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Application Note B6.0
Use of SiliaBond Carbodiimide
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SiliaBond Carbodiimide (or Si-DCC) is a bound, neutral carbodiimide that may be used for the synthesis
of amides, esters, and activated esters. Loading is determined by titration of the excess oxalic acid after formation of oxalic anhydride. The use of silica-supported DCC eliminates purification issues caused
by the formation of toxic dicyclohexylurea (DCU) as it remains bound to the silica.
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Sample Procedure
In Bulk
Method 1
SiliaBond Carbodiimide (2.0 g, 2.0 equiv.), acid (1.5 equiv.), and HOBt (1.7 equiv.) were mixed briefly in 10
mL of DCM followed by the addition of the amine (1.0 equiv.). The reaction was stirred overnight at room
temperature. The reaction was monitored by the disappearance of the amine in the mixture using TLC
(EtOAc/Hexane, 1:1). After the reaction was completed, excess HOBt, acid, and if necessary amine, were
scavenged using SiliaBond Carbonate (6.8 equiv.) and SiliaBond Tosic Acid (2.0 equiv.). Total volume of
the mixture was adjusted to keep a ratio silica/solvent of 1 g/5 mL. Scavengers were allowed to react
for 1 h at room temperature prior to filtration, washing with DCM (3 x 10 mL), and evaporation of the
solvent. The corresponding amides were analyzed by 1H and 13C NMR or GC-MS. Yield corresponds to
the mass of isolated product. Purity was determined by GC-FID.
Method 2
The amine (1.0 equiv.), acid (2.0 equiv.), and SiliaBond Carbodiimide (2.0 g, 3.0 equiv.) in 10 mL of DCM
or DCM/DMF mixture were added to a dry reaction vessel and stirred overnight at room temperature.
The reaction was monitored by the disappearance of the amine in the mixture using TLC (EtOAc/Hexane,
1:1). Excess acid was scavenged with SiliaBond Amine (4.0 equiv.) and, if necessary, excess amine was
scavenged with SiliaBond Tosic Acid (2.0 equiv.). The same recommendations and procedure described
above apply.
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In Cartridges
SiliaPrep™ Carbodiimide can be used as depicted in the following scheme.
How to use SiliaPrep Carbodiimide for amide synthesis:

SiliaPrep Carbodiimide (2.0 g, 12 mL, 3.0 equiv.) was placed on a vacuum manifold (or column) equipped
with individual valves. The valves were closed so that the liquid stayed above the SiliaPrep Carbodiimide
bed. The acid (1.5 equiv.) and HOBt (1.7 equiv.) were mixed together in 1.8 mL of THF (or DCM) until complete solubilisation, after which the amine (1.0 equiv.) was added. The resulting solution was inserted
into the cartridge and left to react overnight. The valve was opened to drain the solution and the gel was
rinsed with DCM (3 x 10 mL). The reaction was monitored by the disappearance of the amine in the mixture using TLC (EtOAc/Hexane, 1:1). After the reaction was completed, excess HOBt, acid, and if necessary, amine, were scavenged using SiliaBond Carbonate (6.8 equiv.) and SiliaBond Tosic Acid (2.0 equiv.).
Scavengers were allowed to react for 1 h at room temperature prior to filtration, washing with DCM (3
x 5 mL), and evaporation of the solvent. The corresponding amides were analyzed by 1H and 13C NMR or
GC-MS. Yield corresponds to the mass of isolated product. Purity was determined by GC-FID.
SiliaPrep Carbodiimide or SiliaBond Carbodiimide in bulk?
Using SiliaPrep DCC offers certain advantages over bulk functionalized silica. They can be summarized
as follow:
Shorter reaction times (few minutes compared to 1 h)
N
 o need for use of supported scavengers (saves an additional step and costs)
Amenable to automation
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Results of amide bond formation using SiliaBond Carbodiimide
Acid

Amine

1

Benzoic Acid

2

% Yield (% Purity)
Bulk-1

Bulk-2

Cartridge

Aniline

73.5 (99.1)

70.1 (96.4)

81.2 (97.2)

Benzoic Acid

Benzylamine

100.0 (95.4)

80.1 (98.1)

