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Six-Coordinate Alkynyldiphenylphosphine Ruthenium(ll)
Complexes: Synthesis, Structure, and Catalytic Activity as ROMP
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Six-coordinate fransRuChL(PPRC=CR),] (R = Ph (), (4-CHs)CsH4 (2), (4-OCHs)CeHa, (3), (4-
CR;)CsH4 (4)) were obtained from the reaction of Ru&H,O with the appropriate alkynylphosphine
(PPRC=CR) in ethanol. An X-ray crystal structure analysislefH,O reveals that the complex is obtained
as thetransisomer, with the halides occupying apical positions and the phosphorus atoms lying in the
equatorial plane. The alkynyl substituents of adjacent P ligands are alternatively pointing up and down
and are maintained within the vertical plane by a set of weak hydrogen interagtivas§—H---Cl and
C—H---z(C=CPh)] connecting thertho-H of the phenyl rings with the chloride and acetylenic moieties,
respectively. Complexed4 and 2 react cleanly with phenylacetylene via dissociative loss of one
alkynyphosphine ligand to yield saturated I8Ru(ll) vinylidene complexesmer,cissRuChL(C=CHPh)-
(PPhC=CR)] (R = Ph (12), Tol (13)). The catalytic activity ofLl—4 in ROMP reactions of norbornene
and several functionalized norbornenes in the presence of trimethylsilyldiazomethane (TMSD) as the
carbene source is also described.

Introduction ment in characteristic reactions of the triple bond, namely,
intermolecular coupling of the alkynyl moieties leading to
association of two coordinated alkynylphosphifg&!’insertion
of the triple bond into reactive MH or M—C bonds?58:18-20
or even its activation toward reaction with electrophilic or
nucleophilic substrate’g:21.22

The chemistry of saturated (18)eand specially unsaturated
(16 €) halide/cyclopentadienyl and/or arene-phosphine and/or
diphosphine ruthenium(ll) complexes has gained significance

* Corresponding authors. E-mail:  elena.lalinde@dg.unirioja.es; in recent years owing to the current implication of these species
lavigne@Icc-toulouse. fr; lugan@Icc-toulouse fr. as reactive intermediates in organic and organometallic synthesis

Our current interest in alkynylphosphife¥ stems from their
now well-established ability to coordinate via the phosphorus
atom and/or the &C moiety, thus favoring the formation of a
rich variety of homo- or hetero-polynuclear specie’®. Among
other versatile properties of these ligands are (i) their aptitude
to act as sources of phosphido and alkynyl fragments via metal-
mediated P-C bond cleavadgé and (i) their possible engage-
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phosphorus-based ligands that may be used to tune the reactivity

of the above complexes, heterobifunctionat¥? and P-O

ligands have received particular attention due to their valuable

hemilabile propertie4?-48 By contrast, little is known about

the outcome of a heterobifunctional association combining a

phosphorus donor atom with vinyl, allyl, or alkynyl groufgst®-55

As part of our continuing interest in the chemistry of
alkynylphosphine$;1° we now report the preparation of the
first 18 e neutral complexestifansRuChL(PPRC=CR),] and
their full characterization, including the X-ray crystal structure
analysis of fransRuCh(PPRC=CPh})]-4H,0. As shown be-
low, preliminary studies of the reactivity of this species toward
terminal alkynes led us to observe the clean formation of
vinylidene complexes, which were also fully characterized. In
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Scheme 1
Cl
EtOH
Ih, reflux ~ RC=CPhoPy, “\\\PthC-CR R=CgHs 1,
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l + HC=CPh
\\\
N
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addition, considering that vinylidenes are carbenoids, we were the v(C=C) stretching frequency, typical of P-coordinated

logically prompted to examine possibilities to use our alkyn-

alkynylphosphines. The small increase in i{f€=C) relative

ylphosphine Ru(ll) complexes as precatalysts in the ROMP of to free ligands upon coordinatiod{(C=C): 24 (1); 27 (2);
norbornene, taken as a test metathesis reaction. To our surprisel9 (3); 5 (4) cm™1) is consistent with the lesser delocalization
preliminary catalytic runs included here revealed an unexpectedof the phosphorus lone pair on thet C=C orbitals24:6-8:56

high efficiency of the above complexes for this reaction.

Results and Discussion

I. Synthesis and Characterization of frans-RuCl,(PPh-
C=CR)4]. Reaction of RuGtxH-0 with stoichiometric amounts
(1:4 molar ratio) of the appropriate alkynylphosphine, 2Ph
C=CR, in degassed, refluxing EtOH, undep,Nor ca. 1 h
yielded the corresponding tetrakis(phosphine) compldaxrasg
RuChL(PPhC=CR)4] (R = Ph (), (4-CHs)CsHa (2), (4-OCH)-
CeHa, (3), (4-CR3)CeH4 (4)) in high (1, 2, 4) or low (3) yield,

which were characterized by the usual analytical and spectro-

NMR characterization was carried out at low temperature. The
existence of this species in the form of tihhensisomer can be
inferred from3'P{1H} NMR spectra showing a singlet signal
[0 —4.19 to —5.08 ppm], which is, as expected, clearly
downfield with respect to the corresponding free ligand ¢°Ph
C=CR/: Ph/—-33.5; (4-CH)CeH4/—33.4; (4-OCH)CeH4/—
32.8; (4-CR)CgH4/—33.4). In all cases a very small signal due
to the free phosphine is also observed, possibly consistent with
the occurrence of a dissociative equilibrium. Proton &t}
{*H} NMR data indicate that the molecules are relatively rigid
on the NMR time scale; indeed, the low-temperature proton
spectra (see Figure S1 for complBxexhibit two different sets

scopic techniques (Scheme 1). These complexes are air stabl®f ortho (6 9.24-9.14; 6.776.83 ppm) and alsometa

in the solid state. In solution, they evolve slowly, and after 24
h in CDCk, PPRC=CR, O=PPhC=CR, and an unidentified
derivative (similar for all the complexe¥P{H} NMR: 6 ~37,
broad and~30, triplet) together with the corresponding complex

resonances clearly indicating hindered rotation around the

P—C(Ph) bonds. On the basis of NOESY, COSY, HMQC,
—13C{31p}, and HMBC experiments carried out on the

complex fransRuCh(PPhC=C(4-CHs;)CsHa)4], 2, the most

(1—4) were observed. The FAB mass spectra do not show the deshielded signals (9.24€.14 ppm) are tentatively attributed
corresponding molecular peak but exhibit a similar fragmenta- to the eightortho protons interacting with the two chlorine axial

tion pattern with peaks due to [M PPRC=CR]" and [M —
Cl — PPhC=CR]" as the most abundant species. Their IR
spectra show a strong band in the 232384 cn1? range for
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atoms and therefore the high-field resonances (66783 ppm)

to the eightortho-protons which are seen in the solid state to
be directed toward the alkynyl fragment (vide infra). For
complexed and2, variable-temperature protdH NMR spectra
were recorded. As observed for complexFigure S1), in the
223—-323 K range, signals due to tloetho-H rapidly collapse
while signals formetaH signals broaden and finally coalesce
at ca. 258 K. The analysis of the coalescence behavior of the
latter signals led to an activation energy barrier of ca. 12 kcal
mol~1 for the rotation of the phenyl rings around the-@
bonds®” The estimated rotation barrier is considerably higher
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than in typical phenylphosphine ligands{2 kcal moitin free
triphenylphosphine), and ttegtho-H---Cl interactions evidenced

in the solid state (vide infra) certainly account for such a high
value. Upon coordination of the alkynylphosphines, the C
resonances move upfield 81.3 (1); 80.6 @); 79.9 @) ppm),
while the G shift downfield ¢ 112.3 (1); 112.6 @); 112.7 @)
ppm) with respect to the free ligands (RC,/6 Cg: Ph/86.5/
109; (4-CH)CsH4/84.6/107.9; (4-OCHCsH4/84.1/108.1). In
these complexes, the magnitude of the chemical shift difference
(Ao = 0Cz — OC,), which is related to the triple-bond
polarization Ad 31 (1); 32 (2); 33 (3) ppm), is notably higher
than those previously observed for the neutral complexes
[RUCp*CI(PPRC=CPh)] (A6 21.1 ppm} and [Ru{®-p-
cymene)C)(PPRC=CR)] (Ao 18.3-26.5 ppmJ and compa-
rable to those seen in the cationic derivatives Ry
cymene)CI(PPYC=CR),]* (A6 32.2-35.5 ppm)’

