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NOTE 

THE THERMAL EQUILIBRATION OF TRIMETHYLSILYL DERIVATIVES 
OF ETHYLENEDIAMINE 

COLIN G. PITT AND MARK S. HABERCOM 

Chemtifry and Lije Sciences Luborarory, Research Triangle Insrirure, Post Office Box 12194. Research 
Triangle Park, Xorih Carolina 27709 (U.S.A.) 

(Received October 30th, 1967) 

In a series of comprehensive publications’. West and his co-workers have 
described both the kinetic and thermodynamic aspects of the intramolecular anionic 
rearrangement of bis(trialkylsilyl)derivatives of hydrazines. Recently West, Ishikawa 
and Murai’ have extended these studies to bis(trialkylsily1) derivatives of ethylene- 
diamines, and have shown that these compounds will likewise undergo intramolecular 
anionic rearrangment. Pitt and Skillern3 have previously observed that in at Ieast 
two cases, specifically NJ- and N,iV’-bis(trimethylsilyl)hydrazine and 3,3X%6-tetra- 
methyl-1,2-diaza-3,6-disilacyclohexane (I) and l-amino-2_2,5.5-tetramethyl-I-aza-2.5- 
disilacyclopentane (II), the hydrazine rearrangement will proceed thermally in the 
absence of any added catalyst ; and at least in the system (I) e (II). an intramolecular 
mechanism must be operative. We have now investigated the rearrangement of 
N,N- and NJ’-bis(trimethylsilyl)ethylenediamine in the absence of added catalysts. 
and find that equilibration will occur at 14@. However. under these conditions, the 
rearrangement occurs by an intermolecular process. 
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EXPERIMENTAL PROCEDURE 

Because of the complexity of the thermal rearrangement, GLC (2 yO SE 52 on 
siliconized Chromosorb G) was found to be the superior method of analysis. The 
ratios of the GLC peak areas of equilibria mixtures were calibrated by using standard 
mixtures of the pure components_ N,N’-Bis(trimethylsilyl)ethylenediamine and 
N,N,N’-tris (trimethylsilyl) ethylenediamine were prepared by literature procedures4s5. 
N,N-Bis (trimethylsilyl) ethylenediamine was prepared by methanolysis of iV,N,N’- 
tris(trimethylsilyl)ethylenediamine. This method of preparation of the NJ-isomer, 
which has been developed independently by West’, promises to be a useful synthetic 
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technique*_ The rearrangement of iV.N- and N,N’-bis(trimethylsilyl)ethylenediamine 
was carried out in sealed tubes at 140” in the absence of solvent. The equilibrium 
position was approached from both the N-N- and N,N’-isomers. and the small 
discrepancy in the materiai balance at equilibrium is attributed to the difficulty in 
determining the GLC peak areas, particuIarly for N-(trimethylsilyl)ethyienediamine, 
because of tailing, small amounts of hydrolysis during the analysis. and minor side 
reactions_ IV-(Trimethylsilyl) ethylenediamine was too unstable to be isolated pure*. 
readily disproportionating to ethylenediamine and N.N’-bis (trimethylsilyl)ethylene- 
diamine. and its structure is inferred from the GLC retention time and its formation 
when a large excess of ethylenediamine is treated with trimethylchlorosilane. No 
N,N.N’.N’-tetrakis(trimethylsilyl)ethyienediamine5 was detected during rearrange- 
ment, or after equilibrium was established. 

The composition of typical equilibrating mixtures cs. time are shown in Table 
1. Inspection of the composition during the early stages of the rearrangement reveals 

Time(h) N” hrJVb h’_N’= N.NNd Siloxane. etc.’ 

0 0 loo 0 0 0 
1 20 38 6 36 3 
1.5 17 30 9 44 2 
2.5 12 16 26 46 1 
69 2 0 s4 14 1 
162 -2 0 83 15 2 

0 0 0 100 0 0 
69 IO 0 81 9 2.5 
162 10 0 80 IO 5 

c N-(Trimethylsilyl)ethyl~nediamine. bN,X-Bis(trimethyIsiIy_l)ethyienediamine.F N_N’-Bis(trimethylsilyl)- 
e+&ylenediamine. d N_N._N’-Tri&imethylsiIyl)ethylenediamme. r Includes silanoI. siloxane, ethyIenedia- 
mine and other volatile tmidentified products; numbers refer to 7: of totai mixture and are not included in 
material balance. 

large concentrations of N-N&‘-tris (trimethylsilyl) ethylenediamine and N- (trimethyl- 
silyl)ethyIenediamine. Clearly in contrast to the base catalyzed rearrangement, an 
intermolecular process is at least partially responsible for the isomerizatioc. Am- 
monium chloride had no effect on the rate. However, it is pertinent to note that for 
the analogous hydrazine rearrangement, when a sample of iVJV-bis(trimethyIsilyl)- 

