to GC).

The results of these experiments are presented in Figure 7.
While the quinoline complexXla isomerized completely (as
detected byH NMR) to the cis speciesb within about 6 days
at 23°C,2 the quinoxaline complea was significantly less
prone to isomerization. However, the experimental data fitted
with an exponential equatiercommon for a first-order isomer-

From the results summarized above, it can be deduced thatization processshowed that the equilibrium of this process also

complexedlab show structural features similar to those reported
for the second-generation pyridine compleRésandV bearing
a six-membered metallacycle.

The ginoxaline-based cataly&h was slightly less stable than
1la, decomposing slowly in CD@lsolution, probably due to
traces of acid present commonly in this solv&nibut seemed
to be very stable in CECl,. Its IH NMR spectrum indicated a
Cssymmetric complex (CtRu—Cl trans) with a carbene proton
resonance at 17.10 ppm (in CRLI

Since isomerization processes were precedéeitdie rea-

has to be substantially moved to the right. It should be noted
that even after prolonged storage d and 2a solutions we
observed only minute amounts of decomposition products. This
corroborates the high stability of these complexes both in the
solid form as well as in solution.

Reactivity of New Catalysts

Three model RCM and enyne metathesis reactions were used
as a test to compare the activity of catalystsh and2ab, as
presented in Figures 8 and 9. Typically 5% mol of the catalyst

sonable stability of these complexes encouraged us to measurgyas added to a solution of substrate in{CiH and the reaction

the kinetics of their isomerization on the basisbf NMR
integration of characteristic benzylidene protons. We chose

was run at room temperature under argon for 24 h. For the RCM
of diallyl diethylmalonate 4a) samples were taken during the

dichloromethane, assumed to be an excellent solvent for thisreaction to control the progress in time (Figure 9). Crude reaction

purpose (Figure 6%

(20) We wish to acknowledge for use of a free version of Ortep-3 for
Windows program: Farrugia, L. J. Appl. Crystallogr.1997, 30, 565.

(21) Isomerization oRain CDClz was very slow, and only traces 8b
were detected in NMR samples on prolonged storage. However, we
undoubtedly identifie@b in a mixture with2ain CD,Cl,. Ru=CH carbene
proton resonancesH NMR, CD,Cl): & 17.13 (La), 17.47 (b), 17.02
(2d), 17.29 ppm 2b).

(22) Benitez, D.; Goddard, W. Al. Am. Chem. So005 127, 12218.

mixtures containing an internal standard were analyzed by gas
chromatography.
In all model reactions catalydt was faster thaib (and2a

faster than2b), but 2a was faster tharia. The difference in

activity betweenla and 1b (2a and 2b, respectively) can be

(23) In an independent experiment a pure samplbafissolved in Cl-
Cl, gave no detectable R#CH NMR signal forla (17.13 ppm), even on
prolonged equilibration.
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Figure 9. Catalytic activity ofla (<), 1b (O), 2a(a), and2b (O)
in RCM of diallyl diethylmalonate 4a — 4b; dichloromethane,
room temperature, 24 h; conversions according to GC).

attributed to the fact that the quinoline ligandlia and2a is
located trans to the strongly-donating NHC ligand and
therefore dissociates more quickly to give catalytically active
14-electron species than in the caselbfand2b.?4

Discussion

Barbasiewicz et al.
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Figure 10. Structures of 8-vinylquinoline (left) and 5-vinylqui-
noxaline (right) optimize®2¢ with B3LYP/6-31** and their
electron density cubes mapped with BSRlectostatic potential
charge values at chelating nitrogen atoms: for quinolin@410;
for quinoxaline,—0.197). The nitrogen atom ibais a better donor
and should form a more stable chelate as compared 2eitffror
more details, see the ESI part.

literature values of dissociation constants measured for proto-
nated nitrogen bases: quinolffeand quinoxaline® Surpris-
ingly, quinoxaline ismore than 4 pK units less basidhan
quinoline in HO. Since the Brgnsted basicity should correlate
with ligand donor properties, tremendous differences between

The presented results show some unexpected features of thesge properties of these heterocycles may reveal differences

compounds. The quinoline derivativea exhibits catalytic
activity lower than that of the quinoxaline complga At the
same time, the rates of their isomerization are reverdeds
completely transformed intéb within a few days, while2a

has a similar half-life. These apparent discrepancies can be

rationalized in terms of the influence of electronic effects of a

donor atom on the chelate stability, the phenomena previously

applied by us for activation of the Hoveyda cataly$t® To
compare the properties of quinoline and quinoxaline ligands in
more detail, we calculatéel?6the structures of 8-vinylquinoline
and 5-vinylquinoxaline (precursors of the carbene ligands of
laand2a) and studied their geometries and electron distribution

between the activities of complexésa and 2a.

