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Dialkylaminogermanes and Dialkylaminosilanes 

B Y HERBERT H. ANDERSON1 

Dimethylamine or diethylamine react with certain germanium halides or chlorosilanes to yield dialkylaminogermanes or 
dialkylaminosilanes, including new Si(NMe2)4, Si2O(NEt1)., MeSi(NMe2)3, Me1Si(NMe1)J, Ge(NMe2)4, Ge(NEt2)4, EtGe-
(NMe2)s and EtGe(NEt2)j. Dissolved dialkylammonium chloride contaminated some other preparations. Benzoyl 
chloride and a dialkylaminogermane or a dialkylaminosilane upon gentle reflux furnish the corresponding chloride C8HjCOCl 
+ MeSi(NMe2)j -*• MeSiCl>. A modified method of changing a chloride into an iodide consists of treating EtGeCli with 
Et2NH to give soluble EtGe(NEt2)j, followed by conversion into EtGeIj using HI gas. There is a discussion of the tetra
chlorides of carbon, silicon, germanium, tin and lead and their reactions with alkylamines, aniline and ammonia. 

In the conversion of trialkyl- or dialkylgerman-
ium chlorides into bromides or iodides there are 
several methods available, but the process for 
monoalkylgermanium halides uses the insoluble, 
polymeric EtGeN2; losses can be high both in time 
and in material. A single change, from EtGeCl3 
to EtGe (NEt2) a to EtGeI8, as reported herein, 
indicates a possible alternate method. 

This paper fills some spaces vacant in earlier 
researches on silicon and germanium. The be
havior toward ammonia is understood in halides of 
silicon and germanium; the behavior toward 
dialkylamines of halides of silicon and germanium 
is until now insufficiently known; the reaction of 
aniline with germanium halides needed clarification. 
(Other investigators in this Laboratory have just 
studied addition compounds which tertiary amines 
form with halides of germanium, and will report 
them separately.) The next paragraph lists some 
compounds essential to any description of tenden
cies in the fourth group of the periodic table. 

The following are stable, known compounds: 
Me3Si(HNMe), Et3SiNH2, Me3Si(NEt2)8; SiCl3-
(NEt2)4; SiCl2(HNC6Hj)2

6; Si(HNC6H6)4
6a; HSi-

( H N C 6 H B ) 3 ' ; Me3Si(HNC6H6), Me2Si(HNC6H6), 
and MeSi(HNC6Hs)3

7; (Et2GeNH)3
8; (Et3Ge)2NH, 

possibly a trimer9; (C4H4N4^Ge10; (C6H10N)4Ge11; 
SnCl44NH3; P b C l 4 ^ H 3 and PbCl4-SC6H5NH, 
among others.12 This list, not complete, serves 
only for illustration. Carbon tetrachloride reacts 
with aniline at elevated temperature, forming 
diphenylaminobenzamidine hydrochloride18 and 
other substances. 

