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Amide Synthesis using SiliaBond® Dichlorotriazine

SiliaBond® Dichlorotriazine (Si-DCT) must be activated with N-methylmorpholine (NMM) to give a mor-
pholinium salt that can react with the carboxylic acid to form the activated ester. It may then react with 
an amine to form the amide or safely be stored for use at a later date. Si-DCT may also be used for synthe-
sis of Weinreb amides and acylsulfonamides.

SiliaBond® Dichlorotriazine provides a fast clean route to amide bond formation with complete conver-
sion in about an hour compared to most bound coupling reagents that requires overnight incubation.

Sample procedure

Same as described for Weinreb amides synthesis on page p. 85.

Amine 

Aniline

Benzylamine

Phenylethylamine

Tert-Butylamine

1,2,3,4-Tetrahydro-

isoquinoline

Phenylethylamine

Phenylethylamine

Phenylethylamine

Benzylamine

Ethanolamine

Acid 

Benzoic acid

Benzoic acid

Benzoic acid

Phenoxyacetic acid

Phenoxyacetic acid

Boc-Phe-OH (L)

Fmoc-Phe-OH (D)H

Z-Val-OH

3-Iodobenzoic acid

Heptanoic acid

Bulk

 100.0 (98.9)C

100.0 (97.8)

100.0 (98.4)

99.5 (99.0)

91.1 (92.0)

99.8 (97.9)

100.0 ( 95)B

100.0 ( 95)B

100.0 (99.0)

78.2 (68.0)F

Cartridge

100.0 (98.5)D

99.6 (96.7)

99.9 (96.5)

92.7 (95.3)E

70.0 (94.0)E

91.1 (95.4)

100.0 ( 95)B

98.3 ( 95)B

99.9 (98.9)

53.2 (95.0)G

% Yield (% Purity)

Amide bond formation using SiliaBond® Dichlorotriazine
# 

1

2

3

4

5

6

7

8

9

10

A: Determined by GC-FID; B: Determined by 1H NMR; C: 3 hours reaction time; D: Amine overnight incubation; 
E: Acid overnight incubation; F: Use 4 eq. of acid and allow to react for 1 hour before adding amine; G: Use 4 eq. 
of acid; H: Do not use scavengers which would deprotect the amine. 
Conditions: As described in the sample procedure unless stated otherwise.
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SiliaBond® Carbonate (Si-CO3) has been used to free base diversified libraries of 2,5-diketopiperazines 
and 1,4-benzo-diazepine-2,5-diones1

Amine free basing

Sample Procedure
Amine free basing – using SiliaBond® Carbonate

•  Add 2-4 eq. of Si-CO3 in respect to the amine. 
•  Stir for 2 hours at room temperature. 
•  Remove the SiliaBond® Carbonate by filtration and rinse with THF.
•  Solvent evaporation lead to the desired salt free amine.

Amine free basing – using SiliaPrep™ Carbonate
•  SiliaPrep™ Carbonate (2-4 eq. of Si-CO3 in respect to the amine) is conditioned with THF.
•  Load the amine solution (in THF) onto the SiliaPrep™ Carbonate
•  Free salt amine is eluted with THF.

Related publication
1)  Org. Lett., 4(7) 2002, 1167
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Sample Procedure
	 • � To SiliaBond® Cyanoborohydride (1.0 g, 

2.5 eq.) was added 10 mL of THF/AcOH 
(95/5).

	 • � The amine (2 eq.) and the acid (1 eq.) 
were added.

	 • � Mixture was shaken at room 
temperature for 24h.

	 • � SiliaBond® was filtered off and rinsed 
with THF/AcOH (95/5).

	 • � Solvent evaporation lead to the desired 
crude amine.

In the crude mixture, the amine is present as an 
acetate salt. Different procedures may be used to 
obtain the free amine after filtration of the silica:

Reductive amination using  
SiliaBond® Cyanoborohydride

Solvent 

THF/AcOH (95/5)

THF/AcOH (75/25)

THF/AcOH (95/5)

DCM/AcOH (90/10)

Carbonyl

Benzaldehyde

Cyclohexanone

Cyclohexanone

Benzaldehyde

Yielda 

100%

100%

100%

96%

Amine

Piperidine

1-Benzyl-3-propylamine

N-Benzylmethylamine

N-Benzylmethylamine

Starting Materials

Reductive amination using SiliaBond® Cyanoborohydride
Reaction 

1

2

3

4

a�Yield determined by GC-MS 
Reactions conditions: RT/24 h, 2.5 eq. of Si-CBH. For reactions 1-3: 2.0 eq. of the amine and 1 eq. of the 
carbonyl. For reaction 4: 1.0 eq. of the amine and 3.0 eq. of the carbonyl.