This result is in accord with the electronic effects of a chelate
donor on catalytic activity described by us for Hoveyda second-
generation catalyst analogu&sOtherwisefor the first timewe
describe the influence of electronic effect on unexplored trans
to cis isomerization as being in the direction opposite to activity
trends®%-31 This may be attributed to an impediment of the less
nucleophilic nitrogen atom to coordinate to the ruthenium center

(27) (a) For quinoline, Ka = 4.9 in KO at 25°C: Boraei, A. A. A.
Monatsh. Cheml994 125 869. (b) For quinoline, I, = 4.8 in H,O at 25
°C: King, J. F.; Hillhouse, J. H.; Skonieczny, Gan. J. Chem1984 62,

(viewed as EPS charges located at the chelating nitrogen atomsj977.

Figure 10)°

This simplified approach showed very similar geometries for
these compounds, while important differences in their electronic
distribution were found. As the electron density on chelating
heteroatoms governs the initiation rate of the compléxbsg,

more nucleophilic quinoline ligand, which possesses a greater

negative charge at nitrogen-0.410), should exhibit lower
activity than quinoxaline{0.197), as was indeed observed in
this case. Strong support for this hypothesis was given by

(24) A similar rationalization was presented in ref 2.

(25) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.;
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.;
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,
S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A.
D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.
G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A;
Piskorz, P.; Komaromi, |.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
M. A,; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, dussian
03, revision B.05; Gaussian, Inc.: Wallingford, CT, 2004.

(26) All of the calculations were performed using Gaussian 03. The
structures of 8-vinylquinoline and 5-vinylquinoxaline were optimized using
B3LYP with the 6-31G** basis set in the gas phase. Only real values of

(28) For quinoxaline, i§a= 0.7 in H,O at 25°C: Goethals, M.; Czarnik-
Matusewicz, B.; Zeegers-Huyskents, JT Heterocycl. Chenl999 36, 49.

(29) Electron density cubes from total SCF density (isowad.0004;
mapped with ESP) were generated witBaussView 3.0Gaussian, Inc.,
Wallingford, CT (www.gaussian.com).

(30) The magnitude of the observed effect of carbon-to-nitrogen substitu-
tion on isomerization and metathesis processes seems to be relatively small,
as compared to, for example, differences of Brgnsted basicities of chelating
nitrogen atoms in ligands (the difference in ligand properties exhibits a bit
more pronounced effect on the rate of isomerization in this case). However,
the limited data impeded us from speculating on deeper mechanistic reasons
for this observation (however, for some structural considerations, see ref
31). We wish to thank a reviewer for drawing our attention to this issue.

(31) Except for the electronic effect of chelating nitrogen atoms and
insignificant differences in the geometries of ligands, two additional factors
that differ in 1b and 2b have to be considered; namefystacking of the
chelating nitrogen heterocycle with a mesityl ring of the NHC lig&raohd
the effect of the second nitrogen atomah on the dipole distribution as
compared to the case fab. The first effect cannot be substantial, since,
on the basis of the X-ray structure db, the z-stacking interaction exists
between one of the mesityls of the NHC ligand and the carbocyclic ring of
quinoline. Thus, the presence of an additional nitrogen atom in the second
heterocyclic ring (as in the quinoxaline fragment2if) can probably be
omitted. The latter effect, however, can more substantially stabilize the cis
complex2b, as compared tdb, and thus can influence the equlibrium
with the trans isomer. According to the quantum mechanics calcul&tions
in the gas phase the cis isomer of a similar complex is less stable than the
trans isomer, due to the unfavorable dipole moment arising from polarized
Ru—Cl bonds (in the trans complex the dipole moments of-Rubonds
mutually cancel). However, this effect is dimished by solvents with high
dielectric constant, e.g. dichloromethane, where the cis form predominates
in an equilibrium. The presence of the second nitrogen atom in the
quinoxaline ring in2b creates a dipole moment that is opposite to that of
the equatorial chloride ion and, thus, partially reduces the total polarity of

the analytical harmonic vibrational frequencies confirmed that the geometries this complex. In fact, althougBb should be slightly better stabilized as

under study correspond to the minimum-energy structures.

compared tdlb, it is formed at a significantly lower rate.
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Figure 11. Postulated mechanism of the isomerizatioriafand
2a (based on ref 22).

at an equatorial position in place of the negatively charged
chloride anion as present in the trans isomer.

