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respectively; (CH,) is observed at 1420 cm™; §(CH) and CH
wags are evident at 1310, 1015, and 585 cm™'; and the remaining
modes at 1190 and 940 cm™' are attributable to CH, twists or
wags.'?

For exposures sufficient to saturate the monolayer at 110 K
(>2 % 1078 Torr s), followed by momentary annealing at 180 K
to desorb any condensed allyl chloride, the HREEL spectrum of
Figure 1b results. A very strong band at 220 cm™ attributable
to v(Ag—Cl) appears, indicating clearly that atomically adsorbed
chlorine is present and that dissociation of the allyl chloride has
occurred. Consistent with this conclusion, the remaining features
can be reconciled convincingly with the presence of w-allyl, n*-
C;H;, as shown schematically with spectrum b. Note particularly
by comparison to spectrum a that a discernible feature for »(C=C)
near 1620 cm™' is absent, and that the bands from about 500 to
1500 cm™! are significantly altered. These changes are expected
for a species containing C—C bonds of both sp? and sp® hybrid-
ization transforming to one in which all C—C bonds are equivalent,
as would be the case for »*-C;Hs. All features in spectrum b
compare well with the IR spectrum of the inorganic compound
(n*-C3H;)Fe(CO),NO'! and can be assigned as follows: »,(CH,)
=~ 3050 cm™; »(CH,) =~ 3000 cm™!; »,((C—C-C) and 6(CH,) =~
1450 cm™' (not resolved); #(CH) and 6(CH) =~ 1240 cm™ (not
resolved); p(CH,) ~ 1025 cm™; »(C-C—C) =~ 965 cm™'; p(CH,)
=~ 750 and 675 cm™; and §(C—C-C) =~ 600 cm™'. We assign the
feature at 415 cm™ to v[Ag—(n*-C3Hs)], the frustrated translation
of r-allyl perpendicular to the surface; its frequency falls within
the range observed for »[M—-(n*>-C;H;)] in various inorganic
compounds.'!1?

When the surface is heated further, significant changes in the
vibrational spectrum of the adsorbed layer begin near 280 K and
are complete by 300 K, resulting in the HREEL spectrum of
Figure Ic. Most notably the feature at 415 cm™ due to v[Ag—
(n’-C,H;)] disappears, a »(C=C) mode appears at 1620 cm™!,
and the band in the CH stretching region broadens, indicating
the return of a mixture of olefinic and aliphatic CH vibrations.
We identify this species as 1,5-hexadiene, formed by the dimer-
ization of #3-C3;Hs’s and bound to the surface through w-donor
interactions at both C=C bonds, as depicted with spectrum c.
This conclusion is substantiated by temperature-programmed
desorption measurements, which show the signature cracking
fragments of 1,5-hexadiene (m/e = 41, 54, 67 amu) desorbing
near 310 K, suggesting that the heat of adsorption of 1,5-hexadiene
on the chlorinated Ag(110) surface is approximately 20 kcal/mol.!?
This reaction consumes n°-C,H; completely, leaving only adsorbed
chlorine. Further confirmation is provided by spectrum d, which
was measured after exposure of the chlorinated but otherwise clean
surface to 2 X 1078 Torr s of 1,5-hexadiene at 120 K. Spectra
c and d agree almost perfectly, the only distinctions being the
higher absolute intensity in spectrum d, due to higher coverage,
and the absence of the weak features near 500 and 740 cm™', which
are probably present but not resolved.

In summary, we have successfully isolated and identified the
reactive intermediate #°-C;Hs on Ag(110) by adsorption and
thermally activated dissociation of allyl chloride. This synthesis
approach is the starting point for mechanistic investigations of
its interaction with adsorbed OH and atomic oxygen, to be re-
ported later.!® Furthermore, we have observed the dimerization
of n°-C;Hs’s on Ag(110) to yield 1,5-hexadiene, which is the only
reaction we are aware of that couples hydrocarbon fragments on
silver in vacuum by C-C bond formation.
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There is considerable current interest in bimetallic complexes,
either bridged or connected by an organic group, due to their
possibly unique role in catalytic processes.' Particularly interesting
are the rigid, acetylide-connected complexes®™ 1-3, due not only
to potential catalytic activity but also to their role in new, nonlinear
optical materials.®’

L MC=CML, LMC=CC=CML,
1

2
L,MC=C(C,H,)C=CML,
3

To date these complexes have been prepared via traditional
acetylide, RC=C", chemistry.>” In this communication, we wish
to report a single-step, high-yield preparation of 2 and 3 involving
alkynyl(phenyl)iodonium species® as precursors. Recently, we
established that alkynyl(phenyl)iodonium triflates 4 serve as
synthons for electrophilic acetylene, “RC=C*", and allow the
high-yield formation of s-acetylide complexes via “alkynylation”
and umpolung of the normal acetylene reactivity.’

