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The hydrogermolysis reaction of PhGeHjs serves in the synthesis of discrete branched oligogermanes.
Treatment of PhGeH; with 3 equiv of the o-germyl nitriles R3GeCH,CN (R3 = Ph; or Bu,CH,CH,OEY),
which are generated in situ from the corresponding amides R3;GeNMe, and CH3;CN, furnishes the
tetragermanes PhGe(GePhs); and PhGe(GeBu,CH,CH,OE?t); in excellent yield. The crystal structure of
PhGe(GePhs); was determined. This compound is the first branched oligogermane to be structurally
characterized. Reaction of the tetragermane PhGe(GeBu,CH,CH,OEt); with Bu,AIH generated the
intermediate hydride PhGe(GeBu,H);. Subsequent treatment of PhGe(GeBu,H); with the synthons
R,Ge(NMe,)CH,CH,OEt (R = Bu, Et, Ph) in CH3;CN solution furnished the heptagermanes
PhGe(GeBu,GeR,CH,CH,OEt); (R = Bu, Et, Ph). The latter process also proceeds through the in situ

formation of the a-germyl nitriles R,Ge(CH,CN)CH,CH,OEt.

Introduction

Catenated compounds of the heavier group 14 elements are
of significant interest. Although they structurally resemble
saturated hydrocarbons, their physical properties more closely
resemble those of conjugated unsaturated hydrocarbons. This
phenomenon results from the inherent o-delocalization along
the element—element backbone present in these molecules that
imparts intriguing electronic and optical properties.'™'* In the
case of oligomeric germanium compounds containing germa-
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nium-germanium single bonds and organic side groups, the
position of the absorption maximum (Amax) undergoes a batho-
chromic shift®!® and the oxidation potential'®!” and ionization
potential'® of the individual molecules decreases as the length
of the Ge—Ge chain increases. Similar effects have also been
observed in related tin-containing systems.”">'®

Branched group 14 catenates can be regarded as a two-
dimensional array of elements where the presence of branching
results in an overall increase in the o-delocalization in these
molecules versus related linear systems.'® This is attributed to
the interaction of the individual arms of the branched system
and is manifested in a red shift and broadening of the A,x peak
versus those observed for linear polymers.?**' Branched group
14 oligomers are rare and for the tin-containing species only a
few examples have been reported. These include RSn(SnMes)s
(R = Me, Et, Bu”, Bu, CsH, ", or Ph),?? as well as the lithium
salt LiSn(SnMes);>* and the neopentane analogues Sn(SnR3)4
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(R = Me** or Ph?*). A series of longer chain branched perbutyl
polystannanes has also been reported.*

In the case of germanium, the synthesis of only two examples
of shorter chain species has been described. The hydride
HGe(GePh3); was obtained by the reaction of Ph3;GeLi
with Gel,. Subsequent treatment of the hydride with Bu"Li
followed by the addition of Mel furnished the methyl derivative
MeGe(GePhs)s.>® In addition, *C NMR data in CDC; for the
branched oligomers PhGe(GePhs); and Ge(GePhs)s have been
reported,”’ but no details describing their syntheses were given.

We have employed the hydrogermolysis reaction for the
preparation of two different series of linear oligogermanes™ as
well as several digermanes.”®?’ The starting reagents used
were a germanium hydride R3GeH and a germanium amide
R3GeNMe,;. The use of CH3CN as the solvent is crucial for the
success of this reaction, and we have demonstrated?®>° that the
actual germanium—germanium bond-forming process occurs via
an o-germyl nitrile R3GeCH,CN intermediate formed in the
reaction of the amide with the CH3CN solvent. The R3GeCH,CN
intermediate contains a labile Ge—C bond**' that undergoes
reaction with germanium hydrides. Thus, CH3;CN serves both
as a reagent and the solvent in this reaction.

We report here the preparation of branched oligogermanes
using the hydrogermolysis reaction. This method has been
employed for the synthesis of PhGe(GePhj); for which the X-ray
structure was obtained, representing the first structurally
characterized branched oligogermane. In addition, we also
prepared and characterized the functionally substituted branched
tetragermane PhGe(GeBu,CH,CH,OEt);, which was subse-
quently employed for the synthesis of the heptagermanes
PhGe(GeBu,GeR,CH,CH,0Et); (R = Bu, Et, Ph).