According to quantum mechanics calculati&nef similar
pyridine complexes, simplified mechanistic pattern of isomeri-
sation process is as shown in Figure 11: thensdichloro
complex (a or 2a) dissociates to form an 14-electron inter-

Organometallics, Vol. 25, No. 15, 3608

evaporated. The crude product was purified by column chroma-
tography (10% ethyl acetate in cyclohexane) to give 0.0392 g (54%)
of 8-vinylquinoline as a yellow oil*H NMR (500 MHz, CDC}):
0 5.53 (dd,J = 11.07, 1.49 Hz, 1H), 5.94 (dd,= 1.65, 17.65 Hz,
1H), 7.39-8.15 (m, 6H), 8.95 (s, 1H) ppm. MS (Emvz (relative
intensity)): 40 (2), 63 (2), 77 (6), 101 (2), 126 (3), 127 (6), 128
(3), 153 (3), 154 (74, ).

5-Vinylquinoxaline. In a Schlenk tube was placed a solution of
5-bromoquinoxaline (0.069 g, 0.33 mmol) in toluene (1.5 mL), and
solid Pd(PPk)4 (0.011 g, 3 mol %) was added under argon. Neat
BusSnCH=CH, (0.1151 g, 0.363 mmol) was added from a syringe,
and the resulting solution was heated at 2C0for 3 h. After the
mixture was cooled to room temperature, the solvent was evaporated
to dryness and solid KF (0.44 g) in ethyl acetate (1.5 mL) was
added to the residue. The mixture was stirred at room temperature
for 2 h, and the solvent was evaporated to dryness. To the residue
were added AcOEt (15 mL) and water (10 mL). The organic phase
was separated, and the aqueous phase was extracted with AcOEt
(3 x 15 mL). The combined organic extracts were dried and
evaporated. The crude product was purified by column chroma-
tography (5% ethyl acetate in cyclohexane) to give 0.040 g (76%)
of 5-vinylquinoxaline as a yellow oil. IR (film):» 3435, 3085,
3025, 2924, 2851, 2668, 1924, 2851, 1679, 1621, 1599, 1574, 1488,

mediate, which isomerizes to another 14-electron intermediate 1470, 1448, 1353, 1216, 1200, 1145, 1043, 1009, 914, 865, 840,

with a cis-dichloro arrangement of chloride ligands, and finally
recoordination of the chelating nitrogen atom gives tie
dichloro complex b or 2b, respectively).

765, 515, 449 cmt. 'H NMR (200 MHz, CDC4): 6 5.50-5.60
(dd,J = 11.07, 1.26 Hz, 1H), 5.956.10 (dd,J = 1.43, 17.88 Hz,
1H), 7.65-8.08 (m, 5H), 8.85 (s, 1H) ppm3C NMR (50 MHz,

On the basis of the observed activity trends one may assumeCDCl): 0 116.9, 125.7, 128.9, 129.8, 131.7, 136.8, 140.6, 142.9,

that in the first step of this process (1Bans-Cl, — 14etrans
Cly) 2a dissociates more quickly thamas33 However, the
structure of the arylidene ligand should show little influence
on the second process (1#rans-Cl, — 14ecis-Cly), if any.
Thus, the much lower rate of isomerization2#as compared
to that of1a has to depend on the last, rate-determining-step
the formation of the cis complekb or 2b.

Conclusions

We have presented a new family of second -generation

143.9, 144.8. MS (Elnvz (relative intensity)): 41 (8), 67 (22), 76
(21), 102 (4), 128 (3),. 155 (25, M). Anal. Calcd for GoH150;
(156.188): C, 76.90; H, 5.16; N, 17.94. Found: C, 76.66; H, 5.36;
N, 18.07.

