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a b s t r a c t

The reaction of 1-(methylaminomethyl)silatrane with Ph3CCl in the presence of base leads to the forma-
tion of 1-[(N-methyl-N-tritylamino)methyl]silatrane 1. Recrystallization of this silatrane from benzene/
heptane (10:1) led to the formation of the solvate complex Ph3C(Me)NCH2Si(OCH2CH2)3N�C6H6, the
molecular structure of which was determined by single crystal X-ray analysis.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The triphenylmethyl group Ph3C, known as trityl (Trt), is a
sterically bulky protecting group which is widely used for the
synthesis of peptides, nucleotides and carbohydrates [1]. Among
the well-studied derivatives of triphenylmethane, Ar3CX com-
pounds have attracted considerable interest, especially triphenyl-
methylamine along with many other related substances of the
type Ar3CNRR0. Triphenylmethylamine, as an ammonia equivalent,
has been successfully applied in the synthesis of amines, amides
and other novel compounds [2–10]. Triaryl functionalized
N-phenyldiethanolamine derivatives have been used as building
blocks to obtain molecular glasses with non-linear optical activity
[11]. Crystal engineering research of N,N0-ditritylureas, N,N0-ditri-
tyl amino amide and related compounds has shown that the trityl
group’s large size and its ability to promote crystallinity make it a
valuable component of inclusion crystals [12–14]. An X-ray
crystallographic study of salts between N-trityl amino acids and
tert-butylamine showed that the steric bulk of the trityl group
was essential for making a new host–guest hydrogen bonded
network [15].

Introduction of silyl functionalities into organic amines along
with the formation of the Si–C–N geminal fragment is of great
interest in chemistry. The silyl group, in an a-position to a nitrogen
atom, significantly decreases the oxidation potential of amines and
increases their basicity as compared with their carbon analogs
[16–19]. Such changes are responsible for the drastic difference

between the reactivity of a-silylamines and isostructural organic
amines. The a-silylamines RR0NCH2SiX3 have unusual physical
and chemical properties and widely apply as synthons in synthetic
organic chemistry [20–22]. We have found that the a-silatrany-
lamines RR0NCH2Si(OCH2CH2)3N exhibit enhanced reactivity with
respect to polychloromethanes CHnCl4�n [23–26]. They react with
alcohols and phenols in inert solvents at room temperature with
cleavage of the Si–C bond [27] and reduce the salts of some metals
[28]. It is not inconceivable that triphenylmethylamines, Ar3CN(R)
CH2SiX3w, will show unusual properties, however at the moment
such amines remain unknown. As part of our research program
directed towards the studies of a-silylamines, we have synthesized
1-[(N-methyl-N-tritylamino)methyl]silatrane Ph3CN(Me)CH2Si
(OCH2CH2)3N (1) and below describe these results.

2. Experimental

2.1. General

All reactions were performed in flame dried glassware under an
atmosphere of dry argon. The used solvents were purified accord-
ing to standard procedures [29]. As a further precaution, diethyl
ether was dried by filtration through a column packed with neutral
alumina under a positive pressure of argon. The solvents were
stored under argon over 4 Å molecular sieves. Chloroform was
purified just before use. The purification of chloroform involves
washing with water to remove EtOH, drying with K2CO3, refluxing
with P2O5 and distilling.
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2.2. Synthesis Ph3CN(Me)CH2Si(OCH2CH2)3N (1)

Method A. A solution of chlorotriphenylmethane (1.40 g,
0.005 mol) in benzene (15 mL) was introduced dropwise to a vigor-
ously stirred solution of 1-(methylaminomethyl)silatrane (1.09 g,
0.005 mol) with base (B) at a temperature of about 10 �C (ice-water
bath). Then, the reaction mixture was stirred vigorously for about
24 h at a temperature of about 20 �C. The precipitate of B.HCl that
formed was filtered off, washed twice with cold benzene
(2 � 3 mL) and the solvent removed from the filtrate by distillation
on a rotary evaporator. The solid residue was purified by the

recrystallization from benzene/heptane (10:1). Colorless crystals
of the compound 1�C6H6 were isolated. M.p.: 235–238 �C (in a
sealed capillary). Drying the sample of compound 1�C6H6 under
vacuum at high temperature results to the removal of benzene,
M.p.: 254–257 �C (in a sealed capillary).