1)	  Acid-base extraction.
	 - � Evaporation of the solvent under 

reduced pressure, addition of 20% 
NaOH(aq), followed by extraction with 
ether (3) and evaporation.

2)  Catch and Release with SiliaPrep™ TsOH
	 - � Conditioning the cartridge with 

the reaction solvent. 
	 - � Application of the sample. 
	 - � Washing off the cartridge with the 

reaction solvent to eliminate 
impurities.

	 - � Product (amine) elution with  
2 M NH3/MeOH.

3)  Neutralization with Si-CO3.
	 -  Add 3 equivalents of Si-CO3, 
	 -  Stir for 30 minutes.
	 - � Filter off the SiliaBond® and rinse 

with solvent.
	 - � Pure product is obtained after 

purification by column 
chromatography with silica gel.

A
pplication notes
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Scavenging acid chloride with 
SiliaBond® Amine

Sample Procedure1

	 •  Add 1.5 eq. of SiliaBond® Amine to the reaction mixture. 
	 •  Stir for 1 hour at room temperature.
	 •  Filter off the SiliaBond® rinsing with solvent to give acyl chloride free solution.

Related publications
	 1)  J. Catal., 195 (2000) 412

Scavenging aldehyde/ketone with 
SiliaBond® Tosyl Hydrazine
Sample Procedure
	 •  Add 2-4 eq. of SiliaBond® Tosyl Hydrazine to the aldehyde containing reaction mixture. 
	 •  Stir for 1 hour at room temperature.
	 •  Filter off the SiliaBond® rinsing with solvent to give aldehyde free solution.

	 �When scavenging ketones and hindered aldehydes, a catalytic amount (0.05 eq.) of acetic acid 
should be added.

N

N

O

H2N

R1

Ph

BEMP

R2COCl (5.0 eq.)
THF

B:

N

NH2

Si NH2

(1.5 eq. excess over acyl chloride)

(1.5 eq. excess over acyl chloride)

N

N
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N
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Scavenging benzylamine with 
SiliaBond® Isocyanate
Silica supported isocyanate has superior reactivity in a broader range of solvents when compared to polymer 
based materials. SiliaBond® Isocyanate is also available in SPE format (SiliaPrep™ Isocyanate) for flow through 
scavenging.

DCM

 98% 

 98% 

 98%

MeCN

95% 

79% 

88%

Scavenging benzylamine  
in different solvents

Scavenger

SiliaBond®
Isocyanate

PS-Isocyanate 

(1st source)

PS-Isocyanate 

(2nd source)

THF

 98% 

 98% 

 98%

Conditions: 3 eq. relative to the amine, 1 hour at room 
temperature. Scavenging (%) determined by GC-MS.

Sample Procedure
	 • � Add 2-4 eq. of SiliaBond® Isocyanate 

to the crude reaction mixture
	 •  Stir for 1 hour at room temperature
	 • � SiliaBond® was filtered off and rinsed 

with solvent to give benzylamine free 
solution.

Scavenging boronic acid with 
SiliaBond® Diol

Sample Procedure
Boronic acid scavenging
	 • � Add 2-4 eq. of SiliaBond® Diol to the 

crude reaction mixture.
	 •  Stir for 1h at room temperature.
	 •  Filter off the SiliaBond® rinsing with DCM.
	 • � Solvent evaporation gives the desired 

phenylboronic acid free solution.

Efficiency

75%

100%

Scavenging phenylboronic acid  
with SiliaBond® Diol

Equivalents

2

4

Time

1 h

1 h

Conditions: 3 eq. relative to the amine, 1 hour at room 
temperature. Scavenging (%) determined by GC-MS.