A search in the Crystallographic Cambridge Data Base
revealed that only a small number of dichloride ruthenium(ll)
complexes incorporating four phosphine ligands have been
crystallographically reportet¥63 These include thetrans
derivatives fransRUCh(P(OEt})4],%° [transRUCk{P(CH;-
OH)3} o{ P(CHOH),H} 7],6% and fransRuCh(PPhH)4]%164sta-
bilized by phosphites and/or secondary and primary phosphine
ligands and the water-soluble phosphine complEsRuChL-
(PTA)y (PTA = 1,3,5-triazaphosphaadamantafte)which
possesses a geometry witls chloride ligands.

Suitable crystals for an X-ray diffraction study were obtained
from slow diffusion ofn-hexane into a saturated solution of
complexl in CH,Cl,. The structure of [RuG{PPhC=CPh),]-
4H,0 (Figure 1a, Table 1) shows that the molecule bag
symmetry with the Ru(ll) center lying on thes $xis. The
complex displays an octahedral coordination around the Ru atom
with the apical positions occupied by the chloride ligands and
the equatorial ones, by the four phenylethynylphosphine ligands.
The interatomic RuCl bonding distance (2.4332(10) A),
comparable to those observed in related complexes$
RUCbL4] (L = PPhH, 2.422(3) A81L = POES, 2.420(2) &9),
lies in the expected range. However, the-Hubond length
(2.4077(8) A) is significantly longer than those founctians-
RUChL,4 (L = PPhH, 2.318(3), 2.319(3) A; I= POE%, average  Figure 1. (a) Molecular structure otfansRuCL(PPhC=CPh}]
of 2.330(5) A§*61and in other ruthenium complexes containing (1). Ellipsoids are drawn at the 50% probability level. Hydrogen
alkynylphosphine ligands such as [Ré{p-cymene)CJ(PPh- atoms have been omitted for clarity. (b) View of the-#€l and
C=C(4-CHs)CsHa)] (2.3289(6) AY and [Rug8-p-cymene)Cl- H---C interactions in¢is-RUCL(PPRC=CPh)] (1). Ellipsoids are
(PPhC=C'Bu),]* (2.3278(12) AY thereby suggesting weaker drawn at the 50% probability level.
pho_sphorusmetal dative bonds probably due to steric crowding.  1pie 1. Selected Bond Lengths (A) and Angles (deg) for
Owing to the crystallographi®., symmetry, the four phos- [trans-RUCI,(PPh,C=CPh),]-4H,0 (1-4H,0)?
phorus atoms lie in an exactly planar arrangement around the
Ru(ll) with no distortion of the C+Ru—P or P-Ru—P angles E?l()l_)é?l%; fjﬁ%{éf) E&gl?;fl'gl) i'_??,?fg(,)lo) E@?;(é)) i:?gig

from 9C°. It has been previously noted that the introduction of H(14)-Cl(1) 2.629 H(20)-CI(1) 2.653 H(16)-C(1) 2.495

an alkyne spacer between the phosphorus atom and the aryH(10-C(1) 2521

substituent does not alter the cone angle of the phosphine p1y-ru1)-P(1y  90.009(1) P(L}RU(L-P(1)  178.62(4)

P(1-Ru(1)-CI(1)  90.695(18) P(BRu(1)-Cl(ly  89.305(18)

(58) A search performed in the Cambridge Structural Data Base updated C)-C)-PA) 173.13) CBrC2)-CE) 175.7(4)

in February 2005. a(") Symmetry transformations used to generate equivalent atoms are
(59) Mazzetto, S. E.; do Prado Gambardella, M. T.; Santos, R. H. A} w1 —x —y+1/2, 7 #2 —y+1/4, x+1/4, —z+5/4; #3y—1/4, —x+1/4, —z+5/

g(;gFranca Lopes, L. G.; Franco, D. \W. Organomet. Chen1999 18, 4.
(60) Higham, L.; Powell, A. K.; Whittlesey, M. K.; Wocadlo, S.; Wood,

P. T.Chem. Commuri998 1107. ligand®° In fact, PPR and PPRC=CPh display identical steric
(61) Blake, A. J.; Champness, N. R.; Forder, R. J.; Frampton, C. S.; demand § = 145’) in porphyrin—Ru(ll) complexes [(phos-

55075; C. A,; Reid, G.; Simpson, R. H. Chem. Soc., Dalton Tran$994 phine)Ru(I)(DPP)] (DPR= 5,15-bis(3,5-di-tert-butyl)phenyl-
(62) Darensbourg, D. J.; Joo, F.; Kannisto, M.; Katho, A.; Reibenspies, 2,8,12,18-tetraethyl-3,7,13,17-tetramethylporphyiftjowever,

J. H.; Daigle, D. JInorg. Chem.1994 33, 200. the analogous reaction of Ru£3H,0 with PPh generates the

(63) Albertin, G.; Antoniutti, S.; Bordignon, E.; Cazzaro, F.; lanelli, S.;
Pelizzi, G.Organometallics1995 14, 4114.

(64) McAslan, E. B.; Blake, A. J.; Step, T. Acta Crystallogr.1989
C45, 1811. (65) Holm, R.Inorg. Synth.197Q 12, 238.

known dichlorotris(triphenylphosphine)ruthenium§fl)com-
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plex, which displays a distorted square-pyramidal coordination
with an apical P atorf®%7 In this complex, the remaining free
octahedral site is effectively blocked by a phenyl ring, which
establishes an agostic interaction with the ruthenium center (Ru
--H = 2.59 A)86.67 By contrast, in the present complex (Figure
1b), the four phenyl rings of two PRG=CPh ligands and the
ethynyl fragments of the two other alkynylphosphine ligands
build a cavity that effectively shields the chlorine atom. There
is a close spatial contact between the chlorine atom and the
four ortho protons of the phenyl rings, which results in short
intramolecular RuCl---H—C separations of 2.629 (CHH14)

and 2.653 A (CI+H20), respectively. These values are shorter
than the sum of van der Waals radii of chlorine and hydrogen
atoms (2.95 A) and suggest the presence of weak hydrogen-
bonding interactions, which, as commented above, may account
for the hindered rotation of the phenyl rings evidenced in
solution by NMR. Another interesting structural feature is the
existence of close hydrogen-bonding interactions between both
ortho phenyl protons (PRhand the acceptor=C moiety, with
H16:-C1 and H1@-C1 distances of 2.495 and 2.521 A,

respectively. These distances are within the range of thoserijgyre 2. Molecular structure of rhercis-RuCh(=C=CPh)-
observed in several chloroform solvates of alkynyl compl&xés (PPhC=CTol)3]-Et,0O (13-Et,0). Ellipsoids are drawn at the 50%
such as [LAUGECAUL(CHCL),] (L = PPhnaphyl)8 [LAu- probability level. Hydrogen atoms have been omitted for clarity.
C=CAUL(CHCE)¢], and [P{C=C(4-CR)CeHa}l* (range Table 2. Selected Bond Lengths (A) and Angles (deg) for
2.446-2.587 Ay° and are slightly shorter than those typically £ et b 2

found in cyclopentadienyl alkynyl complexes (C(Cp) [mer,cisRUCI(=C=CPh)(PPhC=CTol)3]-Et:0 (13Et0)
H--C=C 2.6-2.9 A).2 Ru(1)-Cl(1) 2.4201(8) Ru(I)Cl(2) 2.4862(8) Ru(1}C(1) 1.8180(3)