Method B. A mixture of 1.65 g (10 mmol) (N-methyl)
aminomethyltrimethoxysilane, 2.79 g (10 mmol) chlorotriphenyl-
methane and 1.52 g (10 mmol) DBU was refluxed 48 h. After cool-
ing, 1.49 g (10 mmol) triethanolamine and 10 g of 3 Å molecular
sieves were added. The reaction mixture was refluxed until com-
plete homogenization. The solution was decanted and the solvent
removed from the filtrate by distillation on a rotary evaporator.
The solid residue was purified by the recrystallization from ben-
zene/heptane (10:1). Compound 1�C6H6 was isolated in 78% as a
white solid.

2.3. NMR study

The 1H, 13C and 29Si NMR spectra of 10–20% solutions of com-
pound 1 were registered on a Bruker DPX 400 spectrometer
(400.1, 100.6 and 79.5 MHz respectively) with tetramethylsilane
as an internal standard.

2.4. X-ray measurements

Crystal data were collected on a Bruker D8 Venture diffractome-
ter with Mo Ka radiation (k = 0.71073 Å) using the u and x scans.
The structure was solved and refined by direct methods using the -
SHELX programs set [30]. Data were corrected for absorption
effects using the multi-scan method (SADABS). Non-hydrogen atoms
were refined anisotropically using SHELX [30]. Details of crystallo-
graphic data and experimental conditions are presented in Table 1.

3. Results and discussion

3.1. Synthesis

Interaction of 1-(methylaminomethyl)silatrane 2 with chlorot-
riphenylmethane 3 led to the formation of 1-[(N-methyl-N-trity-
lamino)methyl]silatrane 1 (Scheme 1). We examined the effect of
the ratio of the reagents, base, time and temperature on the yield
of silatrane 1, and these results are presented in Table 2. The
results show that the yield of the final silatrane 1 is determined
by the character of the base.

It is common knowledge that the typical procedure for the syn-
thesis of silatranes RSi(OCH2CH2)3N involves treatment of the
respective RSi(OAlk)3 with triethanolamine N(CH2CH2OH)3
[31–34]. A simple and efficient synthesis of silatrane 1 has been
developed using a one-pot, two-step reaction (Scheme 2). In the first
step, the reaction between (N-methyl) aminomethyltrimethoxysi-
lane and chlorotriphenylmethane in boiling benzene proceeds by
the formation of N-methyl-N-(trimethoxysilylmethy)tritylamine
after 48 h. In the second step, triethanolamine was added to the
solution and the reaction mixture was refluxed until complete
homogenization in the presence of 3 Å molecular sieves. Silatrane
1 was isolated in 78% as a white solid.

Table 1
Crystal data, details of intensity measurements and structure refinement for
compound 1.

Empirical formula C33H38N2O3Si
Formula weight (g mol�1) 538.70
Color colorless
Crystal system monoclinic
Space group P1 21/c1
A (Å) 15.8033(15)
b (Å) 9.9008(13)
c (Å) 19.535(2)
b (�) 105.955(4)
V (Å3) 2938.9(6)
Z 4
Dcalc (g cm�3) 1.219
Absorptions coefficient (mm�1) 0.116
Radiation (k/Å) Mo Ka(0.71073)
T (K) 296(2)
Reflections collected 88488
Independent reflections 7432
Rint 0.0496
F(000) 1152
wR2 (F2) 0.1041
Goodness-of-fit (GOF) on F2 0.981
Parameters 353
CCDC No. 1001694

MeNHCH2Si(OCH2CH2)3N

1

TrCl, base NCH2Si(OCH2CH3)3N
Me
Tr

2

Scheme 1. Synthesis of silatrane 1.

Table 2
The conditions of the experiment and the yields of silatrane 1.

Entry Mole ratio 2/
3

Base (mol) Time
(h)

T
(�C)

Yield of silatrane 1
(%)

1 2/1 2 (1) 24 rt 91
2 3/1 2 (1) 12 rt 96
3 2/1 2 (1) 6 50 93
4 3/1 2 (1) 6 50 95
5 1/1 Et3N (1) 24 rt 42
6 1/1 Et3N (20) 24 rt 63
7 1/1 Et3N (20) 48 rt 74
8 1/1 Et3N (20) 6 50 73
9 1/1 Pyridine

(20)
6 50 67

10 1/1 DABCO (2) 8 rt 82
11 1/1 DBU (1.5) 3 rt 97

MeNHCH2Si(OMe)3 TrMeNCH2Si(OMe)3
TrCl;
DBU

- DBU . HCl

N(CH2CH2OH)3;
3A 1

Scheme 2. One-pot, two-step synthesis of silatrane 1.
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