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structures in solution.!® The analogous 2-methylallyl complex
is formed slowly from 1a and CH,=~CMeCH,0SiMe;.

Since CH,=~CRCH,0S8iMe; delivers an allyoxy fragment to
tungsten, we investigated whether CH,=~CHSi(OMe); would
transfer a methoxy group, with the vinyl acting as the tether. A
clean reaction is observed with 1b, but the product is the carbyne
complex W(==CCHj,)(PMe,),Cl (3) (eq 2).1” Thus vinyl is
transferred instead of methoxy, with rearrangement of CH,=
CH— to CH,;C==. The carbyne complex 3 has been charac-
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terized by NMR !¢ and an X-ray crystal structure,!> which is quite
similar to the structures of W(=CCH.)(PMe;),Me and W(=
CH)(PMe,),CL'® An intermediate is observed in the formation
of 3, believed to be the vinylsilane complex WCl,[CH,=
CHSi(OMe);](PMe;); on the basis of its paramagnetic NMR
spectrum,!? consistent with the vinyl acting as a tether. Vinyl-
silanes CH,=CHSiMe; and CH,=CHSIi(OEt)Me, also react
with 1b to give 3, but carbyne products have not been observed
starting from 1la.

Kinetic and mechanistic studies are in progress to map out this
transformation in detail. Labeling studies indicate that the formal
vinyl to methylcarbyne rearrangement (eq 2) involves net
movement of the methine hydrogen to the methylene group.
Reaction of 3CH,=~CHSiMe; gives W(==C!3CH,)(PMe,),Cl
with <1% label at the carbyne carbon, and CH,=—CDSiMe; gives
W(=CCH,D)(PMe,),Cl, with <5% CHD, product (by 1*C
NMR). A crossover experiment using a 50:50 mixture of
BCH,~CHSiMe, and CH,=~CDSiMe;, shows that the reaction
is not intramolecular: both W==C!*CH, and W==C!CH,D
(60:40) are observed by 1°C NMR. These data are consistent with
the mechanism proposed by Green for the other reported vinyl
to carbyne rearrangement:?’ deprotonation of the vinyl complex
gives a vinylidene, which protonates to form the carbyne.

Allylsilanes also react with 1b to give a carbyne complex, in
this case the ethylcarbyne W(=CCH,CH,)(PMe,),Cl (4) (eq
3). A remarkable amount of hydrogen migration has to occur
to complete this allyl to ethylcarbyne transformation. The 'H,
3P, and 1*C NMR spectra of 4 are very similar to those of 3,
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indicating the same basic structure. Reactions of 1b with al-
lylsilanes are slower than reactions of 1b with vinylsilanes.
Equations 2 and 3 are a new and quite convenient route to
tungsten—carbon multiple bonds.

Three unusual transformations are reported here: formally
allyloxy to oxo-allyl, vinyl to methylcarbyne, and allyl to
ethylcarbyne. These reactions support the idea that the alkene
function acts as a “tether” in the activation of silyl ethers, with
the silicon acting as the organic fragment donor and as chloride
acceptor. Once a substrate is bound to the tungsten, the formation
of a very strong metal-ligand multiple bond, W==0 or W==C,
provides the driving force for cleavage of the Si—O bond and for
the unusual rearrangements.
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Design and synthesis of organic molecules in very high-spin
ground states are current subjects of great importance.! The basic
principle underlying the design is the desire to endow organic
molecules with many half-filled orthogonal orbitals. Their presence
is dictated by symmetry and can be achieved in two ways: or-
thogonality in space and topological symmetry. Carbenes in triplet
ground states are examples of the former. In w-diradicals, parallel
alignment of the two spins can become favored if the radical
centers are placed in phase with the spin polarization of the
intervening w-bonds. A Schlenk hydrocarbon in the triplet ground
state is such an example.? Poly(m-phenylenecarbenes) 13 combine
these two concepts in the construction of higher spin organic
molecules.!* The spin alignment in 1 is, however, one-dimen-
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sional. In order to realize the long-range order at finite tem-
peratures, increasing the dimension of the aligned spins is im-
perative. This can be achieved either by imposing the proper
stacking orientation and therefore magnetic interaction between
the molecular chains of 1 as in crystals® or by increasing the
dimension of 1 itself. We have now introduced a branched-chain
pseudo-two-dimensional structure 2 to achieve the latter possi-
bility,® although the two-dimensional honeycomb-like 7-system
3 would be ideal (Chart I).

