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Treatment of (chlorodimesitylsily1)diarylgermanes (1, Ar = 2,4,&trimethylphenyl= mesityl = Mes; 2, 
Ar = 2,4,6-triisopropylphenyl) with exas8 tert-butyllithium in THF followed by quenching the reaction 
mixture with methanol gave (dimesitylsily1)diarylgermanes (3, Ar = Mes; Ar = 2,4,&triisopropylphenyl). 
Surprisingly, when either reaction mixture was quenched with methanol-d,, the corresponding (dimesi- 
tylsily1)diaryldeuteriogermanes (3a, Ar = Mes; 4a, Ar = 2,4,6-triisopropylphenyl) were formed. The 
germyllithium compound Ar2GeLiSMMesz has been proposed as an intermediate. The germyllithium (Ar 
= Mes) waa also trapped with other electrophiles, e.g. methyl iodide, chlorotrimethylsilane, and benzyl 
bromide, to give Mes2GeESiHMesz (8, E = Me; 6, E = SiMe,; 7, E = Br). Possible mechanisms for the 
formation of these compounds are also discussed. 

Introduction 
An understanding of the nature of compounds contain- 

ing a silicon-germanium bond is becoming more important 
with the development of Si-Ge systems in the area of 
semiconductors1 and polymers.2 Although there are many 
examples in the literature of compounds containing a 
silicon-ger" bond, reports on the chemistry of these 
compounds are ~poradic.~ We have initiated a study on 
the chemistry of mixed silicon-germanium  compound^;^ 
in particular, we are interested in potential precursors of 
germasilenea, compounds containing a silicon-germanium 
double bond. We now report on the synthesis of (chloro- 
dimesityleily1)diarylgermanes (1, Ar = 2,4,6-trimethyl- 
phenyl = mesityl = Mea; 2, Ar = 2,4,6-triisopropylphenyl) 
and on our investigations of the reactions between 1 or 2 
and alkyllithium reagents in hydrocarbon or ethereal 
solvents. Although compounds 1 and 2 did not yield a 
germasilene by a 8-elimination reaction; the chemistry 
described herein is an important and interesting report on 
the reactivity of compounds containing a silicon-germa- 
nium bond. 

Results and Discussion 
The (chlorodimesityls~y1)lyl)diarYlgermanes can readily be 

prepared by the treatment of dichlorodimeaitylsilaue6 with 
1 equiv of the appropriate diarylgermyllithium reagent in 
tetrahydrofuran (THF) in good to excellent yield. (Bis- 
(2,4,6-triisopropylphenyl)germyl)lithium is prepared in the 
same manner as the known (dimesitylgermy1)lithiithium:B by 
treatment of the diarylgermane with tert-butyllithium 

(1) Perrin, J. Pure Appl. Chem. 1990,62,1681. 
(2) I d a ,  H.; Fujiki, M.; Fujino, M.; Mataumob, N. Macromolecules 

1991,24,2647. Takeda, K.; Shiraiehi, K.; Mataumob, N. J. Am. Chem. 
SOC. 1990,112, 5043. 

(3) Pannell, K. H.; Sharma, S. Organometallics 1991,10, 1655. Ka- 
baki, M.; Inoue, 5.; Nagata, y.; Sato, Y. Synth. Commun. 1990,20,3245. 
Biltueva, I. S.; Bravo-Zhivotovskii, D. A.; Kalikhman, I. D.; Vitkovekii, 
V. Y.; Shevchenko, S. G.; Vyazankin, N. S.; Voronkov, M. G. J. Orga- 
nomet. Chem. 1989,368, 163. Pawlenko, S. Methoden der Organkche 
Chemie (Houben- Weyl); Georg Thieme V e r b  Stuttgart, 1980; Vol. 13, 
No. 5, p 291 (see ale0 references therein). Kraus, C. A.; Nelson, W. K. 
J. Am. Chem. SOC. 1934,56,195. 

(4) Bainee, K. M.; Cooke, J. A. Organometallics 1991, 10, 3419. 
(5) Fink, M. J.; Michalczyk, M. J.; Haller, K. J.; Weet, R.; Michl, J. 

Organometallrcs 1984, 3, 793. 
(6) Cmtel, A.; Riviere, P.; Satg6, J.; KO, H. Y. Organometallics 1990, 

9, 205. 
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(t-BuLi) in THF. Trsatment of the 80 formed reagent with 
dimethyl sulfate gave a good yield of methylbis(2,4,6-tri- 
isopropylpheny1)germane. 
ArPGeH2 + 1-BuLi - ArpGeHLi + Me@, - Ar$eHMe (1) 

Ar = Mess 
Ar = 2,4,6-triisapropylphenyl 

(2) 
THF 

Ar2GeHLi + Me*iCI, - Ar,Ge-SiMes, 
I I  

H CI 
1: Ar= Mes 
2: Ar = 2,4,&triisopropyphenyl 

The 'H NMR spectrum of 1 indicatea restricted rotation 
about one of the M-mesityl bonds (M = Ge or Si), most 
probably the Si-Mes bond. The 'H NMR spectrum of 2 
is also temperature dependent, indicating hindered rota- 
tion about both the Gearyl and the Si-Mea bonds. When 
the temperature of the sample is raised to 130 "C, the 
signals of the spectrum sharpen considerably (see Figure 
1). In accordance with the assigned structures of com- 
pounds 1 and 2, the %Si NMR spectrum of 1 and of 2 
shows one doublet in the range 4-7 ppm with a coupling 
constant of approximately 19 Hz. This is consistent with 
a chlorogilane with a two-bond coupling to hydrogen, but 
clearly not with a compound with a direct Si-H linkage. 