> _ Ru(1-P(1) 2.3915(7) Ru(BP(@2) 2.3642(8) Ru(BP(3) 2.3872(8)

toward Terminal Alkynes. A valuable aspect of the reactivity — c(1)-c(2) 1.308(4) C(2C(3) 1.456(5)
of chlorophosphine ruthenium(ll) complexes is their ability to

react with terminal alkynes to give an elusive adduct from which E;‘{}Q‘{Sﬁ‘c‘g) i;gggg g&;‘ﬁﬂﬁﬁgg nggj{g;
l-alkyne to vinylidene tautomerization generally takes P(3)}-Ru(1)-P(1) 165.53(3) C(BRu(1)-P(3) 84.04(9)
placg?'8*35v7”5 as originally observed by Wakatsuki in the g:gg:gzg);ggg gg.gg% ggggﬁg);g:gg 133_2322))
specific case of RuGIPPh)s.”> Considering the obvious steric CI2)-Ru(1y-P(3) 98.53(3) Sy Ru(1)-CI2) 85.15(3)
crowding that could be inferred from the structure analysis of CI(1)—Ru(1)-P(2) 169.38(3)
our complex fransRUChL(PPRC=CRY),] (1) in the solid state, C(10y-C(9)-P(1)  171.2(3) C(9yC(10)-C(11)  177.2(4)

a facile dissociative loss of at least one of the alkynylphosphine ggg:gg%:ggg %‘;-gg; gg%}gg%)):ggg g?-ggg

ligands in solution might be anticipated. Thus, we became
interested in determining whether such a property could be phosphine ligand. The novel vinylidene complexésand 13
exploited in terms of reactivity. Treatment of complexefR have been characterized by various spectroscopic techniques.
= Ph) and2 (R = (4-CHs)CsHs) in CH.Cl, with an excess of ~ Characteristic features of the IR spectra arext{@=C) band
phenylacetylene at room temperature for 15 h results in the of the terminal alkynylphosphine ligandg(C=C) 2180 (2);
displacement of one of the PRF=CR ligands and formation ~ 2179 (L3) cm™?) and those due te(C=C) of the vinylidene

of the vinylidene complexestercissRuChL(C=CHPh)(PPk& ligand at 1624 cmt in 12 and 1627 cm' in 13. Further, the
C=CR)] (R = Ph (12), (4-CHs)CsH4 (13)) (Scheme 1). It is BC{H} NMR spectra display a characteristic low-field reso-
noteworthy that the reaction, effectively producing a vinylidene nance a® 358 ppm (quartedc—p ~ 13.7 Hz (2); s br (13))
species, is accompanied by isomerization of the initiahs- assignable to the-carbon of the vinylidene moiety, and in the
(chlorine) derivative to theis-(chlorine), the latter geometry  proton spectra the=CHPh resonance is observed at high field
notably avoiding the unfavorable disposition where a strong as a triplet of doublets at 5.33 ppriu(p ~ 3.7 Hz,12 and

m-acceptor vinylidene group (:8CHPh) would betrans to a 13), in line with the proposed structure and with those reported
for other Ru(ll) vinylidenes. Thé'P{1H} NMR spectra show
(66) La Placa, S. J.; Ibers, J. morg. Chem.1965 4, 778. a triplet © 1.58 (12); 1.26 (L3) ppm) and a doubletd(—0.41
20(()%7)2%”2%3' D.; Basta, R.; Arif, A. MZ. Kristallogr. New Cryst. Struct. ppm' (A;X spin syst_em) 12 and 13) with a 230 p A 2.6.5.HZ),
(68) Mdler, T. E.; Mingos, D. M. P.; Williams, D. JJ. Chem. Soc.,  confirming themerdisposition of the alkynylphosphine ligands.
Chem. Commuril994 1787. The structure of the complexrer,cissRuCh(C=CHPh)(PPh

o, o) Miller, TwE'iNCS"JB\r’gaﬁéﬂei?ggi’eaiggf'i&”rﬁgg‘ D.; Williams, - C=C(4-CHy)CgHa)q] (13) was investigated by X-ray diffraction.
' (70) Benito, J.; Berenguer, J. R.; Forsd.; Gil, B.: Ganez, J.; Lalinde, An.ORTEP drawing of the complex is presented in Flgure 2,
E. Dalton Trans.2003 4331. _ while selected bond lengths and angles are gathered in Table
(71) Alder, M. J.; Flower, R. K.; Pritchard, R. @. Organomet. Chem. 2. 1In agreement with Spectroscopic data fi and 13 in

2001, 629, 153. - : - o
(;'2) S%emer’ T Tamm, MJ. Organomet. Chemi998 570, 235, and solution, the ruthenium vinylidene complek3 exhibits a

references therein. distorted octahedral geometry around the ruthenium atom, with
(73) Bruce, M. I.Chem. Re. 1991, 91, 197. amerdisposition of the alkynylphosphine ligands and a mutually

the(;‘i‘% Wakatsuki, YJ. Organomet. Cher2004 689 4092, and references  ¢jg configuration of both chlorine atoms. Angles around Ru lie

(75) Wakatsuki, Y.; Koga, N.; Yamazaki, H.; Morokuma, B. Am. between 83.64(9)(C(1)~Ru(1)-P(1)) and 99.66(9)(C(1)—
Chem. Soc1994 116, 8105. Ru(1)-CI(1)) for the mutually cis ligands and between
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165.53(3j (P(3-Ru(1)-P(1)) and 174.64(9)(C(1)~Ru(1)-
Cl(2)) for the mutually trans ligands. The three alkynyl
fragments of the phosphine ligands are roughly aligned with
the vinylidene group, probably for steric reasons. TheCR=
Cs—(CeHsCHa) linkages are almost linear atzG177.0(4)-
178.4(3Y) but slightly bent at & (167.9(3)-174.8(3)). The
Ru(1)-P(2) lengthtrans to the chlorine ligand (2.3642(8) A)
is somewhat shorter than the remaining-Hudistances (Ru-
(1)—P(1)= 2.3915(7) A; Ru(1)}-P(3)= 2.3872(8) A) and that
found in1 (Ru(1)-P(1)= 2.4077(8) A), in agreement with the
lessertrans influence of the chlorine atom relative to the
phosphine ligands. The RiCl bond distancetrans to the
vinylidene (Ru(1}-CI(2) = 2.4862(8) A) is significantly longer
than the Ru-Cl bondtransto P(2) (Ru(1)}-Cl(1) = 2.4201(8)
A), thus suggesting a remarkableans influence of the
vinylidene ligand, as expected, considering its stroragceptor
nature. The Ru(£}C(1)—C(2) unit is almost linear (175.0(3)
with the C(3)-C(8) phenyl ring being essentially coplanar with
the {C(2)—C(1)—Ru(1)-CI(1)—CI(2)} mean plane (dihedral
angle of 5.8). The Ru(1>C(1) and C(1)-C(2) distances of
1.8180(3) and 1.308(4) A, respectively, compare well with the
corresponding distances found in othefRU—=C=C(H)Ph
complexe$1.63.73.7577

Ill. Studies of the Use of 1-4, 12, and 13 as ROMP

Initiators. In view of the tremendous success of new generations
of sophisticated “superfast” olefin metathesis catalysts derived

from Hoveyda/Grubbs prototypéd78-80there is also a practical

interest in simpler systems where the catalyst can be generated

in situ and at low cost from simple ingredients. In this context,

Bernechea et al.

