
Subscriber access provided by American Chemical Society

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036

Communication

An �
6

-Dienyne Transition-Metal Complex
Joseph M. O'Connor, Seth J. Friese, Betsy L. Rodgers, Arnold L. Rheingold, and Lev Zakharov

J. Am. Chem. Soc., 2005, 127 (26), 9346-9347• DOI: 10.1021/ja042272y • Publication Date (Web): 14 June 2005

Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

• Supporting Information
• Links to the 2 articles that cite this article, as of the time of this article download
• Access to high resolution figures
• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://pubs.acs.org/doi/full/10.1021/ja042272y


An η6-Dienyne Transition-Metal Complex

Joseph M. O’Connor,* Seth J. Friese, Betsy L. Rodgers, Arnold L. Rheingold,* and Lev Zakharov

Department of Chemistry and Biochemistry, UniVersity of California, San Diego, La Jolla, California 92093

Received December 22, 2004; E-mail: jmoconnor@ucsd.edu

Transition-metalη4-diene andη6-triene complexes play an
important role in the chemistry of unsaturated hydrocarbons.1 In
contrast, only oneη4-1,3-enyne complex (I ) has been claimed,2 and
there have been no examples ofη6-coordination to conjugated
dienynes (II ; Chart 1).

We previously reported that [(η5-C5Me5)Ru(CH3CN)3]X (1-Cp*,
X ) OTf, PF6) triggers the room temperature cycloaromatization
of enediynes (2) in THF-d8 to give ruthenium-arenes3-d2 (Scheme
1).3 In addition, a single example was described in which1-Cp*
mediated the cycloisomerization of dienyne4-H to arene complex
5.3b Mechanistic considerations for these cycloaromatization reac-
tions raise a fundamental question as to the feasibility ofη6-
coordination to conjugated enediynes and dienynes. Investigations
into the scope and mechanism of the latter process have now led
to the spectroscopic observation and structural characterization of
the first η6-dienyne complexes.

The well-established synthetic utility of CpRu(η6-chloroarene)+

complexes for the preparation of diaryl ethers4 led us to examine
the reactions of1 with electron-deficient dienynes6 (Scheme 2).
When a CDCl3 solution containing6-E (0.013 mmol) and1-Cp
(0.019 mmol)5 was monitored by1H NMR spectroscopy, theη6-
chloroarene complex7-Cp was cleanly formed in 95% yield over
the course of 5 h.6 There was no direct evidence for the formation
of intermediates. A pronounced stereochemical preference for
cycloisomerization was observed when a similar reaction was
carried out with6-Z as the dienyne substrate. Addition of1-Cp
(0.016 mmol) to a CDCl3 solution of 6-Z (0.016 mmol) rapidly
(15 min) led to a mixture of6-E (∼15%), 7-Cp (25%), and
unidentified decomposition products.7 After 2 h, reaction was
complete and7-Cp had formed in 50% yield.

In an effort to stabilize and observe reactive intermediates, the
reaction of6 with the more electron-rich ruthenium cation,1-Cp*,
was also examined by1H NMR spectroscopy. Once again, the
reaction proved to be sensitive to dienyne stereochemistry. In the
case of6-E, within 20 min, a new species (III -Cp*) was observed
to form in 95% yield, followed by a slow conversion to7-Cp*.
ComplexIII -Cp* exhibited informative resonances in the1H NMR
spectrum (CDCl3) at δ 1.75 (s, 15H, CH3 of Cp*) and 2.17 (s, 1H,
dCHCl). The δ 2.17 resonance is shifted 4.1 ppm upfield of the
dCHCl hydrogen resonance for6-E (δ 6.29). In a similar fashion,
6-Z and 1-Cp* were observed to rapidly formIV -Cp* (30%),
followed by a slow conversion to7-Cp* (45% yield), with no
observable formation of6-E. ComplexIV -Cp* exhibited a vinyl
hydrogen singlet atδ 4.89 (1H,dCHCl), which is shifted 1.0 ppm
upfield from the corresponding signal for6-Z. The chemical shift
values for the vinyl-hydrogen resonances ofIII -Cp* (δ 2.2) and
IV -Cp* (4.9) are consistent withanti- andsyn-hydrogen environ-
ments in anη4-diene complex. However, the observation of a singlet
at δ 2.0 (∼9H, NCCH3) in the 1H NMR spectrum of the1-Cp*/
6-E reaction mixture coincided with the formation ofIII -Cp* and,
thus, suggested thatIII -Cp* may indeed be an unprecedentedη6-
dienyne complex.

