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The availability of new olefin metathesis catalysts has
led to the emergence of several new, important methods for
small molecule synthesis.?2 The widely used Grubbs’ ruthe-
nium catalyst® 1, for example, has played a pivotal role in
the development of synthetically useful transformations,
such as ring-closing, ring-opening, and cross metatheses.*
Within the context of these recent advancements, we wish
to report some unexpected reactivity from this popular olefin
metathesis catalyst (1).°

During an investigation of novel, metathesis-active ru-
thenium complexes,® we isolated a product derived not from
olefin metathesis (eq 1) but from a metal-catalyzed addition
of CHCI3 across an alkene (eq 2). An investigation of this
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chemistry led to the discovery that 1 is an efficient and mild
catalyst for the Kharasch addition of CHCI; across olefins.”
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In contrast to AIBN- or peroxide-promoted addition of
halocarbons to alkenes, transition-metal complexes have
demonstrated higher chemo- and regioselectivity for similar
transformations.® Ruthenium, in particular, has played a
prominent role in Kharasch chemistry with Cl,Ru(PPh3)s
(2)° displaying some of the highest efficiency and versatility
for halocarbon activation and addition to alkenes.® Accord-
ingly, we compared the reactivity of ruthenium carbene 1
with other known Kharasch addition catalysts.

The ability of complex 1 to catalyze the Kharasch addition
of CHCIj3 across various olefins is contrasted to catalyst 2
in Table 1. While higher temperatures (>120 °C) and
prolonged reaction times (>8 h) have usually been required
in previously reported Kharasch additions, exposure of
styrene to chloroform (10 equiv) in the presence of alkylidene
1 (2.5 mol %) for only 2 h at 65 °C resulted in a quantitative
yield of addition product 4 (entry 1). The same reaction
conditions with CI,Ru(PPh3)s (2) provided <5% of 4. Not
surprisingly, 1-octene (5) underwent an olefin metathesis,
as well as a Kharasch addition of CHCI3 (entry 2). These
results indicate that, in CHCI3, readily metathesizable
olefins, such as unhindered alkenes, are susceptible to both
reaction pathways.

With this in mind, less metathesis-active substrates were
subjected to conditions that facilitate Kharasch additions (5—
7.5 mol % 1, 10 equiv of CHClIs, 65 °C)!! and were compared
to results obtained with catalyst 2. In all cases, alkylidene
1 provided significantly greater reactivity than catalyst 2
(entries 1—7). For instance, as illustrated in entry 3, in the
presence of catalyst 1, CHCI3; adds across methyl acrylate
(7) in 84% yield, whereas with catalyst 2, less than 5% of 8
is observed. As seen in entries 4—6, complex 1 catalyzes the
intermolecular addition of CHCI; to 1,1-disubstituted sub-
strates. While these additions were slower than with mono-
substituted olefins, they proceeded in synthetically useful
yields. To the best of our knowledge, this intermolecular
addition of CHCI3 to these types of olefins have not been
previously reported; this is presumably due to substrate
polymerization under the typically harsh reaction conditions.
Entry 7 indicates that the ruthenium-catalyzed addition
could not be extended to a 1,2-disubstituted substrate, even
under forcing conditions.

Several experiments were performed to examine the
nature of the species responsible for the Kharasch addition
chemistry. Both tricyclohexylphosphine and tricyclohexyl-
phosphine oxide were treated with styrene (10 equiv) and
CHCI; (100 equiv) and heated (65 °C) under inert atmo-
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Table 1. Kharasch Additions with Complexes 1 and 2
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a Catalyst 1 = Cl,Ru(PCys),CHPh; catalyst 2 = CI;Ru(PPhgz)s.
b2.5 mol % of catalyst. ¢ 7.5 mol % of catalyst. 45.0 mol % of
catalyst. ¢ Plus mainly 7-tetradecene.

sphere (Ar). These conditions resulted only in recovered
starting material, indicating that the phosphine alone is not
responsible for the observed reactivity. In fact, excess
phosphine has an inhibitory affect on the Kharasch reactiv-
ity of 1. The addition of 10 mol % of PCy; with 5.0 mol % of
1 leads to <5% of 4, even after 18 h of heating (65 °C).12
This finding suggests that, like olefin metathesis, catalyst
activation through phosphine dissociation may play a role
in the Kharasch chemistry.13 Catalyst 1 was also subjected
to typical reaction conditions with styrene as substrate under
an O, atmosphere, and as before, no Kharasch addition
products (i.e., <2%) were observed. These data imply that
oxidative modification of ruthenium does not facilitate the
addition chemistry.
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Experiments to probe further the catalytic role of ruthe-
nium were also conducted. For example, one possibility is
that a minor impurity in complex 1 affects the observed
reactivity. Along these lines, intermediates in the synthesis
of alkylidene 1 were tested for Kharasch activity. Complexes
(Ph3P)2Cl,RUCHPHh and Cl;Ru(PPhs)s (2) with and without
additional trialkylphosphines showed little activity (<5%
conversion).

Detailed studies of ruthenium complex 2 suggest that
halocarbon addition occurs through a radical-based pathway
within the coordination sphere of the metal.* If this mech-
anism holds true for carbene 1, radical scavengers should
selectively influence intermediates in the catalytic cycle of
the Kharasch addition. Along these lines, the addition of
either 2,6-di-tert-butyl-4-methylphenol (BHT) or galvinoxyl
to alkylidene 1 were found to severely limit the formation
of the expected Kharasch product (3 — 4) without signifi-
cantly affecting metathesis activity (17 — 18, eq 3).1°
Whereas the specific structures and events in the catalytic
cycle are unclear for complex 1, these results support the
ruthenium-mediated, radical nature of the reaction.
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In light of these observations and with the interest of
developing new synthetic opportunities for metatheses, this
divergence in reactivity is noteworthy. Numerous examples
of the RCM of macrocycles and trisubstituted olefins, as well
as the ROMP of sterically demanding or low-strain mono-
mers, have appeared recently in the literature,'® very often
requiring more forceful reaction conditions. It is of impor-
tance to note that with alkylidene 1 the higher temperatures
and the use of chlorinated hydrocarbon solvents, such as
chloroform, could lead to anomalous metathesis results from
competing Kharasch chemistry.

In summary, Grubbs’ ruthenium benzylidene complex 1
catalyzes the chemo- and regioselective addition of chloro-
form across mono- and 1,1-disubstituted olefins. In compari-
son to previously described ruthenium-based Kharasch
catalysts, the mild conditions under which complex 1 affects
the addition of CHCI; are particularly noteworthy. The
factors defining this reactivity and applications to other
known Kharasch-type reactions are currently under inves-
tigation.
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