When 1 or 2, in cyclohexane at room temperature, was 
treated with t-BuLi, or potassium hydride, no reaction took 
place: the starting material was recovered in good yield. 
Likewise, treatment of 2, in pentanea at room temperature, 
with methyllithium, butyllithium, phenyllithium, or t -  
BuLi, also gave no observable reaction. However, addition 
of t-BuLi to 1 or 2 in THF in the cold followed by warming 
to room temperature yields a red-brown solution, which 
upon treatment with methanol immediately decolorizes (to 
pale yellow). After workup, the products were purified by 
chromatography to give (dimesitylsily1)dimesitylgermane 

Ar,Ge-SiMes, (3) 

(I) EX- r - m t  
THF 

(t i )  MeOH 
* 

I 1  
Ar,Ge-SiMes, 

H CI H H  
I I  

3: Ar = Mes 
4: Ar = 2,4,6-lriisopropylphenyl 

(3) or (dimesitylsilyl)bis(2,4,&triisopropylphenyl)germane 
(4) in moderate isolated yields. In the reaction of 2, minor 
amounts of 1,3,5-triisopropylbenzene and bis(2,4,6-triiso- 
propylpheny1)germane are also formed, indicating some 
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cleavage of the silicon-germanium bond and the germa- 
nium-aryl bond under them conditions. A similar reaction 
was observed by Wiberg and co-workers7 when 
(Me2XSi)(Me3Si)2CBr (X = F, SPh) was treated with t- 
BuLi. They attributed the formation of (Me2XSi)- 
(Me3Si)2CH (X = F, SPh) to initial Li/Br exchange, fol- 
lowed by abstraction of a proton, at least in part, from 
tert-butyl bromide. Satg6 and co-workers have obtained 
similar products on several occasions. Treatment of (t- 
Bu2FGe)PHAr (Ar = 2,4,6-tri-tert-butylphenyl) with t- 
BuLi in diethyl ether/pentane gave (t-Bu2HGe)PHAr.* 
Formation of the hydridogermane was believed to be a 
consequence of the diradical nature of t-Bu2Ge=PAr. 
Similarly, treatment of B ~ S ~ G ~ F - C H R ~ ~  or Bis2SnCl- 
CHRlO (Bis = bisyl = CH(SiMe3)2 and CR, = fluorenyl- 
idene) with t-BuLi in EgO also gave the hydridogermane 
and the hydridostannane as well as recovered starting 
material. In each case, the formation of the hydrides was 
attributed to initial dehydrochlorination followed by a 
single-electron-transfer reaction with a second equivalent 
of t-BuLi to give an intermediate radical anion. 

Bis,y-CR, 

M = Ge, Sn 

I 
Li 

The radical anion is believed to abstract a hydrogen atom 
from the solvent. The resulting carbanion is then 
quenched with methanol to give the observed products. 

In order to probe the mechanism for the formation of 
the dihydrides 3 and 4 and the nature of the intermedi- 
ate(s), the reaction between 1 and t-BuLi was carried out 
in THF-dB. Deuterium incorporation at the Si-H or G e H  
position was not observed by 2H NMR spectroscopy. On 
the other hand, when the reaction mixture was quenched 
with methanol-d4, a deuterium atom was incorporated into 
the product, but surprisingly, it was attached to  the ger- 
manium atom (38 and 4a 1, as shown by lH, 2H, and 29Si 

(i) Pl-BuLi, THF 

(ii) MeOH-d4 
Ar,Ge-SiMes, C 

I I  
H CI 

1: Ar = Mes 
2: Ar = 2,4,6-triisopropylphnyl 

Ar,Ge-SiMes, (4) 
I I  
D H  

3a: Ar = Mes 
4a: Ar = 2,4,6-triisopropylphenyl 

NMR spectroscopy. Similar results were obtained with 
compound 2. In the same manner, quenching the reaction 
mixture derived from 1 and t-BuLi with methyl iodide led 
to the formation of (dimeeitylsily1)dimegityl"ane 
(5), use of chlorotrimethylsilane led to the formation of 
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(i) PrBuLi, THF 
Mes&-SiMes, c I t  (ii) E-X 

H CI 

Mes,Ge-SiMes, 

E H  
5 E-X = Mer, E = Me 
6: E-X = CISiMe3, E = SiMeo 
7: E-X = BrCH2Ph, E = Br 

I I  

(dimesitylailyl)dimesityl(trimethylsilyl)germane (61, and 
use of benzyl bromide led to the formation of (dimesi- 

b 

1 a 

Figure 1. (a) 'H NMR spectrum of 2 in CBDG at 20 OC. (b) 'H 
NMR spectrum of 2 in C7D8 at 130 "C. 

Scheme I 
mechanism A 

Ar,Ge-SiMes, - Ar,Ge-SiMes, - +I.BuLI r m I  
I I  -LCI - >= 
H H  

I I  
H CI 

.E'. 
Ar,Ge-SiMes, - Ar,Ge-SiMes, 

I I  
E H  

I I  
Li H 

8 
mechanism B 

tauLI 
Ar,Ge-SiMes, - Ar,Ge-SiMes, + t-BuCI 

I I  
H Li 

9 

I I  
H CI 

"E+" I 
Ar,Ge-SiMes, - Ar,Ge-SiMes, 

I I  
Li H 

8 

I t  
E H  

tylsily1)bromodimesitylgermane (7)." Minor amounts of 
3 were formed in each case. The use of excess t-BuLi 
decreased the reaction time required; however, increasing 
amounts of cleavage products [i.e. Mes2GeHE (E = Me, 
SiMe3, CH2Ph)] were observed. 