Results and Discussion

The branched tetragermane PhGe(GePhs); (1) was prepared
by reaction of PhGeH3 with 3 equiv of PhsGeNMe, in CH3CN
solution, which proceeds though the formation of the intermedi-
ate a-germyl nitrile Ph3GeCH,CN as shown in Scheme 1. The
'"H NMR spectrum of 1 in C¢Dg contains two distinct doublets
at 0 7.66 (J = 7.5 Hz) and 7.26 (/ = 7.5 Hz) ppm in an
integrated ratio of 1:9 due to the ortho-protons of the mono-
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Table 1. Selected bond distances (1&) and angles (deg) for
PhGe(GePhs); - CsHg (1) - C7Hg

Ge(1)-Ge(2) 2.4552(4) Ge(2)-Ge(1)-Ge(3) 107.41(1)
Ge(1)-Ge(3) 2.4753(4) Ge(2)-Ge(1)-Ge(4) 115.70(1)
Ge(1)-Ge(4) 2.4772(4) Ge(3)-Ge(1)-Ge(4) 115.06(1)
Ge(1)-C(1) 1.971(2) C(1)-Ge(1)-Ge(2) 107.51(7)
Ge(2)-C(7) 1.961(2) C(1)-Ge(1)-Ge(3) 103.07(7)
Ge(2)-C(13) 1.954(2) C(1)-Ge(1)-Ge(4) 107.12(7)
Ge(2)-C(19) 1.961(2) C(7)-Ge(2)-C(13) 109.0(1)
Ge(3)-C(25) 1.959(3) C(7)-Ge(2)-C(19) 103.9(1)
Ge(3)-C(31) 1.959(2) C(13)-Ge(2)-C(19) 108.7(1)
Ge(3)-C(37) 1.959(2) C(7)-Ge(2)-Ge(1) 116.6(8)
Ge(4)-C(43) 1.962(2) C(13)-Ge(2)-Ge(1) 109.3(7)
Ge(4)-C(49) 1.963(3) C(19)-Ge(2)-Ge(1) 109.0(7)
Ge(4)-C(55) 1.965(2) C(25)-Ge(3)-C(31) 107.7(1)
C(25)-Ge(3)-C(37) 106.4(1)
C(31)-Ge(3)-C(37) 108.0(1)
C(25)-Ge(3)-Ge(1) 113.90(7)
C(31)-Ge(3)-Ge(1) 106.29(7)
C(37)-Ge(3)-Ge(1) 114.26(7)
C(43)-Ge(4)-C(49) 109.8(1)
C(43)-Ge(4)-C(55) 106.8(1)
C(49)-Ge(4)-C(55) 106.7(1)
C(43)-Ge(4)-Ge(1) 108.51(7)
C(49)-Ge(4)-Ge(1) 112.28(7)
C(55)-Ge(4)-Ge(1) 112.63(7)

and triphenylgermyl groups, respectively. The '*C NMR
spectrum of 1 in C¢Dg exhibits the expected eight lines with
resonances for the two different types of ipso-carbon atoms of
the phenyl groups appearing at 6 138.9 and 138.6 ppm. The
upfield peak corresponds to the ipso-carbon of the monophenyl
germyl group since its attachment to the three —GePhs groups
would be expected to have a slight shielding effect. These '*C
NMR chemical shift values are similar to those which were
reported for 1 in CDCI; solvent.”’

The X-ray crystal structure of 1 was determined and an
ORTEP diagram is shown in Figure 1 while selected bond
distances and angles are collected in Table 1. Compound 1

Figure 1. ORTEP diagram of PhGe(GePhs);+CsHg (1+C7Hg).
Thermal ellipsoids are drawn at 50% probability. The molecule of
toluene is not shown.
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Figure 2. UV/visible spectrum of PhGe(GePh;); (1) in hexane.

contains a significantly distorted tetrahedral environment at
Ge(1) with an average Ge—-Ge—-Ge bond angle of 112.72(1)°.
The Ge(2)-Ge(1)-Ge(3) angle is more acute than the other two
Ge—Ge—-Ge bond angles at Ge(1) by approximately 8°, which
is due to the steric repulsion of the phenyl groups bound to
Ge(4) with those attached to Ge(2) and Ge(3). The average
C-Ge(1)-Ge angle is acute (105.90(7)°) and two of these bond
angles are more obtuse than the remaining one. The geometries
at each of the three germanium atoms of the —GePh3 groups
are very similar and each Ge atom is also in a distorted
tetrahedral environment, although the degree of distortion is less
in these three cases than that observed at Ge(1). The average
C-Ge—C and C-Ge-Ge angles among Ge(2), Ge(3), and Ge(4)
fallinto the narrow ranges of 107.2(1)-107.8°and 111.4(1)-111.6(1)°,
respectively.