O

OH

OHSi OSi
B

HO

HO

DCM

RT O B

O
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Scavenging HOBt with  
SiliaBond® Carbonate
SiliaBond® Carbonate was tested side by side with 
MP–Carbonate for the scavenging of HOBt after an 
amide coupling reaction.1 As shown in the following 
table, the silica based scavenger has much faster 
kinetics which allows it to scavenge HOBt in only 5 
minutes.

HOBt scavenging was also tested with SiliaBond® 
Carbonate (bulk) and SiliaPrep™ Carbonate on a 
5 000 ppm HOBt solution. 

HOBt removeda 
(%)

77

100

100

Solid phase extraction using  
polystyrene and silica based supports

SPE media 

MP–Carbonate

MP–Carbonate

Si-Carbonate

Time 
(min.)

120

240

5

a�HOBt scavenging determined by LC/MS  
and verified by 1H NMR

Scavenging HOBt with SiliaBond® Carbonate (bulk) and SiliaPrep™ Carbonate
Initial HOBt  

Concentration

5000 ppm

5000 ppm

5000 ppm

5000 ppm

5000 ppm

5000 ppm

5000 ppm

aHOBt concentration determined by GC-MS. Solvent: DMF

Si-CO3 
# eq.

3

3

3

4

4

4

4

Reaction time 

5 min.

1 hour

SiliaPrep™ 

5 min.

10 min.

1 hour

SiliaPrep™ 

Final HOBt  
concentrationa

32 ppm

32 ppm

 5 ppm

22 ppm

22 ppm

21 ppm

 5 ppm

Reactivity 

99.4%

99.4%

100.0%

99.6%

99.6%

99.6%

100.0%

Among the advantages of using SiliaPrep™ Carbonate is the possibility of automation, the rapidity of exe-
cution, and the higher efficiency for the same number of equivalents.
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Sample Procedure
Scavenging HOBt1 – In bulk
	 •  Add 2-4 eq. of SiliaBond® Carbonate to the HOBt solution (in DMF).
	 •  Stir for 1 hour at room temperature. 
	 •  Remove the SiliaBond® Carbonate by filtration rinsing with DMF.
	 •  Solvent evaporation gives the HOBt free solution.

Scavenging HOBt1 – In SPE Cartridges
	 •  SiliaPrep™ Carbonate (2-4 eq. of Si-CO3 in respect to HOBt) was conditioned with DMF.
	 •  Onto the SiliaPrep™ Carbonate was loaded the HOBt containing solution.
	 •  Amide was eluted with DMF.
	 •  Solvent evaporation gave the HOBt free amide.

Related publication
	 1)  Org. Lett., 5(24) 2003, 4721

Scavenging nucleophile with 
SiliaBond® Tosyl Chloride
Sample Procedure
Nucleophile scavenger
	 •  Add 20% pyridine or 6 eq. TEA to the reaction mixture.
	 •  Add 2-4 eq. of SiliaBond® Tosyl Chloride to the reaction mixture.
	 •  Stir at room temperature for 1 hour.
	 •  SiliaBond® was filtered off rinsing with solvent to give a nucleophile free solution.

A
pplication notes
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Scavenging Pd complexes 
With SiliaBond® TAAcOH

Scavenging Pd complexes with SiliaBond® TAAcOH
Reaction Time

5 min.

60 min.

18 h

Starting concentration: 1000 ppm. Scavenging with 4 eq. of SiliaBond® TAAcOH  in THF at RT.

Pd2(C3H5)2Cl2

–

0.25

–

Pd(PPh3)4

390

150

1.4

Pd(AcO)2

40

9.8

0.06

Pd2(dba)3

480

50

–

Sample procedure
	 •  Add 2-4 eq. of SiliaBond® TAAcOH to the crude reaction mixture
	 •  Stir for 1h at room temperature
	 •  SiliaBond® was filtered off rinsing with THF to give a Pd complexe-free solution.

With SiliaBond® Thiol

Scavenging Pd complexes with SiliaBond® Thiol
Reaction Time

5 min.

60 min.

18 h

Starting concentration: 1000 ppm. Scavenging with 4 eq. of SiliaBond® Thiol in THF at RT.

