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[Ru(n3-2-C3H4Me)(CO)(dppf)][SbF6]: a mononuclear 16e
ruthenium(i) catalyst for propargylic substitution and isomerization of
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The 16e derivative [Ru(n’-2-CsH,;Me)(CO)dppfh)][SbFe]
catalyzes: (i) the propargylic substitution reaction of 1,1-
diphenyl-2-propyn-1-ol with alcohols to produce propargylic
ethers, and (i7) the formal isomerization of 1,1-diphenyl-2-
propyn-1-ol into 3,3-diphenyl-2-propenal.

Although the Nicholas reaction constitutes a direct and widely used
methodology for stoichiometric propargylic substitutions,' the
search for a catalytic route has been a main synthetic goal.
Nevertheless, only a few examples have been reported to date.? In
this context, M. Hidai, S. Uemura and co-workers have recently
disclosed an efficient ruthenium-catalyzed substitution reaction of
terminal propargylic alcohols with various heteroatom- and
carbon-centered nucleophiles (see Scheme 1).> We note that
while secondary propargylic alcohols HC=CCHR(OH) have
been extensively used in these transformations, only a few examples
involving tertiary alcohols HC=CCR,(OH) have been reported.™
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Scheme 1 Ruthenium-catalyzed propargylic substitution reactions.

These catalytic processes proceed via an allenylidene-ruthenium
intermediate [RuJ=C=C=CR'R?, which is generated from chalco-
genolate-bridged diruthenium(in) complexes [Cp*RuCl(1,-XR),-
RuCp*Cl] and [Cp*RuCl(1,-XR),RuCp*(H,O)][OTf] (Cp* =
n>-CsMes; X = S, Se) by dehydration of the propargylic alcohol,
and subsequent attack of the nucleophile at the electrophilic C,
atom.* Surprisingly, mononuclear Ru() derivatives such as
[RuCl,(PPhs)s], [RuCly(dppe)s], [RuCI(PPhy),Cp] (Cp = n’-
CsHs) or [RuCl(n’-CoH;)(PPhs),] are inactive despite their
known ability to generate allenylidene complexes from propargylic
alcohols.* ® Intramolecular charge transfer across the Ru-Ru bond
in the dinuclear species has been proposed as a key factor to
promote such catalytic transformations (synergistic effect).® In
contrast to these results, we have now found that the 16e™
mononuclear  (n’-allyl)-ruthenium(u) ~ derivative  [Ru(n’-2-
C3H Me)(CO)(dpph)][SbFe] (2; dppf = 1,1"-bis(diphenylphosphi-
no)ferrocene) is an efficient catalyst for the propargylic substitution
reaction of 1,1-diphenyl-2-propyn-1-ol with a large variety of
alcohols, demonstrating that the presence of a Ru-Ru framework
is not essential.

The cationic 16e~ complex 2 was prepared in 97% yield by
treatment of a dichloromethane solution of [RuCl(n*-2-CsH,Me)(-
CO)(dpph]” with 1 equiv. of AgSbFs (Scheme 2). Complex 2,
which has been isolated as an air-stable yellow solid, has been
characterized by conductance measurements, mass spectrum
(FAB), elemental analyses and IR and NMR spectroscopy, all
data being fully consistent with the structural proposal.} In accord

1 Electronic supplementary information (ESI) available: experimental
section. See http://www.rsc.org/suppdata/cc/b4/b410812d/
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with its unsaturated nature, 2 readily reacts with two-electron
donor ligands such as acetonitrile, carbon monoxide and benzyl
isocyanide to afford the corresponding 18e~ derivatives [Ru(n>-2-
C3H Me)(CO)(L)(dpph][SbF¢] (3-5) in excellent yields (91-95%
yield; see Scheme 2).§ The structure of complex 5 has been
unequivocally confirmed by X-ray crystallography (see ESIY)).
However, the reaction of complex 2 with 1,1-diphenyl-2-propyn-1-
ol, using different solvents and conditions, does not lead to the
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Scheme 2 Synthesis and reactivity of the 16e” complex 2. Reagents and
conditions: 1, AgSbFg (1 equiv.), CH,Cl,, r.t.; ii, L (excess), CH,Cl, r.t.

Table 1 Ru-catalyzed propargylic substitution reactions of 1,1-
diphenyl-2-propyn-1-ol with alcohols”

H
o Cl)H 2 (5 mol%) C|)R o Ph
\ ‘Ph  ROH/75°C \ “/Ph —
Ph ) Ph
(6) H ™ Ph
Entry ROH Time  Yield of 6° Yield of 7
1 MeOH 4h  6a,80% (75%) 10%
2 EtOH 6h  6b, 76% (72%) 19%
3 — 5h  6c,94% (87%) 4%
_\—OH
4 \_\_ 8h  6d, 86% (80%)  14%
OH
5 >_\_ 24h  6e, 73% (68%)  24%
o OH
6 24h  6f, 62% (56%)  31%
O
7 YVOH 24h  6g, 93% (89%) 7%
8 11h  6h,90% (81%) 10%
\/OH
9 F—— 10h  6i,93% (90%) 0%

tﬂ

OH
“ Reactions performed under N, atmosphere at 75 °C using 1 mmol
of HCECCth(OHz (1.0 M in the corresponding alcohol) and