RC=CI*Ph-~OSO,CF,
4

Interaction of Vaska’s complex 7 or its rhodium analog 8 with
the bis[(phenyl)iodonium] diyne triflates'® 5 and 6, respectively,
in CH;CN at room temperature affords the corresponding cationic,
bimetallic, diyne complexes 9 and 10, respectively (Scheme I).
Likewise, reaction of iodonium triflate!! 11 with 7 affords complex
12. Complexes 9 and 10 are isolated as stable microcrystalline,
yellow solids!? by precipitation with ether and standard workup;
their physical and spectral properties are summarized in Table
I. Likewise, 12 is a semistable, pale brown, microcrystalline solid
that decomposes upon standing at room temperature, or over

Y Dedicated to Professor Robert W. Parry on the occasion of his 75th
birthday.
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Table I. Physical and Spectral Properties of Complexes 9a,b, 10, and 12

compd yield, % mp, °C IR¢ 'H NMR¢ 3C NMR“ 3P NMR®  F NMR/
9a¢ 85 199-201, 3058, 2156 (C=C), 7.9-8.0 (24 H), 155.9 (CO, Wcp = 6 Hz), 1354 (UJp = -9.85 -79.1
dec 2100 (CO), 1264,  7.5-7.6 (36 H), S Hz), 133.3, 131.9, 129.8 (Jep = 5
1152, 1032 6.82 (4 H), Hz), 128.1 (Jcp = 30 Hz), 125.3,
1.66 (6 H) 121.6, 108.7 (C-8), 56.3 (C-a, 2cp =
12 Hz), 3.8 (CH;CN)
9b¢ 73 105-106, 3061, 2147 (C=C), 7.9-8.0 (24 H), 19.74 (Mgpp = -78.8
dec 2122 (CO), 1267, 7.5-7.6 (12 H), 72.3 Hz)
1154, 1031 7.4-7.5 (24 H),
6.78 (4 H)
10¢ 65 165-168, 3062, 2124 (C=C), 7.8-7.9 (24 H), 155.3 (CO, Wcp = 7 Hz), 136.6, 1353 -9.50 -78.5
dec 2093 (CO), 1224, 7.2-7.4 (36 H), (MJcp = 5 Hz), 133.0,129.7 CJcp = 5
1154, 1031 7.0 (4 H), Hz), 127.6 (\Jcp = 30 Hz), 127.4,
1.64 (6 H) 122.2, 122.1 (OT¥, tJcp = 321 Hz),
109.1 (8-C, 3Jcp = 4 Hz), 60.3 (a-C,
2Jcp =12 HZ), 3.6 (CI'[;CN)
12 69 105-107, 3064, 2183 (C=C), 7.9-8.0 (24 H), 152.8 (CO, 2cp = 7 Hz), 134.7 (CJep = -12.29 -79.3

dec 2102 (CO), 1436,

1263, 1154, 1031 1.6 (6 H)

7.4-7:5 (36 H),

5 Hz), 131.8, 128.6 (Jcp = S Hz),
127.1 (tJep = 30 Hz), 120.9 (OTH,
Ucp = 320 Hz), 119.8, 95.6 (5-C),
469 (a-C, YJcp = 12 Hz), 3.0
(CH,CN)

2CD;CN NMR solution. CDCl; NMR solution. ¢CCl, thin film. ?Relative to tetramethylsilane internal standard. ©Relative to 85% H,PO,
external standard. /Relative to CFCl; external standard. ¢9b is insufficiently soluble and not stable in solution to obtain a *C spectrum.
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several hours in solution, but may be kept as a solid in a refrig-
erator. Reaction of 6 and 8 gave an impure oil as the product
(~90% pure), which could not be isolated as a pure solid, whereas
interaction of 11 with 8 gave only polymeric material. Products
9, 10, and 12 were characterized by multinuclear NMR and
infrared spectroscopies. Specifically, the IR spectra clearly
demonstrate a C==0 stretch at 2093-2102 cm™! for 9, 10, and
12 and at 2122 cm™ for 9b, which is highly characteristic for
hexacoordinated Ir(III) and Rh(III) species, respectively.
Moreover, the IR data indicate the presence of the C==C bond
between 2124 and 2183 cm™ and bands characteristic for the
anionic triflate at 1263—1267 and 1031-1032 cm™'. The presence
of the OTf counterion was confirmed by the characteristic '°F
signal at =78 to =79 ppm. The existence of the mutually trans
phosphines was indicated by the singlet at -9.85, -9.50, and —12.3
ppm for 9a, 10, and 12, respectively, and the Rh-coupled doublet
at 19.7 ppm for 9b in the 3'P NMR spectrum. Further structural
proof was provided by the 'H and !C spectra that are completely
consistent with the proposed structures. Particularly useful is the
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a-acetylenic carbon signal at 47-56 ppm with a carbon—phos-
phorus coupling of 12 Hz and the 3 signal at 96—-109 ppm in the
13C NMR spectra of 9a, 10, and 12.

In conclusion, we have discovered a new way of preparing
rigid-rod-like, cationic, bimetallic, o-diyne complexes in a high-
yield, single-step reaction using appropriate bisiodonium diyne
ditriflate precursors.!®!! This method corresponds to an alky-
nylation reaction using the organometallic species as a nucleophile
and the alkynyliodonium salt as the alkynylating agent and rep-
resents a reversal of the traditional acetylide, RC=C", chemistry.
The use of other organometallic nucleophiles as well as other
polyalkynyliodonium species is under active investigation and will
be the subject of future reports.
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Facile additions of alkyl radicals and hydrogen atoms to Cy,
are observed to occur in a mass spectrometer ion source. These
reactions have not been reported previously even though mass
spectrometry played an important role in the discovery of the novel
Cy allotrope of carbon'2, and numerous mass spectrometric studies
have since been reported for the various fullerenes,’° including
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