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The mechanism of alkyne polymerization by molybdenum- and
tungsten-based catalysts has been proposed to propagate via metal
alkylidene intermediates (Scheme 1).! For mononuclear systems
each mechanistic cycle involves coordination of an alkyne to the
transition-metal center, formation of a metallacyclobutene, and
regeneration of the metal carbene by ring opening. Fischer-type
carbyne complexes are among the best catalyst precursors and
transformation of the carbyne ligand into a carbene ligand for
catalytic activity has been postulated.? We have developed simple
methods for the synthesis of group 6 transition-metal carbyne
complexes® and we have begun to investigate the reactions of these
compounds with unsaturated hydrocarbons. Reactions of pyri-
dine-substituted tungsten carbyne complexes [(W=CR)CI-
(CO)4(py),] with activated olefins leading to stable tungsten alkene
carbyne complexes have already been described.* Analogous
reactions of [(W=CR)CI(CO),(py),] with alkynes did not afford
isolable tungsten alkyne carbyne complexes; rather, polymerization
of alkynes was observed. More recently, we have developed routes
to trimethylphosphine-stabilized metal carbyne complexes and
we have shown that deprotonation of the tungsten alkylidene
complex [(W==CHPh)(CI),(CO)(PMe,),] (1) provides an anionic
tungsten carbyne complex, [(W=CPh)(Cl),(CO)(PMe;),]",
containing a labile chloride ligand.® Dehydrochlorination of 1
in the presence of ligands L thus provides good access to substituted
tungsten carbyne complexes [(W=CPh)CI(CO)L(PMe,),], and
we hoped this method might allow the synthesis of stable tungsten
carbyne complexes containing alkyne ligands. Here we report
about reactions of 1 with acetylenes in the presence of base which
afford stable transition-metal alkyne alkylidene complexes,®
possibly via labile tungsten alkyne carbyne complexes. The
products exhibit the elements of the first intermediate in Masuda’s
mechanism for acetylene polymerization and they serve as pre-
cursors for moderately active alkyne polymerization catalysts.

An equimolar mixture of 1, diphenylacetylene, and 1,8-bis-
(dimethylamino)naphthalene is allowed to react for 30 min at 0
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Figure 1, Molecular structure of [(W=CHPh)(CI1),(PhC,Ph)(PMe;),]
(3). W=C(7), 1.97 (2); W-C(14), 2.061 (7); W-C(21), 2.04 (2); W~
CI(1), 2.508 (3); W-CI(2), 2.548 (5); W-P(1), 2.552 (5): W-P(2), 2.544
(5); C(14)-C(21), 1.33 (3) A. CI(2)-W-C(7), 167.5 (3)°; centroid
[C(14)-C(21)]-W-CI(1), 176.3 (6)°; P(1)-W-P(2), 157.2 (1)°;
W-C(7)-C(8), 137 (1)°; W-C(7)-H(7), 92.1°. Dihedral angle, plane
[C(14)=W-C(21)]-plane [CI(1)-W-C(7)], 59.4°.
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°C in methylene chloride. At this point, a new compound has
formed with a characteristic infrared absorption, »co = 1928 cm.
This new compound is postulated to be the expected tungsten
alkyne carbyne complex [(W=CPh)Cl(CO)(PhC=CPh)-
(PMe,),] (2). However, extraction of the reaction residue with
ether and recrystallization from ether/pentane gave a 28% yield
of a brown product which was identified as the tungsten (di-
phenylacetylene)benzylidene complex [(W=CHPh)(CI),-
(PhC,Ph)(PMe,),] (3) (Figure 1).° Apparently, upon concen-
tration of the reaction solution the intermediate 2 takes up HCI
from the hydrochloride salt of the added base and looses the carbon
monoxide ligand.®

