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ABSTRACT. Potential precursors of phosphagermaallenes based on the use 
of dimethyl-benzyl-amine as a substituent on the group 14 element were 
designed. The proper orientation of the lone pair on the nitrogen towards the 
germanium atom could enhance the electron density around the germanium, 
thus stabilizing the –P=C=Ge< unit. Three novel phosphagermapropenes 
have been obtained and evidenced through NMR spectroscopy. The solid 
state structure of a novel organometallic germanium derivatives is also 
discussed. 
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INTRODUCTION 

The synthesis of compounds in which two, or even three carbon atoms 
of an allene are formally replaced by heavier elements of group 14 or 15, has 
constituted a new challenge in organometallic chemistry [1-4]. Due to the 
presence of two unsaturations, such heteroallenes were thought to possess 
a rich and versatile chemistry and to be very useful building blocks in 
organometallic chemistry. 

Unlike the 1,3-dimetallaallenes >E14=C=E14<, their phosphorus 
counterparts, 1,3-phosphametallaallenes –P=C=E14<, have been experimentally 
investigated [5]. The recent studies reveal that for the stabilization of the 
P=C=Ge framework a greater steric shielding is required [6]. This was 
achieved by grafting bulky organic groups on the germanium atom. The 1,3-
phosphagermaallene Mes*P=C=GeTip(tBu) (Tip=2,4,6-tri-iso-propyl-phenyl), 
the first stable heteroallene that contains two heavy double-bonded group 
14 and 15 elements, was obtained quantitatively as an orange solid by the 
dehalogenation of dihalophosphagermapropene with tert-butyllithium at -80 °C 
[5c]. 
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While exploring new ways to further stabilize the -P=C=Ge< unit in 
phosphagermaallenes, we have envisaged the increase of the electron density 
on the germanium atom through its coordination with an electron-donor atom 
(scheme 1). The electronic influence, combined with the steric hindrance 
afforded by the coordinating atom can be enhanced by a chelate effect. 

 
D

P=C=Ge
 

 
Scheme 1 

 

This can be attained by functionalizing the germanium precursor 
with a pendant arm ligand containing a nitrogen atom as the electron-donor 
atom and it has already been used in the stabilization of various doubly-
bonded compounds of germanium such as germathiones >Ge=S [7], 
germaselones >Ge=Se [8] and germatellones >Ge=Te [8]. 
 

RESULTS AND DISCUSSIONS 

In order to obtain new products containing stable P=C-Ge or P=C=Ge 
units, the dimethyl-benzylamine group can be employed as a pendant arm 
ligand. To this purpose the synthesis of 2-(tert-butyldichlorogermyl)phenyl)-N,N-
dimethylmethanamine 1 has been carried out through the series of reactions 
represented in scheme 2. The ortho-lithium N,N-dimehyl-benzylamine was 
first prepared according to the method of Noltes [9]. The selectivity of the 
ortho-lithiation was explained by a strong coordination between the nitrogen 
and lithium atoms. Addition to tBuGeCl3 [10] afforded 1 in a good yield. 

 
NMe2

+ nBuLi

NMe2

Li
+ tBuGeCl3

THF, 0oC

NMe2

GetBuCl2
Et2O

24h, r.t.

1  
Scheme 2 

 
A by-product of the reaction depicted in scheme 2 was the germane 

(Me2NCH2C6H4)2(tBu)GeCl 4, for which the solid state structure was determined 
and will be discussed herein. 

Derivative 1 was characterized through its proton and carbon NMR 
spectra. From the available data, it was impossible to determine if the 
nitrogen atom was coordinated to the germanium atom since in both cases 
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(coordination or lack of thereof) the two Me group and the two methylenic 
protons are equivalent. 

Reaction of the dichlorogermane 1 with the lithium derivative of 
Mes*P=CCl2 at low temperature led to the phosphagermapropene 2 in a 
poor yield (scheme 3).  

Mes*P=CCl2
+ nBuLi

THF, -90oC
[Mes*P=CClLi]

1

THF

-80oC to r.t.

NMe2

Ge

tBu

Cl

C

Cl

PMes*

2  
Scheme 3 

 
One of the major by-products was Mes*P=C(Cl)H, due to the final 

hydrolysis of Mes*P=C(Cl)Li which had not reacted with 1. The formation of 2 
was evidenced through 31P NMR spectroscopy. The signal appears at 300.4 
ppm, as expected for a phosphagermapropene, along with the characteristic 
peak for Mes*P=C(Cl)H, in a 3.6:1 ratio. Although attempts to isolate compound 
2 failed, its 1H NMR spectrum shows a broad signal for the methylene 
protons on the pendant arm indicating in this case the coordination of the 
nitrogen atom to the germanium.  