The average Ge-Ge distance in 1 is 2.469(4) A, which is
elongated relative to both linear and cyclic oligogermanes
bearing similar organic substituents. The series of digermanes
R3GeGePhs (R = Me,* Et,2® Pr',?° Bu",”® Ph*®) have average
Ge—Ge distances in the range 2.418(1)-2.4637(7) A while the
series of higher linear oligomers Ge,Phy,+» have average Ge-Ge
bond lengths of 2.440(2) (n = 3),** 2.460(3) (n = 4),°* and
2.460(4) A (n = 5).* The average Ge-Ge distances in the series
of cyclic oligomers Ge,Phy, (n = 4-6) are slightly longer,
ranging from 2.457(2) to 2.465(2) A3 The elongated Ge—Ge
distances in 1 are a manifestation of the steric crowding present
about the Ge, skeleton. The Ge—C distances to the ipso-carbon
atoms of the phenyl substituents in 1 are typical and range from
1.954(2) to 1.971(2) A, where the longest Ge—C bond is that of
the monophenyl germanium group, which is likely elongated
due to an electronic effect resulting from the attachment of Ge(1)
to three other germanium atoms.

The UV/visible spectrum of 1, shown in Figure 2, exhibits a
clearly defined absorption maximum at 256 nm resulting from
the o — o transition. The presence of branching in oligomeric
and polymeric group 14 compounds has been shown experi-
mentally and theoretically to result in a red shift of the Ayax
due to an enhancement of the o-delocalization present in these
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systems versus their linear analogues.'*"** The absorbance
maximum of 1 can be compared to those for the 0 — o*
transitions in GesPhg and Ge4Phj observed at 249 and 282 nm,
respectively.** The position of the A for 1 is very similar to
that of the trigermane rather than the tetragermane, which is as
expected since the structure of 1 can be regarded as one having
three overlapping Ges chains, and the red shift of the A,y for
1 versus that of Ges;Phg can be attributed to its branched
structure.

The longer Ge—C distance of the monophenyl germanium
group in 1 suggests that this bond might be weaker than the
other nine Ge—C;,, bonds. Triflic acid has been shown to
selectively cleave an aromatic Ge—-C bond in the presence of
aliphatic Ge—C bonds. The selectivity of this reaction in the
presence of different aryl groups has also been described.**!
Studies conducted on a small scale and a larger preparative
scale indicated that reaction of 1 with exactly 1 equiv of triflic
acid furnished a monotriflate compound presumed to be
(F3C0O,S0)Ge(GePhs); (2) that exhibited a single resonance at
0 —77.7 ppm in its '°F NMR spectrum (Scheme 2). The free
triflate anion has C;, symmetry and coordination to a metal
center reduces the symmetry to Cj, resulting in the expected
appearance of two bands for the degenerate v,5(SO3) stretching
mode as opposed to one feature in the free ion. The IR spectrum
of 2 in a Nujol mull exhibited bands at 1305 and 1261 cm ™'
corresponding to the v,(SO3) modes. Sharp features at 1200
and 1150 cm ™! for the vy(CF3) and v,(CF3) modes, respectively,
and a band at 937 cm™! due to the v(SO3) stretching mode
were also observed, where assignments for these bands are based
on those for Ph3GeOSO,CF3,** AgOS0,CF3,** NaOSO,CF3,**
and the normal coordinate analysis conducted for
[BusNJ[OSO,CF;].*

Subsequent treatment of 2 with an ethereal solution of LiAlHy4
generated the hydride HGe(GePhs); (3) as shown by 'H NMR
and IR spectroscopy and elemental analysis. The 'H NMR
spectrum of 3 contains a single hydride resonance at 0 5.85
ppm and a doublet for the o-hydrogen atoms of the —GePhs
groups is clearly visible at 7.26 (J/ = 8.1 Hz) ppm. The IR
spectrum of 3 contains a Ge—H stretching band at v 1953 cm™'
and this feature is identical with the value reported in the
literature for (Ph3Ge)3GeH.26

We have previously described the stepwise synthesis of
linear oligogermanes which was achieved by attachment of a
B-ethoxyethyl side group at the terminus of the Ge-Ge chain.®
Cleavage of this moiety with diisobutylaluminum hydride
(DIBAL-H) followed by treatment of the resulting hydride with
a germanium amide in CH3CN solution resulted in the incor-
poration of an additional germanium atom into the back-
bone.?® This methodology is also applicable for the stepwise
synthesis of branched oligomers. The branched tetragermane
PhGe(GeBu,CH,CH,OEt); (4) was prepared in 95% yield
starting with PhGeHj; and the amide Bu,Ge(NMe,)CH,CH,OEt
(5a) in CH3CN as shown in Scheme 3. The formation of the
Ge-Ge bond in 4 again proceeded via initial conversion of 5a

(39) Seki, S.; Acharya, A.; Koizumi, Y.; Saeki, A.; Tagawa, S.; Mochida,
K. Chem. Lett. 2005, 34, 1690-1691.

(40) Uhlig, W. J. Organomet. Chem. 1991, 409, 377-383.

(41) Katz, S. M.; Reichl, J. A.; Berry, D. H. J. Am. Chem. Soc. 1998,
120, 9844-9849.

