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(Xl_n 4600, MWD 1.95) was changed to block copolymer

poly(S8OC 1),-block-(SOC 2), (M,, 10600, MWD 1.66, x:y
= 62:38). The block copolymer was soluble in n-hexane
but insoluble in MeOH (yield 69%), while the initial
poly(SOC 1) was insoluble in n-hexane (yield 87%). This

change of solubility as well as the change of M, confirms
unambiguously the occurrence of the block co-
polymerization.

By the similar manner, the block copolymerization of
the living poly(SOC 1) with n-BVE (n-buty! vinyl ether)
was attempted to give block copolymer poly(SOC 1),-
block-(n-BVE), with complete consumption of n-BVE
without any homopolymer.!%!3 Monodispersed GPC peaks
of the crude polymers both before and after the co-
polymerization, either of which showed the same shape by
both UV and RI detection, indicated an obvious shift of

M, to the high molecular weight region.* As expected,
most of the block copolymer (80-90%) became soluble in
n-hexane. This solubility change was consistent with the
segment ratio (x:y = 37:63 by NMR).

The similar block copolymerization with n-BVE occur-
red with use of the heated poly(SOC 1) (for 2 h at 120 °C)
as the initiator as mentioned above. However, the blocking
efficiency was low and a homopolymer of n-BVE was
produced according to the results of GPC. Moreover,
poly[(SOC 1)}(SOC 1)] formed by two-step polymerization
was still living and could initiate the polymerization of
n-BVE!? to afford the block copolymer poly[(SOC 1)(SOC
1)]-block-(n-BVE) along with a small amount of poly(n-
BVE).

Similar results were obtained with poly(SOC 1) formed
in the polymerization with a thermally latent catalyst

PhCH,S*CH,CH,CH,CH,SbF, at 120 °C for 3 h. Fresh
SOC 1 fed to the poly(SOC 1), which was kept at 120 °C
for more than 10 h, was consumed very slowly. Meanwhile,
n-BVE added to the polymer solution was polymerized at
less than RT.!2 The polymer obtained as the n-hexane-
insoluble part was also the block copolymer poly(SOC
1),-block-(n-BVE), (20% yield, x:y = 80:20, M, 5400,
MWD 1.40; poly(SOC 1), M, 4900, MWD 1.42). Thus, the
poly(SOC 1) was still living even at such a high tempera-
ture, although its activity dropped obviously.

From the results mentioned thus far, the polymerization
of SOC is not the ideal living polymerization but has a few
of the characteristics of living polymerization.!® Most
interesting is the great stability of the growing end species.
This living end is regarded as one of the most stable
species,? as assumed from its structure. Recent 'H, 13C,
and °F NMR studies on its structure suggest the trialk-
oxycarbenium ion as expected.’® In addition, the formation
of poly(SOC)-block-(n-BVE) would attract attention as a
unique block copolymer between cyclic ether and vinyl
monomers. We believe that this study should provide a
new polymerization process involving stable propagating
species as well as an attractive entry to synthesize a wide
variety of new block copolymers of considerably controlled
molecular weights.
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New Organometallic Polymers Containing
Tungsten Carbene Complexes!

Inorganic and organometallic polymers containing
transition metals, lanthanides, or main-group elements (P,
Si, 8n, Li, or Pb) are a very intriguing group of materials
and are currently receiving considerable attention.? These
polymers have many useful applications as chemically
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resistant elastomers,® reagents for organic synthesis,*

catalysts,® antifouling agents,® electroactive films,” met-
al-polymer composites,? positive resists in microlithogra-
phy,? or precursors to ceramics.!® Most transition-metal
organometallic polymers have been prepared by three
methods: (1) chain polymerization of vinyl monomers,%
(2) step-growth polymerization of bifunctional mono-
mers,%®!! or (3) modification of preformed polystyrene
resins.’ Among the various transition-metal-containing
vinyl monomers prepared and polymerized?%s are deriv-
atives of cyclopentadienyl-metal complexes, styryl-metal
systems, or diene-metal complexes in which the vinyl
groups are connected to cyclopentadienyl ligands, arene
rings, or diene ligands, respectively. To our knowledge,
there is only one other account of polymeric materials that
contain transition-metal carbene complexes.!?13 We now
report on the polymerization of the tungsten—carbene vinyl
monomer 1, which affords the first polymeric material 2
to contain repeating transition-metal carbene fragments,
the characterization of this new polymer, and some initial
findings dealing with its reactivity.

Upon preparing the o,8-unsaturated tungsten carbene
complex 1,15 an insoluble orange solid was frequently ob-
served. Nevertheless, this orange solid could be avoided
if complex 1 was purified immediately after preparation
and then stored at —30 °C. Purification involved chro-
matography on silica gel at ~20 °C with the resulting
pentane eluent collected at 0 °C. Removal of the pentane
under high vacuum at 0 °C produced pure 1 as beautiful
dark red crystals in yields between 25% and 35%.1¢ It was
subsequently found that if complex 1 was allowed to melt
(ca. 10 °C) and then stand at this temperature in a nitrogen
atmosphere for 7 days, a dark red polymeric glass formed
(Scheme I).1# After scraping this material from the sides
of the flask, washing exhaustively with methylene chlo-
ride/ethyl acetate, and drying under high vacuum, the
organotungsten polymer 2 was obtained in 80% yield.?°
Polymer 2, formed in this manner, is insoluble in all or-
ganic solvents, is nonvolatile (at least down to 107° Torr),
and decomposes at 80 °C to a dark solid and W(CO),.

