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Summary: A series of Heyda—Grubbs benzylidenes, RugX)
(IMesHy)(=CH-2-(2-PrO)GHa) (X = ClI, Br, CFsCO,, CsFs-
CO,; IMesH, = 1,3-dimesityl-4,5-dihydroimidazol-2-ylidene)

drofuran solutiorf. Ru(GFsCO,)2(IMesH,)(=CH-2-(2-PrO)-
CsH4)8¢ can be prepared in similar fashion with silver pentaflu-
oropropanoate. These reactions are complete within 30 min and

were demonstrated to undergo intermolecular anionic ligand are driven by the precipitation of silver(l) chloride. We also
exchange when mixed. The implication is that anionic ligand note that4 can also be prepared by the action of lead(ll)
exchange is occurring between identical ruthenium benzylidenestrifiyoroacetate on benzyliderin THF or dichloromethane.

at all times in solution. A mechanismuimlzing bridged dimers
is invoked.

The introduction of the well-defined ruthenium benzylidene

Ru(Cl),(PCys)2(=CHPh), “Grubbs I” {; PCy; = tricyclohexyl-

phosphine}, and representative modified benzylidenes such as ™

Ru(Clx(IMesH,)(PCys)(=CHPh), “Grubbs II” @; IMesH, =
1,3-dimesityl-4,5-dihydroimidazol-2-ylideng Ru(Cly(IMesH,)-
(=CH-2-(2-PrO)GHy,), “Hoveyda—Grubbs II” (3),% and Ru(Ck-
CO,)x(IMesHy)(=CH-2-(2-PrO)GH,), “Buchmeiser-Hoveyda-
Grubbs 11" (4),* with variously improved catalytic activity and

The reaction is much slower (3 days for 95% conversion), but
very clean. Other perfluorocarboxylate salts (K, Na, Li) gave
only minimal conversions. Dibromide benzyliderg® was

prepared by the action of excess lithium bromide on dichloride

An equimolar quantity of bis(trifluoroacetate) benzylidehe
(0n; RUCH = 17.51 ppm) and bispentafluoropropanoate ben-

(6) (a) For a review see: Buchmeiser, M. Rew J. Chem2004 28,
549-557. Catalysts immobilized on a solid support via phosphine ex-
change: (b) Nguyen, S.; Grubbs, R. H.Organomet. Chenl995 497,
195-200. (c) Melis, K.; De Vos, D.; Jacobs, P.; VerpoortJFMol. Catal.

stability, has had a tremendous impact on olefin metatifesis. A: Chem.2001, 169 47—56. Via alkylidene exchange as “boomerang” or
The different coordinated ligands around the ruthenium center release/return catalysts: (d) Ahmed, M.; Barrett, A. G. M.; Braddock, D.

have provided multiple opportunities for the preparation of

immobilized catalysts on solid suppofté.In particular, the

C.; Cramp, S. M.; Procopiou, P. Aletrahedron Lett1999 40, 8657
8662. (e) Ahmed, M.; Arnauld, T.; Barrett, A. G. M.; Braddock, D. C.;
Procopiou, P. ASynlett200Q 1007-10009. (f) Jarfarpour, L.; Nolan, S. P.

ability to replace the ubiquitous anionic chloride ligand with a Org. Lett.200Q 2, 4075-4078. (g) Jarfarpour, L.; Heck, M.-P.; Baylon,

functionalized perfluoroacetate attached to a solid support ha

been recently exploitet® However, we now show in this
communication that anionic ligands on Hoveydarubbs ru-

sC.; Lee, H. M.; Mioskowski, C.; Nolan, S. ®rganometallic2002 21,

671-679. (h) Dowden, J.; Savovic, Chem. Commur200Q 37—38. (i)
Kingsbury, J. S.; Garber, S. B.; Giftos, J. M.; Gray, B. L.; Okamoto, M.
M.; Farrer, R. A.; Fourkas, J. T.; Hoveyda, A. Angew. Chem. Int. Ed.

thenium(ll) benzylidenes are subject to degenerate exchange2001 40, 4251-4256. () Grela, K.; Tryznowski, M.; Bieniek, M.

