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Stereoselective anionic ring opening polymerization
of 1,1-dimethyl-1-silacyclobutene

Characterization of poly(1,1-dimethyl-1-sila-cis-but-2-ene)
Marcus Theurig and William P. Weber*

D. P.and K. B. Loker Hydrocarbon Research Institute, Department of Chemistry, University of
Southern California, Los Angeles, CA 90089-1661, USA

SUMMARY

Stereoselective anionic ring opening polymerization of 1,1-dimethyi- 1-s1|acyclobutene co-cata-
lyzed by n-butyllithium and hexamethylphosphoramide (HMPA) in THF at -78 oc Ynelds predomlnantly
poly(1,1-dimethyl- 1-sila-cis-but-2-ene). The polymer has been characterized by 'H C 9Si NMR spec-
troscopy, gel permeation chromatography (GPC), thermogravimetric anatysis (T GA) and elemental analy-

sis.
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EXPERIMENTAL

"H and 13c NMR spectra were obtained on a Bruker AM-360 spectrometer operating in the
Fourier Transform mode (FT). 295 NMR spectra were recorded on an IBM-Bruker WP-270-SY spectrome-
ter. Five to ten percent weight/volume solutions of pol¥mer in chloroform-d were used for "H NMR spec-
tra, whereas fifteen percent solutions were utilized for SC and 2°si NMR spectra. "“C NMR spectra were
run with broad band proton decoupling. A heteronuclear gated decoupling pulse sequence (NONOE) with
a 20 sec delay was used to acquire “~Si NMR spectra 41) These were externally referenced to TMS. Chlo-
roform was used as an internal reference for 'Hand > NMR spectra. IR spectra were recorded on a
Perkin-Elmer PE-281 spectrometer.

Gel permeation chromatographic analysis of the molecular weight dlstrlbutlon of the polymer was
performed on a Waters system comprised of a U6K injector, a 510 HPLC solvent delivery system, a R401
refractive index detector and a Model 820 Maxima control system. A Waters 7.8 mm x 30 cm Ultrastyragel
linear column packed with Iess than 10 m particles of mixed pore size crosslinked styrene divinylbenzene
copolymer maintained at 20°C was used for the analysis. The eluting sclvent was HPLC grade THF ata
flow rate of 0.8 mL/min. The retention times were calibrated against those of known monodisperse po-
lystyrene standards: M,, 612,000; 114,000; 47,500; 18,700 and 5,120 whose M \w/Mp, are less than 1.08.

Thermogravimetric analyas of the polymer was carried out on a Perkm-Elmer TGS-2 instrument
with a nitrogen flow rate of 40 cm®/min. The temperature program for the analysis was 50°C for 10 min
followed by an increase of 4°C/min to 750°C.

Elemental analysis was performed by Galbraith Laboratories, Knoxvilie TN.

All reactions were carried out under an atmosphere of argon in flame dried glassware. THF was
dried by distillation from a deep blue solution of sodlum/benzophenone ketyl immediately prior to use.
HMPA was distilled from calcium hydride and stored over activated 4 A° molecular sieves.

1,1-Dimethyl-1-silacyclobutene (l)
{ was prepared by flash vacuum pyrolysis of diallyldimethyisilane (Aldrich) at 750°C. The Hand
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13¢ NMR spectra were in agreement with those previously reported (2). 295i NMRS : 14.85.

Poly(1,1-dimethyl-1-sila-cis-but-2-ene)