100.0 (98.7)A

3

Benzoic Acid

Phenylethylamine

98.7 (97.1)

78.7 (98.3)

100.0 (98.8)

4

Phenoxyacetic Acid

Tert-Butylamine

100.0 (97.4)

100.0 (94.0)

98.2 (94.5)A,C

5

Phenoxyacetic Acid

1,2,3,4-Tetrahydroisoquinoline

99.8 (95.0)

100.0 (92.5)

97.2 (92.4)A

6

Boc-Phe-OH (L)

Phenylethylamine

100.0 (97.6)

100.0 (97.6)

99.2 (90.1)

7

Fmoc-Phe-OH (D)

Phenylethylamine

N.A.

100.0 (>95 )

N.A.

8

Z-Val-OH

Phenylethylamine

100.0 (>95 )

93.5 (>95 )

100.0 (>95B)

9

3-Iodobenzoic Acid

Benzylamine

100.0 (98.5)

100.0 (97.1)

100.0 (94.5)

10

Heptanoic Acid

Ethanolamine

72.2 (95.5)

84.3 (98.0)

81.3 (93.0)D

B

B

B

A: 4 h reaction time; B: Determined by 1H NMR; C: in DMF; D: No HOBt. Conditions: As described in the
sample procedure unless stated otherwise. Bulk – 1 and – 2 refer to the method 1 and 2 for bulk synthesis
as described in the previous pages.

Weinreb amides and acylsulfonamides
Applications and uses of SiliaPrep Carbodiimide are not restricted to standard amides. As a matter of
fact, it has been successfully used for the synthesis Weinreb amides and acylsulfonamides as presented in the following scheme.
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Si
Weinreb Amide in bulk
The acid (3.0 equiv.), DMAP (0.3 equiv.), pyridine (3.5 equiv.), N,O,-dimethylhydroxylamine hydrochloride (1.0 equiv.) and SiliaBond Carbodiimide (2.0 g, 4.5 equiv.) in 10 mL of DCM were added to a dry reaction vessel and stirred overnight at room temperature. The reaction was monitored by the
disappearance of the amine in the mixture using TLC (EtOAc/Hexane, 1:1). Excess acid was scavenged
with SiliaBond Amine (4.0 equiv.) and, excess amine, DMAP, and pyridine were scavenged with SiliaBond
Tosic Acid (14.0 equiv.). Total volume of the mixture was adjusted to keep a ratio silica/solvent of 1 g/5
mL. Scavengers were allowed to react for 1 h at room temperature prior to filtration, washing with DCM
(3 x 20 mL), and evaporation of the solvent. The corresponding Weinreb amides were analyzed by GCMS. Yield corresponds to the mass of isolated product. Purity was determined by GC-FID.
Weinreb amide synthesis with SiliaBond Carbodiimide in bulk
Acid
Benzoic acid
t-Cinnamic acid
2-Nitrobenzoic acid

Amine

% Yield (% Purity)

N,O–Dimethylhydroxylamine
hydrochloride

98.8 (95.5)
87.3 (94.7)
99.5 (93.2)

Purity determined by GC-FID.

Acylsulfonamide in bulk
The acid (3.0 equiv.), DMAP (3.0 equiv.), sulfonamide (1.0 equiv.), and SiliaBond Carbodiimide (2.0 g, 4.5
equiv.) in 10 mL of (4:1) DCM/DMF mixture was added to a dry reaction vessel and stirred 24 hours at
room temperature. Excess amine and DMAP were scavenged with SiliaBond Tosic Acid (12.0 equiv.). Total volume of the mixture was adjusted to keep a ratio silica/solvent of 1 g/5 mL. Scavengers were allowed to react for 2 h at room temperature prior to filtration, washing with DCM (3 x 20 mL), and
evaporation of the solvent. The corresponding acylsulfonamides were analyzed by GC-MS. Yield corresponds to the mass of isolated product. Purity was determined by GC-FID.
Acylsulfonamide synthesis with SiliaBond Carbodiimide in bulk
Acid
Benzoic acid

Amine

% Yield (% Purity)

Benzenesulfonamine

95.5 (71.3)

Methanesulfonamine

78.8 (53.1)

Purity determined by GC-FID.
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Sample Procedure