The nature of these unusual transient species was further clarified
by examining the reactions of dienyne8 with 1-Cp and 1-Cp*
(Scheme 3). At-70 °C, a CDCl3 solution of1-Cp and8 gave rise
to a new species,V, which exhibited resonances in the1H NMR
spectrum atδ 5.32 (s, 5H, Cp), 3.98 (s, 1H,dCHsyn), and 0.05 (s,
1H, dCHanti). In addition, acetonitrile hydrogen resonances were
observed atδ 2.41 (from1-Cp) and 2.08 (free NCMe). The initially
established 1:1 ratio of8 (and1) to V remained constant for 3 h at
-70 °C. Subsequent warming of the sample to-10 °C led to the
clean formation of9-Cp within 2 h. In a similar fashion, a-60 °C
CDCl3 solution of 8 and 1-Cp* resulted in nearly quantitative
formation of a new species,10, which was converted cleanly to
9-Cp* upon warming the sample to-10 °C. Complex10exhibited
diagnostic1H NMR resonances atδ 1.75 (s, 15H, Cp*), 3.27 (s,
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1H, dCHsyn), and 0.11 (s, 1H,dCHanti). In addition, an acetonitrile
hydrogen resonance was observed atδ 2.07. The significantly
upfield anti-hydrogen chemical shifts observed forV (δ 0.05) and
10 (0.11) are similar to those observed for Cp*Ru(η5-pentadienyl)
complexes, such as [Cp*Ru(η5-CH2CHCMeCHCH2)] (11),8a for
which Hanti and Hsynresonate at 0.38 and 3.88 in C6D6, respectively.8

Ultimately, a crystal of10was obtained by layering diethyl ether
on a-78 °C CDCl3 solution containing10 and cooling the two-
phase mixture at-60 °C for 5 days. The crystal was kept cold
during handling and was subjected to X-ray crystallographic analysis
at -173 °C. The structural data confirm theη6-coordination of
ruthenium to all six unsaturated carbon atoms of the dienyne (Figure
1). The alkyne carbons C(5) and C(6) deviate+0.153(3) and
-0.143 Å, respectively, from the mean plane defined by C(1)-
C(6). Ruthenium is located 1.835 Å from the centroid of the Cp*
ligand and 1.559 Å from the dienyne centroid defined by C(1)-
C(6). These values are nearly identical to those observed for Cp*Ru-
(η5-pentadienyl) complex11 (1.834 and 1.567 Å).8

The Ru-C(6) distance of 2.326(4) Å is significantly elongated
compared to the ruthenium-carbon distances for C(1)-C(5), which
average 2.222 Å. The alkyne is bent substantially at both sp-carbons,
with a C(4)-C(5)-C(6) angle of 151.8(3)° and a C(5)-C(6)-
C(7) angle of 156.8(4)°.9 The bending of the alkyne at C(5) results
in a C(6)-C(1) nonbonded distance of 2.80 Å. H(1A) and H(1B)
deviate from the C(1)-C(6) plane by -0.05 and +0.37 Å,
respectively.10 The Ru-H(1B) distance of 2.20 Å is short enough

to be well within the range of crystallographically characterized
ruthenium agostic C-H complexes,11,12 and this short nonbonded
distance is consistent with the chemical shift of H(1B) observed in
the low-temperature1H NMR spectrum of10. For comparison, the
Ru-Hanti nonbonded distances in a room temperature crystal-
lographic analysis of11 were 2.67 and 2.86 Å,8a and an unsym-
metrically substituted pentadienyl complex has been reported with
a Ru-Hanti nonbonded distance of 2.124 Å.8b

Finally, it should be stressed that although10 is observed to
convert cleanly to cycloaromatized product9-Cp* at low temper-
ature, the mechanism for this isomerization has yet to be established,
and10 may not lie on the direct pathway between8 and9.13
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Figure 1. Solid-state molecular structure of the cation of10. Ellipsoids at
the 30% probability level. Selected bond lengths (Å) and bond angles
(deg): C(1)-C(2) 1.399(5), C(2)-C(3) 1.431(4), C(3)-C(4) 1.431(4),
C(4)-C(5) 1.416(4), C(5)-C(6) 1.237(5), C(6)-C(7) 1.477(5), C(7)-C(8)
1.504(6), C(1)-C(2)-C(3) 122.2(3), C(2)-C(3)-C(4) 126.0(3), C(3)-
C(4)-C(5) 122.5(3), C(1)-Ru-C(6) 100.55(13), C(1)-Ru-C(5) 79.50-
(13).
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