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Summary 

The structures of a series of bis(trialkylsiIyl)acetamides and two bis(aryldi- 
methylsilyl)acetamides have been investigated by IR and NMR spectroscopy. 

. The IR and NMR characteristics of these compounds and the rate and activation 
data obtained from a study of temperature variable NMR speckof the aryldi- 
methylsilyl substituted amides provide evidence for a ZV,O-disilyliminoether struc- 
ture for the compounds. 

Introduction 

Several papers concerned with the chemistry of silylamides have considered 
the question of whether these compounds have the amide (I) or the iminoether 
(II) structure [l--6]. 
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Most bis(trimethylsilyl)amides so far investigated have been assigned structure 
II. For example, the much used silylating agent bis(trimetbylsiIyl)acetamide 
(RSA), *hose +~~cture had been a point of controversy for many years, was 
event@ly shown to kit@ in the ailyliminoether form II on the basis of NMR I. -: ‘: j 7‘ 
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investigations of its iSN-substituted analogue [7]_ An exception within this series 
is bis(trimethylsily1) formamide, which was shown by the same method to have 
the amide structure I [Sl. 

Most of the studies were concerned with trimethylsilyl derivatives of aliphatic 
and aromatic amides_ We have recently presented evidence that two bis(halo- 
methyldin)ethylsilyl)acetamides have the NJV-disilylamide structure [ 91, and it 
seemed of interest to ascertain how other substituents at silicon affect the struc- 
ture of the disilylamide molecule. We report here the results of an investigation 
of disilylacetamides CH&ON(SiR’R’R3) where R’, R* and R3 are alkyls, or 
where R’ = R* = CH3 and R3 is an aryl group. 

Res~ults and discussion 

The disilylacetamides were prepared by treating appropriate chlorosilanes 
with acetamide in triethylamine. Their physical constants and analytical data are 
given in Table 3. 

The infrared spectra of all compounds exhibit a strong absorption at about 
1700 cm’ and medium intensity bands near 1040 cm’. The former band can be 
assigned either to C=O or to O-C=N in structures I or II, respectively. In the 
spectrum of BSA (structure II) there is an absorption at 1698 cm’ [7], while in 
bis(trimethylsilyl)formamide (structure I) there are bands at 1659 and 983 cm-‘. 
The latter were assigned to absorptions of the C= 0 and Si-N-Si groupings, 
respectively [8]_ In the spectra of our compounds no absorption in the 980-990 
cm’ region is observed. The 1040 cm’ band can be assigned to absorption of 
the Si-0-C grouping [lo]; an absorption in this region was observed in the BSA 
spectrum [ 73 and is lacking in that of bis(trimethylsily1) formamide. Close similar- 
ities between the IR spectrum of BSA and those of the silylamides reported here 
lead us to conclude that they have a similar, i.e. a silyliminoether, structure. 

Chemical shifts in the NMR spectra of the disilylamides are listed in Table 1. 
For the methylsilyl protons in bis(trialkylsilyl)acetamides two closely spaced 
singlets of identical intensity were observed. The CH3Si groupings are thus mag- 
netically nonequivalent, which may be due to their slow exchange between nitro- 
gen and oxygen. In the spectra of bis(aryldimethylsilyl)acetamides at room tem- 
perature a broad signal in the methyl&y1 region (6 = 0.35 ppm, CHCICClz) was 
observed, the peaks being sharp in the remainder of the spectrum_ As the tem- 
perature was lowered the signal gradually broadend to split ultimately’into two 
sharp peaks at-50°C (6 0.45 and O-26 ppm)_ The reverse process took place on 
raising the temperature (Fig. 1). 

The first-order rate constant for this reaction is independent of the concentra- 
tion of the silylamide: k (8’) is 86.5,85-l and 87.2 at 20,15 and 10% (v/v) re- 
spectively of bis(phenyldimethylsiIyl)acetamide in trichloroethylene at 35°C. 
The process occurring is thus intramolecular. 

The rate constants &, at the coalescence tem@rature i, were evaluated by. the 
approximate metho.$(& =~%Ar$<)) [ll]_~_The m~~umdiff~ence (Avj bq 
tween the chemical shifts of.the._tnmathylsilyl protonswas determinedat low_:, 
temperature; wh_en. th~;_m@~corr%t&t wa;S a~p%ching Zero; -From-the k;,values 
using the Eyring equation;the.freeeni&ies of activation AG: for~the reaction oi 
bis(phenyld@nethyl&yl)acetamide &nd b;iscprtioiyldime~c~_~de wer$ 
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TABLE 1 

NMR DATA FOR DISILYLACETAhiIDESP CH3CON(SiR’R’R3)z 

6 vahes (mm) 
___- _____-.---- 

R’ R2 R3 CH3Si C-HsSi CH3C Xb 
--__._ -_ ~--- 

CH3 CH3 CLHS 0.09 and 0.14 0.87-0.97 1.92 - 
CH3 CzHs C2H5 0.09 and 0.13 0.85-0.93 1.92 - 
CIHg C2H5 C2Hs. - 0.64-1.09 1.94 - 
CH3 CH3 C&S 0.40 - 1.78 - 
CH3 CH3 P-CH&,HJ 0.44 - 1.85 2.35 
CH3 CH3 p-CH30C6Ha = 0.48 and 0.58 - L-79 3.73 

nAbouf 20% solution in CCla; <CH3)$% as internal standard. room temperature. b Chemical shift of sub- 
stituent in aromatic ring_ eSolution in CHCICC12: purity about 75%. 

calculated and are listed in Table 2, together with the data for BSA and N,N-bis- 
(trimethylsilyl) formamide. The complex pattern of the NMR spectra of trialkyl- 
silylamides in the alkylsiIy1 region precluded studies of the temperature variabili- 
ty of the spectra of these compounds. 