Together with new results herein, the known 
information has been considered; the following 
conclusions apparently explain trends for the 
group IV elements carbon, silicon, germanium, 
tin and lead. Carbon tetrachloride, failing to 
react, does not fit in the series very well; silicon 
tetrachloride, germanium tetrachloride, stannic 
chloride and lead tetrachloride all react with am
monia, mono- and dialkylamines and aniline to form 
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primary "addition compounds," which are quite 
stable with the tin and lead tetrahalides, but which 
are not highly stable in the silicon and germanium 
cases. With tin and lead,12 compounds such as 
PbCl4-SC6H6NH2 do not react further to yield an 
anilide; the Pb-Cl bond is too stable for rupture, 
and no HCl can form. With both SiCl4 and GeCl4 
anilino derivatives form, undoubtedly derived 
from addition compounds; the Si-Cl bond and the 
Ge-Cl bond both are broken; alkylanilinosilanes, 
except for the tetraanilino derivative,6 are quite 
stable when pure; anilinogermanes and alkyl-
anilinogermanes exist, but evidently decompose too 
easily to permit isolation as pure compounds. 
The reaction of the silicon and germanium halides 
with ammonia is similar, except that the germanium 
derivatives are probably more stable; (Et2GeNH)3 
boils at 100° under 0.01 mm. pressure,8 the struc
ture probably being a six-membered ring; (Et3Ge)2-
NH boils at 100° under 0.1 mm. pressure,9 and 
may be a cyclic trimer or a dimer. It is difficult 
to weigh the results of Thomas and Southwood11; 
their compound (C6Hi0N)4Ge, prepared from piperi-
dine and GeCl4, is undoubtedly valid; little cred
ence should be assigned to their reaction between 
Et2NH and GeCl4, most unfortunately performed 
in the absence of a solvent. All-in-all, the dialkyl-
amino derivatives of silicon appear to be more 
stable than those of germanium, while SnCl4 
and PbCl4 merely form "addition compounds"12; 
probably steric effects block preparation of (Et2N)4-
Si (herein Si2O (NEt2) 6 is reported). Therefore, as an 
over-all conclusion, silicon tetrachloride and related 
chlorosilanes form stable amino, alkylamino and ani
lino compounds more easily than do chloroger-
manes while tin and lead tetrahalides do not form 
such compounds at all; on the other hand, addition 
compounds of tin and lead tetrahalides are quite 
stable. Thus basicity or acidity appears to explain 
the trends: neutral CCl4 reacts reluctantly with ani
line13 ; predominantly acidic silicon halides react the 
most satisfactorily with aniline, alkylamines and 
ammonia, furnishing the most stable anilino, alkyla
mino and amino compounds (with the slightly basic 
Me3SiCl the reaction with aniline requires forcing 
conditions, but the Me3Si(HNC6H6) forms); tran
sitional, sometimes basic, sometimes acidic,14 germa
nium halides react with aniline, alkylamines and am
monia, but the anilino compounds decompose easily 
(aniline is a bulky, very weak base); the predomi
nantly basic elements tin and lead are represented 
as" addition compounds" only—no anilino, alkyl
amino or amino derivatives are formed. 

(14) H. H. Anderson, THIS JOORNAL, 72, 2089 (1950). 
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Compound 

Si(NMe2)4 

MeSi(NMe2)," 

Me2Si(NMe? )2 

Si20(NEt2)6 

Ge(NMe2)* 

Ge(NEt2)4 

EtGe(NMe2), 

EtGe(NEt2)S 

H.p., 
"C . 

180 
74-75 

161 
55-56 

128.4 
334 
138-139 
203 

87-89 
266 dec. 
108-110 
191 
105-107 
249 
117-118 

M m . 

760 
19 

760 
17 

760 
760 

1 
760 

15 
760 

2 
760 

34 
760 

12 

TABLE I 

M. p., 
0 C 

_ 2 

- 1 1 

- 9 8 
- 1 6 

14 

None 

- 4 6 

None 

•I"-?, 

0.973 

.850 

.809 
1.022 

1.069 

1.215 

1.049 

1.108 

MoI. 
CaI Cd. 

204.4 

175.3 

146.3 
504.9 

248.9 

361.1 

233.9 

317.9 

Aiwly: 
vvt. 

Found 

212 

173 

530 

260 

330 

Neut. 
Calcd. 

51.1 

58.4 

73.1 
84.1 

29.2 

20.1 

31.1 

22.8 

equiv. 
Found 

50.5 

58.5 

74.7 

28.6 

19.7 

30.5 

22.5 

<• For MeSi(NMe2)s, ni2 is 1.4324 and R is 53.5; for Me2Si(NMe2)3) nn is 1.4169 and R is 45.5 . All distillations are at 
lowest pressures given. 

