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Summary: The compound trans-(DPPE),RuCl; (1) un-
dergoes reaction in neat trimethylaluminum to afford
two products: trans-(DPPE),RuCH;CI (2) and (DPPE)-

| 1
{(CsHs)(CsH4)PCH,CH,P(CgHs)2} RUCH (3). Mechanistic
studies suggest that the ortho-metalation reaction pro-
ceeds via the cationic intermediate [(DPPE),RuCHz;]* (5).
The X-ray crystal structures of complex 3 and the cation

of [(DPPE){(CsHs)(CsHa)PCH2CHoP(CsHs)2} RuJ“[PFe]
(6) are reported.

Transition-metal compounds in combination with
Lewis acids are known to polymerize! or oligomerize?
olefins. Late-transition-metal compounds are of current
interest in the development of new types of Ziegler—
Natta catalysts because they are less oxophilic than
earlier transition metals, which should lead to an
enhanced tolerance of polar functional groups.®4 Cat-
ionic nickel- and palladium-based metal alkyls were
recently found to polymerize olefins to high-molecular-
weight and highly crystalline polymers.® Although
ruthenium-based catalysts have been shown to be
effective in the metathesis polymerization of cyclic
olefins (where they are tolerant of functional groups and
aqueous environments),* there are few examples of
olefin polymerization/oligomerization via a coordinative
insertion mechanism in Ru-based systems.>

Our research focuses on the development of ruthe-
nium alkyls for olefin polymerization. One of our early
targets has been cis-(DPPE),RuCH5;CI, whose synthesis
is reported in the literature.® Following the reported
procedure, we heated trans-(DPPE),RuCl, in neat AlMe3
at 80 °C for 5 min, which generated an oily red residue.
After washing with ethanol, analysis of the resulting
yellow solid surprisingly revealed a mixture of two
compounds: the monoalkylated trans-(DPPE),RUCHjs-

%
Cl (2)7 and the ortho-metalated (DPPE)(CsHs)(CsHa)-
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Figure 1. ORTEP drawing (40% probability level) of

(DPPE){ (CGH5)(C6H4)PCH2CH2P(C6H5)2} RuCl (3) Param-
eters: Ru—P(1) = 2.260(1), Ru—P(2) = 2.331(1), Ru—P(3)
= 2.371(1), Ru—P(4) = 2.383(1), Ru—C(4) = 2.12(4), Ru—
Cl = 2.488(1) A; P(1)~Ru—C(4) = 67.7(2), P(2)—Ru—C(4)
= 84.6(1), P(3)—Ru—C(4) = 89.3(1), P(4)~Ru—C(4) = 164.6-
(2), CI—Ru—C(4) = 92.6(2)°.

PCHZCHZP(C6H5)2I|?uCI (3)8 in about a 1:9 ratio, respec-
tively, rather than the reported cis-(DPPE),RUCH3CI.6
When the reaction was conducted at 90 °C, compound
3 was the sole product; conversely, when the tempera-
ture was held at 40 °C, compound 2 was the major
product (=95%). Also, 3 can be generated directly from
2 by heating the precursor to 90 °C in neat AlMes.
The structure of 3 was determined by single-crystal
X-ray diffraction, which revealed a distorted octahedron
with the ortho-metalated ruthenium—carbon bond cis
to the chloride (Figure 1). The Ru—C(sp?) distance is
2.12 A, which is consistent with those observed in ortho-

1
metalated complexes such as Ru(CsHsPPhy)(PPh3)(5°-
CsHs) and related compounds.®1° The bond angles in

(8) Prepared separately by heating 0.50 g of 1 (5.2 x 104 mol) in
neat AlMe; (1.5 mL) for 5 min at 90 °C. The red oily product was
washed with hexane and stirred with EtOH. The resulting yellow
precipitates were extracted with benzene, and recrystallized from CH,-
ClL/Et,0. Yield: 68% of yellow crystals. Crystal data: Cs;H47CIP4RuU,
M, = 932.32; orthorhombic; Pna2;; a = 16.366(3) A, b = 20.657(5) A,
¢=12.773(3) A; V =4318 A3; Z = 4; D = 1.43 g/cm3. 1H NMR (CD,Cly;
300 MHz; 293 K): 0 5.0—4.6 (m, 8 H, Ph,PCH,CH,PPh,), 7.7—9.8 (m,
39 H, Ph,PCH,CH,PPh,. 13C NMR (CD.Cl,; 75.5 MHz; 293 K): ¢ 29.0
(m), 29.1 (m), 22.3 (m), 24.1 (M), 122.3—134.0 (m). 3*P{*H} NMR (CD,-
Cly; 121 MHz; 293 K): ABCD pattern, 6 12.7 (m), 32.2 (m), 41.2 (dd),
43.6 (dd), 48.7 (dd), 51.5 (dd). Mp: 314 °C dec. Anal. Calcd for Cs,Ha7-
CIP4Ru: C, 66.92; H, 5.04. Found: C, 66.61; H, 5.10.
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the four-membered metallacycle are typical of those
reported in the literature;!* compound 3, for example,
has a P—Ru—C angle of 67.7°.