Chart 1
ACO\ OHC\
5 6 7
MeO,C HO,
) \ \
MeOZC\ L / L /
o 8 9
“ HO,C
o N\ N
\ / Ny
0/ /10 11

in situ upon treatment of a dichlorophosphine ruthenium(ll)
complex with a diazoalkane as the carbene source.

As shown below, under the standard conditions defined in
eq 1, the first tests appeared quite spectacular, the polymerization
appearing to be complete in less than 2 min. This result

cat=1-4
initiator = Me3SiCHN,
[substr.]/[cat.] = 100; [init.}/[cat.] = 5

1)

n

Yield = 95% (1 or 2); 83% (3); 94% (4).

CH,Cly, 2 min., 20°C

we note that in most commercial processes relevant to metath-prompted us to extend our study to other functionalized

esis, poorly defined “archaic” catalysts generated in situ from
precursors as simple as Ry®lave been applied.

Keeping in mind that vinylidenes are carbenoids, with
interesting applications in catalysig33-37.82-91 we considered
it of interest to test the catalytic activity of the vinylidene
complexesl2 and 13 in the ring-opening metathesis polymer-
ization of norborneneX). Unfortunately, they were not active
either in CHCI, (10 mL, 100 equiv of/1 equiv of12 or 13)
at room (15 h) or reflux temperature (2.5 h) or in solvent-free
norbornene (100 equiv/1 equih2 or 13, 80 °C, 1 h). In view
of the fact that these latter complexe2( 13) are easily
generated from the precursdrsand?2 via phosphine displace-

norbornene$—11 (Chart 1). All complexed—4 were active

as ROMP precatalysts for monomérs8. However, no reaction
was found at room temperature or at higher temperatures with
monomers9—11 In the case of monomer6—8 elevated
temperatures were necessary to reach the yields obtained with
norbornene. The full results of these experiments are displayed
in Table 3. Even though the system appears to be of lower
efficiency for substituted norbornen@s 8 than for norbornene

5, the yields obtained afitel h indicate that these complexes
are quite effective precatalysts and present a notable functional-
group tolerance. We note that Schrock-type [MQHR)(N—
AR)(O-Bu);] (R = 'Bu, CMe&Ph) and Grubbs-type [Rugl

ment, our focus turned to carrying out some simple tests aimed (PCy;)L(=CHPh)] (L = PCys, IMesH,) catalysts have shown

at determining whether the complex@s4 could be used as

excellent results in the ROMP reactions with substituted

precatalysts for the ROMP of norbornene regarded as a testmonomer$3-95 The influence of the nature of the alkynylphos-
reaction. We thus decided to adopt the strategy previously usedphine on the activity of the ruthenium precursor complex is not

by Noels and co-workef®8where an active species is generated

(76) Wong, C.-Y.; Che, C.-M.; Chan, M. C. W.; Leung, K.-H.; Phillips,
D. L.; Zhu, N.J. Am. Chem. So@004 126 2501.

(77) Pavlik, S.; Gemel, C.; Slugovc, C.; Mereiter, K.; Schmid, R.;
Kirchner, K. J. Organomet. Chen2001, 617—-618 301.

(78) Buchmeiser, M. RChem. Re. 200Q 100, 1565.

(79) Firstner, A.Angew. Chem., Int. EQR00Q 39, 3012.

(80) Slugove, CMacromol. Rapid Commur2004 25, 1283.

(81) Mecking, S.; Held, A.; Bauers, F. Mingew. Chem., Int. EQ002
41, 545.

(82) Schwab, S. T.; Grubbs, R. H.; Ziller, J. W.Am. Chem. S04996
118 100.

(83) Braun, T.; Munch, G.; Windniller, B.; Gevert, O.; Launbender,
M.; Werner, H.Chem. Eur. J2003 9, 2516.

(84) Werner, H.; Mach, G.; Launbender, Mnorg. Chim. Acta2005
358 1510.

(85) Katayama, H.; Ozawa, Rrganometallics1998 17, 5190.

(86) Furstner, A.; Liebl, M.; Lehmann, C. W.; Picquet, M.; Kunz, R.;
Bruneau, C.; Touchard, D.; Dixneuf, P. Bhem. Eur. J200Q 6, 1847.

(87) Cetinkaya, B.; Demir, S.; @emir, |.; Toupet, L.; Smeril, D;
Bruneau, C.; Dixneuf, P. HChem. Eur. J2003 9, 2323.

(88) Fustner, A.; Picquet, M.; Bruneau, C.; Dixneuf, P. Bhem.
Commun.199§ 1315.

remarkable for monometsand8. However, a low activity was
observed for the precatalyst compléxhaving the trifluoro-
methyl group for monomer§ and 7 (entries 11 and 16). It
should be noted that when the precuréas mixed with the
diazo compound and the mononteis added 30 min later, the
yield of the reaction aftel h decreases to 50%, thus suggesting
that the active species is not stable in solution.

(89) Drouin, S. D.; Foucault, H. M.; Yap, G. P. A,; Fogg, D. E.
Organometallic2004 23, 2583.

(90) Bassetti, M.; Centola, F.; 8eril, D.; Bruneau, C.; Dixneuf, P. H.
Organometallics2003 22, 4459.

(91) del Ro, I.; van Koten, GTetrahedron Lett1999 40, 1401.

(92) Demonceau, A.; Stumpf, A. W.; Saive, E.; Noels, A.NFacro-
molecules1997, 30, 3127.

(93) Bazan, G. C.; Koshravi, E.; Schrock, R. R.; Feast, W. J.; Gibson,
V. C.; O’'Regan, M. B.; Thomas, J. K.; Davis, W. M. Am. Chem. Soc.
1990 112 8378.

(94) Miyamoto, Y.; Fujiki, M.; Nomura, KJ. Polym. Sci. Part A: Polym.
Chem.2004 42, 4248.

(95) Haight, D. M.; Kenwright, A. M.; Koshravi, ETetrahedrorn2004
60, 7217.
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Table 3. ROMP of 5-8 Initiated by 1—42

entry precatalyst/monomer solvent T (K) yield (%) TOP (h™}) Mn(x 10%)¢ PDI (Mw/Mp)© cigtrans?
1¢ 1/5 CH.Cl, 298 95 2850 188 3.2 (2.1%) 0.56
2¢ 2/5 CH,Cl» 298 95 2850 115 4.5 (3.2%) 0.54
3 3/5 CH.Cl, 298 82 2460 44 3.5 (2.6%) 0.55
4¢ 4/5 CH.Cl, 298 94 2820 498 1.2 (1.2%) 0.56
5 1/6 CH.Cl, 298 12 12 127 1.5(1.3%)
6 2/6 CH:Cl, 298 9 9 99 1.2 (1.6%)
7 3/6 CH.Cl, 298 1 1 146 1.3 (2.5%)
8 1/6 toluene 333 78 78 75 1.5 (1%)
9 2/6 toluene 333 74 74 69 1.4 (0.9%)
10 3/6 toluene 333 76 76 108 1.3 (0.9%)
11 4/6 toluene 333 35 35 127 1.3 (1%)
12 1/7 CH.Cl, 298 3 3 11 3.1 (11%)
13 1/7 toluene 333 57 57 126 1.7 (22%)
14 217 toluene 333 56 56 420 1.3 (55%)
15 3/7 toluene 333 80 80 239 1.1 (24%)
16 a7 toluene 333 27 27 11 1.8 (37%)
17 1/8 CH.Cl, 298 11 11 53 1.8 (7%)
18 2/8 CH.Cl, 298 4 4 300 1.1 (3.4%)
19 3/8 CH,Cl» 298 8 8 109 1.4 (2.5%)
20 1/8 toluene 333 73 73 19 1.4 (9%)
21 2/8 toluene 333 92 92 44 2.2 (6%)
22 3/8 toluene 333 89 89 16 1.6 (24%)
23 4/8 toluene 333 78 78 2 1.3 (54%)

aGeneral conditions: precatalyst:initiator:monomre:5:100; reaction time 1 h. Yields are given for isolated polym&fOF (turnover frequency
mol monomer converteck mol catalyst® x hour. ¢ M, and PDI calculated by size exclusion chromatography in microfiltrated THF solutions against
polystyrene standards. Experimental error in parenthésealculated by*H NMR spectroscopyt In these cases the reaction is stopped after 2 min due to
complete gelation of the mixture of reaction.