Some reactions of alkylamines with chloro-
silanes or chlorogermanes failed to yield pure com
pounds, mainly because some halide, probably 
alkylammonium halide, has remained in solution. 
Ammonium chloride and alkylammonium chlorides 
are not very soluble in pure benzene; undoubtedly 
the larger the alkyl group and also the greater the 
number of alkyl groups, the more soluble the alkyl
ammonium halide is in pure benzene. A plot of the 
logarithm of solubility of Me4NCl (in a mixture of 
benzene and ethylene dichloride) against the log
arithm of the dielectric constant for the mixed 
solvent gave a straight line18; also, dialkylam-
monium halides were somewhat soluble in liquid 
H2S.16 In preparations described in this paper one 
does not have pure benzene; the actual mixtures, 
usually with excess amine, are sometimes evidently-
better solvents than pure benzene and thus retain 
enough alkylammonium halide to prevent purifica
tion of the desired alkylamino derivative. During 
the reaction of diphenylgermanium dichloride with 
ethylamine, a solid which precipitated at first 
later redissolved in the mixture.17 Thus solubility 
remains a problem not to be overlooked. Steric 
factors may sometimes be involved. 

Reactions such as that of benzoyl chloride with 
AIeSi(NMe2)3 to give MeSiCl3 indicate that the 
dimethylamino group is fairly mobile, both with the 
silanes and germanes. 

Experimental 
Preparation of New Compounds.—Aminosilanes were 

prepared by methods all essentially similar, and only the 
isolation of tetrakis-(dimethylamino)-silane is described in 
detail. Twenty grams of cold Me2NH was added slowly, 
with shaking, to 9.5 g. of SiCl4 in 100 ml. of (30-60°) petro
leum ether at —40°; this is a moderate excess of amine. 
During the next hour, the mixture of solution and precipi
tated Me2NH2Cl warmed up slowly, accompanied by occa
sional agitation; then the pasty mass was filtered on a 
buchner funnel—and refiltered if necessary to get a clear 
solution—and washed with fresh petroleum ether; the pre
cipitate was discarded. Distillation of the solution in 
equipment bearing all ground joints first removed the petro
leum ether, leaving 7.4 g. of crude Si(NMe2J4; after transfer 
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to smaller equipment the product was distilled at 74-75° 
under 19 mm. pressure. I t was a clear, colorless liquid 
with the properties listed in Table I . 

Twenty grams of Me2NH and 7.5 g. of MeSiCl8 in 100 ml. 
of petroleum ether furnished an immediate precipitate at 
— 60°; after processing 7.3 g. of MeSi(NMe2)3, methyltris-
(dimethylamino)-silane, was obtained, or 8 5 % of the theo
retical yield. Ten grams of Me2NH and 6.2 g. of freshly-
distilled Me2SiCl2 similarly yielded 5.9 g. of Me2Si(NMe2)2 
ultimately. Forty grams of Si2OCl6 in 250 ml. of dry, pure 
benzene reacted easily with Et 2NH at 0°; a definite excess 
of amine was added, and then the mixture filtered on a 
buchner funnel; the solution stood closed overnight at 0° . 
Thereupon, refiltration and distillation of solvent gave 54 g. 
of Si2O(NEt2Je, hexakis-(diethylamino)-disiloxane; dis
tillation of this as in Table I furnished a center fraction with 
the properties listed. 

Alkylarninogermanes.—Twenty grams of Me2NH and 
14.4 g. of GeBr4 in 100 ml. of cyclohexane at —60° reacted 
easily, with much precipitation; after four hours of occa
sional shaking, during which the mixture warmed to 25°, 
there followed the usual filtering, next a single wash of the 
solid, and then distillation of the solvent, leaving 7.2 g. of 
Ge(NMe2)4, tetrakis-(dimethylamino)-germane as product, 
or about 8 0 % of the amount expected. Similarly, 4.4 g. of 
EtGeCIs—Professor Eugene G. Rochow, of this Laboratory, 
kindly furnished pure E t G eCl 3 - an d 10 g. of Me2NH in 40 
ml. of cyclohexane at —50° finally yielded 4.5 g. of EtGe-
(NMej) i , e thyl t r is-(dimethylamino)-germane. Forty 
grams of Et 2NH and 11.0 g. of GeBr4 in 50 ml. of cyclohex
ane reacted easily at 25°, with a temperature rise of over 
30°; after three hours, the usual processing yielded only 4.3 
g. of Ge(NEt2)4 , tetrakis-(diethylamino)-germane, or a 
yield of 4 5 % . Twenty grams of EtGeCl3 and 70 g. of Et2NH 
in 180 ml. of benzene reacted easily, with an immediate 
precipitate; the final amount of EtGe(NEt2) s was 27 g., or a 
yield of 90%. Table I lists the properties of center frac
tions collected under the conditions specified, all distilla
tions being at the lowest pressures given therein. 