In experiments at room temperature, exposure of 3
in C¢De to HCI generated cis- and trans-(DPPE);RuCl,.12
Exposure of 3 in CD,ClI; to H, generated trans-(DPPE),-
RuUHCIL.23 Complex 3 did not, however, appear to react
in CD,Cl, with 1 atm of either CO or CH,=CH,.

Examples of the ortho-metalation of aryl phosphine
ligands during the alkylation of ruthenium are well-
known 101114 The exact mechanism of the ortho-meta-
lation reaction, however, has not been firmly estab-
lished. We undertook several studies in an effort to
probe the mechanistic details of our system (Scheme 1).

The three cationic compounds [(DPPE),RuUCI] [PFs]~
(4),*® [(DPPE)2RUCH;3]"[PFs]~ (5),¢ and [(DPPE){ (Cs-

Hs)(CsHa)PCH>CHP(CeHs)o} RuT [PFel- (6)17 were clean-
ly obtained by the reaction of 1—3, respectively, with
AgPFs in CH,Cl,. Analysis by single-crystal X-ray
diffraction shows that the cation of 6 exists as a
distorted square pyramid with the orthometalated
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Figure 2. ORTEP drawing (40% probability level) of

[(DPPE){ (CsHs)(CeHa)PCH,CHoP(CsHs)s} Ru]* (cation of 6).
Parameters: Ru—P(1) =2.340(1), Ru—P(2) = 2.349(1), Ru—
P(3) = 2.319(1), Ru—P(4) = 2.332(1), Ru—C(4) = 2.12(5)
A; P(1)-Ru—C(4) = 68.3(1)°, P(2)—Ru—C(4) = 100.2(1)°,
P(3)—Ru—C(4) = 88.2(1)°, P(4)—Ru—C(4) = 98.0(1)°.

carbon in an apical position (Figure 2). The Ru—C(sp?)
distance is 2.05 A, which is shorter than the analogous
bond in 3.

The structural relationship between the phenyl groups
and the chloride atoms in 1 and 3 prohibits direct
thermal elimination of HCI from 1 as the mechanism
for generating 3. Similarly, direct thermal elimination
of CHs from 2 is untenable (see Scheme 1). The
generation of 3 might proceed via dissociation of one of
the DPPE phosphines in 1 followed by the oxidative
addition of an aryl C—H bond with consequent reductive
elimination of CH4 and reattachment of the phosphine.
Heating compound 1 in refluxing benzene or toluene in
the absence of AlMes, however, fails to generate 3
(Scheme 1). Consequently, phosphine dissociation, if it
were to occur, would appear to require the assistance
of AlMes. Since, however, the enthalpy of formation of
arylphosphine—AlX3 adducts is only weakly favorable,!8
and the abstraction of chlorine from metal complexes
by alkylaluminum compounds is well-documented,’® the
role of AlMej is probably to abstract a chlorine (rather
than a phosphine) from 1. These factors suggest a
mechanism alternative to phosphine dissociation for the
generation of 3.

There remain at least four plausible mechanisms by
which 3 might be produced during the attempted
synthesis of cis-(DPPE),RUCH;CI from 1. The first
involves isomerization of 1 to cis-(DPPE),RuCl; followed

(17) Prepared by reacting 0.100 g of 3 (1.07 x 10~* mol) with 0.028
g of AgPFg (1.1 x 10~4 mol) in 20 mL of CH,ClI, at room temperature
for 30 min. The solvent was removed under vacuum, and the residue
was washed with hexane and then recrystallized from CH,CI,/Et;0.
Yield: 90% of red crystals. Crystal data: 052H47F5P5Ru M, = 1041.5;
monoclinic; P2:/c; a = 13.379(3) A, b = 26.742(6) A, c = 14.685(3) A; V
=5003 A% Z = 4; D = 1.50 g/cm3. H NMR (CD,Cl,; 300 MHz; 293 K):
0 2.5—3.2 (m, 8 H, Ph,PCH,CH,PPhy), 5.8—7.7 (m, 39 H, Ph,PCH,-
CH3PPhy). 13C NMR (CD,Cl; 75.5 MHz; 293 K): 6 22.5 (dd), 24.3 (dd),
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pattern, 6 5.7 (dd), 7.7 (dd), 51.2 (dd), 53.2 (dd), 63.5 (dd), 65.4 (dd),
66.1 (dd), 68.1 (dd). A satisfactory analysis could not be obtained. Anal.
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(18) Levason, W.: McAuliffe, C. A. Coord. Chem. Rev. 1976, 19, 173.

(29) Eisch, J. J.; Piotrowski, A. M.; Brownstein, S. K.; Gabe, E. J.
J. Am. Chem. Soc. 1985, 107, 7219. Tebbe, F. N.; Parshall, S. W,;
Reddy, G. S. 3. Am. Chem. Soc. 1978, 100, 3611.



Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on December 23, 1997 on http://pubs.acs.org | doi: 10.1021/0m970631a

Communications

by concerted thermal elimination of HCI. The second
involves alkylation of 1 to generate cis-(DPPE),RUCHj3-
Cl, which then undergoes concerted thermal elimination
of CH4. The third involves loss of CI~ from 1 to generate
the cation of 4, which then undergoes concerted thermal
elimination of HCI to generate 6 followed by readdition
of CI=. The fourth involves alkylation of 1 and loss of
CI~ to generate the cationic intermediate 5; this inter-
mediate then undergoes concerted thermal elimination
of CH,4 followed by readdition of Cl~.

Although we have no evidence for the presence of
either cis-(DPPE);RuCl; or cis-(DPPE),RuCH3CI under
the reaction conditions, we explored the likelihood of
generating 3 from these intermediates by examining the
reactivity of two closely related complexes where the
chloride and methyl ligands are constrained to be cis;
these complexes employ the tetradentate phosphine
ligand tris(2-(diphenylphosphino)ethyl)phosphine (PP3):
(PP3)RUCI;?° and (PP3)RUCH3CL.2t Stirring these com-
plexes at room temperature in CH,CI, for 2 days nor
refluxing in toluene for 24 h nor heating the solids to
100 °C for 2 days produced any trace of the analog to 3.
Although the arylphosphine ligands used here are
different from those in Scheme 1, these results are
nevertheless consistent with the notion that neither cis-
(DPPE)2RUCI; nor cis-(DPPE),RUCH3;CI is the direct
precursor to 3.

In other experiments (Scheme 1), compounds 1 and
2 failed to give 3 upon refluxing in benzene or toluene
for several hours or in CH,ClI, for 3 days. Compound 4
failed to give either 3 or 6 upon refluxing in benzene,
toluene, or CH,CI, for 1 day. The latter observations
strongly suggest that the pathway to 3 does not proceed
through 4. Square-pyramidal 5 gradually underwent
ortho metalation at room temperature in CD,CI, to give
6. Compound 6 converted to 3 upon exposure to
dodecyltrimethylammonium chloride at room temper-
ature in CD,Cl,. Taken as a whole, these results are
consistent only with the fourth mechanism. Further-
more, the observation of a red oily product upon the

(20) Bianchini, C.; Perez, P. J.; Peruzzini, M.; Zanobini, F.; Vacca,
A. Inorg. Chem. 1991, 30, 279.

(21) Prepared by reacting 1.1 equiv of MeLi with 0.30 g of (PP3)-
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hexane and then recrystallized from CH,CI,/Et,0. Yield: 34% of pale
yellow crystals. *H NMR (CgDs; 300 MHz; 293 K): 6 —0.3 (m, 3 H,
Ru—CHa), 1.4-1.9 (m, 6, H, P(CH,CHyPPh,)3), 2.5—-2.7 (m, 6 H,
P(CH,CH,PPh,);), 6.5—8.4 (m, 30 H, P(CH,CH,PPh,);). 3C NMR
(CeDs; 75.5 MHz; 293 K): 6 3.3 (m), 4.1 (m), 26.0—30.3 (m), 127.8—
142.0 (m). 31P{1H} NMR (CgDs; 121 MHz; 293 K): 6 40.7 (t), 46.9 (t),
154.3 (t). A satisfactory analysis could not be obtained. Anal. Calcd
for C43H4sCIPsRuU: C, 62.80; H, 5.48. Found: C, 61.86; H, 5.50.
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reaction of trans-(DPPE),RuCl, with AlMejs is consistent
with the formation of a cationic intermediate; the
cations of 4—6 are red.

The reaction of 6 with dodecyltrimethylammonium
chloride can be used to rationalize the observation that
treatment of the red oily product with ethanol gives the
yellow compound 3. The AlMesCl present in the mix-
ture reacts with ethanol to give AI(OEt); and CI~. The
free Cl~ reacts with 6 to give 3. This process probably
involves rearrangement of a phosphine in 6 followed by
the addition of CI~ cis to the ortho-metalated bond.
Simple addition of CI~ to the vacant trans site in 6 is
likely hindered by the presence of bulky chelating
ligands in the equatorial position of the square-
pyramidal structure; the two phenyl groups appear to
block the vacant trans site.??

In conclusion, exposure of trans-(DPPE),RuCl, to
AlMe; forms trans-2 and ortho-metalated 3. We propose
that the mechanism of the ortho metalation proceeds
via the unsaturated cationic intermediate 5. The direct
observation and apparent ortho metalation of 5 pro-
vides, to our knowledge, the first experimental evidence
for the existence of this type of intermediate in the
ortho-metalation chemistry of ruthenium.23
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(22) The space-filling structure generated from the crystallographic
data shows that the two phenyl groups on the phosphine block the
empty site trans to the ortho-metalated carbon—Ru bond. A view of
the space-filling structure is included with the Supporting Information.

(23) Although a coordinatively unsaturated cation was proposed as
an intermediate in a related ortho-metalation reaction,** no experi-
mental evidence was provided to support its existence.