(42) Angus-Dunne, S. J.; Chin, L. E. P. L.; Burns, R. C.; Lawrance,
G. A. Trans. Met. Chem. 2006, 31, 268-275.

(43) Biirger, H.; Burczyk, K.; Blaschette, A. Monatsh. Chem. 1970, 101,
102-119.

(44) Miles, M. G.; Doyle, G.; Cooney, R. P.; Tobias, R. S. Spectrochim.
Acta A 1969, 25, 1515-1526.

(45) Johnston, D. H.; Shriver, D. F. Inorg. Chem. 1993, 32, 1045-1047.



1982  Organometallics, Vol. 27, No. 9, 2008

Amadoruge et al.

Scheme 2
Ph 0S0,CF; H
G| HOSO,CF; G| LiAlH,, Et,0 G|
PhiGer /7o~ CDCl3 PhsGe O~ -LiOSO,CF3, - AlH;  PhyGe
Ph Ge/ GePh; ~CeHq Py Ge/ GePh; Py Ge/ GePh;,
1 2 3
Scheme 3
OEt OEt 1|)h
CH,CN PhGeH
3BuGe—" — 2 >3 BuGe—" b .Ge
[ 85°C | CH;CN, 85 °C RBuGe™ /™o, R
NMe, - 3 HNMe; CH,CN -3 CH;CN RBu,G¢
R = CH,CH,OFEt
5a 6a 4
95 %
Scheme 4
OEt
3 R'zGl e_/_
NMe,
5a: R'=Bu
5b:R' =Et
S¢: R'=Ph
CH5CN
-3 HNMe,
OFEt
R
Ph Ph 3 Z?J Ph
| 3 eq. DIBAL-H | CHCN |
RBu>Ger T8 CoH.. reflux 24 h HBu,Ge™ o 5 RR',GeBuyGer 2o
RB2 G/ GeBu;R otk HB2 G/ GeBu,H CH3;CN,857%C,48h Ré, G ]32 G 7/ T GeBu,GeR,R
uGé - 3 BulAIOEt u,Ge -3 CHyCN 2GeBupGe
4 - 3 CHyCH, 7 8a: R'=Bu, 43 %

8b: R'=Et, 89 %
8c: R'=Ph, 30 %

R = CH,CH,OFt

to the o-germyl nitrile 6a upon reaction of the amide with
CH3CN, which then underwent reaction with PhGeHj to furnish
the product. The 'H NMR spectrum of 4 exhibits resonances at
0 3.59 and 3.31 ppm for the protons of the methylene groups
adjacent to the oxygen atom and the UV/visible spectrum of 4
exhibits a broad absorption maximum centered at 234 nm
(Figure 3). This feature appears at higher energy than that
observed for compound 1, which is likely due to the presence
of the electron-withdrawing phenyl groups bound to the

- —A4q

80000 8a
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8c
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00 3l50 ''''' o 4I50
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Figure 3. Overlaid UV/visible spectra (in hexane) of
PhGe(GeBu,CH,CH,OEt); (4) and PhGe(GeBu,GeR,CH,CH,OEt)3
(8a: R = Bu; 8b: R = Et; 8c: R = Ph).

germanium atoms in 1 versus the inductively electron-donating
alkyl (butyl and ethoxyethyl) groups in 4, resulting in a larger
o — o* gap in 4 versus that for compound 1.

Reaction of 4 with 3 equiv of DIBAL-H furnishes the
intermediate hydride 7, which was not isolated but rather was
dissolved in CH3CN and treated with 3 equiv of 5a—c to
generate the branched heptagermanes 8a—c in moderate to good
yields after purification (Scheme 4). The 'H spectra of 8a and
8b exhibit resonances for the methylene groups adjacent to the
oxygen atoms which are shifted from those of 4, appearing at
0 3.67 and 3.41 ppm (8a) and 6 3.36 and 3.23 ppm (8b). The
resonances for these methylene groups in the phenyl derivative
8c are similar to those of 4 appearing at 6 3.59 and 3.32 ppm.
The absorption maxima of 8a—c are shown in Figure 3 and are
all slightly red-shifted relative to that of 4, having Ay, values
of 240 (8a), 236 (8b), and 242 (8¢) nm. The extension of each
of the three arms of the oligomer by one germanium atom thus
appears to have a small but measurable effect on the energy
difference between the o and o* orbitals in these molecules.
The Amax values of 4 and 8a—c are all broadened and red-shifted
relative to that of the linear tetragermane Ph3;Ge[Ge-
(Etp)13CH,CH,OEt, which was observed at 235 nm.?® However,
these values are similar in energy to that of the butylated
derivative Ph3Ge(GeBu,);CH,CH,OEt (241 nm).*® The com-
bination of inductive effects from the attached organic groups
in the linear oligomers and branching present in compounds 4
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and 8a—c therefore appear to have varying contributions to the
overall relative energies of the o and o* orbitals in these
systems. The preparation of 8a—c from compound 4 suggests
that these compounds and related derivatives can thus serve as
useful building blocks for the rational construction of higher
branched oligomers and also possibly dendridic structures.