These results lead us to believe that the immediate 
precursor to compounds 3-7 is the germyllithium 8. 
Several possible mechanisms for the formation of 8 can 
be envisaged. The possibility of initial formation of a 
germasilene by dehydrochlorination, followed by a sin- 
gle-electron transfer from a second equivalent of t-BuLi 
and, finally, abstraction of a hydrogen from the solvent, 
similar to the process described by Satg6?Jo has been 
eliminated since no deuterium incorporation was observed 
when the reaction was carried out in THF-d8. Alterna- 
tively, t-BuLi may act as a hydride-transfer reagent, re- 
ducing the (chlorosily1)germane to the dihydride 3. A 

(7) Wiberg, N.; Preiner, G.; Schieda, 0. Chem. Ber. 1981,114, 2087. 
(8) Ranaivonjatovo, H.; Eecudi€, J.; Couret, C.; Satg6, J.; Driger, M. 

(9) Lauaq, M.; Couret, C.; Eecudi6, J.; SatgB, J.; Soufiaoui, M. Poly- 

(10) Aneelme, G.; Couret, C.; EscudiB, J.; Richelme, S.; Satg6, J. J. 

New J.  Chem. 1989,13,389. 

hedron 1991,10,1153. 

Organomet. Chem. 1991,418, 321. 

(11) The formation of compound 7 is presumably due to a lithium 
bromine exchange reaction between 8 (Ar = Mea) and benzyl bromide. 
A similar process waa observed when 2,4,6-tris(bis(trimethyleilyl)- 
methy1)phenyllithium waa treated with benzyl bromide in THF in the 
cold." The formation of the product, in this case, waa presumed to be 
formed via an electron-transfer reaction mechanism. Such a mechanism 
for the formation of 7 cannot be ruled out at this point. 
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Scheme I1 
Mes 

H 

3 
tert-Bu- 

Mes , Mes 

10 

Ar'  = + 
second equivalent of t-BuLi may then abstract a proton 
from the germanium atom to give the desired germyl- 
lithium compound 8 (mechanism A, Scheme I). The re- 
duction of b e  chlorosilanes by alkyllithium reagents has 
been observed.12 Another possible mechanism involves 
initial Li/C1 exchange between t-BuLi and the (chloro- 
sily1)germane to give the silyllithium 9. Formation of the 
germyllithium may then take place by an intramolecular 
(or intermolecular) proton shift (mechanism B, Scheme 
1). 

We have preliminary results concerning the nature of 
the mechanism for the formation of the germyl anion. 
Firstly, we have established that a minimum of 2 equiv of 
t-BuLi is required to complete the reaction (from 1 to 3). 
This does not enable us to distinguish between mechanism 
A or B since in mechanism B a second equivalent of t-BuLi 
will most probably react with the formed t-BuC1. We have 
also independently synthesized the germyl anion 8 by 
treatment of 3 with t-BuLi in THF followed by trapping 
with methyl iodide to give 5, confirming the feasibility of 
the second step of mechanism A. Attempts to trap the 
intermediate silyl anion have met with limited success. 
Quenching the reaction mixture between 1 and t-BuLi 
after short reaction times (less than 1 h) with deuterium 
oxide or methanol-d, leads to the formation of minor 
amounts of (deuteriodimesitylsilyl)dimesitylgermane, as 
observed by 'H and 2H NMR spectroscopy. In contrast, 
when (chlorodimesitylsily1)deuteriodimesitylgermane is 
used as a starting material, no evidence is found for 
transfer of the deuterium from germanium to silicon in the 
product mixture. 

Although the treatment of 2, in cyclohexane at room 
temperature, with t-BuLi gave no detectable products, 
refluxing the reaction mixture led to minor quantities of 
the 1-siladihydrobenzocyclobutene, 10. The formation of 
this product can be accounted for by the following mech- 
anism. t-BuLi may abstract a proton of one of the 0- 
methyls of the silyl-substituted mesityl groups to give a 
carbanion which could then undergo intramolecular sub- 
stitution with the silyl chloride to give the observed com- 
pound (Scheme 11). A similar mechanism has been pro- 
posed by Weidenbruch for the formation of the stanna- 
cyclobutene 12, when the chlorostannane 11, diesolved in 
petroleum ether, is treated with ~ -BuL~. '~  This mechanism 

1 1  

CH3 v 

12 

Ar = 2,4,6-tri-tert-butylphenyl 

is supported by deuterium-labeling studies. If we begin 
with (chlorodimesitylsily1)deuteriobis(2,4,6-triisopropyl- 
phenyl)germane, after carrying out the reaction under the 
same conditions, it is found that the product does not 
contain any hydrogen attached to the germanium; the 
deuterium is retained throughout the reaction. This 
eliminates a reaction mechanism through a germasilene- 
type intermediate generated by initial dehydrochlorination 
of 2. 

In conclusion, the treatment of 1 or 2 with t-BuLi in 
THF yields the novel silyl-substituted germyllithium 8. 
The germyllithium reagent can be trapped with electro- 
philes to give a variety of substituted silylgermanes. Ad- 
ditional synthetic uses of this novel germyllithium reagent 
are being investigated. Although the mechanism for the 
formation of the germyllithium is sti l l  under consideration, 
we currently favor mechanism A shown in Scheme I. The 
bulky chlorosilane is first reduced by t-BuLi to give the 
dihydride. The germyl hydrogen is then abstracted by a 
second equivalent of t-BuLi, and the resulting germyl- 
lithium compound can then be trapped by electrophiles. 
In refluxing cyclohexane, the reaction between 2 and t- 
BuLi takes another course. The evidence suggests that 
abstraction of the 0-benzylic proton of a silyl-substituted 
mesityl group followed by an intramolecular substitution 
gives the 1-siladihydrobenzocyclobutene. We are contin- 
uing our investigations of the chemistry of (halosily1)ger- 
manes. 