The N→Ge coordination should be less favorable in 2 than 1 for two 
reasons: the greater steric congestion which can prevent the approach of 
the NMe2 moiety and the less electrophilic character of the germanium atom 
substituted by only one chlorine atom instead of two. As the coordination was 
proved in the case of 2, we can reasonably postulate that such coordination 
also exists in 1 [11]. 
 An alternative synthetic route involved the preparation of Mes*P= 
C(SnMe3)Cl 3, as indicated in scheme 4, to obtain the phosphagermaallene 
precursor Mes*P=C(SnMe3)-Ge(Me2NCH2C6H4)(tBu)Cl. The latter could eliminate 
Me3SnCl to afford the P=C=Ge unit without using a lithium compound. 
 

Mes*P=CCl2
+ nBuLi

THF, -90oC
[Mes*P=CClLi] Me3SnCl

THF, -85oC
Mes*P C

Cl

SnMe3

3  
Scheme 4 

 
 Mes*P=C(SnMe3)Cl 3 was evidenced by 31P NMR (with a chemical 
shift at 280.5 ppm) and the resulting reaction mixture was used without 
further purification. Treatment with tBuLi and the subsequent addition of 
(Me2NCH2C6H4)(tBu)GeCl2 does not lead to the expected stannylated-
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phosphagermapropene, but affords a mixture of 2 and Mes*P=C(Cl)H, in 
about the same ratio as observed in the case of the previously described 
synthetic route (see scheme 5). 

1) tBuLi

THF, -90oC

NMe2

Ge

tBu

Cl

C

Cl

PMes*

Mes*P C

Cl

SnMe3

3

2) 1

NMe2

Ge

tBu

Cl

C

SnMe3

PMes*

2

X
 

Scheme 5 
 

The formation of 2 can be explained by the preliminary cleavage reaction 
of the weak C-Sn bond by tBuLi, leading to Me3SnBu and Mes*P=C(Cl)Li 
followed by the subsequent reaction with 1 and/or hydrolysis.  

 
Study of germane (Me2NCH2C6H4)2tBuGeCl 4 

The structure of compound 4, obtained as a by-product in the 
reaction between C6H4(Li)CH2NMe2 and tBuGeCl3, was determined by X-
ray diffraction (figure 1), showing that two halogen atoms of tBuGeCl3 have 
been replaced by two Me2NCH2C6H4 moieties. The Ge(1)-C(1) (1.919(11) 
Ǻ) and Ge(1)-C(10) (1.931(10) Ǻ) distances lie in the normal range for such 
bonds between a germanium atom and the ipso-carbon of an aromatic ring. 
By contrast, the Ge(1)-C(19) distance was slightly elongated to 1.993(14) 
Ǻ) due to the steric hindrance of the tBu group. 

The most interesting feature was the presence of a distorted tetrahedral 
geometry around the germanium atom: the sum of angles C(1)Ge(1)C(10), 
C(1)Ge(1)C(19) and C(10)Ge(1)C(19) was 350.5°, not too far from 360° for 
a planar geometry. In a tetrahedral structure, the sum of these angles 
should be 327.7°. The distance of the Ge atom to the C(1)C(10)C(19) plane was 
only 0.35 Ǻ. Thus, the four atoms C(1), C(10), C(19) and Ge(1) are roughly in a 
plane. The Ge(1)-Cl(1) bond length (2.253 Ǻ) is slightly elongated compared to 
standard Ge-Cl distances (2.09 to 2.21 Ǻ) [14b]. The nitrogen atom N(1) is 
far from the germanium atom (4.724 Ǻ), but the nitrogen atom N(2) is closer 
(3.107 Ǻ). Even if the distance is long for an interaction between the Ge 
and N(2) atoms, the elongated Ge-Cl bond and the tendency to a planar 
geometry for the GeC3 skeleton are in agreement with a weak coordination. 
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Figure 1. Molecular structure of 4 (thermal ellipsoids drawn at the 50% probability 

level); hydrogen atoms are omitted for clarity; selected bond lengths (Å) and angles (°). 
Ge(1)-C(10): 1.919(11); Ge(1)-C(1): 1.931(10); Ge(1)-C(19): 1.993(14); Ge(1)-Cl(1) 
2.253(4); C(2)-C(7): 1.515(14); C(7)-N(1): 1.451(16); C(11)-C(16): 1.517(15); 
C(16)-N(2); 1.473(14); C(10)-Ge(1)-C(1): 117.5(5); C(10)-Ge(1)-C(19): 117.3(5); 
C(1)-Ge(1)-C(19): 115.7(5); C(10)-Ge(1)-Cl(1): 100.6(4); C(1)-Ge(1)-Cl(1): 100.8(3); 
C(19)-Ge(1)-Cl(1): 99.6(4); Ge(1)-N(1): 4.724; Ge(1)-N(2): 3.107. 

