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Summary 

The reaction of the 1,3-di-Grignard reagent 1,3-bis(bromomagnesio)-2,2-dimeth- 
ylpropane (2) with silicon or germanium tetrachloride gave the 2,2,6,6_tetramethyl- 
4-metallaspiro[3.3]heptanes (1) in 15% (Si) and 48%) (Ge) isolated yield, respectively. 
The spectroscopic properties of 1 are briefly discussed. 

Introduction 

Examples of Spiro compounds which contain a Group 14 metal as Spiro atom in a 
four-membered ring are scarce [1,2]. Several 4-silaspiro[3.3]heptanes are known 
[1,336], their synthesis usually involving formation of the second silacyclobutane 
ring from a dihalo precursor under Barbier-type conditions. Even less is known 
about germaspiroalkanes; the smallest representatives contain two five-membered 
rings or the combination of a four- and five-membered ring [2,7,8]. 

After the successful application of the 1,3-di-Grignard route to the synthesis of 
monocyclic metallacyclobutanes [991.5], it seemed of interest to explore the exten- 
sion of this approach to the synthesis of metallaspiro[3,3]heptanes 1. 

Results and discussion 

We chose the substituted 1,3-di-Grignard reagent 2 [11,14] for the preparation of 
the 2,2,6,6-tetramethyl-4-metallaspiro[3.3]heptanes la (M = Si) and lb (M = Ge). 
The reactions were performed in a straightforward fashion by addition at room 
temperature of two molar equivalents of 2 in diethyl ether to one molar equivalent 
of silicon tetrachloride (in n-pentane) or germanium tetrachloride (in benzene), 
respectively (Scheme 1). A white precipitate of magnesium chloride bromide formed, 

and after stirring for 15 or 1 h, respectively. the mixture was quenched with water 
and worked up in the usual way. Compound la was formed in ca. 50% and lb in ca. 
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BrMg MgBr 

i la M = 51 ; 
(2) lb w = se , 
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TABLE 1 

NMR SPECTRAL DATA FOR SOME MONO- AND SPIRO-CYCLIC METALLACYCLOBUTANES 

OF SILICON AND GERMANIUM (in CDCI,) 

Compound ‘H ” L7C h “h$ < 

S(CH,) S(CCH,) S(MCH,) S(CH2) S(CCH,) G(M-CH,) S(C-quart)’ 

la 

lb 

3’ 

4” 

5 s 

6a’ 

6b’ 

1.18 1.15 _ 32.1 34.2 _ 

(t; 1291 [q quint; 

[124.5. 4.61 
1.70 1.14 _ 38.2 33.6 _ 

[t; 1331 [q quint; 

124.5. 4.61 
1.35 1.13 0.46 34.1 34.3 1.0 

[tm: 1311 [q quint: 

128. 51 [q: 1271 
1.06 0.26 14.8 _ 

L-1 h 
1.25 - _ 18.3 _ 

L-1 h 
2.52 - 0.13 70.6 1.0 

[t: 1301 [q: 1191 
2.75 - 0.26 71.5 _ ~ 0.2 

[t: 1341 [q; 1251 

35.6 10.7 c 

3x.0 

36.X _ 

_ 1 x.4 

_ 37.2 

~ 76.0 

il 90 MHz: S in ppm; all signals were singlets. “62.X9 MHz; S in ppm: [multiplicity: J(CH) in Hz]. 
’ 49.63 MHz; S in ppm. ’ Ali signals were singlets. ” Nonet; ‘J(SiH) 5.9 Hr. ’ From Ref. 12. 4 From Ref. 
6. ” Data not available. ’ From Ref. 15: C,D,. 

compounds have slightly deshielded (Y-CH, groups. Similarly. both ‘H and 13C 
nuclei of the a-CH, groups of the germanium compounds lb, 3 and 6b are 
deshielded in comparison with their silicon analogues la. 4 (two C-methyl groups 
missing, vide supra) and 6a in line with general experience. Consistenly, the ‘J(CH) 
couplings of the a-CH, groups are larger for the germanium compounds, which is 
indicative of higher s-character in the CH bonds and thus of a larger H-C-H angle. 

Two factors may be reponsible. In the first place, the degree of puckering in the 
germacyclobutanes may be higher than in silacyclobutanes, which leads to a 
reduction of the endocyclic angles. Silacyclobutanes are puckered [1,4], but the 
structures of germacyclobutanes are not known, though they are expected to be 
more puckered because the longer germanium-carbon bonds will lead to reduction 
of unfavourable 1,3 interactions across the ring. Secondly, carbon is expected to 
employ more s-character in its bond to germanium than to silicon. Given the 
constant sum of one s and three p orbitals participating in the four carbon hybrid 
orbitals, this will lead to a reduction of the endocyclic valence angle at the a-carbon 

[161. 
An interesting feature in the mass spectra of la and lb is the appearance of a 

relatively abundant fragment ion [M-C,H,]+: In view of the well-established 
cleavage of silacyclobutanes under electron impact conditions into silaethenes and 
ethylene [17], we suggest an analogous cleavage of la and lb to isobutene and the 
l-methylenemetallacyclobutanes 7a and 7b, respectively (Scheme 2). It should be 
pointed out that in contrast to observations on the monocyclic silacyclobutanes [17], 



the [Mm C’,H,] .. ions do not form the base peak: further fragment;~tinn iz widcnt. 
in particular the loss of an additinn;~l methyl group. 

Experimental 
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