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Double Germylation of Unsaturated Carbon Compounds with Digermanes

in the Presence of Palladium and Platinum Catalysts
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Double germylation of acetylenes, isoprene, and ethylene with 1,2-dichloro-
1,1,2,2-tetramethyldigermane proceeds in the presence of palladium- and platinum-

phosphorus ligand complexes to afford o,-bis(chlorodimethylgermyl) compounds in

moderate to good yields.

Stimulated by the vigorous growth of organosilicon chemistry, 1) organogermanium chemistry is also
emerging to be developed for broad applications such as electric conduction, nonlinear optics, photoresist, and
thermochromism.2) However, the development is hampered because synthetic methods available for
organogermanium compounds are very much limited as compared with organosilicon compounds. For instance,
double silylation of unsaturated carbon compounds with disilanes has been long knowp, and provides a unique
way leading to a,w-bis(silyl) compounds.3) On the other hand, double germylation with digermanes has not
been documented except for the reaction of acetylenes with strained digermiranes.4) We now report that strain-
free linear digermanes react with a variety of unsaturated carbon compounds, and that tuning of the nature of
palladium catalysts allows us to synthesize ¢, w-bis(germyl) compounds in good yields.

When a toluene (2 cm3) solution of 1,2-dichloro-1,1,2,2-tetramethyldigermane (1a, 1 mmol),
phenylacetylene (2 mmol), and Pd(PPh3)4 (0.05 mmol) was heated at 120 °C for 3 h, the digermane was
completely consumed. GC analysis revealed that o,-bis(chlorodimethylgermyl)styrene (2a) was formed in
88% yield (Z/E =92/8). A small amount of 2,2,5,5-tetramethyl-3-phenyl-1,2,5-oxadigermolene (3) was also
detected in the reaction mixture (4%), presumably owing to incidental contamination with moisture. The reaction
mixture was distilled (Kugelrohr) to afford fairly pure (Z )-2a (66% isolated yield; Z/E = 94/6) which showed
satisfactory spectral data.5) The geometry was confirmed by the fact that the Z isomer was transformed into the

cyclic digermoxane (3 )6) upon hydrolysis at room temperature.
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PhC=CH + XMepGeGeMep X XMepGeC(Ph)=CHGeMeX
la: X =Cl 2a: X =Cl, 88% (3h)
1b: X =Me 2b: X =Me, 1.3% (3 h)

A similar reaction of hexamethyldigermane (1b, 1 mmol) with phenylacetylene (5 mmol) gave only 1.3%
yield of o,B-bis(trimethylgermyl)styrene (2b). Under the same conditions, hexamethyldisilane reacted with
phenylacetylene to form o, B-bis(trimethylsilyl)styrene in 5.1% yield, suggesting low reactivity of the digermane
as compared with the disilane.

Unsubstituted acetylene of atmospheric pressure also reacted with 1a at 100 °C. The outcome of the
reactions very much depended on the catalyst. The reaction carried out in the presence of Pd(PPh3)4 for 24 h
formed (E )-1,2-bis(chlorodimethylgermyl)ethylene ((E )-4) in 45% yield.7) As previously observed for double
silylation,g) Pd(dba)2-P(OCH?2)3CEt (P/Pd = 2) proved to be a more active catalyst which afforded 72% yield of
(E )-4 in 4 h, On the other hand, the use of Pt(PPh3)4 resulted in selective formation of (Z )-4 in 20% yield (Z/E
=99/1).9) Hydrolysis of (Z )-4 afforded 2,2,5,5-tetramethyl-1,2,5-oxadigermolene (5),10) confirming the
geometry. The selective (E )-4 formation in palladium-catalyzed reactions was apparently in contrast with the
predominant Z isomer formation observed in the corresponding double silylation. 11) The E selectivity does not
seem to be due to intrinsic nature of the reaction, but suggests Z to E isomerization having taken place
subsequently after the initial formation of the (Z )-4. As a matter of fact, separately prepared Z isomer nearly
quantitatively isomerized to the E isomer upon heating at 100 °C for 15 h in the presence of Pd(PPh3)4 and 1a.
Another support came from the lower E selectivity (Z/E = 17/83) observed in a separate Pd(PPh3)4-catalyzed

reaction interrupted at 12 h reaction time.

