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A simple and efficient method for the chemoselective N-Boc protection of the amine moiety in a variety of
compounds is described using di-tert-butyl dicarbonate and guanidine hydrochloride as an organocata-
lyst in ethanol at 35-40 °C. Selective mono-N-Boc protection of diamines and chemoselective protection
of hydroxylamines without formation of any side products is achieved. Amino acids and peptides are
N-Boc protected efficiently in excellent yields under convenient reaction conditions.
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1. Introduction

The development of mild and selective methods for the protec-
tion and deprotection of functional groups continues to be a signif-
icant tool in the synthetic chemistry of polyfunctional molecules.!?
Protection of the amino group is one of the most fundamental and
useful transformations during the synthesis of peptides, amino
acids and other natural products. Due to the great stability toward
catalytic hydrogenation and resistance toward basic conditions
and many other nucleophilic reagents,® the tert-butoxycarbonyl
(Boc) group has been employed extensively to mask the amino
function, finding widespread use in both organic* and peptide®
synthesis. Removal of the Boc protecting group is easily performed
under various reaction conditions.""® A variety of reagents and
methodologies developed over the years, for the preparation of
N-tert-butyl carbamates using di-tert-butyl dicarbonate (Boc),0
have been carried out either in the presence of a base (DMAP,”
aq NaOH,®* NaHMDS,®® etc.) or more recently acid catalysts®2°
and miscellaneous reagents.?!?? Although well known organocata-
lysts such as DMAP and N-methylimidazole are quite effective,
they tend to produce N,N-diacylated amines and isocyanates or
heterocycles when o-hydroxyanilines or 1,2-diamines are used.
In addition, the high toxicity’®’f of and the reagents derived from
DMAP restrict its use. Some of the above procedures have certain
drawbacks such as formation of side-products, the use of corrosive
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and moisture-sensitive reagents,'®?3 limited applicabilities,® and
tedious work-up procedures. Moreover, many of these methods fail
when amino acids or peptides are involved.

Organocatalysts?* have been used widely in many reactions as
mono and bifunctional catalysts due to economic and environmen-
tal considerations. Among the many organocatalysts, hydrogen-
bonding compounds such as guanidine derivatives are becoming
powerful tools for activation of the carbonyl functionality in organic
transformations.?® In continuation of our interest in the application
of organocatalysts in some common acid-catalyzed reactions,?!2627
we report a new application of guanidine hydrochloride (Gu-HCl) as
an efficient, non-volatile and noncorrosive recyclable catalyst in an
alternative method for the metal-free protection of amines, amino
acids and peptides with di-tert-butyl dicarbonate.

Preliminary experiments were carried out on 4-chloroaniline
with (Boc),0 as a model reaction in various solvents [CH,CI,
(50%), CH3CN (60%), EtOH (95%), MeOH (95%), H,0 (96%)] in order
to find the optimum reaction conditions. It was found that when 4-
chloroaniline was treated with 1.2 equiv of (Boc),0 in the presence
of Gu-HCI (15 mol %) in protic solvents at 35-40 °C, after only 55—
65 min, N-Boc protected 4-chloroaniline was obtained in 95-96%
yield (Table 1, entry 14). The lack of generality towards different
substrates in water and the toxicity of methanol resulted in utiliza-
tion of ethanol as the solvent. Moreover, an increase in the amount
of the catalyst, from 15 to 25 mol %, did not improve the reaction
time and a smaller amount (5 mol %) led to a longer reaction time.
Since protection of the a-amino functionality of amino acids is
important in the synthesis of peptides and medicinal compounds,
and the necessity to preclude polymerization of the amino acid
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Table 1
Gu-HCl-catalyzed protection of amines and diamines.
Entry Substrate Product Time (min) Yield (%)? Mp (°C) found/reported
1 ( NH { NBoc 1 100 Colorless oil/colorless 0il?%*°
NH NBoc
2 5 97 Yellow oil/
Et Et
/ / 7b,29
3 O NH (0] NBoc 1 100 57-60/56-58""
4 (PhCH,),NH (PhCH,),NBoc <1 100 Colorless oil /1214
5 PhCH,NH, PhCH,NHBoc <1 100 54-56/55-573132

NH, NHBoc
6 Mm@—f MeOOJ <1 100 58-60/
NH, NHBoc
N N
H H
@NHBOC 12 98 132/1321629

NH,
9 Me@ NH, MeONHBoc 5 96 84-85/86-872%32
10 MeOONHZ MeOONHBoc 5 100 92-94/94-96'432

NH, NHBoc .
11 32 97 Yellow oil /%>
0] 0]