Preparation of Catalyst 1a A Schlenk tube equipped with a
stirring bar was charged with second generation Grubbs catalyst
(102 mg; 0.12 mmol) and CuCl (13 mg, 0.12 mmol). The tube
was flushed with argon and charged with anhydrous,ClH(3
mL). 8-Vinylquinoline (0.132 mmol; 20.5 mg) in anhydrous &H
Cl, (3 mL) was then added, and the reaction mixture was heated
to 40 °C for 20 min. The reaction mixture was concentrated to

Grubbs type catalysts which are perfectly stable. The rate of dryness, and the residue was dissolved in AcOEt. The precipitate

the trans to cis dichloro isomerization process was measure
for the first time and can help to formulate the mechanistic
concept of this process. Further explorations into the use of thes
complexes in ring-opening metathesis polymerizations (ROMP)
are ongoing.

Experimental Section

8-Vinylquinoline. In a Schlenk tube was placed solid Pd(B)ih
Cl; (0.015 g, 5 mol %), and a solution of 8-quinolyl trifluo-
romethanesulfonate (0.122 g, 0.44 mmol) in DMF (2 mL) was
added under argon. Neat $BnCH=CH, (0.154 g, 0.484 mmol)

was added via syringe, and the resulting solution was heated to

100°C for 7 h. After the mixture was coole to room temperature,

the solvent was evaporated to dryness and solid KF (0.40 g) and
ethyl acetate (2 mL) were added to the residue. The mixture was

stirred at room temperaturerf@ h and evaporated to dryness. To
the residue were added AcOEt (15 mL) and water (10 mL). The

organic phase was separated, and the agueous phase was extract

with AcOEt (3 x 15 mL). The combined extracts were dried and

(32) For the postulated-face interactions in Ru carbene complexes
containing NHC ligands, see: (a) fi&tner, A.; Ackermann, L.; Gabor, B.;
Goddard, R.; Lehmann, C. W.; Mynott, R.; Stelzer, F.; Thiel, OCRem.
Eur. J.2001, 7, 3236. (b) Sasner, M.; Plenio, HChem. Commur2005
5417.

e

gwas filtered off, and the solution was evaporated to dryness. The

residue was redissolved in AcOEt and the solution was passed
through a Pasteur pipet containing a small amount of silica gel and
evaporated to dryness. The solid was collected and washed a few
times with AcOEt and with coldh-pentane to givela as a green
solid (0.12 mmol; 62 mg, 89%). Crystals suitable for X-ray analysis
were obtained by laying hexane over a solution of the catalyst in
benzene and left for a few days at room temperature. IR (KBr):
3436, 2950, 2915, 2735, 1733, 1607, 1589, 1496, 1481, 1417, 1401,
1379, 1379, 1318, 1263, 1211, 1175, 1154, 1133, 1095, 1035, 992,
915, 850, 833, 792, 773, 748, 646, 618, 592, 578, 512, 426, 414
cm L 1H NMR (500 MHz, CQCly): 6 2.46-2.51 (m, 18H), 4.14
(s, 4H), 7.11 (s, 1H), 7.268.25 (m, 4H), 8.36 (ddJ = 1.3, 3.6
Hz, 1H), 17.05 (s, 1H) ppm'3C NMR (125 MHz, CQCl): o
19.4, 21.3, 52.1, 116.8, 123.5, 124.6, 129.3, 129.7, 131.7, 134.0,
137.1, 139.0, 142.7, 144.4, 146.3, 148.6, 151.7, 155.7, 212.9, 288.0
ppm. MS (ESI;m/2): 625 [M — CI + CH3CN]*. The molecular
formula was confirmed by comparing the theoretical and experi-
ntal isotope patterrdound to be identical within the experi-
mental error limits.

