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Abstract—Selective deprotection of N-Boc group was achieved in excellent yields using bismuth(III) trichloride in a mixed solvent of
acetonitrile and water (50:1, v/v) at 55 °C. Acid-labile groups such as Pmc and zers-butyl ester were not affected and no alkylation of
tryptophan, methionine, and cysteine residues was observed under the deprotection conditions.

© 2005 Elsevier Ltd. All rights reserved.

Chemoselective deprotection of N-Boc group is an
important transformation in the synthesis of peptides
and biologically active natural products.'® A variety
of reagents have been employed to effect this transfor-
mation including strong acids*® (e.g., trifluoroacetic
acid, HC1,” HBr,® H,S04,'° and HNO;!'"), Lewis acids
(e.g., BF3Et,0'? and ZnBr,'?), and neutral conditions
(e.g., In,'* Zn,'* and BuyNF'?). However, many of these
procedures suffer from disadvantages such as high acid-
ity, strong oxidizing conditions, long reaction times,
unsatisfactory yields, low chemo-selectivity and large
amounts of reagent or catalyst needed. For instance,
TFA, the most commonly used Boc deprotection
reagent, is an extremely corrosive liquid; greater care
must be taken when it is used. TFA deprotection of
Boc group in amino acids and peptides also lacks selec-
tivity and removes both N-Boc and tert-butyl esters at
the same time. For peptides containing tryptophan,
methionine, and cysteine residues, alkylation by the
tert-butyl cation formed under the acidic cleavage condi-
tions is a common side reaction resulting in modification
of the product peptide.'® With methionine, further reac-
tion can occur giving rise to homoserine and fragmenta-
tion of the peptide chain. Scavengers like thioanisole,
ethylmethyl sulfide (EMS), and ethanedithiol (EDT)
are often added to minimize these side reactions. The
addition of these scavengers brings its own problems
such as added extraction steps during purification and
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environmental concerns. Lewis acids like BF;Et,O
and ZnBr, used for N-Boc deprotection were also
reported to lack selectivity.'? In addition, a large excess
of these Lewis acids were needed to efficiently cleave the
N-Boc group. Thus, there is still a need for the develop-
ment of mild, selective deprotection conditions for the
common Boc amino protecting group. Here, we report
a mild method to selectively deprotect N-Boc group
using BiCl; in a mixed solvent of acetonitrile and water
in the presence of a variety of other functional groups
and easily alkylated amino acids such as tryptophan,
cysteine, and methionine.

Bismuth, a group 15 element, is the heaviest stable ele-
ment and the least toxic of heavy metals. It has two 6s
and three 6p electrons for bond formation. For the +3
oxidation state, only the three 6p clectrons are used.
When bound to strong electronegative ligands like chlo-
ride and triflate, bismuth (II) derivatives'’ exhibit signif-
icant Lewis acidity due to the availability of unoccupied
d and Bi-X o* orbitals.'®!° Recently, the catalytic activ-
ity of bismuth(III) derivatives as Lewis acids has been
utilized in the deprotection of ketoximes and aceto-
nides,?° the cleavage of epoxides®! and aziridines,?? the
oxidation of alkenes, acyloins, epoxides, o-hydroxy
acids, glycols and ketols, and the cyanation and allyl-
ation of carbonyl compounds.!8-?> Many other reactions
such as Knoevenagel condensations, Friedel-Crafts
acylation, sulfonylation, carbonyl and aza-Diels—Alder
reactions, carbonyl-ene reactions, Mukaiyama-aldol
reactions, Michael reactions, and Ferrier rearrange-
ments>* have been reported to be catalyzed by BiCls.'3
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Table 1. Reaction conditions used to deprotect Boc-Leu-Trp-OMe (1)*