Experimental Section

All manipulations were carried out under an inert N, atmosphere
with standard Schlenk, syringe, and glovebox techniques.*® All
nondeuterated solvents were purchased from Aldrich and were
purified with use of a Glass Contour solvent purification system.
The germanes R,Ge(NMe,)CH,CH,OEFEt (5a: R = Bu; 5b: R = Et;
5c: R = Ph) were prepared according to a published procedure?®
and PhGeH; was prepared by reaction of PhGeCls (Gelest, Inc.)
with LiAlH,.*” NMR spectra were recorded on a Varian Gemini
2000 spectrometer operating at 300.0 MHz ('H), 282.3 (*°F), or
75.5 MHz (*C). The '°F NMR spectra were referenced to C¢HsCF;
set at & —63.72 ppm while 'H and '*C NMR spectra were referenced
to the Cg¢Dg solvent. UV/visible spectra were recorded on a Hewlett-
Packard Agilent UV/visible spectroscopy system. Elemental analy-
ses were conducted by Midwest Microlab, LLC (Indianapolis, IN).

Synthesis of PhGe(GePhz); (1). To a solution of PhGeH; (0.191
g, 1.25 mmol) in acetonitrile (10 mL) was added a solution of
Ph;GeNMe,*® (1.31 g, 3.76 mmol) in acetonitrile (20 mL). The
reaction mixture was sealed in a Schlenk tube and then heated in
an oil bath at 85 °C for 48 h. The reaction mixture was allowed to
cool and the solvent was removed in vacuo. Distillation of the crude
product mixture (135 °C, 0.01 torr) yielded 1.131 g (85%) of 1 as
colorless crystals (mp 264 °C). '"H NMR (C¢Dg, 25 °C) 6 7.66
(d, J = 7.5 Hz, 2H, o-H ((C¢Hs)3Ge)sGe(CeHs)), 7.26 (d, J = 7.5
Hz, 18H, o-H ((C¢Hs);Ge)3;Ge(CgHs)), 7.07 (m, 3H, m-H and
p-H (C6H5)3Ge)3Ge(C6H5)), 6.94 (m, 27H, m-H and p-H
(CsHs)3Ge)3Ge(CgHs)) ppm. '*C NMR (CgDg, 25 °C) 6 138.9 (ipso-
((Ce¢Hs)3Ge)3Ge(CgHs)), 138.6 (ipso-((CeHs)3Ge)3;Ge(CeHs)), 136.6
(0-((CeHs)3Ge)3Ge(CeHs)), 134.9 (0-((CeHs)3Ge)sGe(CsHs)), 128.9
(p-((C6Hs)3Ge)3Ge(CeHs)), 128.6 (p-((CeHs)3Ge)sGe(CeHs)), 128.5
(m-((CeHs)3Ge)3Ge(CgHs)), 128.2 (m-((CHs)3Ge)3Ge(CeHs)) ppm.
UV/vis (CH2Cly): Amax 256 nm (¢ = 5.1 x 10* L mol ' ecm™1).
Anal. Calcd. for CgHs0Gey: C, 67.90; H, 4.75. Found: C, 67.43;
H, 4.69.

Small-Scale Synthesis of (F3C0,S0)Ge(GePh;z); (2). To a
solution of (Ph3Ge);GePh (1) (0.090 g, 0.085 mmol) in CDCl; (0.5
mL) in a screw-cap NMR tube was added neat triflic acid (7.4 uL,
0.013 g, 0.084 mmol) with a micropipetter. The reaction mixture
was kept at room temperature for 4 h, after which time the '°F
NMR spectrum of the solution exhibited a single resonance at o
—77.7 ppm indicating complete consumption of HOSO,CF; and
formation of (F3CO,SO)Ge(GePhs); (2). The solution was trans-
ferred to a conical flask and the volatiles were removed in vacuo
to yield 0.082 g (80%) of 2 as a white solid. IR (Nujol mull) 1305
(8, V25(SO3)), 1261 (m, v,5(SO3)), 1237 (s), 1200 (s, v(CF3)), 1150
(3, Vas(CF3)), 1094 (s), 1024 (m), 998 (m), 937 (s, vs(SO3)) cm ™.