NH, NHBoc
12 @ @E 40 95 Colorless oil
OMe OM

13 EtOONHZ EtOONHBoc 6 100 110-112
14 CIONHZ CIONHBOC 65 (55)° 95 (96)° 102-104/102-103%2

£

Z
T
™~

z
T
joe]
8

15 60 95 68-71/69-70"
C C
16 BrONHz BrONHBoc 60 93 102-103/102%°
17 HOZCONHZ HOZCONHBOC 2h 90° 18173
18 MeOCONHZ MeOCONHBoc 3h 87¢ 135-138/137-138"3
NH, NHBoc
65 93 95-97/98-99%2

?
OH OH
20 @[ @[ 15 96 142-144/142%°
NH. NHBoc
21 HO«i%NH2 HOONHBOC 1 100 146/146%°
HO OH HO OH
22 X X 5 100 135-137/1°
HO NH HO NHBoc
OH OH
23 30 98 Colorless oil
NH NHBoc

5

~OH ~OH
24 | | 25h 95 129-132
N NH, N NHBoc
N NA
25 L NH [ NBoc 1 100 46-48/42-4510
26 N, /)~ NH, NC/>*NHBOC 15 95 141-143/144-1452%34
N N
27 | >—NH, | S>—NHBoc 55h 95 >240
S S
28 1 1004 86-88/87-8832

(continued on next page)
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Table 1 (continued)

Entry Substrate Product Time (min) Yield (%)? Mp (°C) found/reported
H H
(S)- Ph*C‘*NHz (S)- Ph*(‘j*NHBoc
Me Me
29 HZN@NHZ HzN@NHBOC 5 70 112-114
30 HQN@NHZ BOCHNONHBOC 20 98¢ 192-194 dec.
NH, NHBoc
31 @[ @[ 3 90 110-113/'2
NH, NH,
NH, NHBoc
32 @[ @[ 30 97¢ 105-106/104-10632
NH, NHBoc
Me\@[NH2 Me NH,
NH, NHBoc
33 + 5 78¢ 105-107
Me NHBoc
NH,
Me NH, Me NHBoc
34 \C[ \C[ 20 94¢ 158-160
NH, NHBoc
(0} [0}
NH, NHBoc
35 O O O O 17 75 164-166
NH, NH,
(0} (0}
NH, NHBoc .
36 O O O O 35h 96 136-138
NH, NHBoc
HO,C NH, HO,C NHBoc
37 \©: \C[ 40 75 190-192
NH, NH,
HO,C NH, HO,C NHBoc
38 \CE \C[ 110 93f 195-197
NH, NHBoc
O,N NH, O,N NHBoc
39 \C[ 40 80¢ 190-192
NH, NH,

? Yield refers to isolated product.
b Reaction in H,0.
¢ Reaction with 2 equiv of (Boc),0.

once it is activated, the utility of Gu-HCl in the N-Boc protection of
amino acids and peptides was examined. In traditional methods for
N-Boc protection of amino acids and peptides an inorganic base or
triethylamine is typically used.?® However, we used the substrates
directly without using any base, which is an advantage of this pro-
tocol in comparison with those reported in the literature. Treat-
ment of p-phenylalanine with an excess of (Boc),0 (2.5-3 equiv)
in the presence of Gu-HCI (15 mol %) in ethanol at 35-40 °C, affor-
ded an excellent yield of N-Boc-p-phenylalanine without any race-
mization (Table 2, entry 1).

These initial results motivated us to test the generality of the
reaction on a variety of structurally diverse amines, amino acids
and peptides with (Boc),0 in the presence of Gu-HCI. Thus, various
aliphatic (open chain and cyclic), aromatic, heteroaromatic, hetero-
cyclic amines, diamines, amino acids and peptides were converted
in to the corresponding N-tert-butyl carbamates in good to excel-
lent yields (Tables 1 and 2). The progress of the reactions was mon-
itored by TLC or GC. Competitive side reactions such as the
formation of isocyanate, urea, and N,N-di-Boc derivatives were
not detected by TLC and 'H NMR analysis of the crude products.
As can be seen in Table 1, aliphatic amines reacted faster than

the aromatic analogues (Table 1, entries 1-7), while aromatic
amines required longer reaction times due to their lower nucleo-
philicity, especially those with electron-withdrawing groups (Ta-
ble 1, entries 8-19).

The chemoselectivity of Gu-HCl was assessed by performing N-
Boc protection of amines in bifunctional compounds. Excellent
chemoselectivity was observed in the cases of aminoalcohols, ami-
nophenols and hydroxyaminopyridine where the corresponding N-
Boc protected compounds were formed as sole products without
competitive formation of O-Boc or oxazolidinone derivatives, even
using an excess of (Boc),0 (Table 1, entries 20-24). It is notewor-
thy that heteroaromatic amines also underwent Boc-protection
in excellent yields (Table 1, entries 24-27). Amines and amino acid
esters with stereogenic centers did not undergo racemization or
epimerization as confirmed by comparison of the optical rotation
values with those reported in the literature (Table 1, entry 28, Ta-
ble 2, entries 13-15).