Experimental Section 
All reactions were carried out in oven-dried glassware under 

an atmosphere of dry argon. THF and EhO were distilled from 
the sodium ketyl of benzophenone, pentanes and cyclohexane were 
distilled from LiAlH,, and MeOH was distilled from magnesium 
methoxide prior to use. MeLi, BuLi, PhLi, and t-BuLi were 
obtained from the Aldrich Chemical Co., and their concentrations 
were periodically checked using the Gilman double-titration 
method.14 GeCh was used as received from the Toronto Research 
Co. 1,3,5-Triisopropylbenzene was used as received from the 
Aldrich Chemical Co. l-Bromo-2,4,6-triisopropylbenzene was 
prepared according to a literature procedure.1s Chromatography 
was carried out on silica gel plates using a Chromatot" (Harrison 
Research) or conventional preparative plates. 

NMR spectra were recorded on a Gemini 200, Varian XL-200 
(200.1 MHz for 'H and 50.3 MHz for 13C), or an XL-300 (299.9 
MHz for 'H, 75.4 MHz for 13C, and 59.6 MHz for %Si) spec- 
trometer using deuterated benzene as a solvent unless otherwise 
noted. The standards used were as follows: residual C a & ,  7.15 
ppm for 'H NMR spectra; c&e central transition, 128.00 ppm 
for 13C NMR spectra; Me4Si as an external standard, 0.00 ppm 
for ?3 i  NMR spectra. The 13C NMR signal assignmenta were 
made by using the DEPTle pulse sequence or by recording the 

(14) Wakefield, B. J. Organolithium Methods; Academic Press: To- 

(15) Whitesides, G. M.; Eisenhut, M.; Bunting, W. M. J. Am. Chem. 
(12) We/denbruch, M.; Peter, w. J. Organomet. Chem. 1975,84,151. 
(13) Weidenbruch, M.; Schiifers, K.; Schlaefke, J.; Peters, K.; von 

ronto, 1988; p 18. 

SOC. 1974, 96,5398. Schnering, H. G. J. Organomet. Chem. 1991, 415, 343. 
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proton-coupled spectra. IR spectra were recorded on a Bruker 
FT infrared spectrometer controlled by an IBM System goo0 
computer; a Finnegan MAT Model 8230 system was used with 
an ionizing voltage of 70 eV to obtain electron impact mass spectra 
(reported in mass-to-charge units, m/z,  with intensities of peaks 
relative to the base peak and ion identity in parentheses). Ele- 
mental analyses were performed by Galbraith Laboratories Inc., 
Knoxville, TN. 
Bis(2,4,6-triisopropylphenyl)germane. (2,4,6-Triiso- 

propylpheny1)magnesium bromide was prepared by the addition 
of a solution of l-bromo-2,4,6-triisopropylbenzene1s (25.6 g, 90 
"01) dissolved in THF (70 mL) into a flask containing Mg (4.4 
g, 181 mmol) in THF (32 mL), over 30 min. The mixture in the 
flask was stirred well during the addition and for 1 h afterward 
at room temperature and then for 2 h at 40 OC. The concentration 
of the Grignard reagent solution was determined by back-titration. 
To a vigorously stirred solution of GeC, (4 mL, 34.4 mmol) 
dissolved in benzene (40 mL) was added the Grignard reagent 
(103.5 mL, 0.7 M, 72.5 "01) over 50 min. The mixture was then 
gently refluxed for 10.5 h, hydrolyzed using 6 M HC1, and ex- 
tracted with EhO, and the combined extracts were dried over 
MgSOI. All the solvents were removed to yield a cream-colored 
solid mass. Ethanol was added (10 mL) and the mixture fiitered 
to yield 14.3 g of bis(2,4,6-triisopropylphenyl)dihalogermane as 
a white powder. 

To a well-stirred suspension of L U 4  (1.6 g, 42 "01) in EhO 
was added a solution of the above dihalogermane (14.3 g) in EhO 
(25 mL) over 40 min. The mixture was then gently refluxed for 
11 h. Excess LiAlH, was destroyed by the slow addition of 6 M 
HCl. The reaction mixture was extracted with Ego. The com- 
bined organic layers were washed with brine (80 mL) and then 
dried over MgSO, and filtered. All the solvents were removed 
to yield bis(2,4,6triisopropylphenyl)germane as a colorless liquid, 
in 71% yield (11.8 g). IR (neat, mi'): 2056 (s, Ge-H). 'H NMR 
(ppm): 7.12 (s,4 H, Ar'-H), 5.57 (8,  2 H, Ge-H), 3.52 (sept, 4 H, 
J = 6.8 Hz, o-CH(Me),), 2.77 (sept, 2 H, J = 6.9 Hz, p-CH(Me),), 
1.20 (d, 12 H, J = 6.9 Hz, p-CH(Me)&, 1.19 (d, 24 H, J = 6.8 Hz, 
o-CH(Me),). 13C NMR (ppm): 154.45, 150.16, 131.81, (M-C), 
121.55 (ArCCH), 34.84 (o-CH(Me),), 34.7 (p-CH(Me),, 24.6 (o- 
CH(Me),),24.19 (p-CH(Me)& MS [m/z (%)I: 482 (6, M+), 278 