H o} H (0] H o}
BocHN NiJkOMe — HoN N\:AOMe + HoN N%OMe
o s = s = 0 s =
NH NH NH
R
1 2 3 R =tert-Butyl
Entry Reaction conditions Isolated yield (%)
2 3
1 50% TFA/CH,Cly, rt, 1 h 51 43
2 50% TFA/CH,CI, + 10 equiv thioanisole, rt, 1 h 58 35
3 BiCl; (20 mol %) in CH3;CN/H,O (50:1), rt, 12 h 31 b
4 BiCl; (2 x 20 mol %) in CH3CN/H,O (50:1), rt, 20 h 45 b
5 BiCl; (2 x 20 mol %) in CH3CN/H,O (50:1), 55°C, 2 h 95 >

#Boc-Leu-Trp-OMe was deprotected at 1 mmol scale (0.2 M) under the conditions listed.

®No side product was detected and starting material was recovered.

In our research, we needed to deprotect N-Boc group
from tryptophan containing peptides. When we used
50% TFA in dichloromethane for the deprotection, we
found that 40-60% of the peptides were converted to
the alkylated side products (e.g., Table 1, entry 1). The
degree of side product formation varies from peptide
to peptide and was dependent on the reaction time.
The addition of 5-10 equiv of thioanisole as the scaven-
ger, did not suppress the formation of the alkylated side
product (Table 1, entry 2). When we treated Boc-
Leu-Trp-OMe (1) with 20 mol % BiCl; in acetonitrile
containing 2% water at room temperature for 12 h, we
obtained 31% of the deprotected peptide 2 (Table 1,
entry 3). More importantly, we did not observe the for-
mation of any alkylated side product 3 as monitored by
LCMS. The yield was improved to 45% when another
aliquot of 20 mol % of BiCl; was added to the above
reaction (Table 1, entry 4). When the reaction tempera-

Table 2. Effect of solvent on the N-Boc deprotection reaction®

H o H (0]
BocHN N%OMe — H)N N\i)kOMe
0 - 0
NH NH
1 2
Entry Solvent mixture (50:1) Conversion yield (Yo)®
1 CH,Cl,/H,0 65
2 CH;CN/H,0 95
3 THF/H,0 75
4 DMF/H,0 70
5 1,4-Dioxane/H,O 78
6 MeOH/H,0 72

ture was elevated to 55 °C, the deprotected dipeptide (H-
Leu-Trp-OMe, 2) was isolated in 95% yield (Table 1,
entry 5). These results indicated the N-Boc group could
be efficiently removed by BiCl; (2 x 20 mol %) in aceto-
nitrile-water at 55°C without the formation of any
alkylated tryptophan side product.

We then studied the effect of organic solvent and water
content on the BiCl;-mediated deprotection of N-Boc
using Boc-Leu-Trp-OMe (1) as the model substrate.
Acetonitrile was found to be the preferred solvent for
the deprotection reaction; the reaction rate would de-
crease if acetonitrile was replaced with other solvents
(Table 2). In the latter cases, LCMS and TLC analysis
of the reaction mixtures indicated significant quantities
of unreacted starting material. The amount of water in
the reaction medium also affected the reaction outcome.
The use of neat organic solvent gave lower yields of

Table 3. Effect of water content on the N-Boc deprotection reaction®

H (0} H (0]
BocHN N%OMe — H,N N\i)kOMe
0 0 -
NH NH
1 2
Entry CH;CN:H,O0 (v/v) Conversion yield (%)°
1 10:1 80
2 20:1 85
3 25:1 87
4 50:1 95
5 100:1 85

#General conditions: Boc-Leu-Trp-OMe (1 mmol, 0.2 M), BiCls
(2 %20 mol %), 55°C, 2 h.
® Conversion yield to desired product as monitored by LC-MS.