This has implications for ruthenium benzylidene precatalysts

immobilized through the “anionic position” and also for the

Tetrahedron Lett2002 43, 9055-9059. (k) Connon, S. J.; Blechert, S.
Bioorg. Med. Chem. LetR002 12, 1873-1876. (I) Lee, B. S.; Namgoong,
S. K.; Lee, S.-gTetrahedron Lett2005 46, 4501-4503. (m) Fischer, D.;

solution phase chemistry of these benzylidenes in general (videBlechert, SAdv. Synth. Catal2005 347, 1329-1332. (n) Michalek, F.;

infra).
Bis(trifluoroacetate¥ is prepared from HoveydaGrubbs3
by the action of 2 equiv of silver trifluoroactetate in tetrahy-

* Corresponding author. Fax:+44(0)2075945805. Tel:+44(0)-
2075945772. E-mail: c.braddock@imperial.ac.uk.

T Department of Chemistry, Imperial College London.

#Basic Chemicals Research, BASF Aktiengesellschaft.

§ Department of Chemical Engineering, Imperial College London.

(1) Schwab, P. W.; France, M. B.; Ziller, J. W.; Grubbs, R.Athgew.
Chem., Int. Ed. Engl1995 34, 2039-2041.

(2) (a) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. @rg. Lett.1999
1, 953-956. (b) Sanford, M. S.; Love, J. A.; Grubbs, R. HAm. Chem.
Soc.2001, 123 6543-6554.

(3) (a) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, AJH.
Am. Chem. SoQ00Q 122 8168-8179. (b) Hoveyda, A. H.; Gillingham,

D. G.; Van, Veldhuizen, J. J.; Kataoka, O.; Garber, S. B.; Kingsbury, J. S;

Harrity, J. P. A.Org. Biomol. Chem2004 2, 8—23. (c) Kingsbury, J. S.;
Hoveyda, A. HJ. Am. Chem. So2005 127, 4510-4517.

(4) Krause, J. O.; Nuyken, O.; Wurst, K.; Buchmeiser, M. Ghem.
Eur. J.2004 10, 777-784.

(5) (@) Handbook of MetathesisGrubbs, R. H., Ed.; Wiley-VCH:
Weinheim, Germany, 2003. (b) Trnka, T. M.; Grubbs, R.A¢c. Chem.
Res.2001, 34, 18-29. (c) Conrad, J. C.; Fogg, D. Eurr. Org. Chem.
2006 10, 185-202.

10.1021/0m060913n CCC: $33.50

Madge, D.; Rie, J.; Bannwarth, WEur. J. Org. Chem2006 577—581.
(o) Elias, X.; Pleixats, R.; Man, M. W. C.; Moreau, J. J. &dv. Synth.
Catal. 2006 348 751—-762. See also ref 4. Through &kheterocyclic
carbene: (p) Schar, S. C.; Gessler, S.; Buschmann, N.; Blecherrgjew.
Chem. Int. EJ200Q 39, 3898-3901. (q) Mayr, M.; Mayr, B.; Buchmeiser,
M. R. Angew. Chem. Int. Ed2001, 40, 3839-3842. (r) Randl, S.;
Buschmann, N.; Connon, S. J.; Blechert Synlett2001, 1547-1550. (s)
Mayr, M.; Buchmeiser, M. R.; Wurst, KAdv. Synth. Catal2002 344
712-719. (t) Pitns, S.; Lehmann, C. W.; stner, A. Organometallics
2004 23, 280-287. (u) Mayr, M.; Wang, D.; Kily, R.; Schuler, N.; Prbs,
S.; Firstner, A.; Buchmeiser, M. RAdv. Synth. Catal2005 347, 484—
492. (v) Li, L.; Shi, J.-l.Adv. Synth. Catal2005 347, 1745-1749. By
microencapsulation: (w) Gibson, S. E.; Swamy, V. Mlv. Synth. Catal.
2002 344, 619-621.