Methylbis(2,4,6-triieopropylphenyl)germane. To a solution 
of bis(2,4,6triisopropylphenyl)germane (0.48 g, 1 "01) dissolved 
in THF (4 mL) at -23 OC was added, all at once, a solution of 
t-BuLi (0.8 mL, 1.4 mmol, 1.7 M in pentanes), and the mixture 
was stirred at -23 OC (dry ice-CC1,) for 1 h. The bright yellow 
solution was then added dropwise to a solution of dimethyl sulfate 
(0.2 mL, 1.7 mmol) dissolved in THF (0.5 mL) at  room tem- 
perature. The yellow color disappeared after 1.5 h of stirring. 
The mixture was stirred for another 2.5 h, hydrolyzed using 6 M 
HC1, and extracted with Ego. The combined organic phase was 
then dried over MgSO, and filtered, and the solvents were re- 
moved to yield methylbis(2,4,6-triiipropylphenyl)germane which 
was purified by chromatography to give 0.35 g (69%). IR (neat, 
cm-'1: 2033 (8,  Ge-H). 'H NMR (ppm 70 OC): 7.08 (8,  4 H, 
Ar'-H), 5.78 (9, 1 H, J = 4.1 Hz, Ge-H), 3.47 (sept, 4 H, J = 6.9 
Hz, o-CH(Me),), 2.78 (sept, 2 H, J = 6.9 Hz, p-CH(Me)J, 1.20 
(J = 6.9 Hz), 1.16 (J = 6.8 Hz), 1.15 (J = 6.8 Hz) (each d, total 
36 H, CH(Me),), 1.0 (d, 3 H, J = 4.1 Hz, Ge-Me). 13C NMR 
(ppm): 154.1, 149.77, 134.95 (Ar'-C), 121.64 (Ar'-CH), 34.64 
(p-CH(Me),), 34.13 (o-CH(Me).J, 24.85, 24.18 and 24.64 (CH- 
(Me),), 3.34 (Ge-Me). MS [m/z (%)I: 496 (38, M+), 495 (100, 

(Chlorodimesitylsily1)dimesitylgermane (1). A solution of 
Me@eHLi (from t-BuLi, 7.75 "01, and Me%GeHz, 1.50 g, 4.79 
"01, in anhydrous THF)6 was added to Mes2SiClz (1.62 g, 4.82 
mmol) in THF (10 mL) at  -23 OC (dry ice-CC,). The solution 
was allowed to warm to 20 "C and stirred for 21 h before workup 
under acidic conditions (1 M HC1). The crude product was 
triturated with methanol, yielding a white solid (2.79 g, 94%). 

(92, M+ - C15H24), 235 (15), 203 (100, C15H23+), 189 (22). 

M+ - H), 479 (34), 289 (50), 275 (62), 231 (141,189 (24), 91 (45). 
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Mp 200 OC dec. IR (KBr pellet, cm-l): 2046 (s, Ge-H). 'H NMR 
(ppm): 6.72,6.63 (each s,4 H,Mes-H),5.86 (8, 1 H,Ge-H), 2.37 
(be, 12 H, @Me), 2.36 (s,12 H, @Me), 2.09,2.03 (each s,6 H, pMe). 
13C NMR (ppm, 60 OC): 144.62, 144.28, 139.88, 138.30, 135.20, 
132.62 (Mes-C), 130.23,129.17 (Mes-CH), 24.85,24.57,20.93,20.86 
(Me); 29Si NMR (CDC13, ppm): 4.58 (d, J = 19 Hz). MS [m/z 
(%)I: 613 (6, M+ - I), 579 (32), 495 (16), 312 (loo), 301 (64), 265 
(16), 192 (a), 119 (10). High-resolution MS for C&16W17Qe28Si 
(m/z):  calcd 614.2191; found 614.2196. Anal. Calcd for 
CsH,&lGeSi: C, 70.44; H, 7.39. Found C, 69.28; H, 7.15. 
(Chlorodimesitylsily1)deuteriodimesitylgermane (la). 

Mes2GeD2 was prepared by reduction of Mes2GeX2 with LADI. 
Mes2GeD2 was then substituted for Mes2GeH2 in the preparation 
of 1 to give la. IR (thin film, cm-'): no Ge-H. 2H NMR (Cs&, 
ppm): 5.89 (Ge-D). 

(Chlorodimesitylsilyl)bis(2,4,6-triisopropylphe~yl)ger- 
mane (2). To a solution of bis(2,4,6-triisopropylphenyl)germane 
(1.44 g, 3.00 mmol) dissolved in THF (12 mL) at -23 OC (dry 
i c 4 C u  was added t-BuLi (2.5 mL, 4.2 mmol,1.7 M in pentanes) 
in one shot. The reaction mixture was stirred well for 1 h at  -23 
OC. The yellow germyllithium solution was then added dropwise 
to a solution of Mes2SiClz (1.01 g, 3.00 mmol) dissolved in THF 
(6 mL) at -23 OC. The resulting solution was warmed to room 
temperature and stirred overnight. The reaction mixture was then 
hydrolyzed using 3 M HC1 and extracted with Ego. The com- 
bined organic layers were dried over MgSO, and filtered, and the 
solvents were removed. The crude product was purified by 
chromatography to yield 2 (1.63 g, 70%) as a white powder. Mp 
186-188 "C. IR (KBr, cm-'1: 2002, 2014 (s, Ge-H). IR (CCl, 
solution, cm-'): 2014 (s, GeH) .  'H NMR (C7D8, ppm, 130 "C): 
7.03 (s,4 H, APH), 6.63 (s,4 H, APH), 6.05 (8, 1 H, Ge-H), 3.36 
(sept, 4 H, J = 6.6 Hz, o-CHMe2), 2.78 (sept, 2 H, J = 6.8 Hz, 
p-CHMez), 2.32 (8,  12 H, o-Me), 2.06 (s, 6 H, p-Me), 1.20 (J = 
6.9 Hz), 1.13 (J = 6.6 Hz), 0.88 (J = 6.7 Hz) (each d, total 36 H, 
CHMe,). 13C NMR (C7D8, ppm, 120 "C): 154.99,150.07,145.06, 