Protection of diamines in the presence of Gu-HCI was also stud-
ied. It was found that selective mono protection of diamines was
achieved using an equivalent of (Boc),0 (70-90%) and the corre-
sponding N,N'-di-Boc derivatives were formed as side products
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Table 2

Gu-HCl-catalyzed protection of amino acids and peptides
Entry Product Time Yield® Mp

(h) (%) (°C)
1 N-Boc-p-phenylalanine 6.5 93 0il*®
2 N-Boc-L-tryptophan 7 97 137-140%
3 N-Boc-L-proline 30min 98 13736
4 N-Boc-glycine 9 96 87-88%¢
5 N-Boc-L-leucine 7 90 82-85
6 N-Boc-1-valine 7.5 95 7736372
7 N-Boc-glycylglycine 9 96 128-131
8 N-Boc-glycylisoleucine 40 min 97 98-100
9 N-Boc-glycylvaline 36 min 95 107-108
10 N-Boc-glycylphenylalanine 9.5 81 132-135
11 N-Boc-alanylalanine 3 93 106-109
12 N-Boc-glycylglycylglycine 10 91 125-127
13 N-Boc-L-phenylglycine methyl 15min 91° 107-
ester 110%937°

14 N-Boc-L-phenylalanine methyl 10min 97¢ 39-41%°

ester

15 N-Boc-iL-leucine methyl ester 22min 964 Oil

2 Yield refers to isolated products.
b (a2’ +134.0 (c 0.8, CHCls).

¢ (o)) —4.0 (c 2, CH30H).

4 [o]2’ —18.3 (neat).

(Table 1, entries 29, 31, 33, 35, 37 and 39). When the amount of
(Boc),0 was increased to 2-3 equiv, rapid formation of di-Boc
derivatives occurred (Table 1, entries 30, 32, 34, 36 and 38). Inter-
estingly, in the case of 3,4-diaminonitrobenzene, using 1 equiv of
(Boc),0 afforded only 40% of the mono-N-Boc product and intro-
duction of 2 equiv of (Boc),0 did not result in the di-Boc derivative
as expected, but only the mono-N-Boc product in 80% yield (Table
1, entry 39).

Finally, we evaluated the effectiveness of this method for the
Boc protection of amino acid derivatives. Various amino acids, ami-
no acid esters and peptides were treated with (Boc),0 using the
same approach (Table 2). Amino acids (Table 2, entries 1-6), dipep-
tides, glycylglycylglycine as a tripeptide (Table 2, entries 7-12) and
amino acid esters (Table 2, entries 13-15) were protected effi-
ciently under the reaction conditions without using any additives.
An interesting feature of this procedure was that the protection
reactions of the amino acids (but not L-proline) and peptides de-
picted in Table 2 could be monitored visually. This is due to the
poor solubility of the starting materials and solubility of the corre-
sponding N-Boc derivatives in EtOH. Dissolution in the reaction
mixture indicates completion of the reaction.
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Scheme 1. The proposed mechanism for N-Boc protection of amines.

In order to investigate the mode of catalysis and repeatability of
the results with different substrates, further experiments were car-
ried out. Rate acceleration of the reaction was observed when the
N-Boc protection of p-toluidine, 4-chloroaniline, 4-aminobenzoic
acid and glycylglycine in the presence and absence of Gu-HCl were
compared. In all cases, the reaction rates were enhanced remark-
ably (see Supplementary data, Table S1).

To explore the recyclability of the catalyst, Gu-HCI was recov-
ered from the tert-Butoxycarbonylation of 4-chloroaniline, 4-
methoxyaniline and tryptophan by washing the crude products
with water and then using it in three successive runs with only a
minor loss of the activity (see Supplementary data, Table S2).

