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The photolysis of decamethylcyclopentagermane (1) in cyclohexane at room temperature proceeds readily

along with the generation of dimethylgermylene to give octamethylcyclotetragermane.

Photochemically generated

dimethylgermylene reacts with 2,3-dimethylbuta-1,3-diene or carbon tetrachloride to give 1,1,3,4-tetramethyl-1-
germa-3-cyclopentene or chlorodimethyl(trichloromethyl)germane, respectively. The transient absorption of 1 in
cyclohexane at 490 nm, obtained by laser flash photolysis, is due to dimethylgermylene at 293 K. The reaction

rates of dimethylgermylene with some trapping agents are examined.

In 3-methylpentane, dimethylgermylene also

shows an absorption band at 506 nm at 77 K. The photo-generated dimethylgermylene appears to be in the singlet

ground state.

An investigation of the photochemical decomposition
of polysilanes and polygermanes is of topical interest
because of their importance as electric conduction,
photoresists, and new materials.»2 However, studies
of polygermanes are greatly limited, compared with
those of polysilanes.3® We previously reported the
photoreactions of dodecamethylcyclohexagermane as
part of an investigation of polygermanes.® In the pho-
tolysis of dodecamethylcyclohexagermane, the genera-
tion of dimethylgermylene was accompanied by the
formation of decamethylcyclopentagermane.

The purpose of the studies described here was to
clarify the photochemical behaviors of the cyclopenta-
germanes which were formed with a loss of dimethyl-
germylene by the photolysis of dodecamethylcyclohexa-
germane, and to compare those of the corresponding
silicon compounds.

Results and Discussion

Photochemical Reactions of Decamethylcyclopenta-
germane. The irradiation of a cyclohexane solution of
decamethylcyclopentagermane (1) with a 110-W low-
pressure Hg arc lamp (254 nm, spiral type) at room
temperature under argon gave several products. In
addition to unidentified high-boiling products contain-
ing germanium, octamethylcyclotetragermane (2) and
1,3,5-trioxa-2,4,6-trigermacyclohexane (3) were ob-
tained as the main products. Sometimes, an unex-
pected compound, 2,2,3,3,4,4,5,5-octamethyl-1-oxa-
2,3,4,5-tetragermacyclopentane (4), was formed. The
formation of compound 4 may be ascribed to an acci-
dental oxidation of the cyclotetragermane (2) by oxygen
which could not be completely excluded during photoly-
sis and/or a subsequent workup.

The photochemical degradation of 1 to 2 and the
formation of 49 strongly imply the generation of di-
methylgermylene. To trap such a dimethylgermylene,
a cyclohexane solution of containing ca. 20 molar
amount of 2,3-dimethylbuta-1,3-diene!® was similarly
irradiated. The expected germylene trapping compound,
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1,1,3,4-tetramethyl-1-germa-3-cyclopentene, was produced.

In the presence of carbon tetrachloride, the photolysis
of 1 in cyclohexane afforded dimethyldichlorogermane
in 21% yield. The formation of dimethyldichloroger-
mane may be a result of the thermal decomposition of
chlorodimethyl(trichloromethyl)germane produced by
the insertion of dimethylgermylene into the C-Cl bond
of carbon tetrachloride,!V) or chlorine abstraction from
carbon tetrachloride by dimethylgermylene, as is shown
in the case of silicon.!? Interestingly, 1,4-dichloroocta-
methyltetragermane was also detected in 35% yield.
The formation of the dichloride indicates that the ger-
manium-germanium bond of 2 should be cleaved to
produce the [,4-tetragermanediyl biradical, which
immediately abstracts chlorine atoms from carbon tetra-
chloride.1®

The photolysis of 1 in cyclohexane containing ethanol
did not produce any ethoxygermanes (which might be
formed by the insertion of germylenes into the O-H
bond of ethanol), but produced cyclotetragermane 2
under these conditions. This result is in sharply con-
trast to that of the silylenes. It is well known that
silylenes react with alcohol to give alkoxysilanes
effectively.13)
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Table 1. Photoreactions of Decamethylcyclopentagermane at 293 K
Run Time Products (Yield/ %) Conversion
Substrate
no. h (MezGe)s, (Me2Ge)sO, (Me2GeO)s, Others %
1 7 None 9 22 15 52
2 12 None 5 20 31 77
3 2.3 CCly 0 29 Me2GeClz(21) 93
Cl(MezGe)4CI(35)
4 3 1,3-Diene 8 12 Me2Ge (Trace) 91
5 2 EtOH 6 15 87

These photochemical results regarding 1 are summa-
rized in Table 1.

