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The new type of the twelve- to twenty-four-membered rings
[(i-Pr)2Si(i-Pr)2SiC�CC�C]n (1, n ¼ 2; 2, n ¼ 3; 3, n ¼ 4)
were synthesized and the molecular structures of 1 and 2 were
analyzed by X-ray crystallography. The compounds show un-
usual electronic properties due to the interaction of the C�C �
orbitals with the Si–Si � bonds.

In the course of our study on the synthesis and properties of
cyclic compounds composed of silicon and carbon–carbon triple
bond,1 we found that the silicon–butadiyne cyclic molecules (ex-
tended silapericyclynes), (i-Pr2SiC�CC�C)n (n ¼ 4{7) exhibit
an intriguing electronic properties.2 Comparison of their UV
spectra with those of the corresponding carbon molecules dis-
closed that the substitution of the silylene unit for the methylene
unit shifts the absorption bands to longer wavelengths (10–
20 nm). This finding prompted us to synthesize the new rings
with the alternate arrangement of a disilanylene unit and a diyne
group. We now report the synthesis of the alternating disilany-
lene–butadiyne cyclooligomers [(i-Pr)2Si(i-Pr)2SiC�CC�C]n
(1, n ¼ 2; 2, n ¼ 3; 3, n ¼ 4). Prior to our study, several reports
have appeared in the literature concerning linear polymers incor-
porating disilane–butadiyne untis such as (R1R2SiR1R2SiC�
CC�C)n (R1 = R2 = Me; R1 = Me, R2 = Et; R1 = Me, R2 =
Ph).3 However, to our knowledge, no example of the alternating
disilanylene–butadiyne rings has been reported to date.4
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Compounds 1–3 could be obtained by the reaction of the
1,2-dichloro-1,1,2,2-tetraisopropyldisilane (4) and 1,4-dilithio-
butadiyne (5). Typically, a solution of 4 (6.2mmol) in Et2O
was added dropwise to a stirred solution of 5, which was gener-
ated in-situ from hexachloro-1,3-butadiyne (6.0mmol) and bu-
tyllithium (25mmol) in Et2O at �78 �C under argon. The red-
dish orange mixture was stirred for an additional 16 h. Workup
involving the separation with recycle-type HPLC resulted in

the isolation of 1 (11% yield), 2 (1.4% yield), and 3 (trace
amount). It is noted that the course of the reaction strongly de-
pended upon the substituents on the silicon atom. For example,
the production of the cyclic oligomers could not be achieved
with a combination of 1,2-dichloro-1,1,2,2-tetramethyldisilane
and the dilithiobutadiyne; the combination gave only polymeric
products, but their structures were not further examined. The
structures of 1 and 2 were determined by X-ray crystallography
as well as spectroscopic methods.5–9

The X-ray analyses of 1 and 2 reveal several interesting
structural features (Figures 1 and 2). As expected, the ring in 1
is strained with the average C(sp)–Si–Si, Si–C�C, and C�C–
C(sp) bond angles of 103.0�, 168.4�, and 174.7�, respectively.
The Si–Si bonds (av 2.388 �A) and the C�C bonds (av 1.22 �A),
however, are not elongated.

In eighteen-membered ring 2, the average C(sp)–Si–Si, Si–
C�C, and C�C–C(sp) bond angles are 104.6�, 176.2�, and
178.1�, respectively; slightly distorted but virtually strain free.
Also, the average Si–Si and C�C bond lengths are normal val-
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Figure 1. Moleculer structure of 1. Hydrogen atoms are omit-
ted for clearity. Thermal ellipsoids are drawn at the 30% proba-
bility level.
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Figure 2. Moleculer structure of 2. Hydrogen atoms are omit-
ted for clearity. Thermal ellipsoids are drawn at the 30% proba-
bility level.

430 Chemistry Letters Vol.33, No.4 (2004)

Copyright � 2004 The Chemical Society of Japan



ues (2.371 �A and 1.21 �A, respectively).
By comparison of the structural parameters between 1 and

the carbon analogue (Me2CMe2CC�CC�C)2 (6),11 our com-
pound does not show significant distortion in the bond angles.
The bending at the acetylenic linkage in 1 is smaller than that
in the carbon analogue (Me2CMe2CC�CC�C)2 (6). The bend-
ing angle of 168.4� in the Si–C�C bond and that in the C�C–
C(sp) bond are 174.7�, while the corresponding angle in the
C(sp3)–C�C and C�C–C(sp) bond angles are 166.6� and
166.4�, respectively. The separation between the diyne units of
3.31 �A between C1 and C8 and that of 3.51 �A between C2 and
C7 are longer than the corresponding distance observed in 6
(2.70 �A and 3.24 �A, respectively). The observed trend is attribut-
ed to the large difference in the bond length between the Si–Si
bond (2.388 �A in 1) and the C–C bond (1.602 �A in 6).

Another interesting feature worth mentioning is the elec-
tronic properties of compounds 1–3. These compounds show ab-
sorption bands in the region 260–320 nm (Figure 3). The UV
spectra for 1–3 look similar in the long-wavelength region, but
the small differences in positions between these compounds
are observed, presumably arising from the ring strain and confor-
mational changes. However, it is noted that the transition ener-
gies of the absorption bands in 1–3 are much lower than those
in the carbon systems. For example, 1 shows the intense absorp-
tion at 267 (" 8710), 282 (" 6570), and 300 nm (" 3810) and the
weak absorption at 319 nm (" 320). By comparison, although 6
is more stained than 1 as mentioned above, it shows absorption
maxima at 237 (" 687), 248 (" 750), 264 (" 494), 288 nm (sh) ("
30).

Previously, Sakurai and co-workers reported that the UV
spectrum of 3,3,4,4,7,7,8,8-octamethyl-3,4,7,8-tetrasilacyclo-
octa-1,5-diyne had shown an enhanced bathochromic shift,
which should primarily be caused by the destabilization of the
HOMO arising from the extensive �(Si–Si)–�(C�C) conjuga-
tion.14 In light of this precedent, we feel that the large bathochro-
mic shift observed for 1 relative to 6 may be attributable to elec-
tronic perturbation of the �(C�C) orbitals by conjugation with
the �(Si–Si) orbitals. A MO calculation (B3LYP/6-31G�) indi-
cates that the lobes of the HOMO of 1 are mainly delocalized in
both the Si–Si �-bond and C�C �-bonds. The result shows that
�-orbitals of the butadiyne units interact with the Si–Si �-orbi-
tals and the �–� conjugation may be the origin of the low elec-
tronic transition energies.
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Figure 3. UV absorption spetcra of 1–3 in THF.

Figure 4. HOMO of 1.

Chemistry Letters Vol.33, No.4 (2004) 431

Published on the web (Advance View) March 15, 2004; DOI 10.1246/cl.2004.430