The characteristics of the polymers have also been examinednumber of factors: the catalytic system employed, the solvent
The molecular weights were calculated by size exclusion polarity, the reaction temperature, the dilution, and possibly also

chromatography, and the relative proportionci$ and trans the relative amount of byproducts formed in side reactf8ns.
double bonds was determined By NMR spectroscopy® We Starting from the 2-acetyl-5-norbornene monoméj the
would like to note that except for the reactions carried out in differences in molecular weight and polydispersitypofy6 are
toluene (60°C) with monomer8, the initiation efficiency less remarkable than fgoly5, and curiously, the molecular

(calculated ag = M meofMnexp in the reactions is relatively  weights decrease at high temperature. The polydispersities are
low, as might be expected for a coordinatively saturated lower than forpoly5, pointing to a better control of the reaction
precursor on which an alkylidene is installed in situ. The good or a better efficiency in the initiation. Unfortunately tloes/
initiation efficiencies observed for monomed could be transratio of poly6 was not accessible due to extensive overlap
tentatively attributed to a possible stabilization of the propagat- of the signals in the proton spectra.

ing species owing to the presence of oxygen at®his. the
case of norbornene (entries-4) the polymer obtained with
the precatalyst4 having the trifluoromethylalkynyl group
presents the highest molecular weight and the lowest polydis-
persity (entry 4). For the remaining complexés-3, the
observed polydispersities are quite broad. This fact, together
with the high values of the molecular weights, may be indicative
that the rate of propagation is faster than the rate of initiation
and, probably, that the percentage for generating the catalytically
active species is o8-8 Although, a broad polydispersity could
also indicate that the polymerization is subjected to backbiting

and transfer reactior8, presumably, the reason for broad region (5.5 ppm), suggesting that only one type of double bond,

molecular weight distribution is due to the slowness of the bablvt . O t with thi i
initiation compared to propagation. Tles/trans double-bond probablytrans IS present. in agreement wi IS suggestion,
this resonance is similar to the one given for the polymer

ratio observed is essentially nondependent on the nature of the™ "> .
precatalyst employed (entries-4). In all cases this ratio is obtau;gd using [Mo(CH-Bu)(NAr)(O-t-Bu),] as catalyst ¢
near 1:1, contrasting with theans geometry usually observed 5.45):

for other ruthenium catalyst9219%0and indicating a lack of By using an approach similar to that of Noels efaive
stereoselectivity in the reaction. It has been previously noted conducted NMR experiments aimed at getting some insight into

that the polymer microstructures are quite sensitive to a wide the nature of the active species. When 2 equiv of TMSD was
added at room temperature to a solution of com@¢xDCls),

The final polymers obtained using 5-norbornene-2-carboxy-
aldehyde foly7) and dimethyl-5-norbornene-2,3-dicarboxylate
(poly8) are not very soluble in THF, and therefore the values
of the molecular weights and polydispersities obtained were not
very accurate and present an important experimental error. For
poly7 access to the correspondicg/trans ratio by solution
NMR spectroscopy was not possible due to its lack of solubility
and the solid3C NMR spectra were not informative because
only a broad signal in the olefinic region (274.2 ppnVat 7
kHz and 234.2 ppm a¥; = 10 kHz) was observed. Thid
NMR spectra ofpoly8 exhibit only one signal in the olefinic

9((196)3Czelusniak, I.; Szymanska-Buzar,JT Mol. Catal. A: Chem2002 two weak signals at 19.1 and 18.7 ppm were immediately
190, 131. i i -
(97) Haight, D. M.: Kenwright, A. M.: Khosravi, EMacromolecules detected in théH NMR spectrum, thus suggestlng. the formation
2005 38, 7571. of small amounts of alkylidene-type [RalCHSiMe; com-
(98) Schrock, R. RAcc. Chem. Re4.99Q 23, 158. plexes??~84 The corresponding!P{*H} NMR spectrum showed
67(99) De Clercq, B.; Verpoort, K. Mol. Catal. A- Chem2002 180 a main signal due to compléxand two additional weak signals,

'(100) Delaude, L.: Demonceau, A.: Noels, A NFacromoleculed 999 the first one at—32.9 ppm attributable to free phosphine and
32, 2091. the second one at 10.4 ppm. When an additional 3 equiv of
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TMSD was added, thus reproducing the conditions of the are reported in parts per million relative to external standards
polymerization reactions, two additional signals at 30.8 and 30.1 (SiMes;, CFCk, and 85% HP(Q;), and all coupling constants are
ppm were detected in th&P{1H} NMR spectrum. In théH given in hertz. Mass spectra were obtained with an Esquire 3000
NMR spectrum the two signals at19.1 and 18.7 ppm increased ion trap mass spectrometer from Bruker Daltonics or an HP-5989B
in intensity and two new signals at 19.9 and 17.1 ppm appeared.mass spectrometer. SEC (size exclusion chromatography) analytical
After 30 min, the3'P{'H} NMR spectrum showed the total ~data were obtained at 298 K using a SFD RI 2000 differential
disappearance of the precursor comexhile the signals at ~ refractometer, a multiangle laser light scattering detector (Wyatt
30.8, 30.1, and 10.4 ppm remained as the most intense oned echnology, miniDAWN), a PLgel xm MIXED-D column (300
(small signals probably due to decomposition were also x 7.5 mm), and microfiltrated THF as eluant with a nominal flow
observed). In the proton spectrum only the signal at 17.1 ppm of 0.85 mL/min; results are reported relative to poly(styrene)

remains. Taken altogether, these observations suggest that thgtandards.
activation of the precatalyst occurs by dissociation of one 2 3
phosphine (or more) and formation of one (or more) alkylidene- PthcaECp©LR

type complexes existing under several isomeric forms. Although

we are presently unable to ascertain the nature of the actual pata for PPh,{ C=C(4-OCHs)CsHa}. Yield: 82% (oil). Anal.
active species, the resonances appearing at 19.1 or 18.7 ppngalcd for GyH,,0P: C, 79.73; H, 5.42. The best analyses obtained
can be reasonably assigned to the H of the active alkylidenewere: C, 77.23; H, 5.09. These values are lower than expected,
species. Besides, the possibility that the diazo compound attacksprobably due to partial oxidation of the phosphine. MS-Biz

a coordinated alkynylphosphine cannot be excluded. It has beerg16 [M]* 22%; 230 [OPPiMe,]t 67%; 201 [OPPH* 100%. IR
demonstrated that coordination of alkynylphosphines produces(cm™): »(C=C) 2157 (s).H NMR (6, 298 K, 300.13 MHz,

a polarization of the electron density of the triple bond, CDCl): 7.71 (st), 7.53 (d), 7.40 (m) (12H, Ph angHg), 6.89 (d,
activating it toward nucleophilic and electrophilic attaé%3!22 2H, GsHy); 3.82 (s, 3H, OGl3). B°C{*H} NMR (0, 298 K, 75.48
and some of the signals observed in #@ NMR spectra could ~ MHz, CDCk): 160.2 (C, CeHsOCHg); 136.7 (d,Jc—p = 6.3,i-C,

be generated by this type of reactivity. Ph); 133.6 (d{Jc-p= 1.2, C, CgH4OCHs); 132.6 (d AJc—p = 20.7,
0-C, Ph); 129.0-C, Ph): 128.7 (d3Jc_p = 7.5, m-C, Ph); 114.1
Conclusion (C3, CeH4OCHg); 108.1 (d,2Jc—p = 4.6, G); 84.1 (d,%Jc_p = 4.1,