* For example, NJV-bis(trimethyIsiIy1) hydra&e can be separated from a mixture with the NJ”-isomer by 
selective destruction of the latter with isopropanoi. thus avoiding either a tedious fractional distillation or 
preparative GLC. 
ft For this reason, the GLC peak area of this isomer could not be calibrated. and the percentages shown 
in Table I must represent minimum numbers. 
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hydrazine was prepared via distillation from a catalytic amount of potassium 
methoxide, the rearrangement of this sample proceeded at a reasonable rate at 100” 
only when hydrazine hydrochloride was added. Thus, it is possible that all cases of 
thermal isomerization in these systems3 may involve catalysis by a small concentra- 
tion of ammonium salts. The results of this study are essentially in agreement with 
those reported for the anionic rearrangement, where the N,N’-isomer predominates 
( > 97 %) at equilibrium. As West et al.’ have pointed out, the relative thermodynamic 
stabilities of the N,N- and N,N’-bis(sily1) derivatives in both the ethylenediamine and 
hydrazine series will be influenced by numerous factors. Steric effects alone cannot 
explain the complete absence of NJ-bis(trimethylsilyI)ethylenediamine in the ther- 
mal rearrangement, for N,N,N’-tris(trimethylsilyl)ethylenediamine must be more 
sterically hindered and yet persists at equilibrium. 

In order to determine whether the relative thermodynamic stabilities of the 
bis(sily1) derivatives of hydrazine and ethylenediamine might be reflected in their 
relative basicities, we have compared the ability of these bases to shift the C-D 
stretching frequency of CDCI,. This method has been used by Abel6 to compare 
the base strengths of a variety of Group IV amines. Although our data (Table 2) 
are limited, it is interesting to note that the least basic isomer predominates in both 
equilibria. suggesting that the energy of the nitrogen lone pair electrons may play 

TABLE 2 

BASICITY OF SUBSTITUTED HYDRAZMES AND EIHYLENEDIAMIPIZS 

Compound 

Disubstituted hydrazirws 
Me,N-NHB 
MeNH-HNMe* 
(Me,Si)2N-NHZ1.3.9 
Me,SiNH-HNSiMex’*3*9 

Av(C-D)” 

58 
70 
31 
35’ 

Compound 

Terrasubstituted h_rdramines 
(Me,Si)2N-NMe,‘o 
Me,SiNMe-MeNSiMe,” 
Me,N-NMe,” 

Av(C-Dp 

416 
40’ 
74 

Trisubsrituted hydreines Ethylenedimnines 
(MeJSi)NH-NMe,‘o 51 (Me,Si),NCH2CH2NH, 60 
MeNH-NMe,” 66 Me$iNHCH&H,NHSiMe, 50 

u C-D stretching frequency shift of CDCIx (- 1 mole) in amine (- 10 moIe) relative to corresponding 
mode of gaseous CDCl> * Commercial source. redistilled from calcium hydride; other compounds were 
prepared by the indicated literature methods; the purity of all samples was confirmed by GLC and refrac- 
tive indices. c Major peak, some unshifted C-D absorption. d Minor peak. unshifted C-D absorption 
predominates. c Shoulder on unshifted C-D absorption. 

a role in determining the equilibria compositions. In aBeement with previous 
studies6 and the postulate of p,4, bonding. trimethylsilylation reduces the basicity 
of hydrtines and ethylenediamine. The generally greater values of Av(C-D) and 
the lower percentage of unshifted C-D absorption observed for the unsymmetrical- 
ly substituted trimethylsilyl derivatives of the hydrazines and ethylenediamine, 
relative to the corresponding trimethylsilyl derivatives of ammonia and alkylamine8, 
suggest that A\*(C-D) is determined primarily by the more basic (non-silylated) 
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nitrogen atom*. Thus in these unsymmetrical derivatives, silylation probably plays 
a secondary role, reducing the basicity by either increasing inductive electron with- 
drawal or decreasing non-bonded electron-electron repulsions. 

Values of Av(C-D) for purely methyl-substituted hydrazines* are included 
in Table 2 because they illustrate that the unexpectedly lower basicity of NJ-bis- 
(trimethyisilyl)hydrazine, relative to the N,N’-isomer, can be explained by the sub- 
stitution pattern rather than by any property (e.g., d-orbitals) peculiar to the silicon 
atoms. 
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* It cd be assumed. for infrared frequencies. that v(C-D) will not be the time-averaged frequency of 
hydrogen bonds to each nitrogen atom. 
a For the pKb’s of alkpl-substituted hydrazines see ref. 7. 
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