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ease of opening the chelate ring because of (a) size, (b) bulkiness,
and (c) a strong acyl-trans effect. Chelate opening may be im-
portant also in the CO insertion step.!®

Chlorobenzene oxidative addition to 1 is also more facile
compared to phenylphosphine palladium complexes. High electron
density at the metal is undoubtedly one reason, but the low affinity
of 1 for CO, leaving in solution a higher concentration of an
unsaturated complex, may also be important. Clearly a number
of factors may be involved in making 1 an efficient, unique
catalyst.? This, as well as potential use of 1 and related complexes
in other catalytic reactions, is under active investigation.
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(18) Alcoholysis of acylpalladium complexes containing monodentate
phosphines requires heating™!” and appears to be much slower than that of
3

. (19) The ligand dppp was recently observed to have an accelerating effect
on the carbomethoxylation of the reactive aryl trifluoromethanesulfonates:
Dolle, R. E.; Schmidt, S. J.; Kruse, L. 1. J. Chem. Soc., Chem. Commun. 1987,
904.

(20) The second dippp ligand may also play a role in the catalysis. Sig-
nificantly lower yields are obtained when either 2 or 3 is utilized as catalyst.
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In this communication we report direct evidence for a 8-hydride
elimination mechanism in hydrocarbon decomposition over metal
surfaces. This pathway is perhaps the most common of the de-
composition reactions in transition-metal alkyls containing §-
hydrogens; there are many examples for such a mechanism in the
organometallic literature.! 3-Elimination has also been indirectly
invoked when explaining mechanisms for hydrocarbon conversion
over transition-metal catalysts.>* However, due to the difficulty
in forming alkyl moieties on metal surfaces, the direct detection
of such processes has so far eluded surface scientists. We here
present thermal programmed desorption (TPD) spectra from
partly deuterated fragments chemisorbed on Pt(111) which un-
equivocally show that ethyl moieties decompose on those surfaces
by $-hydrogen elimination to form adsorbed ethylene.

The experiments were performed in an ultrahigh-vacuum
chamber equipped with surface-sensitive instrumentation, as
described in detail elsewhere.* Ethyl groups were formed on the
platinum surface by saturation with ethyl iodide at liquid nitrogen
temperatures followed by annealing above 170 K. Using X-ray
photoelectron (XPS) and reflection—absorption infrared (RAIRS)
spectroscopies, we have previously shown that this procedure
conduces to the breaking of the C-I bond with the concurrent
formation of ethyl moieties,> and Lloyd et al. have recently used
high-resolution electron energy loss spectroscopy (HREELS) to
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Figure 1. H; and D, thermal programmed desorption (TPD) spectra
from saturation coverages of CD;CH,I (left) and CH;CD,I (right) on
Pt(111). The peaks corresponding to the first decomposition step (a
B-hydride elimination) are highlighted.

del7nonstrate that ethyl groups are stable on Pt(111) below 230
K.

Adsorbed ethyl decomposes thermally above 230 K to yield a
new intermediate with C,H, stoichiometry. This conversion has
been studied by XPS,S HREELS,” and TPD.>? Hydrogen (H,)
thermal desorption from CH;CH,!I displays several peaks, the first
at 275 K which corresponds to one-fifth of the total area under
the spectrum (one out of five hydrogen atoms in CH;CH,I).* Here
we have used partly deuterated ethyl iodide compounds in order
to determine the origin of that first desorption feature. Figure
1 shows TPD spectra for H, and D, desorption from both adsorbed
CD,CH,I and CH;CD,l. 1t is clear from the data that in the
case of CD3;CH,I the first desorption peak is composed almost
exclusively of deuterium gas, while for CH,CD,]I this feature is
only seen in the H, trace (shadowed areas in the figure). These
results clearly indicate that the hydrogen atom extracted in the
first decomposition step of ethyl chemisorbed on Pt(111) comes
from the 3 position. Additional TPD, XPS, and HREELS data
has been used to determine that chemisorbed ethylene forms as
a result of ethyl decomposition, corroborating the proposed (-
hydride elimination mechanism.>? Adsorbed ethylene then reacts
to form ethylidyne by going through a vinyl intermediate.*® This
reaction starts at temperatures as low as 260 K, but its rate peaks
around 305 K in TPD experiments.’

This is, to the best of our knowledge, the first study showing
that a 8-hydride elimination mechanism is operative in the de-
composition of chemisorbed alkyls, in an analogous fashion to
well-known chemistry for organometallic compounds. A partic-
ularly interesting example has been given recently by Brown et
al., in which an ethyldiplatinum(I) complex was synthesized by
starting from ethyl iodide and Pt,(u-Ph,PCH,PPh,)..1° This
compound undergoes 8-H elimination at temperatures between
60 and 100 °C to yield ethylene and ethane. Ethane formation
was also seen in our system.® Establishing the viability of the 8-H
elimination pathway on surfaces has clear implications in de-
termining the mechanism for catalytic H-D exchange and hy-
drogenolysis of alkanes.>? In particular, ethane H-D exchange
on Pt(111) yields d,- and d¢-substituted molecules predominantly.
This product distribution can be explained by a mechanism in-
volving ethyl groups as a common intermediate, which then reacts
further by following two competitive pathways.!!?  An additional
intermediate with C,H, stoichiometry is required to explain the
high yield of fully deuterated ethane.!? Previous data suggested
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it to be ethylidene fragments (Pt,=CHCH3;),!! but our present
results argue for the formation of chemisorbed ethylene instead.
More research is needed to clarify this point.