C,); 55.4 (OCHg3) (the signal due to Ecould not be unambiguously

In summary, we have shown that the reaction of alkynylphos- assigned3!P{*H} NMR (6, 298 K, 121.5 MHz, CDG): —32.8 (s).
phines with a simple and readily available Ru compound like  Data for PPhy{ C=C(4-CF3)Cg¢H.}. Yield: 69%. Anal. Calcd
RuCk-xH,O gives new tetrakis(alkynylphosphine) dichloro- for CyFsH14P: C, 71.19; H, 3.98. Found: C, 70.96; H, 3.49. MS
ruthenium(ll) complexes existing in only oné&rdnsRuCkh- ACPI(H#): mVz 355 [M + H]* 100%. IR (cnTtl): »(C=C) 2179
(PPBC=CR),] isomeric form. An important characteristic of (m), 2164 (m).*H NMR (9, 295 K, 400.14 MHz, CDG): 7.69-
these complexes is their ability to undergo facile dissociative 7.63 (8H); 7.40 (s br, 6H) (Ph,8). *3C{*H} NMR (9, 295 K,
loss of one of the ligands. This can be substantiated in terms 0f100.62 MHz, CDCJ): 135.7 (d,"Jc-p = 6.0,i-C, Ph); 132.8 (d,
reactivity, as revealed by their clean straightforward reaction “Jc-p = 21.0,0-C, Ph); 132.13 (Jc—p = 1.1,p-C, Ph); 130.6 (d,
with terminal alkynes leading to vinylidene complexe®f.cis- e-p = 32.6,i-C, Ph); 129.4 (€ CeH,CFy); 128.9 (d,%)cp =
RUCL(C=CHPh)(PPEC=CRY)] with concomitant reorganiza-  /-6:MmC, Ph); 126.6 (m, € CeH,CFs); 125.4 (q,)c-¢ = 3.9, C,
tion of the geometry. The observed high substitutional lability, C6H4C_F3); 106.1 (d2Jc-p = 3.9, Gy); 89-3_(d’lJC—F’ = 1,0-6' &)
possibly involving more than one alkynylphosphine ligand and (tlhe signal due to Gfcould not be unambiguously as&ggeﬁ}?-
hence generating a 14 species, certainly also provides a clue {*H} NMR (9, 295 K, 161.98 MHz, CDG): —33.4 (s)."F (0,

L . e 298 K, 282.41 MHz, CDG): —63.08 (s, Ch).

to the intriguingly high activity observed when these complexes

Synthesis of [RUCKPPI,C=CR); (R = CeHs 1, (4-Ch)-
are used as precatalysts for the ROMP of norbornene upon ) i g
simple in situ activation by TMSD as carbene source. CoHa 2, (4-OCHy)-Cefa 3, (4-CPy)-CoHy 4). General Procedure.

A mixture of RuCk-xH,O with the appropriate PRE=CR (1:4
molar ratio) in degassed commercial ethanol was refluxed for ca.
1 h under nitrogen atmosphere. Upon cooling, the resulting gray
General Procedures The syntheses were performed using usual (1 and?2) or brown @ and4) solid was filtered off and washed
vacuum line and Schlenk techniques. All reagents were commercialWith ethanol, water, and finally diethyl ether, and dried under
grade chemicals and were used without further purification. vacuum.
Trimethylsilyldiazomethane (TMSD) came as a solution in hexanes Data for 1. Yield: 87%. Anal. Calcd for Cl:HsPsRu: C,
(2 M) and was used without further dilution. Diethyl ether, toluene, 72.95; H, 4.59. Found: C, 72.55; H, 4.14. MS FAB( molecular
and dichloromethane solvent used for the syntheses were dried and€ak (1317.2) not observenjz 1031 [M — PPhC=CPh}" 59%;
distilled by standard methods and stored under nitrogen. The novel996 [M — Cl — PPRC=CPh]}" 70%. IR (cnt?): »(C=C) 2177
alkynylphosphines PRAC=C(4-OCH;)CsHa} and PPK C=C(4- (vs); »(Ru—Cl) 296 (w). 'H NMR (9, 223 K, 400.14 MHz,
CF3)CeHa} used in this work have been prepared following the CDCl): 9.24 (s br, 8Ho-H, Ph); 8.04 (dJy-n = 6.2, 8H,0-H,
general procedure described by Carty et@land their analytical ~ C=CPh); 7.61 (m, 12H, &CPh); 6.91 (16Hm-H, p-H, Ph); 6.81
and spectroscopic data are included in this work. (s br, 8H,0-H, Ph); 6.53 (s br, 8Hm-H, Ph). Upon heating, the
Elemental analyses (C, H) were performed on Carlo Erba CHNS Signals due to thertho-H of the PPh groups rapidly collapse (ca.
EA-1108 or Perkin-Elmer 2400 CHNS/O instruments. Infrared 238 K), while the signals fometaH broaden and finally coalesce
spectra were recorded on Perkin-Elmer 2000 FT or Perkin-Elmer @t ca. 258 K. Data at 293 K: 8.04 (overlap of a broad resonance
FT-IR Spectrum 1000 spectrometers using Nujol mulls between due to 160-H of PPh and a doublet, 8Ho-H of C=CPh); 7.58
polyethylene sheets. The NMR spectra were obtained on Bruker (M, 12H, GECPh); 6.9 (8Hp-H, Ph); 6.71 (s br, 16Hn-H, Ph).
AMX400, DRX500, ARX-300, or AV400 instruments, and NMR ~ “°*C{*H} NMR (6, 223 K, 125.82 MHz, CDG): 138.34 (m,i-C,
spectra in the solid state on Bruker UXNMR. Chemical shifts (  PPh), 133.39 6-C, PPh), 133.06 0-C, C=CPh), 129.6 |§-C,
C=CPh), 128.921(+C, C=CPh), 128.7 ¢-C, PPh), 127.7 ¢-C,

(101) Carty, A. J.; Hota, N. K.; Ng, T. W.; Patel, H. A.; O’Connor, T. PPh), 127.5 -C, PPh), 122.93 (-C, C=CPh), 112.37 (), 81.30
J. Can. J. Chem1971, 49, 2706. (m, Gy). 3P{*H} NMR (0, 295 K, 121.5 MHz, CDG): —4.85 (s).

Experimental Section
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Data for 2. Yield: 93%. Anal. Calcd for @CloHggPsRU: C,
73.47; H, 4.99. Found: C, 73.18; H, 4.63. MS FAB( molecular
peak (1373.3) not observexiyz 1073 [M — PPhC=CTol]" 18%;
1038 [M — Cl — PPRC=CTol]* 70%. IR (cnm?): »(C=C) 2182
(vs); »(Ru—Cl) 302 (w). *H NMR (3, 223 K, 500.33 MHz,
CDCl): 9.23 (s br, 8Ho-H, Ph), 7.93 (dJy_n = 7.4, 8H, H,
C6H4_CH3), 7.41 (d,JHfH =7.4,8H, HS, C6H4_CH3), 6.89 (S br,
16H, mH andp-H, Ph), 6.79 (s br, 8Ho-H, Ph), 6.51 (s br, 8H,
m-H, Ph), 2.53 (12H, gH4—CHs). 13C{'H} NMR (3, 223 K, 125.82
MHz, CDCL): 139.8 (&, CsHa—CHs), 138.5 (m,i-C, Ph), 133.5
(0-C, Ph), 133.0 (& C¢Hs—CHa), 129.6 (G, CeHs—CHs), 128.7
(0-C, Ph), 127.6¢-C, Ph), 127.441(+C, Ph), 127.39r+C, Ph),
119.96 (G, CeHa—CHs), 112.6 (G), 80.60 (M, G), 22.29 (GH4—
CHy) (the assignments of thiéd and13C NMR signals have been
confirmed by NOESY, COSY, HMQC, H3C{3!P}, and HMBC
experiments) 31P{1H} NMR (0, 223 K, 161.98 MHz, CDG):
—5.04 (s).