Physical Properties and Analysis; see Table I.—Eight 
new compounds occur in the table; they are not nice com
pounds to handle, and under ordinary cautions many etch 
glass easily. Except for Si2O(NEt2J6 and Ge(NEt2J4, which 
are a bit more viscous than CCl4, the compounds are colorless, 
mobile liquids. Their odors weakly resemble that of the 
free amine, although Si(NMe2)4 has very little odor. Their 
vapors are inflammable; Ge(NEt2)4 decomposes badly 
when boiled at 760 mm., turning a very dark red in a few 
minutes due to free germanium no doubt; Ge(NMe2J4 de
composes if heated slightly above the b .p . at 760 mm. All 
molecular weights employ the Dumas method, since the 
determination through lowering of the freezing point of 
camphor gives low answers due to attack on the amines. 
Analyses for amine rely on back-titration,2 using excess acid 
in 6 5 % ethanol, and then ethanolic sodium hydroxide solu
tion—or on weighing GeO2 after oxidation in solution. 
Table I lists the results. 
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Reaction of Dialkylaminogermanes and Dialkylaminosil-
anes with Benzoyl Chloride.—Reflux of 0.5 g. of Ge-
(NMe2)< and 1.5 g. of benzoyl chloride (which spontane
ously warmed on mixing) furnished a hydrolyzable com
pound boiling at about 86°, thus GeCU; this amino deriva
tive also reacted vigorously with pure CHCl2COOH. 
Similarly, Si(NMe2^ and benzoyl chloride yielded SiCl4, 
b.p. 57°; also the amine reacted with CHCl2COOH or 
even 40% aqueous formic acid; however, the amino com
pound apparently did not react readily with pure water, no 
heat being given off. Six grams of benzoyl chloride and 
1.3 g. of MeSi(NMe2)3 upon gentle reflux in a distilling unit 
yielded 0.8 g. of MeSiCl3, a hydrolyzable chloride boiling at 
67°. Likewise, Me2Si(NMe2)2 gave Me2SiCl2, boiling at 
72°. When shaken with a twofold volume of water Me2Si-
(NMe2)2 furnished a temperature rise of at least 20°, while 
free Me2NH was detected easily by the odor. 

Metachromasy is a term applied to that varia
tion in the absorption spectrum of certain dyestuffs, 
which depends on the nature of the substrate with 
which the dye interacts.8 Since Ehrlich first de
scribed metachromasy, it has been used as a valu
able cytological tool for the identification of mast 
cells, cartilage and mucins.4 Lison thought that 
the metachromatic reaction was specific for the sul
fate esters of polysaccharides. Later work showed 
that, in general, polymerized molecules containing 
negatively charged groups such as sulfate, carboxyl-
ate, phosphate, oleate, metaphosphate and silicate 
could react with cationic dyes to yield metachro
matic products.5-8 

Although Bank and Bungenberg de Jong5 had re
ported that yeast nucleic acid was a metachromatic 
substrate, both Michaelis3 and Wiame7 failed to 
confirm this finding. Michaelis chose nucleic acid 
as a model for a "normally" staining substrate 
while Wiame reported that nucleic acid (variety not 
specified) inhibited metachromasy. 

