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Abstract: The reaction of terminal acetylenes with (Ph3Ge)2Cu(CN)Li 
6 

(1) or 
(EtjGe)2Cu(SMe*)Li (2) provides vinylgermanes in good yrelds. hereas 
germylcupration of 1-dodecyne gives Z-germyl-1-dodecene as a main product, 
germylmetalation of phenylacetylene or 3-methyl-3-buten-l-yne affords l- 
germyl compounds.preferentially. 

The reaction of compounds such as PhMe2SiMtl' or Bu3SnMt12 (Mtl = MgMe, 

AlEtz) with an acetylenic linkage affords simple and general access to the 

cis-addition products of the component elements. The regiochemistry depends 

on the nature of the transition-metal catalysts and the reaction is useful 

in synthetic work. Here we wish to report that germylcopper reagent 1 or 2 

reacts with terminal acetylenes to give vinylgermanes under good control of 

the regio- and stereoselectivity. 

nC10H21C=CH 
2R36eLi %OH2h ,H “%OH21, ,H 

cux ,c=c, + ,c=c, 
R3Ge H H GeR3 

a : R = Ph, b : R= Et 3 4 

A THF solution of Ph3GeLi (0.73 M, 2.1 ml, 

and Li3 

1.5 mmol) derived from PhqGe 

was added to a suspension of CuCN (67 mg, 0.75 mmol) in THF (2.0 ml) 

at 0°C. After stirring for 15 min, a solution of I-dodecyne (83 mg, 0.5 

mmol) and "BuOH (0.17 g, 2.3 mmol) in THF (3.0 ml) was added and the 

resulting mixture was stirred for an additional 20 min. Workup (Et20, aq 

NHbCl) followed by silica gel thin layer chromatography gave a mixture of 2- 

triphenylgermyl-1-dodecene (3a) and 1-triphenylgermyl-1-dodecene (4a) (0.17 

g, 3aJ4a = 80/20)4 in 71% combined yield. The representative results are 

summarized in Table 1. 

Treatment of 1-dodecyne with 1.5 equiv of the triphenylgermylcopper 

reagent generated from 2Ph3GeLi and CuCN (or Cul, CuBr'SMe2) at 25°C for 5 h 

gave no trace of triphenylgermylalkenes 3a and 4a. Starting acetylenic 

compound was recovered 

as nBuOH or water5 is 

weakly acidic proton 

unchanged (>90%). Coexistence of proton donor such 

essential for the formation of 3a and 4a. These 

donors react easily only with the intermediary 
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Table 1. Germylcupration of acetylenes 

RkCH 
(RsGe)*Cu(X)Li R1\ /H R1\ 

) 
R$Ge/C=C\H + H' 

C=C<, 

5 6 
GeR$ 

Acetylene Reagent Product 

Rl R:GeLi Cu salt Additive Yield( Ratio of 5/6 

"ClOHZl Ph3GeLib 

PhCH20CH2CH2 

Et3GeLid 

Ph3GeLi 

Ph 

CH2=C(CH3) 

Et3GeLi 

Ph3GeLi 

Et3GeLi 

Ph3GeLi 

Et3GeLi 

CuCN 

CuCN 

GUI 

CuBr.SMe2 

CuBr.SMe2 

CUCN 

CuBr'SMe2 

CuBr'SMe2 

CuCN 

CuBr*SMe2 

CuBr'SMe2 

CuBr.SMe2 

nBuOH 

"BuCHO 

"BuOH 

nBuCHO 

"BuOH 

"BuCHO 

"BuOH 

"BuOH 

71 80 : 20 

99 70 : 30 

78 40 : 60 

81 75 : 25' 

(81)e 70 : 3of 

46 5 : 95 

82 5 : 95 

91 65 : 35f 

85 <5 :>95 

91 15 : 85f 

98 1 : 99 

95 13 : 87f 

a) Isolated yields unless otherwise noted. 
"BuOH (or "BuCHO, 2.3 mmol), 

b) (Ph3Ge)2CuX (0.75 mmol), 
and acetylene substrate (0.5 mmol) were 

employed. c) Ether was used as solvent instead of THF. d) 
(Et Ge) Cu(SMe )Li 
emp?oyej. e) G21 