Small-Scale Synthesis of HGe(GePh;3); (3). The sample of
compound 2 was dissolved in Et,0O (5 mL) and treated with a
solution of LiAlH4 (0.0039 g, 0.10 mmol) in Et,O (5 mL). The
solution was stirred for 4 h at room temperature and the volatiles
were removed in vacuo. The crude product mixture was dissolved
in benzene (5 mL) and filtered through Celite. The Celite pad was
washed with benzene (3 x 2 mL) and the solvent was removed in
vacuo to yield 3 (0.054 g, 64% based on 1) as a white solid
(mp 210 °C). "H NMR (C¢Ds, 25 °C) 6 7.26 (d, J = 8.1 Hz, 18H,
0-H ((C¢Hs)3Ge);Ge(CeHs)), 7.15-6.92 (m, 27H, m-H and p-H),

(47) Meyer, J. M.; Allred, A. L. J. Phys. Chem. 1968, 72, 3043-3045.
(48) Riviere, P.; Riviere-Baudet, M.; Couret, C.; Satgé, J. Synth. React.
Inorg. Met. Org. Chem. 1974, 4, 295-307.
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5.85 (s, 1H, Ge-H) ppm. *C NMR (C¢Ds, 25 °C) 6 136.5 (ipso-
), 128.8 (0-C), 128.6 (p-C), 127.5 (m-C) ppm. IR (Nujol mull)
1953 cm ™! (v Ge-H). Anal. Caled for CssHysGes: C, 65.83; H,
4.71. Found: C, 65.27; H, 4.62.

Preparative-Scale Synthesis of HGe(GePh;); (3). To a solution
of 1 (0.200 g, 0.188 mmol) in CH,Cl, (1.1 mL) was added triflic
acid (0.017 mL, 0.029 g, 0.19 mmol) under a stream of N,. The
reaction mixture was sealed in a Schlenk tube and stirred for 4 h.
The volatiles were removed in vacuo with use of a water bath to
yield a white solid. The '°F NMR in benzene-ds exhibited a single
line at 6 —77.7 ppm. The solid product was dissolved in Et;O (10
mL) and treated with LiAlH4 (0.0080 g, 0.21 mmol) in Et,O (5§
mL). The reaction mixture was stirred for 18 h at 25 °C and the
solvent was removed in vacuo to yield 0.171 g (92%) of 3 as a
white solid. The spectral attributes of the product were identical
with those described above.

Synthesis of PhGe(GeBu,CH,CH,OEt); (4). To a solution of
PhGeH; (0.200 g, 1.31 mmol) in CH3CN (10 mL) was added a
solution of Bu,Ge(NMe,)CH,CH,OEt (5a)*% (1.195 g, 3.932 mmol)
in CH;CN (30 mL). The reaction mixture was sealed in a Schlenk
tube and heated at 85 °C for 72 h. The volatiles were removed in
vacuo to yield a viscous yellow oil. The crude product was distilled
in a Kugelrohr oven (180 °C, 0.050 torr) to furnish 4 (1.163 g,
95%) as a colorless viscous oil. "H NMR (C¢D, 25 °C) 6 7.66 (d,
J=63 HZ, ZH, O‘C()Hj), 7.18-7.08 (m, 3H, m—C6H5 and p‘C()HS),
3.59 (t, J = 7.2 Hz, 6H, GeCH,CH,0—), 3.31 (q, / = 7.2 Hz, 6H,
—0OCH,CH3), 1.55-1.32 (m, 36H, —CH,CH,CH,CHj;), 1.14
(t, J = 7.2 Hz, 18H, —CH,CH,CH,CHj), 0.96 (t, J =
7.2 Hz, 6H, GeCH,CH,0—), 0.91 (t, J = 7.2 Hz, 9H, —OCH,CH>)
ppm. >C NMR (C¢Ds, 25 °C) & 138.4 (ipso-CsHs), 136.1
(0-C6H5), 128.4 (p-C6H5), 127.6 (m—C6H5), 68.8 (_OCH2CH3), 65.7
(—GeCH,CH;—), 28.8 (GeCH,CH,CH,CH3), 27.1 (GeCH,CH,O—),
26.9 (GeCH,CH,CH,CHj3), 16.8 (GeCH,CH,CH,CH3), 16.0
(—OCH,CH3), 13.8 (GeCH,CH,CH,CH3) ppm. Anal. Caled for
CyHgGesO5: C, 54,27; H, 9.33. Found: C, 53.79; H, 9.88.

