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The five-membered ring system, germatetrasila-—
cyclopentane, [R,Sil,GePhy (la: R=1Pr; 1b: R = *BuCH,),
was synthesized and characterized. Their structures
have been determined by X-ray analysis, which showed the
Si,Ge rings of la and 1b to be an envelope and half-
chair form, respectively. The photolyses of the com—
pounds using a mercury lamp (A= 254 nm) were carried
out.

The chemistry of silacycles containing a heteroatom
such as oxygen, nitrogen, etc. comprises intriguing
subjects to be studied on their properties. Although a
great number of studies of homosilacycles, Si , have
been appeared so far, there are only limited reports
on the ring systems containing a germanium, Si Ge. L we
have previously studied some properties of a variety
of peralkylated cyclopolysilanes, [RlRZSi]n (n=3
~7)% and [R2Si130.2 Recently, we described the
syntheses, structures and photochemical behaviors
of four-membered Si3Ge cycles, [R2Si]3Ge (CH2SiMe3s)2
(A: R = Pr, B: R = 'BuCH2).!® We now should like
to report on the syntheses, structures and
photolyses of five-membered germatetrasilacyclo-
pentanes, [R2SiJ4GePh2 (la: R = Pr, 1b: R = 'BuCHp).

Compounds la* and 1b° were obtained in good
yields by the treatments of the corresponding
1, 4-dichlorotetrasilanes with diphenylgermylene-
dipotassium. 6

C1(R281)4C1 + PhoGeKoa—> [RoSi]4GePhs la: R = 'Pr
1b: R = 'BuCHg

The structures of la (Figure 1) and 1b’ were
determined by X-ray analysis. 89 The Si4Ge rings of
la and 1b were found to have envelope and half-
chair forms, respectively. The Si-Si bond distances
of the two are the same value, 2.414 A, which is
longer by ca. 0.024 A than that, 2.390 A
(average), for the related 4-membered rings, A and
B. Ib Interestingly, as has been shown previously, Ze
this bond difference presumably corresponds to the
bond elongation releasing steric repulsion bet—
ween the bulky substituents in the 5-membered rings
(1a; 1b) because of the same substituents (*Pr or
tBuCHz) attached to the 4- (A; B) and 5~membered ring
silicons (la; 1b). The Si-Ge bond distances are
2.434 A for la and 2.449 A for 1b. The former is
shorter than that (2.457 A) for A, and the latter
is nearly the same as that (2.444 A) for B.!® The
results observed in the 4~ and 5-membered rings may
reflect the different steric spaces and bond angles
around these germaniums with each other, since the
ring shape is generally due to the results of the

Molecular structure of la.
Selected bond distances (A ) and angles (°), and tortion
angles:Ge(1)-Si(1) 2.436(1), Si(1)-Si(2) 2.399(1), Si(2)-Si(3)

Figure 1.

2.427(1), 8i(3)-Si(4) 2.417(1), Si(4)-Ge(1) 2.432(1); Si(1)-
Ge(1)-8i(4) 110.5(1), Ge(1)~Si(1)-Si(2) 104.0(1), Si(1)-8i(2)-
$1(3) 106.1(1), Si(2)-Si(3)-8i(4) 105.9(1), Si(3)-Si(4)-Ge(1)
100.9(1); Si(2)-8i(1)-Ge(1)-Si(4) -2.9(1), Si(1)-Si(2)-8i(3)-
Si(4) 34.5(1), Ge(1)-Si(1)-8i(2)-Si(3) -18.8(1), Si(2)-Si(3)-
Si(4)-Ge(1) -34.3(1), Si(3)~Si(4)-Ge(1)-Si(1) 23.1(1).

compromise between the steric repulsion betweeen
bulky substituents, ring strains and so on.

The ring~tortion angles {average) in the
absolute value have been recognized to be a measure
of the degree of planarity in cyclic molecules. 10
For la the value is 22.7  and for 1b 32.3°; the
former is the smallest in the related cyclo-
pentasilanes ([H2Sils 26.7 or 27.9°,!1 [PhoSils
27.0°,'2 [(CH2)4Sils 27.2°,13 [(CH2)5Sil5 33.4° 13).
The greater steric repulsions between bulkier
neopentyl groups than isopropyls cause to produce
larger tortion angles, forming the less planar ring
of 1b than la. Thus, this fact has already been
observed for the SisGe rings of A and B (dihedral
angles of 24.3° for A and 35.6° for B).!P

Generally, the photolysis of cyclopolysilanes
and cyclopolygermanes is well-known to bring about
ring contraction, giving the corresponding smaller
rings with extrusion of silylene (R2Si:) and
germylene (RoGe:), respectively. Photolysis of la
in cyclohexane (6.6 x 10 mol dm™®) for 1 h afforded
['PraSils 2a (17%), ['PraSilsGePhz 3a (9%),
H(*ProSi)sH (6. 6%), and H(*Pr2Si)oH (5. 7%), together
with unreacted la (35%).° The formation of 2a and
3a from la suggests the extrusion of germylene
(PhoGe:) and silylene (*Prg2Si:), respectively. On
irradiation for 1 h in the presence of excess
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2,3-dimethylbutadiene (DMB, a trapping agent for
silylenes and germylenes), la gave the trapping
product of germylene, 1,1-diphenyl-3,4-dimethyl-
l-germacyclopent-3-ene 4 (23 %), 1% 2a (15%), 3a
(6%) and unreacted la (31%).!° Similarly, the
photolysis of 1b in the presence of DMB in
cyclohexane for 40 min gave the trapping product of
germylene 4 (6.2%), trapping product of silylene,
1, 1-dineopentyl-3, 4-dimethyl-1-silacyclopent-3—

ene (8.7%), [(*BuCHz)2Si]36ePhz 3b (7.8%),* and
unreacted 1b (42%).1° In the photolysate, many
products containing [ (*BuCHz)2Silsa 2b, 7 H((*Bu-
CH2)2Si)2H, H((*BuCH2)2Si)20H!* and unidentified
compounds in small amounts were detected by GC-—
MS analysis. As shown above, the formation of 3a
and 3b, along with 2a and 2b, from la and 1b,
respectively, is probably attributable to the
presence of phenyl groups on germanium, the ring
strain energies, and/or the steric repulsion
between bulky substituents on ring silicons, while
from the 4-membered rings, A and B, the ring
contraction products accompanied by the extrusion
of silylene could not be obtained.
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