 

Action of tBuLi on derivative 2 

The reaction of 2 with tert-butyllithium was followed by 31P NMR 
techniques. After the addition of the lithium reagent and warming up to room 
temperature, the signal corresponding to the phosphagermapropene 2 disappears 
and two other peaks appear at 403.3 and 322.2 ppm (d, JPH = 24.85 Hz). 
The more deshielded signal at 403 ppm could reasonably be assigned to the 
lithium compound 5 (scheme 6), stabilized by a possible interaction with the 
amino group (such a deshielded signal like the one at 441.4 ppm was observed 
in a phosphasilapropenyl derivative with a similar structure Mes*P=C(Li)SiCl [12]. 

When the reaction mixture was kept under an inert atmosphere, the 
amount of the compound corresponding to the signal at 322 ppm increased. 

Although attempts to separate the mixture and further analyze the 
two derivatives are still in progress, we have assigned the signal at 322 
ppm to 7, the hydrolysis product of 5, which can also be used as a precursor in 
the synthesis of the desired phosphagermaallene. 

Subsequent treatment of 5 with Me3SnCl led to the shift of the signal 
to a higher field (392.6 ppm), which could be explained by the formation of 
6 (scheme 6). 
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Scheme 6 

 
A signal at this field was characteristic of a Mes*P=C derivative, with 

two electropositive groups on the doubly bonded carbon atom. For example 
Mes*P=C(SiMe3)2 with two SiMe3 group which have about the same electronic 
proprieties as Me3Sn and R(tBu)ClGe gives a signal at 393 ppm [13] and the 
rather similar derivative Mes*P=C(SnMe3)2 gives a signal at 386.7 ppm [14]. 

Heating 5 or 6 to get the expected phosphagermaallene by elimination 
of LiCl or Me3SnCl was unsuccessful. However, new attempts will be made 
using other solvents or involving heating in a sealed tube.  

 

CONCLUSIONS 

Several routes to obtain phosphagermaallenes stabilized through 
electronic effects induced by the presence of a pendant arm ligand on the 
germanium atom were investigated. The increased reactivity of the 
phosphagermapropenes and their lithium derivatives leads to poor yields and 
the reaction parameters are yet to be perfected, but three novel precursors 
in the synthesis of phosphagermaallenes, Mes*P=C(Cl)Ge(Me2NR)tBuCl 2, 
Mes*P=C(SnMe3)Ge(Me2NR)tBuCl 6 and Mes*P=C(H)-Ge(Me2NR)tBuCl 7 
(R=CH2C6H4) have been obtained and evidenced through NMR spectroscopy. 
A new organometallic derivative of germanium, (Me2NCH2C6H4)2tBuGeCl 4, has 
also been characterized and its structure in solid state has been determined 
through X-ray diffraction. 
 

EXPERIMENTAL PART 

General procedures 

All experiments were carried out in flame-dried glassware under an 
argon atmosphere using high-vacuum-line techniques. Solvents were dried 
and freshly distilled on drying agents and carefully deoxygenated on a 
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vacuum line by several “freeze-pump-thaw” cycles. NMR spectra were 
recorded in CDCl3 on the following spectrometers: 1H, Bruker Avance 300 
(300.13 MHz) and Avance 400 (400.13 MHz); 13C{1H}, Bruker Avance 300 
(75.47 MHz) and Avance 400 (100.62 MHz) (reference TMS), 31P, Bruker 
AC200 at 81.02 MHz (reference H3PO4). Melting points were determined on 
a Wild Leitz-Biomed apparatus. Mass spectra were obtained on a Hewlett-
Packard 5989A spectrometer by EI at 70 eV. 
 