Data for 3. Yield: 24%. Anal. Calcd for gCl,HggOsPsRU: C,
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cis), 2.45 (s br, 1H, B4 trang); 1.86-1.84 (m, 3H, B687; 1.37 (s
br, 2H, H9); 1.08 (m, 1H, H).

Poly6: TH NMR (9, 298 K, CDC}, 300.13 MHz), extensive
overlap of the signals is observed: 5:3223 (group of three broad
signals of relative intensity 3:1:3H)3.2 (sh),~3.11 (d) (relative
intensity (1:3H); 2.9 (s br, 4H); 2.4 (s br, 3H); 2.1 (s), 2.05 (s)
(relative intensity 3:8H, OHy); 1.9 (s br), 1.79 (d) (relative intensity
4:6H); 1.3 (m, 4H). It is not possible to calculate the relative
proportion ofcis andtrans.

Poly7: 13C NMR (0, 100.492 MHz): V, = 7 kHz: 274.191;
203.803; 132.556; 100.375; 55.006; 42.352; 33.687% 10 kHz:
234.248; 203.966; 133.128; 100.370; 54.714; 42.276; 34.060. It is
not possible to find differences betweeis andtrans geometries.

Poly8: 1H NMR (9, 298 K, CDC}, 300.13 MHz): 5.5 (s br,
2H, H?9); 3.65 (s, 6H, CQCHjg); 3.1 (d, 2H); 2.9 (s br, 2H); 1.95
(s br, 2H).

NMR Probes. To a solution of [RUCGAPPhC=C(4-CH;)CeH.)4]

70.19: H, 4.77. The best analyses obtained were: C, 67.52; H, 4.55.(2) (0.05 g, 0.037 mmol) in CDGI(0.05 mL) was added 0.036

They fit well for CgsCloHesOsPsRU-3H,0: C, 67.64; H, 5.00.
Evidence of water is an IR band at 3606 ©mMS FAB(+):
molecular peak (1437.3) not observediz 1121 [M — PPh-
C=C(4-OMe)GH,]" 16%; 1086 [M— Cl — PPhC=C(4-OMe)-
CsHgl*t 100%; 1050 [M— 2Cl — PPhC=C(4-OMe)GH,]* 6%.
IR (cm™Y): »(C=C) 2176 (vs);»(Ru—Cl) 310 (w).*H NMR (9,
223 K, 500.33 MHz, CDG): 9.20 (8H,0-H, Ph), 8.00 (dJy—n =
8.5, 8H, |‘F, C6H4_OC|'|3), 7.12 (d,JHfH = 8.5, 8H, HS, C5H4_
OCHg), 6.86 (m, 16HmM-H andp-H, Ph), 6.77 (s br, 8Hp-H, Ph),
6.50 (s br, 8HmM-H, Ph), 3.98 (12H, gH,—OCHj3). B¥C{*H} NMR
(0,223 K, 125.82 MHz, CDG): 160.04 (&, CeH,—OCHg), 138.53
(m,i-C, Ph), 134.84 (&3 C¢H,—OCHj), 133.55 ¢-C, Ph), 128.80
(o-C, Ph), 127.501C, Ph), 127.33r(+-C, Ph), 115.29 (€ CeH,—

OCHg), 114.19 (G3, CgH4—OCH), 112.65 (tentatively assigned

to Cs), 79.87 (m, @), 55.81 (GH,—OCHS3). 31P{*H} NMR (6, 295
K, 161.98 MHz, CDCJ): —5.08 (s).

Data for 4. Yield: 73%. Anal. Calcd for @Cl,F1,HssPsRu: C,
63.48; H, 3.55. Found: C, 63.78; H, 3.51. MS FAB( molecular
peak (1589.2) not observedyz 1235 [M — PPhC=C(4-Ck)-
CsHglt 31%; 1200 [M— Cl — PPRC=C(4-CR3)CgH4] " 100%. IR
(cm™): »(C=C) 2184 (vs)»(Ru—Cl) 304 (w).!H NMR (0, 223
K, 400.14 MHz, CDCJ): 9.14 (8H,0-H, Ph), 8.17 (dJy-n = 7.7,
8H, GH4—CF), 7.88 (d,Jy—n = 7.7, 8H, GH4—CF3), 6.93 (8H),
6.83 (8H), 6.72 (8H), 6.54 (8H) (Ph}!P{H} NMR (0, 295 K,
161.98 MHz, CDGJ): —4.19 (s).*%F (4, 295 K, 282.41 MHz,
CDCly): —62.99 (s, CR). The BC{*H} NMR spectrum could not

mL (0.073 mmol) of TMSD through a rubber septum. After the
recording of the'H and3P{H} NMR spectra, 0.055 mL more of
TMSD (0.109 mmol) was added to reproduce the polymerization
conditions. The evolution of the solution was monitored-Hyand
SIP{IH} NMR spectroscopy (see text).

Synthesis of fner,cis-RuCl,(=C=CHPh)(PPh,C=CPh);] (12).
A solution of ffransRuCL(PPhC=CPh}] (1) (0.15 g, 0.114 mmol)
in CH,Cl, was treated with 15 equiv (0.19 mL) of phenylacetylene.
After 15 h of reaction the solution was evaporated to dryness and
treated with diethyl ether, giving2 as a beige solid. Yield: 0.08
g (62%). The best analyses found (C, 71.29; H, 4.67) fit well for
CssCloHsPsRU-ELO:  C, 71.63; H, 5.09. Found: MS ESJ:
molecular peak (1133.1) not observedz 1062 [M — 2CI]* 1%;
1019 [M — (C=CPh)— CI + Na]* 1%,; 938 [M — 2(C=CPh)}"
2%; 836 [M — Cl — (PPRC=CPh) + Na]* 7%; 746 [RuC}-
(PPRC=CPh) + H]* 35% (ionized with N&). IR (cm™1): »(C=
C) 2180 (s)»(=C=C) 1624 (m);»(Ru—Cl) 312 (w), 294 (w).H
NMR (0, 295 K, 300 MHz, CDGJ): 8.11 (s br), 7.93 (t), 7.69 (s
br), 7.24 (m), 7.01 (m), 6.94 (m), 6.75 (s br), 6.31 (s br) (50H,
aromatics); 5.33 (td'Jy—_p = 3.7 and 3.8, 1H=CHPh.13C NMR
(0, 295 K, 100.64 MHz): 358 (Jc—p ~ 13.7, G, C, = CHPh);
134.41 (*t",%"4Jc—p = 11.3,0-C, PPh, trans); 133.77 (d2Jc—p =
10.4,0-C, PPh, transto Cl); 133.65 (dt}Jc—p = 55.5,i-C, PPh,
transto Cl); 133.08 (“t",24Jc—p = 10.1,0-C, PPh, trans); 132.53
(AXX', 1*3)c_p=85,i-C, PPh, trans); 132.2 (s); 132.14 (s); 129.98
(s br); 129.79 (d#Jc-p = 1.8, p-C, PPh); 129.56 (s); 128.85 (s);

be obtained because the complex decomposes in solution, even a#28.60 (s); 128.33 (s); 127.93 (s); 127.63(E)cp = 10.7,m-C,

low temperature.