(CHMeJ, 34.49 (CHMeJ, 24.77,24.61,24.42,23.86,20.63 (all Me). 
%i NMR (C7D8, ppm): 7.27 (d, J = 19.8 Hz). MS [m/z  (%)I:  
M+ - SiClMesJ, 480 (100, M+ - H - SiClMes,), 301 (16, M+ - 
(Cl&&GeH), 277 (38), 235 (lo), 203 (2, C l a d .  High-resolution 
MS for CleH683sc174Ge28Si (M+ - H) (mlz): calcd 781.3991; found 
781.4074. AnaL Calcd for C&ClGeSi: C, 73.71; H, 8.89. Found 
C, 73.65; H, 8.68. 
(Chlorodimesitylsilyl)deuteriobis( 2,4,64riisopropylphe- 

ny1)germane (h). Prepared in the same manner as la. W NMR 
(CHCl,, ppm): 5.63 (b 8) .  

(Dimesit y lsil y 1) dimesit y lgermane (3). Addition of t-BuLi 
(3.2 mL, 5.0 mmol, 1.55 M in pentane) to 1 (0.50 g, 0.82 mmol) 
in anhydrous THF (15 mL) at -23 OC (dry ice-CCl,) followed by 
wanning to 20 "C and stirring for 6 h yielded a red-brown solution. 
Addition of methanol to the reaction mixture resulted in im- 
mediate decolorization (to pale yellow). After aqueous workup, 
the product waa purified by chromatography to give 3 (0.15 g, 
33%) and dimesitylgermane (0.02 g, 8%). Characterization for 
3: mp 183 OC dec; IR (KBr pellet, cm-') 2133,2023 (SiH/GeH); 
Raman (solid, cm-') 578,563,553,528,434,149; 'H NMR (ppm) 
6.69, 6.65 (each s, 4 H, Mes-H), 6.01 (d, 1 H, J = 11 Hz, Si-H; 
assigned by ?3i-'H correlation spectroscopy), 5.75 (d, 1 H, J = 
11 Hz, Ge-H), 2.37, 2.34 (each s, 12 H, o-Me), 2.08, 2.05 (each s, 
6 H, p-Me); 'H NMR (CDCI,, ppm) 6.68 (b s), 5.60 (d), 5.33 (d), 
2.20 (s), 2.19 (s), 2.15 (s), 2.09 (8);  '% NMR (ppm) 145.17,144.05, 
139.11,135.96,135.07,130.05 (Mes-C), 129.22, 128.96 (Mes-CH), 
24.30,23.91,21.05, 21.00 (Me); ?3i NMR (ppm) -47.96 (d of m, 
J = 194 Hz); MS [m/z  ( % ) I  579 (4, M+ - l), 312 (50), 267 (40), 
207 (loo), 192 (46), 119 (32); high-resolution MS for C&d4Ge28Si 
(M+ - 1) (m/z)  calcd 579.2508, found 579.2493. Anal. Calcd for 
CsHaGeSi: C, 74.62; H, 8.00. Found C, 74.06; H, 7.72. 

(Dimesitylsily1)deuteriodimesitylgermane (3a). Charac- 
terization for 3a containing approximately 40% of 3: 'H NMR 
(ppm) 6.01 (b s, Si-H); W NMR (CHCl,, ppm) 5.27 (b a); % NMR 
(C&, ppm) 5.75 (b 8 ) ;  %i NMR (CDC13, ppm) -48.71 (m, J = 
191 Hz). 
(Dimesitylsilyl)bis(2,4,6-triisopropylphenyl)germane (4). 

Addition of t-BuLi (0.8 mL, 1.2 mmol,1.5 M in pentane) to 2 (0.10 
g, 0.13 "01) in anhydrous THF (5 mL) at -23 OC (dry ice-CC&) 

139.76, 136.07, 133.61 ( A A ) ,  130.18, 122.58 (Ar-CH), 35.82 

782 (0.6, M+), 781 (0.9, M+ - H), 746 (0.3, M+ - HCl), 481 (65, 

(16) Doddrell, D. M.; Pegg, D. T.; Bendall, M. R. J. Magn. Reson. 
1982,48,323. Doddrell, D. M.; Pegg, D. T. J. Am. Chem. SOC. 1980,102, 
6388. 