The synthetic route employed for the precursor 2D is outlined
in Scheme 1.7 One of the key steps in this reaction sequence is
the secondary-amine-catalyzed trimerization of the ethynyl aryl
ketones to give 1,3,5-tris(substituted aroyl)benzenes,® a method
also applicable to the higher analogues of 2.° 2D was purified
by chromatography (Woelm neutral alumina, activity I'V, hex-
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Figure 1. Field dependence of the magnetization of hexacarbene 2 (n =
6) at 2.1 (0), 4.8 (O), and 10.0 (&) K.

ane/benzene, 0 °C) and confirmed by IR (2060 cm™1), UV~vis
(Amax (€) 291 (1.35 X 10°%), 520 nm (510)), and NMR spectra,
including HH- and CH-COSY data.

Photolysis of 2D in 2-methyltetrahydrofuran (MTHF) glasses
at 10 K in an X-band ESR cavity resulted in the appearance of
strong, complex ESR signals centered at ca. 3300 G and char-
acteristic of high-spin states; signals attributable to triplet carbenes
and quintet dicarbenes were very weak if not undetected.

An Oxford Faraday balance was installed with a quartz light
guide through which the UV light (480 > A > 400 nm obtained
by the combined use of a Kenko B-390 band-path filter and an
OCLI type B cold mirror) was introduced into ca. 0.08 mg of 2D
in 25 uL of MTHF in a quartz sample basket suspended in the
superconducting solenoid (<7 T). The magnetic measurements
of 2 (n = 6) thus produced at ca. 2 K were carried out in situ.
The plots of the magnetization vs the applied magnetic field
strength at 2.1, 4.8, and 10.0 K were analyzed in terms of the
Brillouin function to give § = 6.0, for 2 (n = 6), the highest spin
ever reported for a purely organic molecule (Figure 1).

Thus, the branched-chain pseudo-two-dimensional topology of
the framework in 2 was demonstrated to be appropriate for
controlling its high-spin ground state. It is not clear at this stage
if structure 2 has the merit of stabilizing its highest spin ground
state relative to lower spin states better than 1. According to a
statistical-mechanical theory on the high-spin chain molecules
in a helical conformation,! the dipole—dipole interaction between
the nearest spins on the neighboring loops can be ferromagnetic
and might contribute further in stabilizing the spins aligned within
the chain by exchange coupling through bonds. NMR chemical
shift data on the series 2D and 2K suggest an increase in spatial
overlapping of the phenyl rings at higher unit number ».

Since the magnetization data at the three different temperatures
were fit to the same Brillouin function, the sample is considered
to be free from ferro- or antiferromagnetic intermolecular in-
teractions. When the sample concentration was high (>6.7
mmol/L), the antiferromagnetic interaction between the molecules
was revealed by an ca. 15% lowering of the effective magnetic
moment at 1.9 K relative to 20 K. Similar behavior was observed
for partially photolyzed neat samples of 2D. The exchange in-
teraction between the tridecet molecules in fortuitously formed
clusters is suggested to be antiferromagnetic. Additional designs
of molecular stacking should be made for establishing the order
extending among the molecules.

Once a molecular assembly of super-high-spin 1 and 2 acquires
magnetocrystalline or shape anisotropy and the relaxation time
for reorientation of a principal axis of the magnetization becomes
longer than the measuring time, it will have a chance of developing
residual magnetization which might be used as magnetic memory
at temperatures lower than the blocking temperature.
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