Pd2(C3H5)2Cl2

–

0.04

–

Pd(PPh3)4

360

320

150

Pd(AcO)2

0.9

0.07

0.05

Pd2(dba)3

545

20

–

Sample procedure
	 •  Add 2-4 eq. of SiliaBond® Thiol to the crude reaction mixture.
	 •  Stir for 1h at room temperature
	 •  SiliaBond® was filtered off rinsing with THF to give a Pd complexe-free solution.
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With SiliaBond® Thiourea

Scavenging Pd complexes with SiliaBond® Thiourea
Reaction Time

5 min.

60 min.

18 h

Starting concentration: 1000 ppm. Scavenging with 4 eq. of SiliaBond® Thiourea in THF at RT.

Pd2(C3H5)2Cl2

–

1.3

–

Pd(PPh3)4

320

95

10

Pd(AcO)2

1.4

0.8

0.6

Pd2(dba)3

475

50

–

Sample procedure
	 •  Add 2-4 eq. of SiliaBond® Thiourea to the crude reaction mixture.
	 •  Stir for 1h at room temperature
	 •  SiliaBond® was filtered off rinsing with THF to give a Pd complexe-free solution.

With SiliaBond® Triamine

Scavenging Pd complexes with SiliaBond® Triamine
Reaction Time

5 min.

60 min.

18 h

Starting concentration: 1000 ppm. Scavenging with 4 eq. of SiliaBond® Triamine in THF at RT.

Pd2(C3H5)2Cl2

–

1.3

–

Pd(PPh3)4

540

370

220

Pd(AcO)2

20

1.4

0.3

Pd2(dba)3

525

83

–

Sample procedure
	 •  Add 2-4 eq. of SiliaBond® Triamine to the crude reaction mixture.
	 •  Stir for 1h at room temperature
	 •  SiliaBond® was filtered off rinsing with THF to give a Pd complexe-free solution.

A
pplication notes
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Solid support: linking alcohol to 
SiliaBond® Tosyl Chloride
Sample procedure
Solid support
	 • � For best results, use an equivalent or excess of alcohol (1.0-3.0 eq.). Residual alcohol can 

be recovered by filtration at the end of the reaction. 
	 • � Stir silica and alcohol for 5-10 hours at room temperature in any standard aprotic organic 

solvent containing 50% pyridine or other weak tertiary amine base.
	 •  Filter, wash with neutral solvent, and dry under vacuum.

Cleavage of the tosylate
	 • � Mix the silica bound tosylate (obtained as described above) with 2.0 eq. of amine and 6.0 eq. 

of DIPEA or TEA in MeCN.
	 • � Stir for 12 hours at 70°C. (For volatile secondary amines, use 4.0 eq. for 12 hours at 

room temperature.)
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Using SiliaBond® Carbodiimide

Acid

Benzoic acid

Acylsulfonamide synthesis with SiliaBond® Carbodiimide

Purity determined by GC-FID.

Sulfonamide

Benzenesulfonamide

Methanesulfonamide

% Yield (% Purity)

95.5 (71.3)

78.8 (53.1)

Sample procedure
Acylsulfonamide synthesis - using SiliaBond® Carbodiimide
	 • � The acid (3.0 eq.), DMAP (3.0 eq.), sulfonamide (1.0 eq.) and SiliaBond® Carbodiimide (2 g, 4.5 

eq.) in 10 mL of (4:1) DCM/DMF mixture were added to a dry reaction vessel.
	 • � Stir 24 hours at room temperature. 
	 • � Unreacted sulfonamide and DMAP were scavenged with SiliaBond® Tosic Acid (12.0 eq.). 
	 • � Total volume of the mixture was adjusted to keep a silica/solvent ratio of 1 g/5 mL. 
	 • � Scavengers were allowed to react for 2 hours at room temperature.
	 • � SiliaBond® were filtered off and rinsed with DCM (3  20 mL).
	 • � Solvent evaporation gave the desired crude mixture.
	 • � The corresponding acylsulfonamides were analyzed by GC-MS. (Yield corresponds to the 

mass of isolated product. Purity was determined by GC-FID.)

Using SiliaPrep™ Dichlorotriazine

Acylsulfonamide synthesis using SiliaPrep™ Dichlorotriazine

Purity determined by GC-FID.