HC=CH + la CIMe)GeCH=CHGeMe,Cl
Catalyst: 4
Pd(PPh3)4 33% (12 h, Z/E = 17/83)
Pd(PPh3)4 45% (24 h, Z/E = 0/100)

Pd(dba)-2P(OCH»)3CEt  72% (4 h, Z/E = 0/100)
Pt(PPh3)4 20% (12 h, Z/E = 99/1)

Isoprene also reacted with 1a to give the (F )-1,4-adduct (6).12) Lack of the formation of seven membered
cyclic digermoxane upon alkaline hydrolysis supports the £ geometry. With PdCI12L2 complexes used as catalyst
at 120 °C, performance decreased as follows; L (yield/% at 12 h reaction time): PMe3 (28.2) > PEt3 (12.9) >
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PPh3 (5.1) > PiBu3 (=0). As was in the reaction of unsubstituted acetylene, much better yield could be

obtained with Pd(dba)2 combined with P(OCH2)3CEt (P/Pd = 2).

CH»=C(CH3)CH=CH + 1a CIMe)GeCHyC(CH3)=CHCH»GeMe)Cl
Catalyst: 6
Pd(dba)2-2P(OCH7)3CEt 77% (3 h)

We reported previously that double silylation of ethylene with disilanes occurred with platinum but not with
palladium complex used as the catalyst. However, palladium complexes proved to be capable of double
germylation of ethylene (50 kg/cm2 at room temperature) with 1a at 120 °C in 45 h to give 1,2-
bis(chlorodimethylgermyl)ethane (7). 13) Trimethylphosphine or P(OCH2)3CEt was found to be the ligand of
choice. Note that, in platinum-catalyzed reaction of ethylene with 1,2-diphenyl-1,1,2,2-tetramethyldisilane, the

use of PMej as an auxiliary ligand resulted in extensive formation of a vinylsilane via dehydrogenative single

silylation.14) On the other hand, formation of a vinylgermane was not observed at all in the present reaction.

CH>=CH7 + 1a CIMeyGeCHyCHyGeMe,Cl
Catalyst: 7
Pd(PPh3)4 15%
PdCl(PMe3) 77%

Pd(dba)y-2P(OCH2)3CEt  =~100%

In summary, the first successful double germylation with 1,2-dichlorodigermane allows us to synthesize

various o, ®-bis(chlorogermyl) compounds. Intriguing properties of polymers obtained through dechlorinative

condensation with sodium of these compounds will be uncovered separately.
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Compound (Z )-2a: bp 105-120 °C/1.0 Torr; lH-NMR (CDCl3, TMS) §0.82 (s, 6H, CH3), 1.04 (s, 6H,
CH3), 6.94 (s, 1H, CH=), 7.05-7.40 ppm (m, 5H, CgH3); IR (neat) 815 em-1 (=CH). Anal. Found: C,
38.04; H, 4.82%. Calcd for C12H18ClrGe: C, 38.09; H, 4.80%.

Compound 3: 1H NMR (CDCl3, TMS) § 0.54 (s, 6H, CH3), 0.63 (s, 6H, CH3), 7.35 (s, SH, CgHjs),
7.50 ppm (s, 1H, CH=); MS (high resolution) found: m/z 325.9861, calcd for CjpH18Gep0: M,
325.9781.

Compound (E )-4: bp 80-90 °C/8 Torr; 1H NMR (CDCl3, TMS) & 0.80 (s, 12H, CH3), 6.90 ppm (s, 2H,
CH-=); IR (neat) 965 cm-1 (CH=CH). Anal. Found: C, 23.89; H, 4.69%. Calcd for CgH14ClrGep: C,
23.84; H, 4.67.
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Compound (Z )-4: bp 70-80 °C/9 Torr; 1H NMR (CDCl3, TMS) 8 0.90 (s, 12H, CH3), 7.03 ppm (s, 2H,
CH=).

Coumpound 5: MS (high resolution) found: m/z 249.9515; caled for CgH14Gep0: M, 249.9468.
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CH3C), 2.01 (d, J = 8.5 Hz, 2H, GeCH,CH=), 2.14 (s, 2H, GeCHC(CH3)=), 5.24 ppm (t, J = 8.5
Hz, 1H, GeCHpCH=); MS (high resolution) found: m/z 345.9345, calcd for CgHp(ClrGep: M,
345.9325.
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