In order to obtain more information concerning the
reactive intermediates and primary photochemical
processes, laser flash photolysis at 293 K and matrix
isolation at 77 K of 1 were also carried out.

Transient Absorption Spectra of Dimethylgermylene
Obtained by Laser Flash Photolysis. Nanosecond
transient absorption spectra measurements were per-
formed on degassed solutions containing 1 at 293 K
using the fourth-harmonic pulse of a Nd: YAG laser as
the exciting light source (=266 nm).

The time dependence of the absorbance of the tran-
sient absorption (A(t)) was measured with cyclohexane
solutions containing 1. The A(t) curves were measured
over the 300—700 nm wavelength region. The time
resolution of the apparatus was about 10 ns. Transient
absorption spectra with a peak at 490 nm were obtained
(Fig. 1). Asshownin Fig. 1, a transient peak at 490 nm
disappeared, resulting in the build-up of a transient peak
around 370 nm. An isosbestic point was observed
around 400 nm. It is, therefore, clear that the 370 nm
transient is not due to the primary photo-product of 1.
The transient at 490 nm may be ascribed to dimethyl-
germylene from a comparison of the spectral character-
istics with those of reported for dimethylgermylene.3—711)

The transient peak at 490 nm of dimethylgermylene
decayed under second-order kinetics(k/e=3,5X107 at
490 nm) as is shown in Fig. 2. Here, &, is the rate
constant for second-order decay, and ¢ is the molar
extinction coefficient. The peak at 490 nm is further
substantiated by quenching experiments with germylene
trapping agents. The pseudo first-order rate constants
(kovsa) for decay depended linearly on the concentrations
of such trapping agents as 2,3-dimethylbuta-1,3-diene
and CCls. As a typical example, a plot of kobsa Vvs.
[diene] is shown in Fig. 3. The rate constants for the
disapperance of the transient at 4990 nm was obtained
for these quenching experiments (diene and CCly) were
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Wavelength / nm Fig. 2. Representative data displays from laser flash
photolysis-kinetic spectroscopy experiments; (a)
Fig. 1. Transient absorption spectra after photoexci- absorbance at 490 nm as a function of time (A(t))

tation of the cyclopentagermane at 293 K. @; 200
ns, O; 0.5 ps, W; 2.0 ps.

upon irradiation of (Me2Ge)s (1) (1.78 mM) in
degassed cyclohexane solution, (b) 1/ A(t) of 1.
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Table 2. Rate Constats for the Disappearance of the Transient Produced by the Photolysis
of the Decamethylcyclopentagermane and 1,3-Diphenylhexamethyltrigermane
in Cyclohexane at 293 K
Transient Rate constant (M—1s71)
absorption kle Reference
lmax (O CCl4 1 ,3-Diene
490 1.5X108% 1.6X109? 7.3X108 1.5X10° This work
420 2.5%107? Quenched 2.4X107 6)
370 4.8X108? 1.8X108 1.4X107 2.6X108 This work
a) 2nd order decay.
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Fig. 3. Plot of the psuedo first-order rate constant for time, us

the decay of dimethylgermylene in cyclohexane
against the diene concentration.

1.5X10° M-1s~t and 7.3X108 M-1s71 respectively.
The experimentally determined decay constants of 1 are
summarized in Table 2, together with those of 1,3-
diphenylhexamethyltrigermane.® The transient at 490
nm from 1 slowly reacts with trapping agents, compared
with that of the reported trigermane. The difference in
the kinetic results may be explained by the interaction of
Me2Ge; with a n-system. Thus the Me2Ge: generated
from 1,3-diphenylhexamethyltrigermane interacts with
the n-system of arylated germanium compound precur-
sors, resulting in a decrease of their reactivities toward
trapping agents, compared with the free dimethylgerm-
ylene obtained from 1.1415 The reactions of the dimeth-
ylsilyene with the trapping agents used in this study
have been reported to be several orders of magnitude
faster in the case of dimethylgermylene.'61? Represent-
ative data displays from laser flash photolysis-kinetic
spectroscopy experiments are shown in Figs. 4 and 5.
The error limits of the rate constants in this study were
about 10—20% due to the small molar coefficient of

Fig. 4. Representative data displays from laser flash
photolysis-kinetic spectroscopy experiments; (a)
absorbance at 490 nm as a function of time upon the
irradiation of (MezGe)s (1) (1.78 mM) in a degassed
cyclohexane solution containing butadiene (5.60
mM), (b) log absorbance at 490 nm as a function of
time upon the irradiation of 1 containing butadiene.

dimethylgermylene.

