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Abstract: A practical and highly efficient method for the protection
of amines to their corresponding N-Boc derivatives is reported. In
the absence of any solvent and catalyst, the present strategy works
well for a series of electron-deficient and electron-rich aromatic
amines as well as some sterically hindered substrates.
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Functional group protection and deprotection strategies
areimportant in target molecule synthesis. The protection
of aminesis one of the most fundamental and useful trans-
formationsin organic synthesis, especialy in peptide syn-
thesis! Many mild and selective methods for the
protection of amine groups have been developed for many
different organic transformations.? Among them, the com-
mercially available di-tert-butyl dicarbonate (Boc,O) has
become an efficient reagent for the clean and rapid intro-
duction of the tert-butoxycarbonyl (Boc or t-Boc) protect-
ing group at the amine functionality. Due to the stability
of N-tert-butylcarbamates towards catal ytic hydrogenoly-
sis and extreme resistance to bases and nucleophiles, as
well as easy conversion into the parent amines under mild
acidic conditions,'® this protection of amines is used fre-
guently.® Various base-mediated methods for the N-Boc
protection of amines have been developed, for example
DMAP, NaOH, K,COs, Et;N, NaHCO; and Me,NOH.*
However, these methodologies suffer from a variety of
drawbacks such as long reaction times, high toxicity
(DMAP), special syntheses of the tert-butyloxycarbony-
lation reagents, basic conditions and the use of solvents.
Several Lewis acids such as yttria-zirconia, Zn(ClO,),,
LiClO, Cu(BF,), La(NO;); and ZrCl, have also been ex-
tensively investigated in order to achieve such transfor-
mations.® However, the Lewis acid catalyzed Boc-
protection of aminesis quite restricted as the strong affin-
ity of many Lewis acids for amino groups does not allow
regeneration of the Lewis acids.® Moreover, most Lewis
acids are decomposed or deactivated by the amines and
their amine derivatives.” Even when the desired reactions
proceed, greater than stoichiometric amounts of Lewis
acid are needed because the acids are trapped by nitrogen.
Herein we wish to report a novel and highly practical
strategy for N-Boc protection in the absence of solvent
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and catalyst (Scheme 1). To the best of our knowledge,
thisisthefirst example of the N-Boc protection of amines
without the presence of any solvent or catalyst.

Our initial experimentswere carried out using anilineasa
model substrate. At room temperature, when one mmol of
aniline was added to one mmol of Boc,O under solvent-
and catalyst-free conditions, there was an evolution of
heat and quick bubbling. To our delight, this model reac-
tion finished within 30 minutes and the corresponding
mono N-Boc derivative was afforded in 95% yield. Thisis
noteworthy asin the work of Adapaet al, the reaction be-
tween aniline and Boc,O was quite sluggish and only 60%
of the desired N-Boc product could be isolated after 48
hours. Our results indicated that the transformation of
aniline to the corresponding N-Boc derivative could be
achieved in high efficiency without any catalyst or sol-
vent.

R solvent-free R\
/NH + BocyO EE———— N—Boc
Rl rt,2minto8h Rl/
87-99%
Scheme 1

Encouraged by these experimental results, a series of
structurally diverse aromatic and aiphatic amines were
treated with Boc,O under catalyst- and solvent-free con-
ditions.® Various amines underwent smooth conversion
into the corresponding mono N-Boc products in excellent
yields (Table 1). No side-products were observed. More-
over, behavior of the present strategy is dependent on the
type of substrate amine used. Generally, aliphatic amines
reacted faster, while the aromatic anal ogues needed pro-
longed reaction times. Substituent groups on the aromatic
rings dramatically affected the conversion rate of amines.
Electron-donating groups such as methyl and methoxy
groups add to the nucleophilicity of the aromatic amines
and help with the conversion into the corresponding N-
Boc products (Table 1, entries 10 and 11). In contrast, the
presence of electron-withdrawing substituent groups,
such as chloride and nitro, decreased the nucleophilicity
of the aromatic amines and the corresponding conversion
became quite sluggish (Table 1, entries 12 and 13). In par-
ticular, when a nitro group was present in the aromatic
ring, the transformation to its N-Boc product did not occur
at room temperature even with a prolonged reaction time.
In this case, an elevated reaction temperature made a sig-
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Tablel N-Boc Protection of Amines Under Solvent- and Catalyst-
Free Conditons?

Entry Amine Time Yield (%)°
1 2min 97
NH,
2 NN 4 min 95
NH,
3 O 2min 94
N
H
4 NH, 7 min 98
5 H 15 min 92
O\/\NHZ |
6 N 4 min 92
ﬁ
<\/NH
7 0 5min 99

8 ©ANH2 8min 94

9 : NH, 30 min 95
10 : NH, 40 min 96
MeO
11 NH, 50 min 95
Me” :
12 NH, 6h 96
cl” i
13 NH, 8h 87°
O,N’ :
14 NH, 5h 91
: :OH
15 @[NHZ 5h 97d
NH,
16 NH, 7h 94

&

@ Unless otherwise stated, all reactions were carried out using amine
(1 mmol) and Boc,O (1 mmol) at room temperature.®

b |solated yields.

¢ The mixture was heated to 110 °C with five equivalents of Boc,O.
4 Both amino groups were protected.

nificant improvement (Table 1, entry 13). Following liter-
ature precedent,® we also tried adding a catalytic amount
of iodinein the protection of 4-nitroaniline, but only trace
amounts of the protected product were formed (10%) after
48 hours. In view of the importance of peptide synthesis,
we also tried to protect ethyl 2-aminoacetate using our
conditions and the result was quite satisfactory (Table 1,

entry 7).

Itisof notethat this method also shows good chemosel ec-
tivity. In the presence of a hydroxy group, only the mono
N-Boc products were isolated and no O-Boc protection
could be observed from the *H NMR (Table 1, entries 5
and 14). However, when o-phenylenediamine was used as
the substrate with one equivalent of Boc,O, the mono N-
Boc protected product was isolated as the major product
in 70% yield and the corresponding N,N’-di-Boc deriva-
tive was aso afforded as a side-product (30%). The N,N’-
di-Boc derivative was formed exclusively when the
amount of the Boc,0 was increased to two equivalents.

We have developed a practical and highly efficient meth-
od for the protection of amineswith Boc,O. This new pro-
tocol allows for the efficient conversion of both aliphatic
and aromatic amines into their corresponding mono N-
Boc protected derivatives without the occurance of bis-
Boc protection. The advantages including solvent- and
catalyst-free conditions, operation at room temperature,
excellent chemoselectivity, high yields and environmen-
tally benign conditions make this present method superior
to existing methods. We believe that our method will find
its use in organic synthesis, especially in large-scale
industrial preparation.
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