0.05 mmol of 2. ”Yields determined by GC (isolated yields in
parentheses).
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expected 18¢”~ diphenylallenylidene derivative [Ru(=C=C=CPh,)-
(n7-2-C3H4Me)(CO)(dpph)][SbF¢], giving instead a complex reac-
tion mixture. Remarkably, GC/MS analysis of the reaction with an
excess of HC=CCPh,(OH) in methanol at 75 °C shows the total
disappearance of the propargylic alcohol with concomitant
formation of HC=CCPhy(OMe) (6a). On the basis of these
observations a catalytic reaction was performed (5 mol% of 2) in
methanol and ethanol at 75 °C affording the corresponding
propargylic ethers 6a,b in 80 and 76% GC yield, respectively (75
and 72% isolated yield; entries 1-2 in Table 1). The generality of
this catalytic transformation has been confirmed by using
functionalized alcohols such as allylic (entries 3-6), homoallylic
(entry 7), propargylic (entry 8) and homopropargylic (entry 9)
alcohols, allowing the isolation of the corresponding enynes (6¢—g)
and diynes (6h,i) in high yields (56-90%). Minor amounts of 3,3-
diphenyl-2-propenal 7 are in all the cases formed (with the
exception of entry 9), its proportion being dependent on the steric
properties of the alcohol used (compare entries 3-6). Remarkably,
this o,B-unsaturated aldehyde, which results from the formal
isomerization of the propargylic alcohol® can be selectively
obtained (95% yield) if the catalytic reaction is carried out in the
absence of alcohol using undistilled THF as solvent (5 mol% of Ru,
1 M solution, 1.5 h at 75 °C; see ESI). The formal isomerization of
propargylic alcohols into the corresponding o,B-unsaturated
aldehydes is a useful synthetic process which proceeds with a
total atom economy.

The catalytic activity of complex 2 is higher than that shown by
the dimers [Cp*RuCl(j,-XR),RuCp*Cl], ie. using 5 mol% of
[Cp*RuCl(1r-SMe),RuCp*Cl] (10 mol% of Ru) and 10 mol% of
NH4BF, as co-catalyst HC=CCPh,(OH) was transformed into
HC=CCPh,(OEt) in 62% yield after 20 h at 60 °C in EtOH (to be
compared with entry 2).% It is also worth mentioning that catalyst
2 is also active with functionalized alcohols (entries 3-9) showing a
remarkable chemoselectivity towards the coordination of the
terminal alkynol vs. the C=C and C=C bonds of the alcohols. No
similar activity has been reported previously.

Formation of both 6 and 7 most probably involves a highly
reactive Ru-allenylidene intermediate which undergoes the nucleo-
philic addition of the alcohols and water at the electrophilic C, and
C,, atoms of the unsaturated chain, respectively (intermediates A
and B in Scheme 3).4 Thus, demetalation of vinylidenes A and
hydroxycarbene B could generate ethers 6 and 3,3-diphenyl-2-
propenal 7, respectively.
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Scheme 3 Proposed [Ru]-intermediates in the formation of 6 and 7.

In summary, a new mononuclear ruthenium(ir) catalyst active in
both propargylic substitution and isomerization of 1,1-diphenyl-2-
propyn-1-ol is reported. Two main features deserve to be
mentioned: (i) complex 2 is the first mononuclear ruthenium(ir)
complex active in propargylic substitutions starting from pro-
pargylic alcohols, and (ii) although other ruthenium(ir) catalysts
are active in the transformation of propargylic alcohols into
o,B-unsaturated aldehydes, this is the first to perform the

isomerization with disubstituted derivatives® in one single step.®”
Further studies on the scope of these catalytic reactions,’ as well as
detailed mechanistic investigations, are now in progress.
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Notes and references

I Synthesis and characterization of 2: A solution of 1 (0.774 g, 1 mmol) in
dichloromethane (50 cm®) was treated with AgSbF, (351 mg, 1 mmol) and
stirred for 15 min at room temperature in the absence of light. The AgCl
formed was then filtered off (Kieselguhr) and the resulting solution
evaporated to dryness to afford a yellow solid which was washed with
diethyl ether (3 x 50 cm®) and vacuum-dried. Yield: 0.945 g, 97% (Found:
C, 47.92; H, 3.71. RuFeC39H35F¢P,OSDb requires C, 48.08; H, 3.62%); Am
(acetone, 20 °C) 1134 Q' cm? mol '; viem™' (CO) 1944s (KBr); dp
(CDxCL,) 39.79 (s); 011 (CD,Cly) 1.26 (s, 2 H, CHH (anei)), 2.21 (s, 3 H, CH3),
3.79 (s, 2H, CHH (yn)), 4.31,4.51,4.69 and 4.93 (br, 2 H each, CsHy), 7.10-
7.70 (m, 20 H, Ph); oc (CD,Cly) 26.07 (s, CH3), 60.87 (m, second-order
system, CHy), 72.96, 73.18, 75.16 and 75.47 (br, CH of CsH,), 81.24 (d,
'J(C,P) = 48.8 Hz, C of CsH,), 121.72 (s, C), 127.80-135.50 (m, Ph),
205.01 (t, 2J(C,P) = 16.8 Hz, CO); MS (FAB) m/z 739 [M*], 655 [M™" —
CO — C;H4Me].

§ Compounds 3-5 have been characterized by NMR spectroscopy and
elemental analyses. See ESI.

9 CCDC 245208. See http://www.rsc.org/suppdata/cc/b4/b410812d/ for
crystallographic data in .cif or other electronic format.
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