From Table 2 it is seen that the coalescence temperatures of the methylsilyl 
signals in bis(aryldimethyIsilyl)acetamides and their free energies of activation 
are not solvent dependent. Neither are the chemical shifts of these protons af- 
fected by changing over from aliphatic to aromatic solvent. Different behaviour 
was previously observed for bis(halomethyldimethylsilyl)-acetamides [9] and 
some dialkylamides [13]. Both latter classes of compounds were shown to have 
the N,N-dialkyIamide (or N,N-disiIylamide) structure, and the magnetic non- 
equivalency of the alkyl (or silylmethyl) protons was interpreted in terms of 
hindered rotation around the carbon-nitrogen bond. If this is assumed for the 
disilylamides investigated in the present work, the barrier to rotation in them 

I 6 0 35 1c.71 
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TABLE 2 

KINETIC AND THERMODYNAMIC PARXMETERS FOR DISILYLACETAMIDES 

Compound 

WCONfSiUZH$&a 

CH~CONfSi(CH&12 b 
CH3CONLSi<CH~&~H~l~ 

CH3CONfSi<CH3~-pCH3C@& 

Solvent 

is, tl, & sum,, 
- 

C&&.Cl -46 - 12.1 11.6 

f&H&l 11 - 8-l 15.3 

CHCICCIz 12 33.2 14.9 14-7 

C6H0 15 36.4 16.4 14.8 

CHClCCl~ 14 - 29.4 13.5 14.8 

C.5H5Cl 13 35.9 16.1 14-7 

a See ref. 8. b See ref. 12. 

would have to be comparable to or lower than that in NJV-bis(trimethylsily1) 
formamide_ It was found by Yoder et al. that the free energy of activation AGZ 
for rotation in a series of bis(trimethylsilyl)amides increased with increasing size 
of substituent at the carbonyl carbon 183. On the other hand, larger substitents 
at nitrogen were found to decrease the rotation barrier in NJV-dialkylacetamides 
1141. The bis(aryldimethylsilyl)acetamides, having AG: values considerably 
higher than that of NJV-bis(trimethylsily1) formamide (Table 2) do not fit into 
the pattern of structure-free energy of activation relationship in the NJV-disub- 
stituted amides series. Therefore, evidence from both IR and NMR spectra strong- 
ly favours the N,O-disilyliminoether structure for our compounds. 

It is interesting to note (Table 2) the closeness of the values of the coalescence 
temperature and free energy of activation of shy1 exchange for the bis(aryldi- 
methylsilyl)acetamides to those of BSA. It Seems that replacing one methyl group 
at silicon by an aryl does not markedly affect the electronic structure of the 
molecule in spite of the fact that a phenyl substituent could be expected to enter 
into dx-ps bonding with silicon, thus competing with the possible dsr--pa con- 
jugation of the oxygen-bound silicon with the free electrons of nitrogen. The 
latter effect is thought to be decisive in determining the activation energy of the 
N-O-silyl exchange by the suggested mechanism [E&15]: 

The silyl migration step is believed to be rate-determining, since the roatation 
around C-N would require a lower energy of activation (cf. 11.6 kcal/mol for 
bis(trimethylsilyl)formamide). _ _ 

Experimental 
. . 
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a solution of acetamide (1 mol) in triethylamine (700 ml) the appropriate chloro- 
siIarie (2.2 mol) was slowly added at room temperature_ The mixture was re- 
fluxed for 10-12 hours and filtered from the precipitated triethylamine hydro- 
chloride. AU operations were carried out under dry nitrogen. After evaporating 
volatile components in vacua the residue was distilled at the lowest possible pres- 
sure in order to avoid thermal decomposition of the disilylamide. Because of its 
low thermal stability we could not obtain pure bis@-methoxyphenyldimethyl- 
silyl)acetamide (Table I)_ 

IR and NMR measurements 
Infrared spectra of the neat compounds were obtained on a Pye Unicam SP 

1200 spectometer. ‘H NMR spectra were recorded on a JEOL C-60 HL specto- 
meter equipped with a temperature controller. The temperatures of the samples 
were measured by using a capillary tube with acidified methanol and applying 
Van Geets equation [17]. The rate constants k, (Tabie 2) are average values from 
at least three measurements at appropriate temperature. They were used to evalu- 
ate the free energies of activation from the Eyring equation. 

-Ah solvents used in the syntheses and NMR measurements were purified and 
dried as described in ref_ X3_ 
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