Transient absorption at 370 nm resulted from the
disappearance of that at 490 nm. The former species
may be ascribed to tetramethyldigermene, Me:Ge=GeMex,.
Such dimerization of germylenes to digermenes was
observed by both UV1® and IR.® As is shown in Fig.
6, transient absorption at 370 nm decayed under second-
order kinetics (k/e=4.8X108 at 370 nm), suggesting the
formation of cyclotetragermane. The digermene are
known to react very easily with such trapping agents as
oxygen, CCly and olefins.!® The rate constants for the
disappearance of the transient at 370 nm with such
trapping agents are also summarized in Table 2. As
shown in Table 2, reactions of Me.Ge=GeMe; with
oxygen, CCly, and 1,3-diene are relatively slower than
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Fig. 5. Representative data displays from laser flash
photolysis-kinetic spectroscopy experiments: (a)
absorbance at 490 nm as a function of time upon the
irradiation of (Me2Ge)s (1) (1.78 mM) in a degassed
cyclohexane solution containing CCly(2.28 mM), (b)
log absorbance at 490 nm as a function of time upon
irradiation of 1 containing CCls.

those in the case of the dimethylgermylene. Diger-
menes are a limiting form of 1,2-digermanediyl biradi-
cals. In general, 1,2-digermanediyl biradicals react
slowly with CCly, olefins, as well as some substrates,
compared with cases involving germylene.818)

UV Absorption Spectra of Dimethylgermylene Obtained
by Matrix Isolation Studies at 77 K. The matrix isola-
tion technique has been widely used for observing reac-
tive species. The irradiation of 1 in rigid 3-methylpentane
(3-MP) at 77 K with a 500-W xenon lamp or a 110-W
low-pressure Hg arc lamp produced reddish-orange
glass with a broad band at 506 nm (Fig. 7). The
absorption peak at 506 nm is red-shifted, compared with
the peak at 490 nm observed in the transient absorption
at 293 K. After 20 min of irradiation, the absorption
maximum at 509 nm was distinctly visible, but imme-
diately disappeared upon melting the matrix. A
reddish-orange species with a Amx at 509 nm can be
assigned to dimethylgermylene from a comparison of
the spectral characterisitics with those of dimethylgerm-
ylene, previously reported for 77 K.61820)  The value of
Amax (506 nm) for dimethylgermylene observed in this
study was relatively red-shifted. This may be due to a
conformational change in the C-Ge-C bond angle
between the ground and lowest excited singlet states of
the photo-generated dimethylgermylene from 1 at 77 K.
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Fig. 6. Representative data displays from laser flash
pbotolysis-kinetic spectroscopy experiments: (a)
absorbance at 370 nm as a function of time (A(t))
upon the irradiation of 1 in a degassed cyclohexane
solution, (b) I/ A(t) of 1.

Sosf
c
g
]
o
<

0

200 700 800
Wavelength / nm
Fig. 7. UV absorption of the cyclopentagermane in 3-

methylpentane glass at 77 K.

ESR Studies of Dimethylgermylene in Cyclohexane
at 77 K. ESR measurements were carried out at 77 K
in order to clarify the electric state of dimethylgermylene
photochemically generated from 1. No triplet ESR
signal was obtained for dimethylgermylene in either
methyltetrahydrofuran or benzene at 77 K. Thus, the
photo-generated dimethylgermylene is in the singlet
ground state. The ESR spectra (g=2.014, AH1p=ca. 5
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mT) due to some organogermyl radicals?! were
observed with moderate intensities during the photolysis
of 1.