In a 100 mL round bottom flask equipped with a Teflon covered magnetic stirring bar was placed
1,1-dimethyl-1-silacyclobutene (0.35 g, 3.6 mmol), THF (20 mL), HMPA (20011L). The flask was sealed with
a rubber septum and was cooled to -789C. The contents of the flask were stirred and a hexane solution of
n-butyllithium (100U L, 2.5 M, 0.25 mmol) was added via a syringe. The reaction was continued for 2 h at
-78°C. The reaction was quenched at -78°C by addition of 10 mL of saturated aqueous ammonium chlo-
ride. The reaction was allowed to warm to room temperature and the organic layer was separated. It was
washed with water (20 mL), dried over anhydrous magnesium sulfate, filtered and the volatile solvents
removed by evaporation under reduced pressure. The residue was dissolved in the minimum amount of
THF and the pglymer was precipitated from methanol. In this way, 0.3 g, 86% yield, M,, /M, = 7020/4770
was obtained. H NMR$ : 0.12(s,6H), 1.68(d,2H, J = 8.5 Hzggs.za(d,m, J = 14.0 Hz), 6.37(dt,1H, J =
14.0 and 8.6 Hz). "5CNMR §: -1.24, 25.65, 124.12, 146.39. 2SI NMR 6 : -11.07. Anal. Calcd for CgHoS:
C, 61.14; H, 10.26. Found: C, 59.97; H, 10.29.

Z- and E-1,3-bis(Trimethylsilyl)propene

In a 250 mL three neck round bottom flask equipped with a Teflon covered magnetic stirring bar,
a pressure equalizing addition funnel and a reflux condenser was placed 1.39 g (57 mmol) of magnesium
powder and THF (60 mL)). A crystal of iodine was added to activate the magnesium. After the brown color
of the iodine had faded, chiorotrimethylsilane (5.8 g, 53 mmol) in THF (30 mL) was added and the reaction
mixture was allowed to stir for one h. A 1:1 mixture of Z- and E-1,3-dibromopropene (Aldrich) (5.0 g, 25
mmol) in THF (30 mL) was added dropwise over 1 h. The reaction was stirred at rt for 24 h and was then
quenched by addition of 50 mL of saturated aqueous ammonium chloride. The organic layer was separat-
ed, dried over anhydrous magnesium sulfate, filtered and the organic solvents removed by evaporation
under reduced pressure. The residue was transferred to a 25 mL round bottom flask. The product was
purified by fractional distillation through a 15 cm vacuum jacketed Vigreux column. A fraction bp 85°C/45
mm, 3.35 g, 72% yield was isolated. Z and E isomers 1:5 can be separated by GLPC. IR V:2965, 2898,
1606, 1401, 1250, 1143, 1050, 1014, 987, 841, 757, 721, 690, 669 cm ™ ".

E-1,3-bis(trimethylsilyl)propene (3)

THNMR § : 0.02(s,9H), 0.017(s.9Hh 1.61(dd,2H, J = 7.7 and 1.0 Hz), 5.41(dtg 1H, J = 18.0 and 1.0 Hz),
6.00(d, 1H, J = 18.4 and 7.8 Hz). "5CNMR &: -2.0, 1.0, 28.4, 128.0, 143.7. 2Si NMR § : 0.135, -8.66. MS
m/e (rel. intensity): 188(0.1), 187(0.4), 186(1.8) M-, 173(0.5), 172(1.1), 171(5.9) M-15 1, 100(2.0), 99(6.0),
98(49.9), 97(5.1), 85(1.7), 84(1.5), 83(14.9), 75(4.52), 74(10.7), 73(100.0).

Z-1,3-bis(trimethylsilyl)propene

THNMR 0.05(s,9H), 0.03(s,9H), 1.65(0,2H, J = 8.4 Hz), 5.30(a,1H, J = 14.1 and 1.2 Ha), 6.31(ck,1H, J
= 13.9and 8.5 Hz). ""CNMR : -0.5, 0.5, 25.3, 125.9, 144.3. “7Si NMR 6 : 0.26, -11.0. MS m/e (rel. inten-
sity): 188(0.1), 187(0.5), 186(2.6) M*, 173(0.7), 172(1.5), 171(7.8) M-15", 100(1.7), 99(5.3), 98(44.0),
97(3.4), 85(1.6), 84(1.2), 83(13.6), 75(3.5), 74(8.5), 73(100.0).

RESULTS and DISCUSSION

While considerable work has been done on the anionic (4), thermal (5) and platinum (6) catalyzed
ring opening polymerization of silacyclobutanes and on the anionic (7,8) and metathesis (9) ring opening
polymerization silacyclopent-3-enes, no previous work has been reported on the polymerization of
silacyclobutenes. This situation may reflect the difficult in the preparation of silacyclobutenes (2,10-13).