(7) For recyclable ruthenium benzylidenes bound to a soluble polymer
see: (a) Yao, QAngew. Chem. Int. E@00Q 39, 3896-3898. (b) Connon,
S. J.; Dunne, A. M.; Blechert, $ingew. Chem. Int. E®002 41, 3835~
3838. (c) Varray, S.; Lazaro, R.; Martinez, J.; LamatyQFganometallics
2003 22, 2426-2435. (d) Yao, Q.; Motta, A. RTetrahedron Lett2004
45, 2447-2451. From ionic liquids with an ionic tag: (e) Yao, Q.; Zhang,
Y. Angew. Chem. Int. EQR003 42, 3395-3398. (f) Audic, N.; Clavier,
H.; Mauduit, M.; Guillemin, J.-CJ. Am. Chem. SoQ003 125, 9248—
9249. (g) Clavier, H.; Audic, N.; Mauduit, M.; Guillemin, J.-@hem.
Commun2004 2282-2283. (h) Yao, Q.; Sheets, M. Organomet. Chem.
2005 690, 35773584. (i) Clavier, H.; Audic, N.; Guillemin, J.-C.; Mauduit,
M. J. Organomet. Chen2005 690 3585-3599. By fluorous extraction:
() Yao, Q,; Zhang, YJ. Am. Chem. SoQ004 126, 74—75.

© 2006 American Chemical Society

Publication on Web 10/18/2006



Communications

CvaP NAr
Y3 X

AN
1€l rT

/Rll']:CHPh /Rll‘i:CHPh (RJ_
Ci” pey, Cl” Poy, X éb
1 2 \f

3: X=Cl; 4: X=0,CCFj;
5: X= O,CC,F5; 6: X=Br

ArN NAr
Ta

Figure 1. Ruthenium benzylidenes. A+ mesityl.

5 4

7
1 minute ‘l * “
28 minutes Jl ‘l “

114 minutes

| | |
17.70 17.60 17.50 17.
ppm

Figure 2. *H NMR plots of the benzylidene region for the exchange
of perfluorocarboxylated and5 to give 7.

Scheme 1. Ligand Exchange in Complexes—6
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zylidene5 (dy; RuCH = 17.60 ppm) were combined ids-
THF at room temperature (Scheme I NMR analysis
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an “average” value of those of the two precursors also lends
credence to the assignment. Mass spectrometry of the equilib-
rium mixture confirmed the identity of the new species with a
characteristic isotope pattern centered around 832 Da. It is
important to note that isolation of purgis not viable under
these conditions, since it will “disproportionate” inoand 5

by equilibrium ligand exchange, and compouhdas analyzed

as an equilibrium mixture witld and5. This is true also for
benzylidenes8—10 and 12. Benzylidenell was analyzed by
mass spectrometry before the mixture had fully attained
equilibrium.

The propensity of a perfluoroacetate benzylidene to exchange
with dihalo benzylidenes was examined. All combinations of
bistrifluoroacetate and bispentafluoropropanodevith dichlo-
robenzylidene3 (oy; RuCH = 16.34 ppm) and dibromoben-
zylidene6 (0y; RuCH = 16.25 ppm) were studied. In all cases,
exchange to give a new mixed benzylidene signal inltie
HMR spectrum was observed, vi8 (from 3 and4), 9 (from
5and6), 10 (from 3 and5), and12 (from 4 and6). The chemical
shifts of the new benzylidenes are always intermediate between
the original values of the starting materials (see Scheme 1). In
each case the new species was characterized by mass spec-
trometry. The equilibrium positions for these exchanges were
also 1:2:1 (adjusting for some benzylidene decomposition over
these time periods), with the new benzylidene as the major
product. The rate at which these reactions equilibrated was
significantly slower compared to the exchange betwéamd
5, but both dihalides3, 6) exchanged anionic ligands with both
pefluorocarboxylates4( 5) at approximately the same rate (ca
450 min for 50% of equilibrium conversion).