(17) Tokitoh, N.; Mataumoto, T.; Suzuki, H.; Okazaki, R. Tetrahedron 
Lett. 1991, 32, 2049. 
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followed by warming to 20 "C and stirring for 5.5 h yielded a 
red-brown solution. Addition of methanol to the reaction mixture 
resulted in immediate decolorization (to pale yellow). After 
aqueous workup, the product was purified by chromatography 
to give 4 (30 mg, 31%) and bis(2,4,6-triisopropylphenyl)gemane 
(6 mg, 9%). Mp 188-191 O C .  IR (KBr, cm-'): 2137,2020 (Si-H 
and Ge-H). 'H NMR (ppm, 20 "C): 7.05 (a, 4 H, Ar-H), 6.63 
(8,  4 H, Ar-H), 6.01 and 5.98 (AB system, SiH, GeH, 2 H, J = 
10.9 Hz), 3.38 (b 8, 4 H, o-CHMe,), 2.74 (sept, 2 H, p-CHMe,), 
2.42 (b 8 ,  12 H, o-Me), 2.03 (s,6 H, p-Me), 1.184, 1.175 (b d, 36 
H, CHMe,). 'H NMR (ppm, 70 "C): 7.04 (8,  4 H, Ar-H), 6.65 
(8,  4 H, Ar-H), 5.97 (8 ,  2 H, Si-H and Ge-H), 3.37 (sept, 4 H, J 
= 6.6 Hz, o-CHMe,), 2.76 (sept, 2 H, J = 6.9 Hz, p-CHMez), 2.41 
(s, 12 H, o-Me), 2.04 (s,6 H, p-Me), 1.181, (J = 6.9 Hz), 1.177 (J 
= 6.9 Hz) (each d, total 12 H, p-CHMe,), 1.12 (b d, 12 H, J = 
6.7 Hz, 0-CHMe2), 0.93 (b d, 12 H, J = 6.4 Hz, o-CHMez). 13C 
NMR (ppm, 70 "C); 154.8, 149.74, 145.39, 139.08, 135.9, 130.48 
(Ar-C), 129.33, 122.16 (Ar-CH), 35.73, 34.54 (-CHMeZ), 24.57, 
24.43,24.07,24.04, 20.93 (all Me). ?Si NMR (ppm): -49.08 (d 
of d, 'J = 191 Hz, 2J = 8.8 Hz). MS [m/z (%)I :  747 (16, M+ - 
H), 629 (12, M+ - Mes), 545 (24, M+ - C15H23)r 480 (100, M+ - 
H - SiHMesz), 351 (20, SiHMes(C15Hz3)), 277 (34, Ge(C1&3)), 
267 (46, M+ - GeH(C15H23)2), 203 (14, CISHB). High-resolution 
MS for C4BHB974Ge28Si (M+ - H) (mlz):  calcd 747.4380; found 
747.4389. Anal. Calcd for C48H7,,GeSi: C, 77.10; H, 9.44. Found: 
C, 76.42; H, 9.40. 
(Dimesitylsilyl)deuteriobis(2,4,6-triisopropylphenyl)- 

germane (4a). Characterization for 4a containing a significant 
amount of 4: 'H NMR (ppm) 5.99 (b s, Si-H); 2H NMR (CHC13, 
ppm) 5.52 (b 8, Ge-D). 

(Dimesitylsily1)dimesitylmethylgermane (5). To a solution 
of 1 (98.7 mg, 0.161 "01) dissolved in LiAlH,-dried THF (5 mL) 
was added t-BuLi (0.3 mL, 0.4 mmol, 1.55 M in pentanes) at  -23 
"C (dry ice-CCl,). The cold bath was removed, and the reaction 
mixture was stirred for 4.3 h. Me1 (0.5 mL) was then added. After 
aqueous workup, the products were separated by chromatography 
to give 52.5 mg of a white solid which consisted of a mixture of 
compounds 5 and 3 in a ratio of 83:17 respectively (by 'H NMR 
spectroscopy). Characterization for 5 containing approximately 
10% of 3: IR (thin, film, cm-') 2141, 2029; 'H NMR (ppm) 6.69, 
6.68 (each 8, Mea-H), 5.96 (a, Si-H), 2.29,2.23 (each 8, o-Me), 2.10, 
2.08 (each 8, p-Me), 1.26 (8,  GeMe); 13C NMR (ppm) 145.00, 
143.83,138.83,137.64,131.30 (Mes-C), 129.47,129.25 (Mea-CH), 
24.72, 24.29, 21.06, 20.91, 7.12 (all Me); '%i NMR (ppm) -48.41 
(d, J = 189 Hz); MS [m/z  ( % ) I  594 (0.6, M+), 578 (0.8), 475 (21, 
327 (1001, 311 (lo), 281 (111, 267 (241, 235 (7), 147 (41, 119 (3); 
high-resolution MS for C37H,24Ge28Si (M+ - 1) ( m / z )  calcd 
593.2659, found 593.2634. 
(Dimesitylsilyl)dimesityl(trimethylsilyl)germane (6). To 

a solution of 1 (79.4 mg, 0.13 "01) dissolved in THF (5 mL) was 
added t-BuLi (1.5 mL, 2.3 mmol, 1.55 M in pentanes) at  -23 "C 
(dry ice-CCl,). The cold bath was removed and the reaction 
mixture was stirred for 3.5 h. MeaSiCl (0.4 mL, distilled from 
CaCl, prior to use) was then added. After aqueous workup, the 
products were separated by chromatography to give 6 (33.1 mg) 
and dimesityl(trimethylsily1)germane (9.6 mg, 19.3%). Charac- 
terization for 6 containing approximately 25% of 3 IR (thin film, 
cm-') 2137,2029; 'H NMR (ppm) 6.70,6.67 (each 8, Mes-H), 6.16 
(s, Si-H), 2.36,2.23 (each 8, o-Me), 2.10,2.08 (each s, p-Me), 0.34 
(8, SiMed; 13C NMR (ppm) 144.85,143.83,139.10,138.46,137.04, 
132.06 (Mes-C), 129.07, 128.96 (Mes-CH), 25.95, 24.99, 21.05, 
20.89,3.63 (all Me); %i NMR (ppm) -2.93 (m, J = 6 Hz), -48.50 
(d, J = 186 Hz); MS [m/z ,  CI, isobutane (%)I  652 (6, M+), 651 
(lo), 637 (21,579 (51,460 (381,385 (lOO), 312 (561, 294 (33), 267 
(85), 266 (231, 221 (56), 193 (40), 147 (41), 119 (42), 73 (77); 
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high-resolution MS for C,&Im7'Ge"Si (M+ - 1) (m/z )  calcd 
651.2898, found 651.2930. Characterization for Mes&eH(SiMea): 
'H NMR 6.77, 5.18 (Ge-H), 2.40, 2.12, 0.25 (SiMe,); 13C NMR 
(ppm) 143.34,137.49,135.17,128.22,24.56,20.98,0.33; MS [m/z,  
CI, isobutane ("l~)] 386 (18, M+), 385 (401,371 (5, M+ - Me), 313 
(8, M+ - SiMe3), 267 (28, M+ - Mes), 221 (20), 193 (25, MesGe), 
147 (28, MesSi), 119 (20, Mes), 73 (100, SiMeS). 
Bromo(dimesitylsily1)dimesitylgermane (7). To a solution 

