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Unsaturated hydrido/halide compouhidshave special potential
since they are multifunctional: a 16-electron configuration permits
substrate binding with negligible activation energys-aonor
halide or pseudohalide ligand delivers a stabilizing effect of

controlled variable degree, and the hydride is the transferable

ligand (reducing equivalents). Tetracoordinatédamplexe*
offer additional advantages: the 14-electron configuration, with
the resultingwo empty valence orbitals, offers either the potential
for binding two substrates (four-electron total substrate donor
power) or sufficient electrophilicity to bind even very weak
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synthesized in either of two different ways, show®0%
exchange of D selectively into tHBr methyl groups within 2 h

at 25 °C. This is consistent with participation of agostic
interactions. Because RuHGlleacts immediately with many
donors, including B by adduct formation, any such agostic
interactions have negligible (e.g., inhibiting) influence on reaction
chemistry.

Reaction of RuHCIL with vinyl ethyl ether at 25°C gives
immediate formation of RUHCI[C(Me)OEt). This rearrange-
ment is very rar&8“...the spontaneous isomerization of an alkene
complex to an alkylidene has not to our knowledge been explicitly
observed.? This is a new member of the class of molecules
RuX;(carbene)k, distinguished however by the presence of two
inequivalent anionic ligands on R#.

The product RuHCI[C(Me)(OEt)iwould appear to be formed
“merely” by addition of the Re-H bond across the €C bond,
but in an unconventional direction (eq 1), with Ru going to the

OEt CHs

/ CH3
RuH + =/—> Ru—CH(OEt) —Q— ﬁu=C

Q]
OEt

relatively uncharged internal carbon (cf. the terminaP sp

substrates. For example, the 14-electron configuration catalyzescarbon):* The alternative regiochemistry of Rid addition

olefin polymerizatior?. We report here, using a 14-electrof d

would form the unobserved speciesHCIRu=C(H)(CH,OEt).

moiety, an unusual direct synthesis of coordinated carbenes fromCertainly the result we report here suggests that the hydrido

olefins, without need of alkali metal or Grignard reagents, and

without alkyl a-H abstraction to liberate alkafie.
Dehydrohalogenation of Ru(kJl,L, (L = PPr) with 1 equiv

of lithium 2,2,6,6-tetramethylpiperide in benzene gives RuBCIL

the first uncharged®bspecies with a 14-valence electron config-

uration. This molecule shows diastereotopic methyl protons,

which is only consistent with a “saw horse” structuteas found

for Ir(H),L,* and RuX(CO)L" (X = H, Ph) and as calculated

for RUHCI(PH),.2~47 Additionally, this structure of a ¢is-

divacant octahedron” mustot invert rapidly to form1’, since
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that would effect NMR coalescence of the diastereotopic methyl
groups. We continue to struggle with crystal twinning, which

carbene complex is more stable than any 14-electron alkyl RuCl-
(alkyl)L.

Regarding the mechanism, the reaction of equimolar RukiCIL
with ethyl vinyl ether is immediate at65 °C in tolueneds to
give a primary product whos&P and*H NMR are consistent
with a 1:1 adduct of intact olefir, At this temperature, there is
no sign of uncomplexed RuHCJland there is no sign (e.g., line
broadening) of rapid exchange of free and coordinated olefin.
The 3'P{*H} NMR of | is especially diagnostic of structure
because it is an AB patterd(Pa—Pg) = 300 Hz), indicative of
binding the unsymmetrical olefin substituents in a manner that
leaves the phosphines inequivalent (but transBidAs the
temperature is raised, eq 2 shifts detectably to the left but, by 0
°C, adduct is still present in large amounts as RuHCI[C{cH
(OEY)]L, begins to form.

OEt

RUHCIL, + =—"

RuHCl(olefin)L, (2)

I

has frustrated our attempts to ascertain whether this structure

achieves light stabilization by one or more agostic interactions.
The H and 3P{'H} NMR spectra of RuHCIL show only
broadening at-95 °C in dg-toluene, but provide no clear answer
to the question of agostic interactions. However, RuDCIL
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of H (or D) from Ru to both olefinic carbons (eq 3). The  (H,P),HCIRu(CH~=C(OMe)H)+ (H,P),HCIRU=C(H)Me—

(H4P),HCIRU=C(OMe)Me+ (H,P),HCIRU(CH=CH,) (4)

