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The overall effect is the emergence of a new strategy for the
synthesis of macrolides wherein the carbonyl group of the lactone
is inserted between the two termini of an acyclic precursor.
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High molecular weight polysilanes are usually prepared by the
reductive coupling of disubstituted dichlorosilanes with alkali
metals.!”> The polymers formed in this process have high po-
lydispersity and are polymodal. Potential applications of poly-
silanes in microelectronics and integrated optics require well-
defined materials'? and stimulate the search for new synthetic
routes. The polymerization of masked disilenes,* a very promising
method, is limited to silanes with two alkyl substituents. Dehy-
drogenative coupling®® and electrochemical synthesis’ provide only
oligosilanes. We have recently reported the sonochemical synthesis
of polysilanes with low polydispersities® and the synthesis of
substituted polysilanes by polymer modification.” 1In this paper
we describe the anionic polymerization of 1,2,3.4-tetramethyl-
1,2,3,4-tetraphenylcyclotetrasilane (1), the first successful ring-
opening polymerization of a strained cyclopolysilane.

Cyclopolysilanes are formed during the reductive coupling
process. However, these cycles usually cannot be successfully
polymerized. For example, octaphenylcyclotetrasilane, a poten-
tially strained ring, only isomerizes to decaphenylcyclopentasilane
without formation of a linear polymer. We have previously de-
scribed displacement of phenyl groups from oligosilanes without
cleavage of the Si-Si linkage.'® The resulting silyl triflates can
be converted to various alkyl-, aryl-, and alkoxysilanes.!' Ina

(1) West, R. Organopoiysilanes. In Comprehensive Organometallics
Chemistry; Stone, F. G. A., Abel, E. W, Eds.; Pergamon Press: Oxford, 1983;
Vol. 9. pp 365-397.

(2) Miller, R. D.; Michl, J. Chem. Rev. 1989, 89, 1359.

(3) Ziegler, J. M.; Harrah. L. A.; Johnson, A. W. Polym. Prepr. (Am.
Chem. Soc., Div. Polym. Chem.) 1987, 28(1), 424.

(4) Sakamoto, K.; Obata, K.; Hirata, H.; Nakajima, M.; Sakurai, H. J.
Am. Chem. Soc. 1989, 111, 7641.

(5) Harrod, J. F. ACS Symp. Ser. 1988, 360, 89.

(6) Woo, H. G.; Tilley, T. D. J. Am. Chem. Soc. 1989, 111, 3757.

(7) Biran, C,; Bordeau, M.; Pons, P.; Leger, M.-P.; Dunogues, J. J. Or.
ganomet. Chem. 1990, 382, C17.

(8) Matyjaszewski, K.; Kim, H. K. J. Am. Chem. Soc. 1988, 110, 3321.

(9) Matyjaszewski, K.: Hrkach, J.: Kim, H. K.; Ruehl, K. Adv. Chem. Ser.
1990, 224, 285.

(10) Ruehl, K.; Matyjaszewski, K. Polym Prepr. (Am. Chem. Soc., Div.
Polym. Chem.) 1990, 31(2), 274.

(11) Chen, Y. L.; Matyjaszewski, K. J. Organomet. Chem. 1988, 340, 7.
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similar way, we removed four phenyl groups from octaphenyl-
cyclotetrasilane with 4 equiv of triflic acid and replaced the triflate
substituents by methyl groups using methylmagnesium bromide.
The resulting 1,2,3,4-tetramethyl-1,2,3 4-tetraphenylcyclotetra-
silane (1) is the first reported cyclotetrasilane with methyl and
phenyl groups at each silicon atom, and the first strained cyclo-
silane that can be nearly quantitatively polymerized to a high
molecular weight product. Triflic acid displaces only one phenyl
group at each silicon atom before ring opening; the subsequent
displacement, retarded by steric and electronic effects (two triflate
groups at the same Si atom), is accompanied by the cleavage of
Si—Si bonds. Yields of 1 are above 80%. Tentative assignments
of the chemical shifts'? in three isomers (I, 11, III) indicate that
they are formed in the approximate ratio 40:35:25 (MeMgBr,
benzene/Et,0 solvent, ambient temperature). The signal of the

Ph Me Me Me P, * Mo Me
Me Ph P n
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Ph Me Mo Me . Ph Ph
11 11 v

all-cis isomer (IV, potentially the most strained) is weak and
difficult to distinguish from minor impurities. These monomers
have a high affinity toward oxygen and should be stored under
inert gas and manipulated in a drybox or under vacuum.

The Si—Si bond is quite labile and can be cleaved by various
nucleophilic and electrophilic reagents. A scrambling process
(cleavage of Si—Si bonds by silyl anions), although not yet
quantitatively studied, has been used as a synthetic tool in
preparative organosilicon chemistry.! The ring strain of 1 is
sufficient for the completion of polymerization before cyclization
and back-biting processes become significant:

A, MU,

A-Si-Si-Si-Si", Mt

N : propagation
v -§1-81-Si-SI-SI-Si-Si-S1, Mt* —

TN

wa-Si-Si, Mt + +

We used butyllithium and 1,4-dipotassiooctaphenyltetrasilane
(2) as initiators of the polymerization.