Registry No. Pt, 7440-06-4; CH,;CH,l, 75-03-6; ethyl, 2025-56-1.
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Cyclic acetylenes have attracted considerable interest recently
with the discovery of the potent antitumor properties of neo-
carzinostatin and calichemicin/esperamicin.? In exploring new
synthetic strategies, we have attempted to develop reactions in
which the sum of the reactants corresponds precisely to the desired
product to enhance chemical efficiency. In terms of a cyclization,
such a process is an isomerization.>* We record a successful
realization of this goal directed toward cycloalkynes as outlined
in eq 1 in which remarkable chemoselectivity is observed.’

—_R R

Scheme I exemplifies the ease with which suitable substrates
2-4 can be synthesized. Displacements of alkyl halides with
acetylide anion require the use of a dipolar aprotic solvent admixed
with THF. HMPA or DMPU (1,3-dimethylhexahydro-2-pyri-
midone) proved efficacious.® In the synthesis of 3, both acetylenes
were introduced in a single operation, wherein addition of the first
equivalent of the acetylide in THF at =78 °C occurred at the
carbonyl group and subsequent addition of HMPA and a second
equivalent of the acetylide effected displacement of the bromide.

If both acetylenes are terminal, the issue of chemoselectivity
arises. To evade this issue initially, a benzene solution of the
symmetrical diyne 2 was added slowly to 10 mol % of palladium
acetate and 20 mol % of TDMPP [tris(2,6-dimethoxyphenyl)-
phosphine] in benzene at reflux. This reaction produced a 41%
yield” of the monocyclic 14-membered-ring compound 5.8 The
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(7) We believe the yield reflects mechanical losses upon workup due to the
volatility of the compound.

Scheme I. Synthesis and Cyclization of Diyne Substrates
Exemplified®
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4(a) (COCl),, DMSO, (C,;Hs);N, CH,Cl,. (b) (i) TMSC=CLi,
THF, -78 °C, then add HMPA, -78 °C to room temperature; (ii)
TBAF, THF, H,0, room temperature. (c) (i) TMSC=CLi, THF,
DMPU, -78 °C to room temperature (see text), then H,SO,, H,0,
THF; (ii) TBAF, THF, H,0, room temperature. (d) (i) Br,, dppe,
CH,Cl,, 0 °C to room temperature; (ii)) TMSC=CLi, THF, DMPU,
-78 °C to room temperature; (iii) TBAF, THF, H,0, room tempera-
ture. (e) (i) (COCl),, DMSO, (C,H;);N, CH,Cly; (ii) LiC=CCO,-
C,H;, THF, =78 °C. (f) See text.

enyne moiety is characterized by both the 'H (6 5.16,d, J = 2.3
Hz, 1 Hand 5.11,t,J = 1.1 Hz, 1 H for =CH,; 2.34,t,J = 6.2
Hz, 2 H for=CCH,; 2.12,t,J = 7.3 Hz, 2 H for =CCH,) and
13C (6 132.5 and 119.4 for C=CH,; 90.7 and 81.3 for C=C)
NMR spectra. Repeating this protocol with the unsymmetrical
diyne 3 remarkably led to a single macrocycle in 46% yield.
Assignment as 6a® rather than 6b arises from the 'H NMR
spectrum, in which the signal for the propargylic methylene group
remains (6 2.38, ddd, J = 16.3, 6.9, 4.1 Hz and 2.33,ddd, J =
16.3, 7.0, 4.0 Hz) and the single allylic hydrogen appears at  4.08
(g, J = 6.0 Hz)® with small couplings to the terminal methylene
hydrogens (J = 1.2 and 0.8 Hz) established by spin-decoupling
experiments. This remarkably chemoselective cyclization appears
to generate the thermodynamically more stable product, as pre-
dicted by MM2 calculations, which indicate that 6a is about 1.9
kcal/mol more stable than 6b.

Replacing the terminal hydrogen of the acceptor acetylene with
an electron-withdrawing group enhances the efficiency of the
cyclization. The tetrolic ester substrate 4 constitutes a particularly
intriguing case to examine compatibility with functional groups
since a tandem annulation can result in direct formation of a
bicyclic lactone. Indeed, subjecting diyne 4 to the above cyclization
conditions produced macrocycle 78 in 66% yield. Utilizing 5 mol
% of [(o-tol);P],Pd(OAc), as an alternative catalyst, and ap-
proximately an amount of 5 A molecular sieves equivalent in
weight to substrate at 0.02 M in substrate in refluxing benzene,
gave a 59% yield of the macrocycle 78. This novel bicyclo-
annulation was extended to the 13-membered (8, n = 9, 58%)3
and 16-membered (8, n = 12, 38%)® macrocycles (eq 2) by em-

c}:ozczn5

— OH ——-/o

(CHa)m (CHz2)m
8

ploying the latter conditions. The power of this strategy is revealed
by the fact that even a 10-membered ring (8, n = 6)% can be
produced, albeit in only 16% yield.!°

(8) Satisfactory characterization was obtained.
(9) Coupling to the hydroxyl proton with coupling equal to that with the
adjacent methylene group. A broad triplet results when OH exchange is rapid.
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