Acid

Benzoic acid

Sulfonamide

Benzenesulfonamide

Methanesulfonamide

% Yield (% Purity)

98.0 (90.0)

71.4 (82.0)

Sample procedure
Acylsulfonamide synthesis – Using SiliaPrep™  Dichlorotriazine
Same application note as describe for Weinreb amide synthesis (see p.86) with the exception that the 
sulfonamide mixture is incubated overnight.

Acylsulfonamide synthesis A
pplication notes
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Sample procedure
Sulfonamide synthesis using “Catch and Release” with SiliaBond® DMAP

	 Catch of Tosyl Chloride
	 •  To a suspension of SiliaBond® DMAP (1.0 eq) in anhydrous DCM is added tosyl chloride (2 eq.). 
	 • � The reaction mixture is stirred for one hour at room temperature, filtered, washed with 

anhydrous DCM and immediately carried through the second step without drying.

	 Release of Benzylsulfonamide
	 • � To the mixture obtained in the first step was added benzylamine  

(0.65 eq. considering a 60-70% yield for the “catch” step) in anhydrous DCM.
	 •  The reaction is stirred for 16 hours at room temperature. 
	 •  After completion, the reaction is filtered rinsing with DCM. 
	 • � The benzylsulfonamide was obtained in 75-80% yield by concentration of the filtrate under 

vacuum. 
The sulfonamide presented high purity (98% evaluated by GC-FID in THF inhibitor free).

Si

N N

H3C

H3C S

O

O

Cl
HN S

O

O

CH3

NH2

Sulfonamide synthesis using “Catch and Release” with SiliaBond® DMAP

Sulfonamide synthesis 
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Suzuki coupling

Sample procedure
Palladium immobilization
	 •  Mix SiliaBond® Diphenylphosphine (1.0 eq.) with Pd(PPh3)4 (1.0 eq.) in benzene.
	 •  Stir for 24 hours at reflux under inert atmosphere.
	 •  Isolate product by filtration.
	 •  Wash with ether.
	 • � Dry under vacuum. 

(Palladium loading was determined to be 0.76 mmol/g)

Suzuki coupling
	 • � Mix sodium carbonate (3.0 eq.), halide (1.0 eq.), and boronic acid (1.1 eq.) in 5 mL of Toluene/

EtOH/H2O (10:1:1)
	 •  Add the palladium immobilized on silica (0.01 eq.). 
	 •  Stir at 80°C for 24 hours under inert atmosphere. 
	 • � The crude organic phase is then purified either on SiliaPrep™ Tosic Acid or by flash 

chromatography. (Products were identified by 13C and 1H NMR. Purity was determined  
by 1H NMR.)

Suzuki coupling results with SiliaBond® Diphenylphosphine-Pd

Purity determined by 1H NMR

Halide

Iodoaniline

4-Bromopyridine

4-Bromopyridine

Boronic Acid

2-Thiopheneboronic acid

Phenylboronic acid

4-Formyl boronic acid

% Yield (% Purity)

57 (57)

98 (100)

88 (99)

A
pplication notes

R X B R'

HO

HO
Toluene/EtOH/H20

(10:1:1) Si-DPP-Pd (0.01 eq.)

Na2CO3 (3 eq.)
80°C/24 h

R R'

 Suzuki coupling with SiliaBond® Diphenylphosphine-Pd
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Weinreb amide synthesis
Using SiliaBond® Carbodiimide

Weinreb amides synthesis using SiliaBond® Carbodiimide

Purity determined by GC-FID.

% Yield (% Purity)

98.8 (95.5)

87.3  (94.7)

99.5 (93.2)

Amine

N,O–Dimethylhydroxylamine 

hydrochloride

Acid

Benzoic acid

trans-Cinnamic acid

2-Nitrobenzoic acid

Sample procedure
Weinreb amide synthesis – using SiliaBond® Carbodiimide
	 • � The acid (3.0 eq.), DMAP (0.3 eq.), pyridine (3.5 eq.), N,O,-dimethylhydroxylamine  

hydrochloride (1.0 eq.) and SiliaBond® Carbodiimide (2 g, 4.5 eq.) in DCM (10 mL)  
were added to a dry reaction vessel.

	 • � The mixture was stirred overnight at room temperature. The reaction was monitored by TLC 
(EtOAc/Hexanes, 1:1).