Synthesis of 2-(tert-butyldichlorogermyl)phenyl)-N,N-
dimethylmethan-amine 1 

To 4.5 ml (4 g, 29 mmol, 10% excess) of PhCH2NMe2 in 30 ml of 
ether, 16.25 ml nBuLi 1.6 M (26 mmol) were added dropwise and then the 
reaction mixture was stirred at room temperature for 24 hours, when a white 
precipitate appeared, and then it was cooled down to 0 °C. A solution of 6.25 g 
of tBuGeCl3 (26 mmol) in 40 ml of THF was cooled to 0 °C and then cannulated 
drop by drop to the lithium derivative of the amine. The mixture was allowed 
to react for ½ hours and then the solvents were removed under vacuum 
and replaced with 40 ml of pentane. Lithium salts were separated by filtration 
and the solution was stored at -25 °C for 24 hours. The solution was 
concentrated until 1 precipitates as a white solid (7 g, η = 60 %). 
 1H (300 MHz): 1.33 (s, 9H, tBu, C(CH3)3); 2.17 (s, 6H, methyl, CH3); 3.61 
(s, 2H, methylene, CH2); 7.39-8 (m, 4H, arom H) 
 13C (75.5 MHz): 27.08 (tBu, C(CH3)3) 38.26(tBu, C(CH3)3); 45.35 (Me, CH3); 
63.43(methylene, CH2); 127.30-144.84 (arom C) 
Transparent crystals are obtained from the pentane solution stored at room 
temperature and were later identified by X-ray crystallography as derivative 4. 
 1H (300 MHz, C6D6): 1.48 (s, 9H, tBu, C(CH3)3), 1.70 (s, 12H, NCH3), 2.92 
(d, 2H, CH2, 

2JHH = 12 Hz), 3.26 (d, 2H, CH2, 
2JHH = 12 Hz), 7.15-7.20, 8.13-

8.19 (broad signals, 8H, arom H) 
 

Synthesis of (Me2NCH2C6H4)tBuGe(Cl)C(Cl)=PMes* 2 

To 2.6 g (7.2 mmol) of Mes*P=CCl2 in 40 mL of THF cooled at -95 °C, 
4.95 mL of nBuLi 1.6 M in hexane (10% excess) were added dropwise. The 
reaction mixture was stirred at low temperature (-75 °C) for 45 minutes. A 
solution of 2.4 g of 1 in 30 ml of THF was cannulated slowly on to the 
lithium derivative, after it had been previously cooled down to -70 °C. The 
reaction mixture was then allowed to gradually warm up to room temperature 
and THF was removed under vacuum. Replacement with pentane allowed 
for the precipitation and separation of the lithium salts. 31P-NMR spectra 
indicates the formation of 2, which could not be separated from the by-
product Mes*P=CHCl. The estimated yield (in 31P NMR) was 40%. 
 31P (121.5 MHz): 300.3 ppm 
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Attempted Synthesis of (Me2NCH2C6H4)tBuGe(Cl)C(SnMe3)=PMes*  

To a solution of 2.6 ml of Mes*P=CClLi in 20 ml THF, prepared as 
described above, 10 ml of a THF solution of Me3SnCl2 (0.52 g, 2.6 mmol) 
were added dropwise at -70 °C. The resulting mixture was used without any 
further purification; as Mes*PCCl(SnMe3) was identified by 31P NMR to form 
in almost quantitative yield. 2 ml of tBuLi 1.5M in hexane were then added at low 
temperature and after 15 minutes, 0.9 g (2.6 mol) of 1 in 15 ml THF were 
cannulated. The solution was allowed to slowly warm up at room temperature. 
The formation of the expected Mes*P=C(SnMe3)Ge(Me2NCH2C6H4)(Cl)tBu 
was not evidenced, instead, derivative 1 was formed ( 31P :300.3 ppm). 
 

Action of tBuLi on 2 

To the THF solution of a mixture of 2 and Mes*P=CHCl (1.55 g, in a 
3.6:1 molar ratio), 2 ml tBuLi 1.5M in pentane were added at -90 °C. The 
solution was allowed to warm up to room temperature, and then the reaction 
products were characterized by 31P-NMR and the lithium derivative 5 was 
assigned the peak at 403 ppm. At room temperature, only the hydrolysis 
product of the lithioderivative, compound 7, was observed in phosphorus NMR 
(δ ppm: 322.2 ppm (d, JPH = 24.85 Hz)). Upon adding an excess of Me3SnCl to 
a sample solution of 5, the signal shifted at higher fields, which was consistent 
with the formation of 6. 
31P (121.5 MHz): 147 ppm 
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