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SUMMARY 

Colourless liquids of cyclic compounds of the type: 

have been prepared by reactions of dibutylgermanium dichloride with cis-1,4- 
cyclohexanediol or cis,cis,cis-2,5-di-tert-butyl-l,4cyclohexanediol, in benzene in the 
presence of a hydrogen halide acceptor_ 

Under similar conditions germanium tetrachloride gave solid products of the 
type : 

Physical and spectroscopic data (IR, Raman, and MS) are given and discussed. 

INTRODUCTION 

Cyclic germanium glycolates are usually described as monomeric com- 
pounds’ -4, but in a few cases larger ring compounds have been reported’ - ‘. A cyclic 
compound derived from hydroquinone is reported to have a trimeric structure’ : 
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The preparation of new cyclic organogermanium derivatives from cis-lp-cyclo- 
hexanediol and cis,cis,cis-2,5-di-tert-butyl-l,4-cyclohexanediol is described below. The 
influence of.substituents and reaction conditions on the ring size have been briefly 
examined. 

RESULTS AND DISCUSSION 

Cyclic organogermaniumcompounds ofthe type [GeBu,-0-(c-C,H,,)--O-]$ 
were prepared by reaction in mole ratio l/l of dibutylgermanium dichloride with cis- 
1,4-cyclohexanediol in benzene in the presence of a hydrogen halide acceptor. The 
ring size was found to vary with concentration of the reaction solution and the tem- 
perature. In extremely dilute solution, the dimer (n =2) was isolated as a liquid in 
reasonably high yield (46-5 1%). The product, has been shown by elemental analysis, 
molecular -weight determination, mass spectra and IR data, to have the structure (I). 

(I) 

Distillation of this compound (276/0.05 mmIig) gave a viscous oil (II) of identical 
composition but higher molecular weight (1868), indicating that the ring size is in- 
creased by heating; this contrasts with the behaviour of the cyclic compounds, 
-fGeR~-0--(CW,-W-~ f or which depolymerization occurs on heatin$-‘. 

The same reaction at a higher concentration (0.17 mol,l) gave two products 
[(III) and (IV)] of identical composition having molecular weights of 1237 (III) and 
1783 (IV), and believed to consist chiefly of the tetramer (Mol. wt. calcd.: 1203) and 
the hexamer (Mol. wt. c&d.: 1804.5), respectively,- of the unit -GeBu,-O-(c- 
C,H,,)-0-. Attempts to distil these products were unsuccessful : a glassy material was 
formed and decomposition occurred above 350” on rapid heating at a pressure of 
0.05 mmHg_ 

From the reaction in extremely dilute solution between germanium tetra- 
chloride and cis-l+cyclohexanediol in mole ratio l/2, a solid product (V) of the 
composition ~O-(C-C~H~~)-O-G~-O-(C-C~H,&-O-+,, (yield 23 %) wzs isolated ; 
it was insoluble in benzene and several other solvents and so the molecular weight 
could not be determined. These observations, together with spectroscopic data indi- 
cate a polymeric compound. No change in composition and properties were observed 
on repeated sublimation. 

In contrast, the reactions of dibutylgermanium dichloride and germanium te- 
trachloride with cis,cis,cis-2,5-di-tert-butyl-l+l-cyclohexanediol in mole ratios l/l 

.(VI) and l/2 (VII), respectively, gave only monomeric compounds. The products were 

* 
c-=6%0 

=-e. 







CYCLIC GERMANIUM 1,4XYCLOHEXANEDIOLATES 335 

obtained. Yield 46-51%. (Found: C, 56.0; H, 9.2; Ge, 23.9; 0, 10.5. Mol. wt., 602.5. 
Calcd. : C, 55.9; H, 9.3 ; Ge, 24.1; 0,10.6%. Mol. wt., 601.5.) MS : m/e ( % abundance) : 
molecular ion 602(0.5), 301(1.6), 245(100), 188(75). 

Rapid distillation of the product (2 g) at 276/0.05 mrnHg gave a viscous oil (II) 
(0.6 g)_ (Found: C, 55.6; H, 9.1; Ge, 23.1; 0, 10.0%. MoLwt. 1868.) MS: m/e (% 
abundance): 301(2.1), 245(97), 188(82). IR: C-O, 1070 cm-’ s(br); Ge-0,710 cm-’ 
s (br). 

(b). The same reaction was carried out by dissolving 0.05 moles of each reac- 
tant in 300 ml benzene and gaseous ammonia was passed in at 0”. Gel filtration gave 
two colourlessliquids(III)and(IV): (III) (Found: C, 55.1; H,9.0; Ge,23.6; 0, 11.1%. 
Mol. wt., 1237.) MS: m/e (% abundance): 301(0-g), 245(100), 188(90). (IV) (Found: 
C,55.7;H,9.5;Ge,23.2; 0,11.4%.Mol.wt., 1788.)MS:m/e(“/oabundance):301(1.8), 
245(100), 188(72). 

Reaction between germanium tetrachloride and cis-l&cyclohexanedioI in mole ratio 
l/2 

O_OOl Moles of germanium tetrachloride and 0.002 moles of diol were dissolved 
separately in 100 ml benzene. The solutions were added carefully at the same rate to 
200 ml benzene at 0” containing dissolved ammonia. The white precipitate which 
formed was filtered off, and the product was extracted from this precipitate with 
nitromethane. Removal of the solvent and sublimation in vacuum at 120-140” 
gave a white solid (V), (yield 23%). (F ound: C, 47.2; y-7.1 ; Ge, 23.1 (by combustion 
analysis), 0,23.1%_ Calcd. : C, 47.9 ; H, 6.7 ; Ge, 24.1; 0, 21.3 %_) MS : m/e ( oA abun- 
dance): iSS(3.9) 130(3.1). 

Reaction between dibutylgermanium dichloride and cis,cis,cis-2,5-di-tert-butyl-I& 
cyclohexanediol in mole ratio l/l 

0.02 Moles of each reactant were dissolved in benzene (300-200 ml), and am- 
monia was passed in at 25’. After filtration and removal of the benzene by distillation 
under reduced pressure a viscous residue remained. Distillation in vacuum gave a 
colourless liquid (VI), b-p. 317” (yield 49-53%) (Found: C, 64.1; H, 10.6 ; Ge, 17.2 ; 
0, 9.6. Mol. wt., 417.1. Calcd.: C, 64-O; H, 10.6; Ge, 17.6; 0, 7.8%. Mol. wt., 413.2.) 
Molecular ion in MS was found at m/e 414(0.5). 

The same reaction between 0.01 moles germanium tetrachloride and 0.02 
moles diol (l/2) gave a white solid product (VII), which was isolated by removal of the 
benzene under reduced pressure and sublimation in vacuum. SubL 129” (yield 50-5 1%). 
(Found: C, 63.2; H, 9.5; Ge, 14.5; 0, 12.6. Mol. wt., 518.7. Calcd.: C, 64.1; H, 9.9; 
Ge, 13.8; 0, 12.2%. Mol. wt., 524.9.) The mass spectrum showed the molecular ion 
at m/e 526(1.2). 
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