Synthesis of PhGe(GeBu,GeBu,CH,CH,OEt); (8a). To a
solution of 4 (0.280 g, 0.301 mmol) in benzene (25 mL) was
added a 1.0 M solution of DIBAL-H in hexanes (0.903 mL,
0.903 mmol). The reaction mixture was refluxed for 24 h and the
volatiles were removed in vacuo to yield a thick oil that was
dissolved in CH3CN (25 mL). The resulting solution was treated
with Bu,Ge(NMe,)CH,CH,OEt (5a)*® (0.275 g, 0.905 mmol) in
CH3CN (10 mL) and the reaction mixture was sealed in a
Schlenk tube and heated at 85 °C for 48 h. The volatiles were
removed in vacuo to yield a thick yellow oil that was eluted
through a 1.5 in. x 1.5 in. silica gel column with 40 mL of a
1:20 (v/v) mixture of Et,O:hexane as the eluent. The volatiles
were removed from the eluent in vacuo to furnish 8a (0.193 g,
43%) as a colorless oil. "H NMR (C¢Ds, 25 °C) 6 7.73 (d, J =
7.5 Hz, 2H, 0-C¢Hs), 7.28-7.17 (m, 3H, m-C¢Hs and p-C¢Hs),
3.67 (t, J = 7.8 Hz, 6H, GeCH,CH,0—), 3.41 (q, J = 6.8 Hz,
6H, —OCH,CH3), 1.62-1.12 (m, 78 H, GeCH,CH,CH,CH; and
GeCH,CH,0—), 1.03-0.97 (m, 45 H, GeCH,CH,CH,CH; and
—OCH,CHj3) ppm. *C NMR (C¢Dg, 25 °C) 6 139.2 (ipso-CeHs),
136.2 (0-C¢Hs), 128.4 (p-CgHs), 128.2 (m-CeHs), 68.9 (—OCH,CH3),
65.8 (_GCCHchz_), 29.0 (GGCH2CH2CH2CH3), 28.8 (GCCHQ-
CH,CH,CHj3), 27.3 (GeCH,CH,0—), 27.1 (GeCH,CH,CH,CH3),
26.9 (GeCH2CH2CH2CH3), 16.0 (GCCHQCHzCHchg), 15.7
(GeCH,CH,CH,CHj3;), 14.8 (—OCH,CH3), 13.9 (GeCH,CH;-
CH,CH; and GeCH,CH,CH,CHj3;) ppm. Anal. Caled for
CecH140Ge;05: C, 53.20; H, 9.47. Found: C, 53.52; H, 9.54.

Synthesis of PhGe(GeBu,GeEt,CH,CH,OEt); (8b). To a
solution of 4 (0.370 g, 0.398 mmol) in benzene (20 mL) was added
a 1.0 M solution of DIBAL-H in hexanes (1.19 mL, 1.19 mmol).
The reaction mixture was heated at reflux for 24 h and the volatiles
were removed in vacuo to yield a thick oil that was dissolved in
CH;CN (30 mL). The resulting solution was treated with
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Table 2. Crystallographic Data for Compound 1 C7Hg

formula Cg7Hs3Gey

fw (g mol™ ) 1153.49

cryst size (mm) 0.30 x 0.15 x 0.10

cryst system monoclinic

space group P2i/c

aA) 12.6857(8)

b (A) 18.497(1)

c (A) 23.226(2)

a (deg) 90

f (deg) 98.340(1)

¥ (deg) 90

V(A% 5392.1(6)

Z 4

Pcalc (g Cm73) 1.421

abs coeff (mm ™) 2.250

F(000) 2352

6 range (deg) 1.62 to 27.95

index ranges —-16 < h =16, -23 < k < 23,
30 <1=<30

no. of reflns collected 49681

no. of independent reflns 12299 (Rine = 0.0348)
completeness to 8 = 25.00° (%) 100.0