According to the above observations and previous reports on
the electrophilic activation of carbonyl groups through hydrogen
bonding with Gu-HCl,263839 and Boc activation by protic solvents
such as ethanol®? and water,?° it is postulated that this reaction
could proceed through activation of the (Boc),0 carbonyl groups
by hydrogen bonding with the catalyst to form species 1. This facil-
itates subsequent attack of the amino group on the carbonyl car-
bon to give species 2, followed by the elimination of CO, and t-
BuOH to afford the carbamate. Hydrogen bonding of the nitrogen
atom of guanidine hydrochloride with the hydrogen atom of the
amine (nucleophilic activation), possibly accelerates the formation
of species 2 (Scheme 1).38

To underline the advantages of this method, the N-Boc protec-
tions of amines using Gu-HCl were faster and gave higher yields than
those with the catalysts reported in the literature (see Supplemen-
tary data, Table S3). For instance, the reaction of 4-methoxyaniline
with (Boc),0 afforded the product in 94% yield after 6 h in the pres-
ence of yttria-zirconia in MeCN,® 99% yield after 6 h in t-BuOH in the
presence of Zn(Cl0,),-6H,0,'! 86% yield after 1.5 hin the presence of
I, under solvent-free conditions,'* 96% yield after 40 min under sol-
vent and catalyst free conditions?® and 78% yield after 1.5 h in the
presence of p-CD in water,*! whereas, a quantitative yield was ob-
tained after only 5 min in the presence of Gu-HCl in ethanol.

It is noteworthy that many of the reported methods do not
show generality, especially for amino acids and peptides, without
using additive 111428

In conclusion, we have shown that Gu-HCI can be used as an
efficient catalyst for selective and chemoselective N-Boc protection
of amines, diamines, amino acids and peptides. The catalyst can be
recovered and reused in the subsequent runs without losing signif-
icant catalytic activity. Simple work-up, very mild reaction condi-
tions, reusability of the catalyst and high yields of products are
other advantages of this protocol.

2. General procedure for the preparation of N-Boc amines and
diamines

The amine or diamine (1 mmol) was added to a stirred solution
of Gu-HCl (15 mol %) and (Boc),0 (1.2-3 mmol) in EtOH (1 mL), at
35-40 °C and stirred for the appropriate amount of time (Table 1).
After completion of the reaction (followed by TLC or GC), the EtOH
was evaporated and the residue was either washed with H,O or
dissolved in CH,CI, (or EtOAc) and filtered to separate the catalyst.
Evaporation of the organic solvent (if used in the work-up) gave al-
most pure products. In the cases where excess (Boc),0 was used,
the products were washed with petroleum-ether or hexane to re-
cover the residual (Boc),O0.

3. General procedure for the preparation of N-Boc amino acids
and peptides

Amino acid or peptide (1 mmol) was added to a solution of
Gu-HCl (15 mol %) and (Boc),0 (2.5-3 mmol) in EtOH (1 mL), at
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35-40 °C. The reaction mixture was stirred until a clear solution
was obtained. The EtOH was evaporated under vacuum and the
residue was washed successively with H,O (2 mL) and hexane or
petroleum ether (2 mL) to afford almost pure N-Boc amino acids
or N-Boc peptides. If necessary, the crude products were
recrystallized.

All the products were characterized by mp, 'H and *C NMR
spectroscopy, microanalysis and by comparison with authentic
samples reported in the literature.

3.1. N-(tert-Butoxycarbonyl)-2-amino-3-hydroxypyridine (Table
1, entry 24)

Off-white solid, yield: 95%; mp: 129-132 °C; '"H NMR (300 MHz,
CDCl3): 6=1.54 (s, 9H), 7.00 (dd, J = 8, 4.7 Hz, 1H), 7.32 (dd, J =8,
1.5 Hz, 1H), 7.91 (dd, J=4.7, 1.5 Hz, 1H), 9.31 (s, 1H, OH), 9.96
(br s, 1H, NH); '3C NMR (75 MHz, CDCl5): = 28.2 (CH3), 83.1 (C),
121.2 (CH), 127.8 (CH), 138.8 (CH), 140.3 (C), 143.8 (C), 156.1
(C=0); Anal. Calcd for C;gH4N,05: C, 57.13; H, 6.71; N, 13.32.
Found: C, 56.33; H, 6.64; N, 13.20.

3.2. N-Boc-L-proline (Table 2, entry 3)

White solid, yield: 98%; mp: 137 °C; '"H NMR (300 MHz, CDCl5):
(1:0.9 rotamer ratio, the asterisk denotes minor rotamer peaks),
6 =140 (s, 9H), 1.45* (s, 9H), 1.85-2.00 (m, 4H), 2.04-2.25 (m,
4H), 3.31-3.55 (m, 4H), 4.22 (m, 1H), 4.33* (m, 1H), 11.31 (br s,
2H, CO,H); 13C NMR (75 MHz, CDCl5): & = 23.6 (CH,), 24.3* (CH,),
28.2 (CH3), 28.4* (CH3), 29.0* (CH,), 30.8 (CH,), 46.3 (CH,), 46.9*
(CHy), 58.9 (CH), 80.3 (C), 81.0" (C), 153.9 (C=0), 155.9* (C=0),
176.2* (CO,H), 178.9 (CO,H).
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