
A Convenient Method for Preparations of 1-Acylimidazoles and Carboxamides
by Using Novel Imidazolylsilane Derivatives

Takashi Tozawa,y;yy Yoshinobu Yamane,y;yy and Teruaki Mukaiyama�y;yy
yCenter for Basic Research, The Kitasato Institute, 6-15-5 (TCI) Toshima, Kita-ku, Tokyo 114-0003

yyKitasato Institute for Life Sciences, Kitasato University, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641

(Received March 2, 2005; CL-050272)

Various imidazolylsilane derivatives were synthesized by a
trans-silylation procedure between 1-(trimethylsilyl)imidazoles
and chlorosilanes. Among them, tris- and tetrakis(imidazol-1-
yl)silane compounds reacted smoothly with free carboxylic
acids to form the corresponding 1-acylimidazoles, which subse-
quently underwent condensation with amines to afford carbox-
amides in good to high yields. These results indicate that novel
reagents containing silicon–imidazole linkage are effectively
utilized as dehydrating reagents to form carboxylic acid deriva-
tives from free carboxylic acids and nucleophiles under mild
conditions.

Silicon is widely used in the chemistry of inorganic, organic,
organometallic, and polymeric compounds, and preparations and
reactions of novel types of organosilicon species have recently
been studied intensively.1 Among them, a silicon-mediated de-
hydrating reaction is one of the most important and fundamental
synthetic reactions because silicon has a strong affinity for oxy-
gen.2 Accordingly, many condensation reactions of free carbox-
ylic acids with amines by using silicon-containing dehydrating
reagents have been reported; namely, the use of hexamethyldi-
silazane (HMDS),3 silicon tetrachloride (SiCl4),

4 dichlorodi-
methylsilane (Me2SiCl2),

5 etc.6 These conventional reagents,
however, have the following synthetic limitations: (i) high reac-
tion temperature and long reaction time are required in the reac-
tion by using HMDS; (ii) in the case when chlorosilanes such as
SiCl4 or Me2SiCl2 are used, the reactions are carried out in pyr-
idine as a solvent to neutralize the liberated hydrogen chloride.
Therefore, it is still an important topic to develop more efficient
silicon-containing dehydrating reagents for the synthesis of car-
boxylic acid derivatives under mild conditions. On the other
hand, 1,10-carbonyldiimidazole (CDI) and its analogues have
been frequently used as condensation reagents in preparing
amides, dipeptides, esters, etc;7 however, their analogues having
silicon–imidazole linkage have not yet been explored. In this
communication, we would like to report the use of novel types
of imidazol-1-ylsilane derivatives, effective dehydrating re-
agents, in the condensation of free carboxylic acids with amines
via the formation of active 1-acylimidazole intermediates under
mild conditions.

Commercially available 1-(trimethylsilyl)imidazole (Me3-
SiIm) 1a, a monoimidazolylsilane, has been generally employed
as a silylating reagent for the protection of hydroxyl groups,8

but bis-, tris-, and tetrakis(imidazol-1-yl)silane compounds are
scarcely known. Among few, Klingebiel et al. reported the meth-
od for the preparation of bis(imidazol-1-yl)dimethylsilane
[Me2Si(Im)2] from the sodium salt of imidazole and Me2SiCl2,
but the yield was poor (21%).9 In order to improve the yield and
to apply to synthesis of other analogues, a trans-silylation proce-

dure employed in preparing tris(3,5-dimethylpyrazol-1-yl)-
methylsilane10 was tried (Scheme 1). As a result, various imida-
zol-1-ylsilane derivatives 3 were easily synthesized in almost
quantitive yield by an exchange reaction between 1-(trimethyl-
silyl)imidazoles 1 and appropriate chlorosilanes 2 along with
the evolution of chlorotrimethylsilane (Me3SiCl).