abs corr multiscan/APEXII SADABS
max and min transmission 0.8063 and 0.5518

refinement method full-matrix least squares on F*

no. of data/resteraints/parameters 12299/0/641
goodness-of-fit on F> 1.014

temp (K) 173(2)
radiation Mo Ka
wavelength (A) 0.71073

R 0.0326

R 0.0703

largest peak and hole (e A™) 1.540 and —1.247

Et,Ge(NMe,)CH,CH,OEt (5b)** (0.295 g, 1.19 mmol) in CH;CN
(15 mL) and the reaction mixture was sealed in a Schlenk tube
and heated at 85 °C for 48 h. The volatiles were removed in vacuo
to yield a thick colorless oil that was eluted through a 1.5 in. x
1.5 in. silica gel column with 40 mL of a 1:10 (v/v) mixture of
Et,O:hexane as the eluent. The volatiles were removed from the
eluent in vacuo and the resulting yellow oil was distilled in a
Kugelrohr oven (120 °C, 0.050 torr) to furnish 8b (0.470 g, 89%)
as a pale yellow oil. "H NMR (C¢Ds, 25 °C) 0 7.72 (d, J = 6.6 Hz,
2H, 0-C¢Hs), 7.27-7.21 (m, 3H, m-C¢Hs and p-C¢Hs), 3.36 (t, J =
6.9 Hz, 6H, —OCH,CH3), 3.23 (q, / = 7.2 Hz, 6H, GeCH,CH,0—),
1.61-1.39 (m, 24H, GeCH,CH,CH,CHj3), 1.31-1.08 (m, 24H,
GeCH,CH,CH,CH; and GeCH,CHj;), 1.06-0.98 (m, 45H,
GeCHzCHQCHQCH3, GGCHQCH3, and —OCH2CH3), 0.82 (t, J=15
Hz, 6H, GeCH,CH,0—) ppm. >*C NMR (C¢Ds, 25 °C) & 136.6
(ipso-CeHs), 136.1 (0-C¢Hs), 128.2 (p-CeHs), 127.6 (m-CgHs),
67.3(—OCH,CH3), 659 (-GeCH,CH,—), 28.8 (GeCH;-
CH,CH,CH3), 27.3 (GeCH,CH,0—), 27.0 (GeCH,CH,CH,CH3),
15.9 (GeCHzCHQCHQCHg), 15.3 (GeCH2CH3), 14.8 (_OCH2CH3),
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13.9 (GeCH,CH,CH,CH3), 8.6 (GeCH,CH3) ppm. Anal. Calcd for
Cs4H,16Ge;05: C, 49.07; H, 8.85. Found: C, 49.42; H, 8.71.

Synthesis of PhGe(GeBu,GePh,CH,CH,OEt); (8c). To a
solution of 4 (0.200 g, 0.215 mmol) in benzene (25 mL) was added a
1.0 M solution of DIBAL-H in hexanes (0.646 mL, 0.646 mmol). The
reaction mixture was heated at reflux for 24 h and the volatiles were
removed in vacuo to yield a thick oil that was dissolved in
CH;CN (25 mL). The resulting solution was treated with
Ph,Ge(NMe,)CH,CH,OEt (5¢)** (0.222 g, 0.645 mmol) in CH;CN
(10 mL) and the reaction mixture was sealed in a Schlenk tube and
heated at 85 °C for 48 h. The volatiles were removed in vacuo to
yield a thick yellow oil that was eluted through a 1.5 in. x 1.5 in.
silica gel column with 40 mL of a 1:20 (v/v) mixture of Et;O:hexane
as the eluent. The volatiles were removed from the eluent in vacuo
and the resulting yellow oil was distilled in a Kugelrohr oven (120
°C, 0.050 torr) to furnish 8¢ (0.105 g, 30%) as a pale yellow oil. 'H
NMR (C¢Dg, 25 °C) 6 7.74 (d, J = 6.6 Hz, 2H, 0-C¢Hs at Gecenga)),
7.66 (d, J = 7.5 Hz, 12H, 0-C¢Hs at Geperipheral), 7.28-7.14 (m, 21 H,
m-Cg¢Hs and p-Cg¢Hs), 3.59 (t, J = 7.5 Hz, 6H, GeCH,CH,0—),
331 (g, J = 69 Hz, 6H, —OCH,CHs), 1.54-1.33 (m, 24H,
_CHZCHZCHZCH:;), 1.22-1.11 (m, 18H, _CHZCHZCHZCH3 and
GeCH,CH,0—), 0.95 (t, J = 7.2 Hz, 9H, —OCH,CH5), 0.92 (t, J =
7.2 Hz, 18H GeCH,CH,CH,CH3) ppm. '>°C NMR (C¢Dg, 25 °C) 0
139.5  (ipso-C¢Hs), 138.6  (ipso-C¢Hs), 136.6  (0-CeHs),
136.1 (0-CeHs), 128.5 (p-CgHs), 128.3 (p-CeHs), 127.9 (m-CeHs),
127.7 (m-CeHs), 68.8 (—OCH,CH3;), 65.7 (—GeCH,CH,—), 29.0
(GeCH,CH,CH,CH3), 27.2 (GeCH,CH,O—), 26.9 (GeCH,-
CH,CH,CH3), 15.9 (GeCH,CH,CH,CH3), 14.8 (—OCH,CHj3), 13.8
(GeCH,CH,CH,CHj3) ppm. Anal. Caled for C73H;16Ge;05: C, 58.19;
H, 7.26. Found: C, 58.79; H, 7.57.

X-ray Structure Determination for 1. Diffraction intensity data
were collected with a Siemens P4/CCD diffractometer. Crystal-
lographic details and details of the X-ray study are shown in Table
2. Absorption corrections were applied for all data by using
SADABS. The structure was solved with use of direct methods,
completed by difference Fourier synthesis, and refined by full-matrix
least-squares procedures on FZ. All non-hydrogen atoms were
refined with anisotropic displacement coefficients, and hydrogen
atoms were treated as idealized contributions. All software and
sources of scattering factors are contained in the SHEXTL (5.10)
program packaged (G. Sheldrick, Bruker XRD, Madison, WI). The
ORTEP diagram was drawn with the ORTEP3 program (L. J.
Farrugia, Glasgow).
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