Since we had observed that the nuclei of cells 
could be stained metachromatically,9 we decided to 
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Conversion of EtGe(NEts)i into EtGeIa.—Twenty grams 
of the amino compound and an excess of anhydrous HI, in 
benzene solution, gave 35 g. of crude EtGeI1 in the general 
Ruff method"; since the EtjNH2I precipitated a little 
slowly, the solution containing EtGeIs and excess HI was 
allowed to stand closed overnight in the dark before filtering 
the precipitate. EtGe(NEt5)8+6HI -* EtGeI,+3EtNH2I. 

Unsuccessful Reactions.—Me2SnCl2 and aniline did not 
react in benzene solution; EtGeCl3 or GeCU and aniline in 
benzene solution gave anilinium chloride, but no definite 
germanium compound. Likewise Si(NEt2)I, EtsSi(NEt2)2 
and Me2Si(NEts)2 could not be isolated in the pure state, 
since halogen persisted in the nitrate obtained; Et2NH2Cl 
sublimed while the desired product distilled, even at low 
pressure. In a single try Me8SiCl and Me2NH gave no 
constant-boiling product. 
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investigate the in vitro relationships of the basic 
dye toluidine blue and both types of nucleic acid. 
In this paper, we will demonstrate that, under the 
proper physicochemical conditions, both pentose 
and desoxypentose nucleic acids react metachro
matically with toluidine blue. 

Materials and Methods 
Desoxyribonucleic Acid.—The two samples 7W7 and HWi2 

were prepared from calf thymus nucleoprotein according to 
the method of Mirsky.10 Both were highly polymerized, 
yielding very viscous solutions at low concentrations. The 
nitrogen to phosphorus ratios were 1.70 and 1.89, respec
tively. Preparation 7W7 contained 13.7% N and 8.1% P; 
HW12 contained 14.2% N and 7.5% P. 

Ribosenucleic Acid.—A commercial preparation of yeast 
sodium nucleate (Schwarz) was used. This contained 8.5% P. 

Toluidine Blue O ( C I . No. 925).—Two samples were 
used. One was a commercial certified stain (certification 
No. NU9) manufactured by the National Aniline Division 
of Allied Chemical and Dye Corp. and said to contain 67% 
dye. Kjeldahl analysis showed a dye content of 64% in the 
undried sample; after drying to constant weight in vacuo 
over P2O5 at 100°, there was a weight loss of 5.2%. The 
second sample was a specially purified preparation from the 
National Aniline Division said to contain 85% dye. Kjel
dahl analysis showed a dye content of 76%.u 

Spectrophotometric measurements were made at 10-mu 
intervals in a Beckman model DU spectrophotometer. 
The cuvette chamber temperature was brought to a definite 
value by flowing tap water through a jacket on either side 
of the chamber. No effort was made to achieve constancy, 
the only consideration being the avoidance of over-heating. 
Corex cuvettes of 1-cm. light path were used for the dilute 
dye solutions. The most concentrated dye solutions were 
measured with 9-mm. quartz inserts which reduced the light 
path to 1 mm. AU molar absorption coefficients are calcu
lated on the basis of the Kjeldahl nitrogen determinations.12 
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Metachromasy of Toluidine Blue Induced by Nucleic Acids1 

BY N. WEISSMAN, WM. H. CARNES, P. S. RUBIN2 AND JEAN FISHER 

It has been shown that aqueous solutions of pentose and desoxypentose nucleic acid react metachromatically with the 
thiazine dye toluidine blue. Two types of linkage, polar and non-polar, are involved in the process. The parameters of 
hydrogen ion concentration and ionic strength affect the formation of the polar bonds. The parameters of concentration of 
reactants, type of solvent and temperature affect the formation of non-polar bonds. The conditions necessary for nucleic 
acids to induce metachromasy in toluidine blue solutions are: pR between 6 and 7; temperature less than 30 °; ionic strength 
of solution less than 0.03; ratio of dye to nucleic acid phosphorus between 0.4 and 1.4. 