Preparation of Catalyst 1b. The cis isomer was prepared by
dissolvingla (62 mg, 0.120 mmol) in CkCl, (1 mL). The solution
was left for 3 days at room temperature under argon. After this
time the solution was evaporated to dryness. The residue was
washed with AcOEt-pentane and then GBl,/n-pentane to obtain

(33) In this context it is necessary to presume that the tested substrates? dark green powder (48%, 30 mg). Crystals suitable for X-ray

do not activate the catalysts or activate them to a similar extent.

analysis were obtained by layimghexane over a solution of the
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catalyst in CHCI, at room temperature. IR (KBr)v 3447, 2922, temperature under argon, and the solvent was evaporated to dryness.
2854, 2735, 1819, 1731, 1628, 1607, 1588, 1570, 1496, 1481, 1437, The residue was washed with a mixture of solvents,Cland
1400, 1380, 1316, 1291, 1263, 1209, 1176, 1131, 1036, 987, 914,n-pentane, to obtai@b as a dark brown powder (62%, 34 mg). IR
845, 817, 796, 781, 742, 696, 639, 624, 577, 477, 453, 42%.cm  (KBr): v 3436, 2921, 2855, 1942, 1725, 1630, 1593, 1483, 1442,
IH NMR (500 MHz, CDC}): ¢ 2.90-1.40 (m, 18H), 4.36-3.60 1404, 1379, 1314, 1266, 1219, 1195, 1154, 1079, 1034, 929, 907,
(m, 4H), 6.15-8.05 (m, 4H), 8.14 (dJ = 8.1 Hz, 1H), 8.30 (dJ 853, 823, 805, 768, 717, 667, 645, 630, 577, 474, 443, 420.cm
= 4.9 Hz, 1H), 17.44 (s, 1H) ppn3C NMR (125 MHz, CDC}): 1H NMR (200 MHz, CDCh): 6 1.84-2.51 (m, 18H), 4.6-4.15
019.1,21.2,51.2,119.1, 123.5, 124.4, 127.7, 129.1, 129.5, 129.7,(s, 4H), 7.08 (s, 4H), 7.507.54 (m, 2H), 7.66-7.58 (m, 1H), 8.38
130.0, 130.1, 133.2, 136.0, 140.3, 151.2, 152.8, 157.6, 217.7, 282.3(m, 1H), 8.48 (dJ = 4.2 Hz, 1H), 17.30 (s, 1H) ppm.
ppm. RCM and Enyne Reactions The catalyst (5 mol %, 0.018
Preparation of Catalyst 2a The second-generation Grubbs mmol) was added to a solution of a substrate (0.350 mmol) and an
catalyst (101.9 mg, 0.120 mmol), CuCl (13.1 mg, 0.132 mmol), internal standardn¢dodecane) in CkCl, (17.5 mL). The reaction
and CHCI, (3 mL) were placed in a Schlenk tube. Then a solution was run at room temperature under Ar, and aliquots were taken
of 5-vinylquinoxaline (20.5 mg, 0.132 mmol) in GAl, (3 mL) after 15 min, 30 min, 45 min, 60 min, 1.5 h, 2 h, 4 h, 6 h, and 24
was added, and the resulting solution was stirred under argon ath and analyzed by GC.
40 °C for 20 min. From this point forth, all manipulations were
carried out in air with reagent-grade solvents. The reaction mixture ~ Acknowledgment. We wish to thank Prof. Dr. Siegfried
was concentrated under vacuum, and the resulting material wasBlechert (Technical University of Berlin) for information on
dissolved in AcOEt (ca. 10 mL). A small amount of white solid his related work and Dr. Gerald Dgar (Institut fir Organische
was filtered off, and the filtrate was concentrated under vacuum. Chemie, UniversitaHannover) for excellent ESI measurements
The product was purified by column chromatography on silica gel of complexesl and 2. A.S. acknowledges the Institute of
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IH NMR (500 MHz, CDC}): ¢ 2.38-2.50 (m, 18H), 4.16 (s, 4H), structures.
7.08 (s, 1H), 7.357.62 (s, 1H), 8.38 (m, 1H), 8.45 (d,= 2.3
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molecular formula was confirmed by comparing the theoretical and
experimental isotope patternfound to be identical within the OM060091U
experimental error limits. (34) Part of this work has been presented as a poster: Szadkowska, A.;
General Procedure for the Preparation of Catalyst 2b Barbasiewicz, M.; Grela, K. Syn?hesis and appFI)icatioh of new Iate’nt”

Catalyst2b (55 mg, 0.115 mmol) was prepared by dissolvize ruthenium carbene catalysts. European Congress of Young Chemists
in CH,Cl, (2 mL). The solution was left for 16 days at room “YoungChem 2005”, Rydzyna, Poland, October-15, 2005.




