
CHEMISTRY LETTERS, pp. 53-56, 1985. (C) The Chemical Society of Japan 1985

INTRAMOLECULAR ALKYLATION OF VINYLGERMANES AND 

IODODEGERMYLATION OF 1-CYCLOALKENYLGERMANES

Hiroji ODA, Koichiro OSHIMA,* and Hitosi NOZAKI 

Department of Industrial Chemistry, Faculty of Engineering, 

Kyoto University, Yoshida, Kyoto 606

Whereas 2-methyl-2,3-epoxy-6-triethylgermyl-6-tridecene 

gave the expected alkylidenecyclopentanol upon treatment with 

TiCl4, 5-triethylgermy1-5-dodecenal dimethyl acetal provided the 

unexpected cyclohexene derivative. Transformation of 1-tri-

ethylgermylcycloalkenes into 1-iodocycloalkenes is also 

described.

The application of vinylsilanes to the organic synthesis has been limited 

because of the lower reactivity compared with allylsi.lanes. During the course 

of our study on the relative reactivity of vinylgermanes and vinylsilanes,1) 

(1) intramolecular reactions of vinylgermanes and vinylsilanes toward carbon-

electrophiles and (2) iododegermylation of 1-triethylgermylcycloalkenes were 

examined. 

Treatment of epoxide 1 (M=GeEt3) with TiCl4 gave cyclopentanol 32) 

exclusively. The corresponding vinylsilane also provided the same cyclo-

pentanol derivative. These reactions proceed via β-germyl-or β-silylcarbenium

ion 2 and the formation of five-membered ring product 3 is consistent with the 

reported intramolecular acylation of 5-trimethylsily1-5-heptenoyl chloride with 

AlCl3 producing 1-ethyl idenecyc1opentanone.3,4)

In contrast, (Z)-5-triethylgermy1-5-dodecenal dimethyl acetal (4) provided 

cis-3-hexy1-4-methoxy-1-cyclohexene (8) on treatment with TiCl4. A dichloro-

methane solution of TiCl4 (1.0 mol dm-3, 0.52 ml, 0.52 mmol) was added dropwise 

to a solution of vinylgermane 4 (0.20 g, 0.52 mmol) in dichloromethane (15 ml)

at-78℃  under an argon atmosphere. The resulting orange solution was stirred

for 2 min at the same temperature and poured into 1.0 mol dm-3 HCl. Workup and
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purification by preparative thin layer chromatography on silica-gel gave the 

cyclohexene 85) (58 mg) in 57% yield. The (E)-isomer 9 provided trans-3-hexyl-

4-methoxy-1-cyclohexene 106) as a single product. Thus, the reactions 

proceeded with high stereospecificity. In order to determine the stereo-

chemistry of the products, the compound 8 and 10 were hydrogenated to give cis-

and trans-1-hexy1-2-methoxycyclohexane, respectively, which were identical 

with authentic samples.7,8) The corresponding vinylsilane 4 (M=SiMe3) gave 

the same cyclohexene 8, but the yield was low (33% yield). Acetals 11 and 12 

provided complex mixture containing no cyclized products. 
The apparently disrotatory cyclization seems to proceed as follows. The 

a-germyl cation 6 is possibly preferred kinetically to 5. The rearrangement to

more stable β-germyl cation 7 followed by degermylation provides 8.The

disappearance of olefin protons in the product 8-d2 derived from 4,4-dideuterio 

acetal 4-d2 is consistent with this sequence.

The starting vinylgermanes 4 and 9 were prepared as follows.
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Acyclic vinylsilanes have been easily converted into alkenyl halides and 

the stereochemistry of the reactions has been widely studied.10) On the other 

hand, cyclic vinylsilanes are reluctant to react with iodine.11) In contrast, 

cycloalkenylgermanes are converted into the corresponding iodide effectively. 

For instance, treatment of 1-triethylgermy1-4-t-butylcyclohexene 1312) with

iodine in dichloromethane at 25℃ for 2 h gave the alkenyl iodide 14 in 89%

yield. 13) The cyclopentene 15 and cyclobutene 1614) were also transformed 

into the corresponding iodides without any difficulties. The starting alkenes 

13 and 15 were prepared through reaction of ketone tosylhydrazones with butyl-

lithium and triethylgermyl chloride in tetramethylethylenediamine.15) The 

C(sp)-Ge bond also can be cleaved with iodine more easily than the corre-

sponding C(sp)-Si bond. Thus, 1-triethylgermy1-1-octyne gave the 1-iodo-1-

octyne in 75% yield on treatment with iodine in dichloromethane at•Ž 25  for 1

h. Meanwhile, 1-trimethylsily1-1-octyne was recovered practically unchanged 

under the same reaction conditions.
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