(0.5 mmol) and acetylene substrate (0.5 mmol) were 
pc yield using octadecane as an internal standard (Silicone 

OV-17 3%, 2 m, 170°C). f) MeOH was used for quenching the reaction. 

vinylcopper compound and are reluctant to react with triphenylgermylcopper 

reagents. Benzenethiol and aniline were ineffective because the former 

reacted with germylcopper reagents and the latter was inert to both copper 

species due to its lower acidity. These results indicated that the reaction 

is reversible and the equilibrium favours original system more than the 

intermediary vinylcopper species (Scheme l).6 Valeraldehyde, 3-pentanone, 

and acetophenone were also effective to complete the reaction. 7 The nature 

of the additives slightly affects the distribution of the isomeric 

Scheme 1 

nC10t121C=CH _ ----3a + 4a 
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vinylgermanes. The isomeric ratio of 3a/4a = 80/20 was obtained with water 

and alcohols (MeOH, "BuOH, 'BuOH, and tBuOH), and 70130 was obtained with 

carbonyl compounds (nonanal, 3-pentanone, and acetophenone). 8 

The reagent 2 prepared from Et3GeLi and CuBr.SMe2 was also effective for 

the germylmetalation. 9 In contrast to the reagent 1, the addition of the 

reagent 2 proceeded essentially to completion in the absence of proton 

donors. Thus, the intermediary alkenylcopper species could be trapped by 

various electrophiles. For instance, germylcupration of phenylacetylene 

followed by the addition of Me1 gave the corresponding alkenylgermane in 82% 

combined yield. 

PhC=CH 

a: E= 

c: E= 

1) (Et3Ge)2Cu(SMe2)Li Ph, /H Ph, lH 
2) E+ 

P ,c=c + 
Et3Ge 'E 7 

,c=c 
E 'GeEt3 8 

D (D20, 7/8= 7/93, 89%) b: E = Me (MeI, 7/8= 17183, 82%) 

CH2=CHCH2 (CH2=CHCH2Er, 7/8= 10/90, 96%) 

The regiochemistry heavily depends not only on the nature of the copper 

reagent but also on the structure of the acetylenic compounds. Treatment of 

propyne or 1-dodecyne with the reagent 1 or 2 provided 2-germyl-1-alkenes as 

main products. Meanwhile, the germylcupration of the substrate bearing 

unsaturated groups CY,B to the acetylenic linkage proved to give 1-germyl 

isomer preferentially. 

cis-Addition of germylcopper reagents was confirmed by the examination 

of the products with the authentic samples prepared from the corresponding 

vinyl bromide and tBuLi/Et3GeC1. 

6 5.66 
(d, J = 18 4 Hz) 6 5.6 (m) 

'SH13, ,H 'gH13 
,c=c\ 

,GeEt3 

Et3Ge H H 
;c=c, 

H 6 5.54 
6 5.1 (ml 6 6.38 

(d, J = 12.8 Hz) 

Hz) (dt, J = 7.2, 12.8 Hz) 

derived from R3GeLi and CuX (1:l) was as effective as 

'gH13, ,H 

H 
,c=c\ 

6 5.88 
GeEt3 

(dt, J = 18.4, 6.0 

Copper reagent 

the digermylcuprates 1 and 2. The use of catalytic amount of CuX (5 mol%) 

instead of stoichiometric amount decreased the yield of the corresponding 

germylalkenes (<5%). Many combinations of organometallic compounds and 

transition-metal catalysts were examined for the germylmetalation of l- 

dodecyne. In contrast to silylmetalation' and stannylmetalation,2 almost 

all combinations failed to give vinylgermades. Only Ph3Ge-AlEt derived 

from Ph3GeLi and Et2AlCl provided the corresponding vinylgermanes in the 

presence of various kinds of transition-metal catalysts. For instance, 
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PdC12(PPh3)2 (2 mol%) catalyzed reaction of l-dodecyne at 25°C for 14 h gave 

a mixture of 3 and 4 (3/4 = 40/60) in 65% yield after hydrolysis. 
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