The diffuse reflectance FT infrared spectrum of 2 ex-
hibits characteristic metal carbonyl stretching bands at
2071 (w) and 1925 (s) cm™ for Fischer-type tungsten
carbene complexes. For example, (CO);W[C(OCH,;)CH,]
exhibits metal carbonyl stretching bands at 2075 (w), 1953
(m), and 1939 (s) cm™ in hexane. Solid-state CP-MAS 13C
NMR spectra?! of polymer 2 show broad resonances at 6
338.8 (W==(), 197.9 (WCQ), 71.5 (OCH,), 68.5 (CH), and
36.8 (CH,). In addition to these major resonances, small
peaks were observed at 6 192.1, 58.3, and 26.5, which may
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be due to solid-state conformational effects in the polymer
sample.?? Most importantly, the carbene—carbon resonance
at 6 338.8 could be distinguished from spinning side bands
by changing the sample spinning rate; moreover, its
chemical shift value is similar to those of other Fischer-type
tungsten carbene complexes. For example, (CO);W[C(O-
CH,)CHyj] exhibits the following 3C NMR spectrum in
CDCl;: 6 332.67 (W=C), 203.57 (WCO, trans), 197.51
(WCO, cis), 69.75 (OCHj), 51.94 (CH3). The lack of ob-
servable vinylic resonances in the solid-state CP-MAS 13C
NMR spectrum of 2 suggested that no unreacted vinyl
monomer 1 was present in the polymer sample.?

Further characterization of polymer 2 involved X-ray
photoelectron spectroscopy (ESCA), which indicated only
one type of tungsten species present on the surface (and
presumably also in bulk).?* A high-resolution ESCA
spectrum of 2 exhibited binding energies for W(4f; 5) =
31.2 and W(4f; ;) = 33.3 £ 0.1 V. To our knowledge, no
comparative E/SCA data were available for low-valent
tungsten carbene complexes.?® This compelled us to pre-
pare (CO);W[C(OCH,)(4-n-C;sH,;)CeH,] (3)% and measure
its ESCA spectrum. Compound 3 showed binding energies
for tungsten of 31.5 and 33.7 eV [W(4f;;5) and W(4f;,),
respectively]. Both polymer 2 and complex 3, which are
formally W(0), exhibit considerably lower binding energies
than Schrock’s alkylidene complex W(0)(CHCMe,)Cl,-
(PEty), [W(4f; ) = 34.1, W(4f; ) = 36.3 eV],% which is
formally W(I\/.

Treating polymer 2 with dimethyl sulfoxide for long
periods (4 days) produced a soluble copolymer 4 consisting
of monomer 1 and poly(methyl acrylate) (Scheme I).22 The
yellow-orange copolymer 4 is soluble in polar organic
solvents, from which transparent films can be cast. The
copolymer composition was determined by using 'H NMR
spectroscopy by integrating the broad three-proton
methoxy resonances of the tungsten carbene fragment (6
4.6) and ester group (6 3.6). The infrared spectrum of 4
(n = n ~ m) in chloroform exhibited two metal carbonyl
bands at 2075 (w) and 1935 (s) cm™ and an organic car-
bony! band at 1730 (w) cm™.. The *C NMR spectrum of
4 (n = n-m) in CDCI, at 25 °C exhibited the following
resonances: o 338.7 (W=C) 200.5 (WCO, trans), 197.1
(WCO, cis), 174.9 (C==0), 71.1 (W=CCHCH,), 66.5 (W=
COCH,), 51.7 (0=COCH,;), 41.3 (0O=CCHCH,), 35.0
(CHCH,), which are consistent with the assigned structure.
A high-resolution ESCA spectrum of 4 (n = n — m) ex-
hibited binding energies for W(4f;,) = 31.4 and W(4f;5)
= 33.5 = 0.1 eV. These values are similar to those found
in the other W(0) carbene fragments of polymer 2 and
complex 3, described above. Furthermore, tungsten species
with higher binding energies were not observed in the
spectrum of 4, which indicates that DMSO cleanly removes
the (CO);W fragments from the surface of polymer 2.

Although direct molecular weight measurements on
polymer 2 were impossible due to its complete insolubility,
we were able to determine the intrinsic viscosity of co-
polymer 4 ([#] = 7.3 X 102dL/g, CHCl;, 13°C,n=n -
m). Further oxidation of 4 using DMSO (7 days, 25 °C)
provided poly(methyl acrylate) (5) in 45% yield (Scheme
I). Polymer 5, prepared in this manner, exhibited an 'H
NMR spectrum which was virtually superimposable on the
spectra of standard poly(methyl acrylate) samples. A value
of 9000 was obtained for the viscosity average molecular
weight (M,) of 5 by using the Mark-Houwink-Sakurada
equation and the intrinsic viscosity ([7] = 6.1 X 10-2dL/g,
acetone, 24 °C).

To date, the mechanism of formation of polymer 2 under
bulk conditions (Scheme I) is not known, but both free
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radical and anionic pathways appear possible.®® Further
studies involving the formation, structure, and reactivity
of polymers containing transition-metal carbene fragments
are under way in our laboratory. By taking advantage of
the extensive chemistry associated with transition-metal
carbene complexes,’! we hope to be able to prepare a wide
variety of new materials with interesting properties.
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Ab Initio Conformation and Ionization Potentials
of Polysilane Oligomers

Experimental work on organosilane polymers! has dem-
onstrated the strong conformational dependence of ul-
traviolet (UV) absorption. The wavelength of maximum
absorption, A,,,, of a range of disubstituted polysilanes
increases with increasing length of the silicon backbone
and with increasing substituent size.? Several dialkyl-
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