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Introduction

Increasing importance of environmental concerns and promotion 
of green processes are forcing replacement of traditional acid/base 
catalysis. Protection and deprotection of functional groups is an 
important tool in synthetic organic chemistry [1,2]. BOC group has 
several advantages as protecting group for amines [3]. Though there are 
several methods available for BOC protection of amines, there is a need 
for green catalyst. Molecular sieves 4A° are advocated for this purpose. 
Aryl amines has reduced nucleophilicity compared to primary or 
secondary aliphatic amines, due to which BOC protection of aryl amines 
are not very easy. Existing methods for N-BOC protection has several 
disadvantages like extended reaction times, elevated temperatures [4], 
addition of bases like DMAP [5,6], NaOH [7], Pyridine [8], NaHMDS 
[9]. This is also same in the case of Lewis acid catalysis like LiClO4 [10], 
Zn(ClO4)2 [11], ZrCl4 [12], sulfamic acids [13], and indium(III) halides 
[14] are  reported  for BOC protection of amines. Molecular sieves
has wide spread applications in diverse areas. Thus they are not only
used as adsorbents or desiccants, but also as catalyst in several organic
reactions. It is used for trans-esterification, preparation of enamines,
ketimines [15,16], synthesis of acetals [17], Oxidation of 2° alcohols
[18]. The importance of molecular sieves in heterogeneous catalysis
depends of its micro-porous structure. Modification of framework
composition results in change of its acidic/ basic/ redox properties.
Therefore, molecular sieves (MS), which have several catalytic sites
inside their structures, have been successfully employed to promote
N-BOC protection. In the present study we selected variety of amines
and protected with Di-tert-butyl dicarbonate at 20-25°C in solvent
free condition using molecular sieves 4A° as catalyst. Though reaction
proceeds without catalyst in some reactions, Molecular sieves reduced
reaction time significantly. In case of less nucleophilic substrates,
reaction not proceeded without catalyst.

Results and Discussion
When a variety of amines were treated with Di-tert-butyl 

dicarbonate in the presence of Molecular sieves 4A°, the corresponding 
N-BOC-protected amines were obtained in good yields (Table 1). The
substrates were examined in our studies, and the results obtained
are summarized in Table 1. Thus the present procedure to introduce
the BOC protecting group is quite general as a wide range of amines
underwent reaction smoothly with Di-tert-butyl dicarbonate. In the
cases of L-tert-Leucine (Entry 1) and Diethanolamine (Entry 4), the
yields are moderate (50-95%). It contributes to the low reactivity of
these compounds. It is noteworthy that the reaction does not require
any toxic reagents and Di-tert-butyl dicarbonate in equimolar ratio is
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required. It is also important to note that aliphatic amines react much 
faster than aromatic or hindered amines. Moreover, it is important 
to highlight that no side reaction, such as bis-carbonylation or the 
formation of isocyanate or urea, was observed. When this reaction 
condition was applied to protect ammonia, S-phenyl ethyl amine, 
aniline, product formed with excellent yields. The BOC protection of 
diethanolamine (Entry 4) and L-tert-Leucine (Entry 1) was also carried 
out. The reaction with 2.5 mol% or 5 mol% of Molecular sieves 4A° 
was very slow and reactions not completed (Table 2). Therefore, the 
reaction was carried out using a 1:1:0.1 molar ratios of amine: Di-
tert-butyl dicarbonate: Molecular sieves respectively. The reaction 
was carried out easily at room temperature (20-25°C) (Scheme 1). 
After reaction, filtered catalyst reused for 3 cycles. Catalyst activity not 
reduced till 3 cycles.

Experimental
Materials and methods

Commercially available reagents were used directly without any 
purification unless otherwise stated. Molecular sieves with porous size 
4A° were used as catalyst. Reaction progress was monitored by silica 
gel aluminum sheets (60F-254) and RP-18 F254s using UV light as 
a visualizing agent. Silica gel 100-200 mesh size used to purify said 
compounds. 1H-NMR and 13C-NMR spectra were recorded on Bruker 
Avance 400 spectrometer with TMS as internal standard. Splitting 
patterns are described as singlet (s), doublet (d), triplet (t), quartet (q), 
broad (br), or doublet of doublet (dd). The value of chemical shifts (δ) 
is given in ppm and coupling constants (J) in Hertz (Hz). Mass spectra 
were obtained using Agilent LC-MS instrument in electrospray positive 
and negative ionization modes.

General Procedure for BOC Protection of Amines: Di-tert-
butyl dicarbonate (1 mmol) and Molecular sieves 4A° (0.1 mmol) 
were added to a solution of amine (1 mmol), and the reaction mixture 
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was stirred for the time specified in Table 1. After completion of the 
reaction as indicated by thin-layer chromatography (TLC), and the 
reaction mixture was diluted with dichloromethane, and filter reaction 
mixture. Obtained filtrate evaporated under reduced pressure. The 
residue obtained was purified by column chromatography on silica gel 
by using 10% EtOAc-hexane as eluent to give the pure product. Details 
are summarized in Table 1.