of 1 (130 mg, 0.211 "01) dissolved in THF (5 mL) was added 
t-BuLi (1.5 mL, 2.3 mmol, 1.55 M in pentanes) at  -23 "C (dry 
ice-CC1,). The reaction mixture was then stirred at room tem- 
perature for 6 h before the addition of PhCHzBr (0.3 mL). After 
aqueous workup, 7 was obtained by washing the crude reaction 
mixture with pentanes (41.5 mg, 30%). The product can be 
further purified by chromatography. IR (KBr, cm-I): 2151 (SM). 
Raman (solid, cm-'): 580,564, 653, 530,426, 264, 184,176,155. 
'H NMR (ppm): 6.67,6.64 (each s, Mes-H), 6.18 (8, Si-H), 2.45, 
2.38 (each s, o-Me), 2.06, 2.05 (each s, p-Me). '% NMR (CDC13, 
ppm): 145.26, 142.96, 139.44, 138.79 (Mes-C), 129.40, 128.80 
(Mes-CH), 128.51 (Mes-C), 24.42, 21.08,20.90 (Me). 29Si NMR 
(ppm): -44.56 (d, J = 187 Hz). MS [m/z  (%)I: 660,658 (0.4, 
0.6, M+), 579 (4, MC - Br), 391 (12, MesGeBr), 385 (16), 312 (98, 
Mes2Ge), 267 (98, Mes,SiH), 192 (70), 147 (50), 119 (100, Mes). 
High-resolution MS for C3sH,7%r74Ge%i (m/z): d c d  658.1686, 
found 658.1691. 

1- (Bis (2,4,6-triisopropylphenyl)germyl)- l-mesityl-4,6-di- 
methyl-1-siladihydrobenzocyclobutene (10). To a solution 
of 2 (100 mg, 0.13 mmol) dissolved in cyclohexane (1 mL) at  10 
"C was added t-BuLi (0.75 mL, 1.55 M in pentanes) in one shot. 
The reaction mixture was warmed to room temperature and then 
reflused for 3 h. The resulting dark orange solution was cooled, 
and excess MeOH was added. The color of the reaction mixture 
changed to lemon yellow. The reaction mixture was stirred for 
1 h, hydrolyzed using 1 M HCl, and extracted with EhO. The 
ether extracts were combined and then dried over MgSO, and 
filtered, and the solvent was removed to yield a mixture of the 
starting material (74 mg) and the rearranged product, 10. The 
products were separated using chromatographic techniques. 
Compound 10 was isolated in 50% yield (17 mg) based on con- 
sumed 2. Mp 135-137 "C. IR (KBr, cm-'): 1983 (a, GeH). 'H 
NMR (ppm): 7.04 (8 ,  2 H, Ar-HI, 7.01 (8,  2 H, Ar-H), 6.76 (8, 
1 H, Ar-H), 6.73 (8 ,  1 H, Ar-H), 6.62 (s, 2 H, Ar-H), 6.01 (a, 1 
H, Ge-H), 3.32 (pseudooctet, 4 H, J = 6.8 Hz, 0-CH(Me)z), 2.74 
(sept, J = 6.9 Hz, p-CH(Me),), 2.73 (aept, J = 6.9 Hz, p-CH(MeI2, 
both sept 2 H), 2.88,2.55 (d, 2 H, J = 16.4 Hz, CH, geminal), 2.37 
(8,  6 H, o-Me), 2.34 (8 ,  3 H, Me), 2.13 (8, 3 H, Me), 2.06 (8, 3 H, 
Me), 1.25 (d, J = 6.8 Hz, o-CH(Me),), 1.20 (d, J = 6.8 Hz, o- 
CH(Me)2), 1.18 (d, J = 6.8 Hz, o-CH(Me),), 1.17 (d, J -- 6.7 Hz, 
o-CH(Me)2, all four d 24 H), 0.71 (d, 6 H, J = 6.6 Hz, p-CH(Me)z), 
0.62 (d, 6 H, J = 6.6 Hz, p-CH(Me1.J. 13C NMR (ppm): 154.42, 
154.06,151.96,149.65,149.48,144.31.141.75,141.20,140.68,139.33, 
136.17,135.84, 132.33 (M), 130.09,128.69,124.84,122.11,121.92 
( M H ) ,  36.42,36.05 (0-CHMez), 34.51 @-CHMe2), 24.68,24.55, 
24.46,24.23,24.19,24.14,135.84,22.42,21.74,21.00 (all Me), 22.50 
(CHz). %i('H1 NMR (ppm): -5.27. MS, m/z [CI, isobutane (%)I: 
746 (14, M+), 626 (32, M+ - MesH), 542 (99, M+ - C15HU), 480 
(75, (C15HB),Ge), 349 (531,277 (100, Ge(C15HzJ), 265 (20, M+ - 
(Cl5HZ3),GeH), 235 (301, 204 (421, 189 (491, 147 (39, MeaSi), 119 
(20, Mea), 105 (42). High-resolution MS for Cah74Ge%i (m/z): 
calcd 746.4302; found 746.4286. 
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