11 Most of
the derivatives were not previously reported in the literature de-
spite their simple structures.

Next, the reactivities of these imidazol-1-ylsilanes, 1a and 3,
were screened by taking the reactions with 3-phenylpropanoic
acid 4 as shown in Table 1. It was thought that the reactions
of imidazol-1-ylsilanes with 4 would proceed smoothly to afford
the silyl ester intermediates 6, which would successively afford
the corresponding 1-acylimidazoles 7 by either intramolecular
rearrangement of 6 or nucleophilic attack of liberated imidazoles
5 on the carbonyl carbon. In the reaction of 1a with 4, a small
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Table 1. Effect of various imidazol-1-ylsilanes
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Entry Imidazol-1-ylsilane/equiv. Conditionsa Yieldb/%

1 Me3SiIm (2.0) 1a toluene, reflux, 10 h 8

2 Me2Si(Im)2 (1.2) 3a
THF, reflux, 6 h 40

3 Me2Si(Im)2 (1.2) toluene, reflux, 10 h 67

4 MeSi(Im)3 (1.2) 3b CH2Cl2, rt, 6 h 81

5 MeSi(2-Me–Im)3 (1.2) 3c CH2Cl2, rt, 6 h 92

6 BuSi(Im)3 (1.2) 3d
CH2Cl2, rt, 6 h 91

7 BuSi(Im)3 (1.2) THF, rt, 6 h 94

8 Si(Im)4 (1.0) 3e CH2Cl2, rt, 10 h trace

9 Si(2-Me–Im)4 (1.0) CH2Cl2, rt, 1 h quant.

10 Si(2-Me–Im)4 (0.5) 3f CH2Cl2, rt, 1 h 90

11 Si(2-Me–Im)4 (0.5) THF, rt, 1 h 89

aReactions were carried out using 4 (0.5mmol) in solvent (1mL).
bYield was determined by 1HNMR analysis (270MHz) using
1,1,2,2-tetrachloroethane as an internal standard.
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amount of 1-acylimidazole 7a was detected when the reaction
temperature was raised up to the refluxing temperature of tol-
uene (Entry 1). The use of Me2Si(Im)2 3a prepared from a 2:1
molar ratio of 1a and Me2SiCl2 led to an increase in the yield
of 7a although higher reaction temperature was still required
(Entries 2 and 3). On the other hand, several tris(imidazol-1-
yl)alkylsilane derivatives 3b–3d prepared from a 3:1 molar ratio
of 1 and alkyltrichlorosilanes (R2SiCl3) smoothly reacted with 4
at room temperature to afford the corresponding 7 in good yields
(Entries 4–7). The reaction by using tetrakis(imidazol-1-yl)si-
lane [Si(Im)4] 3e prepared from a 4:1 molar ratio of 1a and SiCl4
hardly afforded 7a because of its extremely low solubility (En-
try 8). However, tetrakis(2-methylimidazol-1-yl)silane [Si(2-
Me–Im)4] 3f prepared from a 4:1 molar ratio of 2-methyl-1-tri-
methylsilylimidazole [Me3Si(2-Me–Im)] 1b and SiCl4 readily
reacted with 4 at room temperature to give the corresponding
1-acyl-2-methylimidazole 7b in good yields even when the
amount of 3f was reduced to 0.5 equivalents (Entries 9–11).

Then, the condensation of free carboxylic acids with various
amines was further tried by using BuSi(Im)3 3d or Si(2-Me–Im)4
3f as condensation reagents in THF (Table 2).12 In most cases,
the reactions proceeded smoothly under mild conditions to pro-
vide the corresponding carboxamides in good to high yields. It is
noted that the work-up procedure is quite simple and almost pure
carboxamides are obtained when 3f is used since the by-product
of the reaction is silica [(SiO2)n], which is insoluble in all com-
mon solvents and thereby can be removed easily by filtration.