Several spectroscopic and structural features show that 3 is best
described as an 18-electron complex with the alkyne as a four-
electron-donor ligand. The 3C NMR resonance for the acetylene
carbon atoms at 223.0 ppm and the average carbon-tungsten
bonding distance of 2.05 A are typical for four-electron-donor
alkyne ligands.!"'> Moreover, electronic saturation of the tungsten
center is indicated by the rather nondistorted nature of the ben-
zylidene ligand. In the related electron-deficient tungsten al-
kylidene complex [(W==CHPh)(Cl),(CO)(PMe,),] (1) the W=C
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in final difference Fourier map = 2.0 e A3 near W. Five additional peaks
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distance is 1.860 A, the W=C—C angle is widened up to 164.6°,
and the W=C—H angle is only 74.6°.° The less activated nature
of the alkylidene C-H bond in 3 compared to 1 is also reflected
in the larger C-H coupling constant (3, 'Jcy = 125.8 Hz, vs. 1,
1Jcy = 82.3 Hz) and in the shift of the NMR signal for the
alkylidene hydrogen atom from —1.2 ppm for 1 to the low-field
value of 11.8 ppm found for 3. Thus, donation of the second
m-bond (7 L) of the alkyne to the metal center exerts a marked
influence on the geometry of the benzylidene ligand; it also de-
termines the orientation of the alkylidene ligand such that the
tungsten-alkylidene 7-bond is orthogonal to the tungsten alkyne
w-bonds; i.e., the plane of the benzylidene ligand is perpendicular
to the P(1)-W-P(2) axis.

Due to interaction of the alkyne ligand with two perpendicular
metal d, orbitals, no high electronic barrier for alkyne rotation
is expected.!>!* 1In the structure of 3, the preferred orientation
of the alkyne is apparently along the P(1)-W-P(2) axis, but
significant rotation from this orientation is observed, which is
attributed to steric interaction between the acetylene phenyl groups
and the trimethylphosphine ligands. In order to be able to probe
the dynamic behavior of the alkyne ligand by NMR we prepared
a sample of the complex [(W=CHPh)(CI),(PhC,H)(PMe,),]
(4),!* containing an unsymmetrically substituted alkyne. The
calculated activation barrier for site exchange is AG* = 50.61 %
2.9 kJ mol™! at 273 K.**  This value is comparable to those
obtained for formally related tungsten complexes containing
four-electron-donor alkyne ligands.'!-’

When the acetylene complex 3 is dissolved in phenylacetylene
at 40 °C, slow polymerization of the alkyne is induced.’® 1In the
early phase (24 h) of the reaction compound 4 can be identified
by NMR as the major organometallic component. Since the
structural and dynamic studies reported here clearly show that
the alkyne and alkylidene ligands in 3 and 4 do not interact with
each other, we propose that dissociation of a trimethylphosphine
ligand in 4 and coordination of a second phenylacetylene may lead
to the active acetylene polymerization catalyst. In this situation
the metal would not be able to provide d-electrons for independent
w-bonding to the second alkyne ligand which then may interact
with the alkylidene ligand according to Scheme 1.1°
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In the last stage of cholesterol biosynthesis, squalene is regio-
and enantioselectively transformed to squalene 2,3-epoxide in the
presence of an enzyme squalene monooxygenase.! A remarkably
regioselective nonenzymatic oxidation of the terminal double bond
of squalene was accomplished by van Tamelen and co-workers.?
They showed that the regioselectivity was dependent on the solvent
and the oxidizing agent. van Tamelen suggested that the solvent
effect related to the conformation of the substrate in solution; in
polar medium the terpene exists in a coiled conformation in which
the internal double bond might be sterically shielded and hence
less reactive than the terminal double bond. Accepting that
squalene and related terpenes exist as coiled structures in polar
solvents,’ we envisioned an intriguing possibility to make this
process asymmetric.* Upon coupling a terpene such as farnesic
acid with a chiral helical molecule, the terpene moiety might be
induced to coil only in one direction, for example in a screw form.
Once such a preferential chiral helix formation is obtained in the
terpene moiety, one face of the terminal double bond will pref-
erentially be exposed to the oxidizing reagent. In this paper, we
would like to describe experiments aimed at testing this concept.

Among several classes of compounds known to form helices,>
we have chosen polypeptides, since they are easy to prepare on
a large scale and their secondary structures (helices) are stable
in many solvents.” The only potential drawback of polypeptides
is their poor solubility in organic solvents. We first studied the
chemical behavior of the substrate 1, prepared from hexa-L-
phenylalanine methyl ester;® however, to our great disappointment,
neither NBS or MCPBA oxidation of 1 gave promising results.
A possible explanation for this unsuccessful experiment was, we
felt, that the low solubility of the hexapeptide 1 might result from
aggregation of the 8-sheet structure through intermolecular hy-

(1) For a review on this subject, see, for example: Harrison, D. M. Nat.
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