H D
| CH, | CH,
Rued| === RuCH,CHD(OE=—= Ru=]| the 14-electron fragment RUHCI(R)is not a sufficiently strong
CD(OEt) CH(OEY) e .
electron donor to stabilize an unsubstituted carbene. However,
@ there is almost no difference of binding energy eHgand CH=
HO cho /C“ZD C(H)(OMe) to the 14-e Ru fragment as illustrated by the very
Ru«—JLjH(OEt)A_—; Ru—CHOEt small difference in energy between the two sides of the isodesmic

eq 5 (1.6 kcamol ™t in favor of the ethylene complex). The lack

scrambling of D into the phosphine methyls was already (H,P),HCIRu(CH,=C(OMe)H)+ H,C=CH, =
established as a characteristic of RuDglself. It is thus clear — _
that Ru—H adds in both directions to the olefin, but only one of (HgPLHCIRU(CH,=CH,) + H,C=C(OMe)H (5)

these leads to carbene product; the regiochemistry of carbeneOf transformation of the @, into the carbene complex is thus
production isnot caused by selectivity in the initial H migration 4 P

step. By 0°C, carbene product grows in, with D both at Ru NOT due to a lack of pre-coordination of theH. Consistent

. ; ; with the calculated preference for coordinated olefin, not carbene
(minor population) and at the carbene methyl (major population). = - . .’ '
The significantlyslowerreaction rate observed using@&=CD- for X = H, we find experimentally that ethylene simply forms

(OEt) establishes that-€D cleavage occurs before or at the rate an adduct_ with RUH.C”!’ Wh'Ch persists fo2 h at 25°C, with
determining step no formation of the isomeric carbene complex.

i A - In the results reported here, the hydride ligand of RuB@L
. S|nc§ Fh'.s IS a raré case where free olefin is a source OT carbenenot a net reducing agent, but instead is merely a catalyst for H
ligand!* it is of interest to know why these reactions give the

carbene RUHCI(C(Me)X)4, with the isomeric olefin complex mlgragtlor1 (ie., 0 G, but then back to Ru from&. The question
RUHCI(H,C=CHX)L, as only an intermediaté. We have remains: why, in contrast to elsewhere among the transition
therefore carried oui ab initioycalculations on RQHCI[C(Me)X]- Qiﬁﬂifm@foﬁag’fﬂ%@erthoedﬁ'}'iami%?'%iiﬁﬁﬂtgﬁ Lrgnr?icthe
(PHs), and RuHCI[HC=CH(X)](PHs);, and to evaluate the . 9 Y

thermodynamic impact of the-donor OMe substituent, we have differ_ence I!e_zs ir_l the cumulative effect of the Ru fragment and
compared the cases % OMe to X = H. Full geometry of X in stabilization of the Re=C(X)Me double bond when X

optimizations within the framework of DFT (B3LYP) calcula- OR. The isodesmic reaction in eq 6 (all singlet states empidyed

tionst®1” have been carried odit. The olefin complexes have a
square-pyramidal geometry with apical hydride and tke3ond
eclipsing the cis RuH bond (). For X = OMe, the olefin
complex with the CH(OMe) end closer to the hydride is less stable

by only 1.2 kcaimol™ than the other isomer. This may suggest reyeals the large effect of OMe on the free carbene in lowering
little regiochemical preference for a given insertion into R he calculatet endothermicity of the free olefin to free carbene
in agreement with the experimental lack of selectivity for this jsomerization by 29.9 kcal/mol. Likewise, coordination to
step. F91r X= H, the carbene isomer is calculated to be 14 R,HC|(PH,), also lowers the endothermicity of the isomerization
kcalmol™ higherand the carbene group eclipsesfRu—P. For y a large amount (e.g., 50 kcal/mol for X OMe). The fact

X = OMe, the carbene group prefers to be perpendicular t0 ynat the full 30 kcal/mol stabilization of eq 6 itrealized in eq
P—Ru—P and the two resulting conformations (OMe anti or syn 4 suggests that Ru and the OR group compete for the empty p

to hydride) are respectivelgnly 0.1 and 0.2 kcaimol™* above sl on the carbene carbon. In sum, both Ru and the OR groups
the more stable olefin complex. These varied carbene rotational 5o necessary to make the isomerization possible.

conformer electronic preferences for the sterically smalk PH
species serve to explain why tiieur observedf structures of

= —29.9 kcal/mol

C(Me)H + H,C=C(OMe)H-=
H,C=CH, + C(OMe)Me (6)
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