Photodecomposition Mechanism of Decamethylcy-
clopentagermane. The photochemical degradation of
decamethylcyclopentagermane may be rationalized on
the basis of Scheme 1 which is similar to that proposed
regarding the photolysis of permethylated cyclic polysi-
lanes.?? Thus, the photochemical degradation of the
cyclopentagermane (1) may proceed along with the
generation of dimethylgermylene to give octamethylcy-
clotetragermane (2) from the lowest excited singlet state.
The reactions of dimethylgermylene with some sub-
strates are orders of magnitude of the diffusion-
controlled rate. Upon on prolonged irradiation of 2, a
homolytic scission of the germanium-germanium bond
of 2 occurs to give the 1,4-tetragermanediyl biradical.
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Scheme 1.

Experimental

'H NMR spectra were recorded on a JEOL GX 270 using
tetrmethylsilane as the internal standard. GC-MS spectra
were obtained with a JEOL JMX-DX 303 mass spectrometer.
Gas chromatography was performed an a Shimadzu GC-6A,
and 8A with 1 m SE30 Columns.

Materials. 2,3-Dimethyl-1,3-butadiene, CCly, and ethanol
were commercially available. (MezGe)s,23 (MeoGe)s,20
(MezGe)s0,20  Me2GeCl,24)  1,1,3,4-tetramethyl-1-germa-3-
cyclopentene?s and (Me:GeO)s? were prepared as described in
the cited references.

Photochemical Reactions of Decamethylcyclopentager-
mane at 293 K. Cyclopentagermane (ca. 20 mg, 0.039 mmol)
was dissolved in dry cyclohexane (6 cm?®) in a quartz tube.
The tube was degassed in a vacuum and argon inserted. The
sample was irradiated with a 110-W low-pressure Hg arc lamp
(Sen Tokushu Kogen Co., Ltd.) at room temperature for 30
min. After irradiation, the photoproducts were identified by
comparing the retention times on GLC and GC-MS with those
of authentic samples. (MeGez)s (25%) and (Me2GeO)s (31%)
were formed.

Photochemical Reactions of Decamethylcyclopentager-
mane in the Presence of Trapping Agents. As a representa-
tive example, the photolysis of a cyclohexane solution of
decamethylcyclopentagermane containing carbon tetrachlo-
ride is described. Cyclopentagermane (ca. 20 mg, 0.039
mmol) and CCly(0.26 g 1.71 nunol) was dissolved in dry
cyclohexane (6 cm3) in a quartz tube. The tube was degassed
in a vacuum and argon inserted. Me2GeClz (21%) and
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Cl(Me2Ge)sCl (35%) were formed. The reaction products
were separated by preparative GLC and the structures were
assigned by comparing the NMR and GC data of similar
reported compounds. Cl(Me2Ge)sCl:MS (70 eV) m/z 447(5),
343(80), 323(5), 255(4), 221(75), 191(15), 161(6), 139(18),
119(100), 105(10), 89(35).

Time-Resolved Optical Absorption Samples contained in
quartz cells with an optical length of 5 cm were degassed by
four freeze-pump-thaw cycles. The concentrations of cyclo-
pentagermane were ca. 103 M. Laser flash photolysis exper-
iments were performed at room temperature by using the
fourth harmonic (266 nm) of a Quanta-Ray DCR-11
Nd: YAG laser exciting light source. The laser pulse width
was about 5 ns. Details concerning the laser photolysis appa-
ratus have been published elsewhere.26) The signals were
monitored by a Tektronix 485 oscilloscope (350 MHz) and
recorded with an Iwatsu DM-901 digital memory (10 ns/point,
8 bit) controlled by an NEC PC 8801 microcomputer.

Matrix Isolation of the Cyclopentagermane at 77 K. Cy-
clopentagermane (ca. 0.1 mM) was dissolved in 3-MP and
sealed in the vacuum of a quartz cell connected to a Pyrex
tube. The cell was introduced into an Oxford cryostat. The
sample was cooled to 77 K, and then irradiated with a 500-W
xenon lamp or 110-W low-pressure Hg arc lamp. The UV
spectra were recorded on a JASCO Ubest 50 spectrometer.

ESR Measurement. ESR signals were recorded on a
JEOL FE-2X ESR spectrometer at 77 K. The temperature
was controlled with an Oxford CF 204 continuous flow cryo-
stat. Samples were irradiated at 77 K with a 500-W high-
pressure Hg arc lamp.
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