Thus, novel types of imidazol-1-ylsilanes, particularly tris-
and tetrakis(imidazol-1-yl)silane derivatives, reacted readily
with free carboxylic acids to give the corresponding 1-acylimi-
dazoles, which smoothly underwent the subsequent condensa-
tion with amines to form carboxamides in good to high yields.
Further investigations on the preparation of silicon-containing
heterocycles and their application to various dehydration reac-
tions are now in progress.
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11 Typical procedure for the preparation of tetrakis-, tris-, and bis(imi-
dazol-1-yl)silane derivatives by a trans-silylation technique is as
follows: a) Si(2-Me–Im)4 3f; To a solution of 1b (7.85 g, 50.9
mmol) in toluene (5mL) (or without using any solvent) was added
slowly SiCl4 (1.46mL, 12.7mmol) at room temperature under ar-
gon. The precipitation of a white solid was observed. After the mix-
ture was stirred at 80 �C for 1 h, the generated Me3SiCl and the sol-
vent were removed under reduced pressure to give a white powder
in almost quantitative yield. The reagent can be handled for brief
periods in the air though it is sensitive to moisture. 1HNMR
(270MHz, CDCl3) � 2.09 (s, 12H), 6.84 (s, 4H), 7.18 (s, 4H);
13CNMR (67.8MHz, CDCl3) � 15.4, 120.9, 132.3, 149.7; HRMS
(EIþ) calcd for C16H20N8Si [M]þ 352.1580, found m=z 352.1582.
b) MeSi(2-Me–Im)3 3c; Following the procedure used to prepare
3f, reaction was performed between 1b and MeSiCl3 in a 3:1 molar
ratio. 1HNMR (270MHz, CDCl3) � 1.38 (s, 3H), 2.29 (s, 9H), 6.50
(s, 3H), 7.07 (s, 3H); 13CNMR (67.8MHz, CDCl3) � 0.1, 15.7,
120.8, 131.1, 149.4. c) Me2Si(Im)2 3a;9 Following the procedure
used to prepare 3f, reaction was performed between 1a and
Me2SiCl2 in a 2:1 molar ratio. 1HNMR (270MHz, CDCl3) �
0.95 (s, 6H), 6.95 (s, 2H), 7.23 (s, 2H), 7.61 (s, 2H); 13CNMR
(67.8MHz, CDCl3) � �1:8, 119.5, 131.7, 139.7.

12 General procedure for the preparation of carboxamides using 3f
(Table 2, Method B); To a stirred suspension of 3f (0.3mmol) in
THF (1.0mL) was successively added a carboxylic acid (0.5mmol)
and a solution of an amine (0.6mmol) in THF (0.5mL) at room
temperature. The reaction mixture was stirred for 8–24 h at the
same temperature, followed by the addition of water. Precipitated
silica was filtered and washed with EtOAc, and then the filtrate
was extracted with EtOAc. The organic layer was washed with
1M HCl aq, saturated NaHCO3 aq, and brine, dried over anhydrous
Na2SO4. After filtration, the solvent was removed under reduced
pressure to afford an almost pure (by 1HNMR and TLC) carbox-
amide.

Table 2. Preparation of various carboxamides using 3d or 3f

+
R3 OH

O
Method A:

BuSi(Im)3 3d

Method B:
Si(2-Me–Im)4 3f R3 NR4R5

O
HNR4R5

(1.0 equiv.) (1.2 equiv.)
THF, rt

(1.2 equiv.)

(0.6 equiv.)

Entry Carboxylic acid Amine Method Yielda/%

1
Ph(CH2)3NH2

A 88

2 B 90

3
PhCHMeNH2

A 70

4 B 73

5
Ph(CH2)2CO2H PhCH2NHMe

A 96

6 B 92

7
Piperidine

A 96

8 B 96

9
PhNH2

A 53b

10 B 71b

11
Ph(CH2)3NH2

A 71

12
PhCO2H

B 76

13
Piperidine

A 82

14 B 87

aIsolated yield. bReaction was carried out at 50 �C for 6 h.
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