Polymerization Procedure.The reactions were carried out under

inert atmosphere. To the monomer solutier2(5 mmol) in 10 mL

PPh, trang); 127.44 (d,3Jc—p = 11.7, mC, PPh, transto Cl);
127.10 (t3"Jc—p = 9.8,m-C, PPh, trans); 126.57 (s); 124.91 (s);
121.91 (s); 120.95 (dlc—p = 2.11) (aromatics); 110.63 @Jc—p =

of CH,Cl, (reaction at room temperature) or toluene (reaction at 8.7, G, C=CsHPh); 110.08 (“t",*Jcp = 11.5, G, PPhC,=Cs-
60°C) was added the precatalyst (0.01 equiv) and the initiatar Me ~ Ph, trans); 107.57 (d,2Jc-p = 12.6, G, PPhC,=C;Ph, trans to

SICHN; (0.05 equiv). The reaction time wal h inevery case

Cl); 83.64 (dNe_p = 94.93, G, PPhC,=C;Ph, transto CI); 83.08

except for norbornene, for which the formation of a gel was (AXX'Y,*3)c_p~ 87.7, G, PPRC,=CsPh,trans). 3'P{*"H} NMR
complete after 2 min of stirring. The polymerization was quenched (0, 295 K, 121.5 MHz, CDQ): 1.58 (t),~0.41 (d) {Jp-p = 26.6).

and the polymer precipitated by addinglO mL of a solution of

2,6-ditert-butyl)-4-methylphenol in methanol. The resulting poly-

mer was dried under vacuum.

Synthesis of fner,cis-RUCl(=C=CHPh)(PPh,C=CTol)4] (13).
This complex was obtained as a beige solid, following the same
procedure as fat2, but starting from 0.15 g (0.109 mmol) dfgns

NMR spectra of the polymers produced by the different pre- RuCL(PPRC=CTol),] and 0.184 mL (1.6 mmol) of phenylacety-
catalysts and conditions are similar; therefore only one set of datalene. Yield: 0.05 g. (39%). Anal. Calcd for;{Cl;Hs/PsRu: C,

for each polymer is given.

Poly5: IH NMR (8, 298 K, CDC}, 300.13 MHz): 5.37#5.36
(s br, 1H, K3 trans), 5.23 (d, 1H, H=3cis); 2.81 (s br, 1H, K4

72.57; H, 4.89. Found: C, 72.41; H, 4.92. MS BE$( molecular
peak (1175.1) not observeayz 1164 [M — Cl + Na+ H]* 24%;
1062 [RuCI(PPKC=CTol); + Na]* 8%; 863 [M — CI — (PPh-
C=CTol) + NaJ* 100%; 797 [RuGPPhC=CTol), + Na+ H]*
40%; 760 [RUuCI(PP{C=CTol), + Na]* 14% (ionized with N&).
IR (cm™1): »(C=C) 2179 (vs);»(=C=C) 1627 (vs);v(Ru—Cl)
302 (m).*H NMR (0, 295 K, 300 MHz, CDGJ): 8.19 (m, 4H),
8.02 (m, 4H), 7.77 (m, 4H), 7.30 (m, 10H), 7.09 (m, 4H), 7.01 (m,
8H), 6.85 (m, 11H), 6.41 (m, 2H) (aromatics); 5.33 (td,—p =
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Table 4. Crystallographic Data for 1-4H,0 and 13Et,0

Bernechea et al.

1:4H,0 13-E,O
empirical formula GoHeoCl204PsRU CrsHe7Cl,.OPsRuU
fw 1381.13 1249.17
temperature (K) 293(2) 173(1)
cryst syst tetragonal monoclinic
space group 144/a P2i/n
a(A) 25.4930(8) 11.7880(1)

b (A) 25.4930(8) 23.1970(3)

c(A) 12.0850(3) 23.2680(3)

o (deg) 90 90

B (deg) 90 91.751(1)

y (deg) 90 20

volume (&) 7854.0(4) 6359.58(13)

z 4 4

Decaica (Mg/m3) 1.168 1.305

abs coeff (mm?) 0.393 0.451

F(000) 2840 2592

cryst size (mm) 0.1% 0.15x 0.12 0.30x 0.20x 0.10
0 range for data collection (deg) 1.86 t0 27.88 3.10to0 27.89
no. of data/restraints/params 4666/0/206 15 128/0/744
goodness-of-fit orfF2 1.044 0.986

final Rindices | > 20(1)]
Rindices (all data)
largest diff peak and hole (e &)

R; = 0.0514 wR, = 0.1240
Ry =0.0932wR, = 0.1441
0.536 and-0.539

R; = 0.0522wR, = 0.1034
R; = 0.0956 wR, = 0.1188
0.426 and-0.477

3.6 and 3.8, 1H=CHPh); 2.48 (s, 3H, ¢H,—CHg), 2.36 (s, 6H,
CsHs—CHgz). 13C NMR (6, 295 K, 100.64 MHz): 358 (s br, &
C,=CHPh); 140.64 (¢ CgHs—CHs, trans to Cl); 140.23 (C,
CeHs—CHj, trang); 134.78 (“t",2"4Jc—p = 11.3,0-C, PPh, trans);
134.2 (d,3c—p = 55.1,i-C, PPh, transto Cl); 133.46 (“t",2t4Jc—p
= 10, 0-C, PPh, trans); 133.12 (-C, PPh, trans); 132.51 (s br);
133.24 (s); 130.06 (d'Jc—p = 1.7, p-C, PPh); 129.5 (s); 129.4
(s); 129.14 (s); 128.29 (s); 127.94 (“B"%Jc—p = 10.4,m-C, PPh,
trang); 127.76 (d,2Jc—p = 11.1,m-C, PPh, transto Cl); 127.42
(“t", 3"Jc—p= 9.8,mC, PPh, trang); 126.96 (s); 125.20 (s); 119.32
(s); 118.4 (d3Jc-p = 2.3, tentatively attributed to gZC=CzHPh);
110.95 (“t", 2"4)c—p = 11.7, G, PPhC,=CyTol, trans); 108.43
(d,2cp~ 12.7, G, PPRC,=CsTol, transto Cl); 83.2 (d,*Jc_p
= 96.6, G, PPhC,=C;Tol, transto Cl); 82.6 (AXX'Y, ¥*3Jc p
~ 88.5, G, PPRC,=CsPh, trans); 22.27 (GHs—CHs, PPh-
C=CTol, transto Cl); 22.14 (GH4—CH3, PPRC=CTol). 31P{1H}
NMR (6, 295 K, 121.5 MHz, CDG): 1.26 (t),—0.41 (d) éJp—p
= 26.7).

X-ray Crystallography. Table 4 reports details of the structural
analyses for the complexds4H,0O and13-Et,0. Orange-yellow
(1) or orange 13) crystals were obtained by slow diffusion of
n-hexane into a dichloromethane solutid) ¢r diethyl ether into
a chloroform solution13) of each compound at room temperature.
For complexl only the fragment [RuCI(PRE=CPh}H,0O] was

in the asymmetric unit, and the absolute structure was obtained

using the corresponding symmetry transformations. Comp&x

crystallizes with one diethyl ether molecule. X-ray intensity data

were collected with a NONIUSCCD area-detector diffractometer,
using graphite-monochromated MooKradiation ¢(Mo Ka)

0.71071 A). Images were processed using the DENZO and

SCALEPACK suite of program®¥? and the absorption correction
was performed using SORTAY? The structures were solved by

direct methods using the SHELXL-97 progré¥hfor 1 or
DIRDIF921% for 13 and refined by full-matrix least squares B

with SHELXL-97. All non-hydrogen atoms were assigned aniso-
tropic displacement parameters. The hydrogen atoms were con-
strained to idealized geometries fixing isotropic displacement
parameters of 1.2 times thés, value of their attached carbons for
phenyl and methylene hydrogens and 1.5 for the methyl groups.
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