Conclusions
In conclusion, we have devised a method for N-tert-

butoxycarbonylation of amines in the presence of Molecular sieves 4A° 
as a catalyst (10 mol%). This general method is a valuable addition to 
the existing N-tert-butoxycarbonylation protocols. More importantly, 
the present procedure offers a chemo selective with respect to amine 
and hydroxyl groups, and environmentally benign strategy by the use of 
Molecular sieves which could be easily handled, removed, and recycled.

References
1. Greene TW, Wutts PGM (1999) Protective Group in Organic Synthesis. (3rd

edn) John Wiley & Sons, New York. 

2.	 Kocienski PJ (2000) Protecting Groups. (3rd edn), George Thieme Verlag,
Stuttgart. 

3.	 Stahl GL, Walter R, Smith CWJ (1978) General procedure for the synthesis of
mono-N-acylated 1,6-diaminohexanes. Org Chem 43: 2285-2286. 

4.	 Muchowski JM, Venuti MC (1980) Ortho functionalization of N-(tert-
butoxycarbonyl)aniline. J Org Chem 45: 4798-4801. 

5.	 Barlin GB, Pfleiderer WJ (1971) Ionization constants of heterocyclic substances. 
Part IX. Protonation of aminopyridones and aminopyrimidones. Chem Soc B
1425-1432. 

6.	 Darnbrough S, Mervic M, Condon SM, Burns C (2001) An Improved Synthesis 
of N-Boc Protected Aryl Amines. J Synth Commun 31: 3273-3280.

7.	 Maeda H, Suzuki M, Sugano H, Yamamura M, Ishida R, et al. (1988) Synthesis 
and central nervous system actions of thyrotropin-releasing hormone analogs
containing a 1-oxo-1,2,3,4-tetrahydroisoquinoline moiety. Chem Pharm Bull 
(Tokyo) 36: 190-201.

8.	 Arya DP, Warner PM, Jebaratnam DJ (1993) Development of new DNA-binding 
and cleaving molecules: Design, synthesis and activity of a bisdiazonium salt.
Tetrahedron Lett 34: 7823-7826. 

9.	 Kelly TA, McNeil DW (1994) A simple method for the protection of aryl amines
as their t-butylcarbamoyl (Boc) derivatives. Tetrahedron Lett 35: 9003-9006. 

10.	Heydari A, Hosseini SE (2005) Lithium Perchlorate-Catalyzed Boc Protection
of Amines and Amine Derivatives. Adv Synth Catal 347: 1929-1932. 

11. Bartoli G, Bosco M, Locatelli M, Marcantoni E, Massaccesi M, et al. (2004) A
Lewis Acid-Mediated Protocol for the Protection of Aryl Amines as their Boc-
Derivatives. A Synlett 10: 1794-1798. 

12.	Sharma GVM, Reddy JJ, Lakshmi PS, Krishna PR (2004) Rapid and facile
lewis acid catalysed boc protection of amines. Tetrahedron Lett 45: 6963-6965.

13.	Upadhyaya DJ, Barge A, Stefania R, Crovotto G (2007) Efficient, solventless 
N-Boc protection of amines carried out at room temperature using sulfamic acid 
as recyclable catalyst. Tetrahedron Lett 48: 8318-8322. 

14.	Chankeshwara SV, Chakraborti AK (2006) Indium(III) Halides as New and
Highly Efficient Catalysts for N-tert-Butoxycarbonylation of Amines. Synthesis 
16: 2784-2788. 

15.	Bonnett R, Emerson TR (1965) 834. Optical rotatory dispersion. Part XXII.
Steroidal azomethines. J Chem Soc 4508-4511. 

16.	Brannock KC, Bell A, Burpitt RD, Kelly CA (1964) Enamine Chemistry. IV.
Cycloaddition Reactions of Enamines Derived from Aldehydes and Acyclic
Ketones. JOC 29: 801-812.

17.	Oppoizer W, Keller K (1970) Aufbau neuer heterocyclen mittels intramolekularer 
nitron-olefin-cycloadditionen. Tetrahedron lett 1117-1120. 

18.	Manyar HG, Chaure GS, Ashok Kumar (2006) The green catalytic oxidation of 
alcohols in water by using highly efficient manganosilicate molecular sieves. 
Green chemistry 8: 344-348.

6 NH3 O

O
CH3

CH3

CH3

NH2
10 h 98 %

Reaction condition: 1:1:0.1 Molar ratios of amine: Di-tert-butyl dicarbonate: Molecular sieves respectively at 20-25°C.
Table 1: Synthesized N-BOC protected amines.

Catalyst loading
S No Mol % Remarks

1 0 Reaction not started
2 2.5 Reaction not completed
3 5 Reaction not completed
4 10 Reaction completed

Table 2: Study on catalyst loading.

NHR
1

R
+ O

CH3
CH3

CH3 O

O

CH3

CH3
CH3 N

R
1

R
O

CH3 CH3CH3

O

Amine Di-tert-butyl dicarbonate N-BOC protected amine

MS 4A°

20-25°C

Scheme 1: Synthesis of N-BOC amines.
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