Figure 1 shows the changes in the expanded methyl region in
the 'H NMR spectra during polymerization of 1 ([M]y = 0.17
mol/L) in benzene-d,, with 1% (mol) of 2 as an initiator. This
reaction occurs slowly at ambient temperature, and after 2 h, more
than 80% of the monomer remains unreacted. However, after
addition of 0.6% (vol) THF, polymerization was accelerated by
a factor of 10. This result, typical for anionic polymerization,
indicates either replacement of contact ion pairs by loose ion pairs

(12) 'H NMR chemical shifts of methyl groups in isomers of 1 have been
assigned as follows: 0.71 (I), 0.75 (II), 0.73, 0.69, 0.68 ppm (I111). ¥Si NMR:
-25.9 (1), -27.2 (11), -24.8, -25.2, -25.4 ppm (III).
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Figure 1. 'H NMR spectra of the polymerization mixtures of 1 using
1% of K(SiPh,),K as an initiator in benzene-dg (a), and after addition
of 0.6 vol % THF (b, 25 min; ¢, 45 min; d, 60 min).

or a decrease in the aggregation of silyl ion pairs in the presence
of THF.

Polymerization in a mixture of benzene (40%) and THF (60%)
is completed within less than 2 min at the same initiator con-
centration as shown in Figure 1. However, after 1 h, nearly all
polymer has been degraded to cyclopenta- and cyclohexasilanes.
Polymerization in pure THF yields only cyclics. Polymerization
is completed within seconds in benzene in the presence of equi-
molar amounts of cryptands ([2.2.2] for silylpotassium and [2.1.1]
for butyllithium); however, in contrast to THF, no depolymeri-
zation was observed within 24 h. Thus, the polarity and solvation
power of a reaction mixture influences propagation, macro-
cyclization, and termination.

There are three important regions in the methyl group area of
the 'H NMR spectrum. The most deshielded region (>0.6 ppm)
corresponds to four-membered rings. The relative reactivities of
the isomers must be similar, since the peak intensities do not
change during polymerization. The most shielded region (down
to —0.6 ppm) corresponds to poly(methylphenylsilylene). Relative
intensities of three broad peaks, assigned to iso-, hetero-, and
syndiotactic structures,!? remain similar during polymerization.
The sharp signals in the intermediate region are due to cyclopenta-

(13) West, R.; Maxka, J. ACS Symp. Ser. 1988, 360, 6.
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and cyclohexasilanes. At lone-r reaction times, the characteristic
amber color of silyl anions aisappears, due to an unidentified
termination reaction.

A GPC analysis of polysilanes (based on polystyrene stand-
ards'¥) formed by anionic ring-opening polymerization indicates
the formation of polymers with molecular weights up to M., =
100000 (M, /M, =~ 2). The highest molecular weights were
obtained in the presence of cryptands. Polymerization degrees
up to DP, =~ 60 (M, =~ 30000) correspond to the A[M]/[AC*]
ratio; lower than expected molecular weights were obtained at
higher ratios, probably due to transfer reactions.
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Over the last decade, the stereochemical attributes of the aldol
reaction have been improved through the introduction of archi-
tecturally refined enolate metal centers.! The most efficient of
these processes utilizes boron enolates (1a, eq 1), which provide
a well-ordered transition state leading to predictably high levels
of stereoselection. In continuing studies in this area, we have
discovered that tetrachlorotitanium enolates (1b, eq 1), generated
directly from the corresponding ketone or carboxylic acid derivative
(TiCl,, R;N, CH,Cl,, =78 or 0 °C),?? participate in highly se-
lective aldol reactions.** The stereoselectivity in these reactions
has been found to be comparable to that reported by us and others
for the analogous boron-mediated processes.®

o oM o OH
R'CHO
HJK/MQ_. H)\/Me _’H)k'/'\ﬁ' (1)
1a M= BRz Me
1b M =TiCl,

(1) (a) Evans, D. A.; Nelson. J. V.; Taber, T. Top. Stereochem. 1982, 13,
1-115. (b) Heathcock, C. H. In Asymmetric Synthesis, Morrison, J. D., Ed.;
Academic Press: New York, 1983; Vol. 3, Chapter 2, pp 1 11-212.

(2) For leading references to TiCl4;-R ;N enolization, see: (a) Lehnert, W.
Tetrahedron Lett. 1970, 4723-4724. (b) Harrison, C. R. Tetrahedron Lett.
1987, 28, 4135-4138. (c) Brocchini, S. J.; Eberle, M.; Lawton, R. G. J. Am.
Chem. Soc. 1988, 110, 5211-5212. This paper, which establishes the pre-
cedent that quantitative enolization prior to electrophile introduction can be
achieved under similar conditions, was inadvertently not cited in the two
previous studies from this laboratory (ref 3).

(3) For representative reactions of these enolales, see: (a) Evans, D. A.;
Urpi, F.; Somers, T. C,; Clark, J. S.; Bilodeau, M. T. J. Am. Chem. Soc. 1990,
112,8215-8216. (b) Evans, D. A,; Clark, J. S.; Metternich, R.; Novack, V.
J.; Sheppard, G. S. J. Am. Chem. Soc. 1990, 112, 866-868.

(4) For leading references, see: (a) Siegel, C.; Thornton, E. R. J. Am.
Chem. Soc. 1989, 111, 5722-5728 and references cited therein. (b) Naka.
mura, E.; Kuwajima, |. Tetrahedron Lett. 1983, 24, 3343-3346. (c) Reference
2b.

(5) The studies relating to the characterization of these enolates will be
reported at a later time.
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