	 • � Excess acid was scavenged with SiliaBond® Amine (4.0 eq.) and excess amine, DMAP 
and, pyridine were scavenged with SiliaBond® Tosic Acid (14.0 eq.). Total volume of the 
mixture was adjusted to keep a silica/solvent ratio of 1 g/5 mL. 

	 •  Scavengers were allowed to react for 1 hour at room temperature.
	 •  SiliaBond® were filtered off rinsing with DCM (3  20 mL).
	 •  Solvent evaporation gave desired crude mixture.
	 • � The corresponding Weinreb amides were analyzed by GC-MS.  

(Yield corresponds to the mass of isolated product. Purity was determined by GC-FID.)
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Using SiliaBond® Dichlorotriazine

Weinreb amides synthesis using SiliaBond® Dichlorotriazine
Acid

Benzoic acid

trans-Cinnamic acid

2-Nitrobenzoic acid

Purity determined by GC-FID.

% Yield (% Purity)

96.4 (94.0)

81.9 (70.0)

92.4 (79.0)

Amine

N,O–Dimethylhydroxylamine 

hydrochloride

Sample procedure
Weinreb amide synthesis – using SiliaBond® Dichlorotriazine
	 • � To SiliaBond® Dichlorotriazine (1.0 g, 2.0 eq.) was added 10 mL of anhydrous DCM along with 

N-methylmorpholine (NMM, 3.0 eq.), acid (1.5 eq.) and the amine (1.0 eq.). 
	 • � The solution was stirred at room temperature for 1 hour or until the amine disappears (TLC).
	 • � SiliaBond® TsOH (5.0 eq.) and SiliaBond® Amine (2.0 eq.) were added to this mixture to 

scavenge the excess amines (starting amine and NMM), and excess acid. Total volume of the 
mixture was adjusted to have a maximum silica/solvent ratio of 1 g/5 mL.

	 • � Scavengers were allowed to react for 1 hour at room temperature.
	 • � SiliaBond® were filtered off rinsing with anhydrous DCM (3  10 mL). 
	 • � Solvent evaporation gave desired crude mixture.
	 • � The corresponding Weinreb amides were analyzed by NMR or GC-MS. (Yield corresponds to 

the mass of isolated product. Purity was determined by GC-FID. THF (anhydrous and inhibitor 
free) may be used instead of DCM.)

A
pplication notes
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Using  SiliaPrep™ Dichlorotriazine

Sample procedure
Weinreb amide synthesis – using  SiliaPrep™ Dichlorotriazine
• �  SiliaPrep™ Dichlorotriazine (1.0 g, 12 mL, 2.0 eq.) was placed on a vacuum manifold equipped with 

individual valves (closed). 
• � NMM (3.0 eq.) and the acid (1.5 eq.) were mixed together in anhydrous DCM (0.8 mL). The resulting 

solution was loaded onto the cartridge and left to react for 1-5 minutes (or longer for less reactive 
acids). 

• � The valve was opened to drain the solution rinsing with anhydrous DCM (2x10mL). 
• � Vacuum was applied and the cartridge was allowed to dry. 
• � The valve was closed and the amine (1.0 eq., in 0.8 mL of anhydrous DCM) was dripped onto the SPE 

cartridge.
• � Incubated for a time ranging from a few minutes to overnight. 
• � The cartridge was drained and rinsed with anhydrous DCM (2  10 mL) to collect the amide. 
• � Solvent was removed under vacuum to give the crude desired amide. 
• � Amides were characterized as described in previous example.  

(THF (anhydrous and inhibitor free) may be used instead of DCM. )

Notes: 
1) � If using Fmoc protected amino acid (or any compound bearing base sensitive groups),  

pass the NMM in solution first, wash, and then load the acid.
2) � If using Boc protected amino acid (or any compound bearing acid sensitive groups), mix all reagents 

together in a minimum of DCM. Apply the solution to the cartridge and let incubate for a few minutes 
before washing with DCM.
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The following scheme shows how SiliaPrep™ Dichlorotriazine is used for amide synthesis.

nMM
Acid

Amine Solvent

Amide

5 min.
(Average)

Si-DCT Si-DCT Si-DCTSi-DCT Si-DCT

A
pplication notes

Visit our website for new metal scavengers and application notes.


