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With the recognition of a major impact of olefin metathesis in
modern organic syntheslgecent years have witnessed a surge of
productive research efforts in Ru catalyst desighi driven by the
fascinating challenge to improve the already-impressive perfor-
mances of Grubbs catalyst, (PELI,Ru=CHPh? and its upgraded
secondle? and third1b? generations. Parallel significant progress
was made with the advent of Grubbs-Hoveyda catalgsbased
on the “release/return” concebEnhanced versions of the laftet
exhibiting a broader application profite! were obtained by
modifying the chelating arm upon introduction of a bulky phenyl
group (Blechert's catalystd)® or an electron-withdrawing sub-  Figure 1. Molecular structure of the catalysf (see ESI for details).
stituent (our own “nitro” catalyst€)® in such a way to destabilize
the oxygen/metal interaction, thereby favoring a faster access to

Scheme 1. Two-Step Preparation of Catalysts 1f and 19
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1 R=H le The new complexlf was subject to a series of comparative
1d R=Ph catalytic ring-closing metathesis (RCM) reactions (at@ and
Cy = cyclohexyl; Mes = 2,4,6-trimethylphenyl; Py = 3-bromopyridine cross-metathesis (CM) with methyl acrylate (at-2Z% °C) with a

set of benchmark catalystkc—e (Table 1). Interestingly, in the

Also quite spectacular was the report by Plesf an elegant . . \
. . more challenging CM reaction, thd catalyst’s performance was
direct access to a 14 electron catalyst based on a phosphonium : . )
. ) . . A . ; matching that recorded with Blechert’s catalyst (Table 1, entry 2).
alkylidene, obtained without liberation of any auxiliary ligand

suscentible to be recaptured by the active species The ester catalysif appeared to be particularly insensitive to
P ~cap Y P L impurities, as established by a selected CM reaction deliberately
As recently mentioned by Fod§ however, higher activity may

. oo X carried out in an opened tube and in commercial grade dichlo-
come at the price of catalyst lifetime. So, in the context of green L .
. o A ) ~_romethane (entry 2). Significantl¢f catalyses the cross metathesis
chemistry, there is still an obvious need to find the best compromise

7 6,y itri % Vi
between desirable (but antinomic) properties such as the stabilitymc f merI olefinc,>>with acrylomtrlle (95% yield aft§$ hat
o . L 25°C with 3 mol % of catalyst loading), or methacrylonitrile (56%
of the precatalyst, a high initiation rate, a high selectivity for . .
. - ! yield after 16 h at 40C with 5 mol % of catalyst loading:

challenging substrates, and the possibility of catalyst recycling. . . .

- ) In a logical extension of this approach, we also prepared the

In the present attempt to enhance the leaving group properties

of the styrenyl ether, we were led to functionalize its aliphatic end clpsely r_elated comple;;tg, Incorporating b.Oth thg elect_ron_-
. i .~ withdrawing NG group!3 and the ester. An interesting point is
group by attachment of an ester function, originally selected in

. . . . that the combined independent effects of the coordinating ester and
account of its electron withdrawing properties.

. ) . the electron-withdrawing groups are additive. This is particularly
The requweq ligangf was prepared according to Schgme Land obvious in the RCM o#laat 0°C, where 99% is achieved within
reacted withlain the presence of CuGHt3to produce the air stable 1 h with only 1 mol % of catalysig (Table 1, entry 1), and in the
green complextf. The molecular structure dff, established by y ysig ' y L

X-ray diffraction (Figure 1), revealed the occurrence of an additional R%hgrgiljf:lhyflagm aloanrzt?;l]k; (:ilg# rtiri)(;ver numbers recorded
coordination of the carbonyl oxygen of the ester function to the y app g 9

metal (2.54 A) with 1gin the RCM of dienedgf (TON = 1367),4g (TON = 3200),
) i and in enyneth cycloisomerization (TON= 560). Selectivity, a
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Table 1. Screening of 1f and 1g in Model Metathesis Reactions?
Entry  Substrate 4 Catalyst1  Conditions Product5 vield [%]°
(Imol %D Temp [°C], t[h]

1c 1.00% 0°C 1h (10)
4 A 1d 1.00% 0°C 1h TsN@ é?g;
TsN 1e 1.00% 0°C 1h
X 1f 1.00% ©0°C 1h (55)
4a 1g 1.00% 0°C 1h 5a (99)
TBSO o o0 OCH; g1¢
XN 1d 2.50% 20°C 0.3h
o 4c S 1e 1.00% 25°C 16h TBSO. Eggg
1f 1.00% 25°C 2h g
+ CO,CH
NXACOLHs 46 100% 25°C 16h sc(Ez=97:3) 8%
1g 1.00% 25°C 1h (80)
3 4o+ XU CON 1 300% 25°C 5h TESONGN\wON (95)70
5d (E:Z=1:2.7)
CN TBSO
49 4c+ Y 1 5.00% 40°C 16h WCN 56
5e (EZ=1:2)
—
5 TsNﬁ\/ 1g 0.03% 25°C 0.5h 1)
P 1g 0.06% 25°C 0.6h (65)
~
4f
\/\
6 NCOCH, 1g 0.03% 25°C 0.5h CNCOCH3 (98) 90
/\4/9
Ph_ Ph
_ 1g 0.20% 25°C 1.5h = 85
T = 0 1g 0.05% 25°C 1h [ o @
ars -
X 1e 3.00% 28°C 3h 85
N | OAc 1g 1.00% 25°C 2h oy X" Sopc 97
oac 19 030% 25°C 05h si(Ez=s8a12 ©O73
NO,

CO,CHs
5j (E:Z=100:0)
a Condltlons. 0.03-3.00 mol % catalyst, ©28 °C, dry CHCl,, argon.

o
o
i 1f 2.00% 26°C 5h —~ 88
—

X-CO:CH;

b|solated yields after silica gel chromatography. In parentheses are yields

determined by GCS Reaction with 2 equiv of methyl acrylaté Reference
5a.¢€ Reaction in commercially grade GEl, in air. f Reaction with 2 equiv
of acrylonitrile. 9 Reaction with 4 equiv of methacrylonitrilé Reaction with
2 equiv of ¢)-4-(acetoxy)-2-butenyl acetate.
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Figure 2. Relative conversion rates for RCM db, by 1a (Grubbs),1c
(Hoveyda),1d (Blechert),1f, and1g (this work) using 1 mol % catalyst in
CH.Cl, at 0°C. See ref 15 and ESI for more details.

only a very low catalyst loading (0.3 mol % @&f), justten times
lessthan required with already very actfvée to obtain the same
result. This highlights the fact that apparently “minor” changes in

the structure of Hoveyda-Grubbs type catalysts can dramatically
improve their performances and also broaden the scope of their

applications, which can be taken as a rewarding justification of
relevant research efforts in this direction.
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The same benchmark reaction4tf has recently been used by Piers et
al. (ref 9) for comparison of selected active catalysts, leading in general
to similar conclusions. According to this experiment the Grubbs 2nd
generation catalysta is poor initiator at 0°C and only reaches 25% of
conversion after 4 h. The 3rd generation ruthenilimand Schrock’s
molybdenum alkylidene Mo(N-2,6-Me C¢H3)(CHCMePh) (OCMe-
(CFs)2)2 are much more active thatha, providing 60 and 90% of
conversion respectively, afté h (ref 9).
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