Anionic ring opening polymerization of 1,1-dimethyi-1-silacyclobutene co-catalyzed by n-butyllith-
ium and HMPA at -78°C proceeds in a stereoselective manner. Only four major resonances are observed
in the '3C NMR spectrum of poly(1,1-dimethyl-1-silabut-2-ene) and only a major single 295i NMR signal is
detected. The predominant cis stereochemistry of the polymer has been assigned on the ?gsis of com-
parison with model compounds: E- and Z-1,3-bis(trimethyisilyl)propene. In particular, the 'C NMR resg-
nances for the allylic carbons are characteristic (See Figure 1). The observation of a small peak in the 8¢
NMR at 28.6 ppm in addition to the large peak at 25.65 ppm and a small ““Si NMR peak at -8.79 ppm in
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addition to the major peak at -11.07 ppm is consistent with the presence of a small number of trans units
in the polymer. The intensity ratios of these peaks is consistent with the presence of less than

six percent trans units.
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Figure 1. 3C NMR Chemical Shifts (8) of Z- and E-1,3-bis(trimethylsilyl)propene and poly(1,1-dimethyl-1-
sila-cis-but-2-ene)

The vicinal H-H coupling constants for the vinyl hydrogens observed in the TH NMR confirm this
assignment. Thus the H-H coupling constant between the vinyl hydrogens of poly(1,1-dimethyl-1-sila-cis-
but-2-ene) is found to be 14.0 Hz. This is identical with the H-H coupling constant between the vinyl hydro-
gens of Z-1,3-bis(trimethylsilyl) propene [14.0 Hz] and significantly smaller than the vicinal H-H coupling
constant observed for vinyl hydrogens of E-1,3-bis(trimethylsily)propene [18.0 Hz] (See Figure 2).
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Figure 2. TH NMR Chemical Shifts (8) of Z- and E-1,3-bis(trimethyisilyl)propene and poly(1,1-dimethyl-1-
sila-cis-but-2-ene)
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Finally, the predominant 295i NMR resonance is consistent with the cis stereoselectivity

(See Figure 3).
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Figure 3. 295i NMR Chemical Shifts ( ) of 2- and E-1 ,3-bis(trimethylsilyl)propene and
poly(1,1-dimethyl-1-sila-cis-but-2-ene)

We believe that the mechanism of this stereoselective anionic ring opening polymerization of 1,1-
dimethyi-1-silacyclobutene proceeds by nucleophilic attack at the silyl center to form a pentacoordinate
anionic silicon intermediate. Ring opening of this intermediate leads 1o a cis-allyl anion which reacts rapid-
ly with another molecule of 1,1-dimethyl-1-silacyclobutene. This process leads to a new pentacoordinate
silicanate species. This reaction must occur faster than the isomerization of the cis-allyi anion into a trans-
allyl anion by rotation about the partial carbon-carbon double bond to account for the predominant cis
stereospecmcrty observed. This is not unreasonable at the low temperature utilized for the polymerization
(-789C), since the energy of activation for such isomerization process has been determined to be between
10 and 17 kcal/mol (14,15). This mechanism is similar to that previously proposed for the anionic ring
opening polymerization of 1,1-dimethyl-1-silacyclobutane (16,17) and 1-silacyclopent-3-enes (7,8,18).
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Figure 4. Mechanism of Anionic Ring Opening Polymerization of 1,1-Dimethyl-1-silacyciobutene
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The thermal stability of poly(1 1-dimethyi- 1-sula-c:s-but‘2-ene) has determined by TGA. The
polymer is thermall 3/ stable to 225°C. Between 225 and 300°C the polymer loses five percent of its initial
weight. Above 300~C rapid catastrophic decomposition occurs. By 430 °c complete weight loss has

occurred.
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Figure 5. TGA of Poly(1,1-dimethyl-1-sila-c/s-but-2-ene)
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