Finally, the exchange between chlori@land bromides was
examined (Scheme 1). Again, a new benzylidene peak was ob-
served for the mixed halide specidq4, but this exchange
is much slower and only 10% conversionld was observed
after 20 h.

Each of these HoveydaGrubbs benzylidenes is therefore
subject to anionic ligand exchange. The experiments that we
have performed show exchange between discrete chemical
species. However, the implication is that anionic ligand
exchange is occurring between identical ruthenium benzylidenes
at all times in solution.Moreover, these exchanges were
examined at ambient temperature and concentrations (0.067 M)
typical of those conditions under which olefin metatheses
reactions are conducted, and it is interesting to consider whether
these exchange reactions have some role in the metathesis
catalytic cycle, or whether this is just an unrelated side-process.
In addition, these observations also require that this exchange
is taken into account in the design of solid-supported ruthnium-
(I1) benzylidenes immobilized through the anionic position. As
to the mechanism of exchange, at this stage we propose bridged
dimers. Structural evidence in support of this comes from the
work of Hoveyda, who isolated a dichloro-bridged species from
a 2-methoxy (rather than isopropoxy) benzylid@h&rubbs has
reported bimetallic, bridged-chloride ruthenium carbenes derived

revealed the immediate formation of a new benzylidene singlet from the reaction of Grubbs | andpicymene)MCl], (M =

at 17.56 ppm, which became increasingly intense (Figure 2). Ry, Os, Rhf. Mol has also isolated and characterized carboxy-
After ca 2 h the relative ratios of the three peaks were 1:2:1,
respectively, where the new resonance is the most intense. This (8) (a) Nieczypor, P.; Buchowicz, W.; Meester, W. J. N.; Rutjest, F. P.
ratio was invariant thereafter, showing that the mixture had i/l T '\'GIOL vs CiTEtfaé\Edgon _LettZIaO%{f‘hZ 710E3—7%]g%b ib)lg%n?%lL';

HH ot . H ayr, M.; urst, K.; bucnmeiser, . em. eur. A —
reached equllllbrlum. The jsta'glstlcal 1:2:1 ratio of the three 770, (c) Halbach, T. S.: Mix, S.: Fischer, D.; Maechling, S.: Krause, J.
resonances is a clear indication of pseudodegenerate liganc.: Sievers, C.: Blechert, S.: Nuyken, O.; Buchmeiser, MJ.FOrg. Chem.
exchange (i.e., perfluoroacetate and perfluoropropanoate), and2|005 b70, 4687fd4694. A n%nlﬂuonneged bis sbllver ?zérboxylate ligand has

; ; so been used to immobilize ruthenium benzylidenes: Krause, J. O.;

the resonance was assigned to the benzylidene proton of the] obad. S.: Nuyken, O.. Buchmeiser. M. R, Synth. Catal2003 345
mixed perfluorocarboxylate species: RugCR,)(CoFsCOy)-

996-1004.
(IMesH,)(=CH-2-(2-PrO)GHoa) (7). The new chemical shift at (9) Dias, E. L.; Grubbs, R. HOrganometallics199§ 17, 2758-2767.
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late-bridged dimers in the Grubbs | seri@dt is reasonable to Acknowledgment. We thank BASF for financial support
postulate that a dicarboxylate bridged dimer is more accessibleand a studentship (to K.T.).

on steric grounds than a mixed carboxylate-halide dimer, which
is in turn more accessible than a dihalide dimer. This provides
a qualitative explanation for the relative rates at which the
equilibria are established.
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