#General conditions: Boc-Leu-Trp-OMe (1 mmol, 0.2 M), BiCls
(220 mol %), 55°C, 2 h.
® Conversion yield to the desired product as monitored by LC-MS.
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Table 4. Bismuth(III) trichloride-mediated N-Boc deprotection®
Substrate Product Time (h) Yield (%)°
H (o} H (e}
BocHN NiJkOMe HoN N\i)kOMe 2 95
0 = > o = _
NH NH
1 2
~_NH <~ NH 5 9%
BocHN OMe HoN OMe
(6] 4 0 5
b (o} N o}
BocHN N;JLNHNHz HoN N\_)LNHNHZ
o = o 2 94
~NH ~NH
6 7
o 0}
N H
N
BocHN/(?\I;JLNHOH H2N/¢ \;ANHOH
o = o = 2 91
= =
NH NH
8 9
H o H o
BocHN N%COOH HoN N%COOH
o ¢ o ¢ 2.5 90
= =
NH NH
10 11
CONH, | AL CONH, < NH , N
H H
M
BOCHN/Q(N\;)LH OMe HzNg(N\g)Lg OMe
0 = 0 o = 0
CONH, N CONH, NP , o
H H
BocHN/EH/N\)kE NHNH, HzN/;(N\)LE NHNH,
o = o] o = 0
Y “ Y s
N= =
~ N-Bzl ~_ /N-Bzl
OH OH 2 %
BocHN HoN
o 16 o 17

(continued on next page)
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Table 4 (continued)

Substrate Product Time (h) Yield (%)°
NN NN
3 Pme 3 Pme 2 95
H NH H NH
BocHN © HoN ©
o 18 o 19
“Pmc 3 Pme
1.5 81
OtBuNH OtBuNH
BocHN HoN
o 20 0 21
s~ s”
BocHN OBzl HoN OBzl 2 91
o 22 X
SH SH
Bzl Bzl 2 90
BocHN/g(o z HzNg(o z
o 24 o 25
COO0BzI COOBzI
BocHN OtBu HoN OtBu 1.5 82
o 26 o 27

#1 mmol scale (0.2 M), BiCl; (2 x 20 mol %), CH3CN/H,0 (50:1), 55 °C.

®Isolated yield.

deprotected product. As shown in Table 3, the preferred
composition for our binary solvent system was found to
be 50:1 (acetonitrile to water, v/v).

After optimization of our reaction conditions, we exam-
ined the general applicability of the method to other
substrates using the following representative procedure
for the deprotection of N-Boc group from amino acids
and peptides. A solution of the N-Boc protected
peptides (1 mmol) in acetonitrile/water (5 mL/100 uL)
was treated with BiCl; (20 mol %) and stirred at 55 °C.
After 1 h, an additional 20 mol % aliquot of BiCl; was
added and the reaction was allowed to continue at 55 °C
until TLC or LC-MS showed disappearance of the
starting material. Upon completion of the reaction, solid
NaHCO; was added and the reaction mixture was
filtered through Celite. The solvent was then removed
under reduced pressure to give pure desired compound
in high yields usually without the need for further
chromatographic purification.

As shown in Table 4, methyl esters (compounds 1, 4,
and 12), hydrazides (compounds 6 and 14) and hydr-
oxamic acids (compound 8) were stable under these
reaction conditions. Amino acid protecting groups such
as Pmc (compounds 18 and 20) and tert-butyl esters
(compounds 20 and 26) were also stable under these
conditions. In all cases, deprotected peptides were iso-
lated in excellent yields. It should be noted that the
tert-butyl esters (compounds 20 and 26) could be
cleaved if the reaction time was prolonged beyond 1.5—
2 h. As with tryptophan (compound 4), deprotection

of N-Boc group in both methionine and cysteine (com-
pounds 22 and 24) proceeded without the formation of
any alkylated side product as monitored by LC-MS.

It is clear that our reaction conditions favor the depro-
tection of N-Boc group in the presence of fert-butyl
ester. Although this selectivity is not completely
understood, we would expect, as confirmed by our cal-
culations using PC Spartan, that electron densities on
the carbamate oxygens are relatively higher and would
associate more readily with the limited amounts of
Bi(III) species present as compared to those on the ester
oxygens. This might help explain why the terz-butyl car-
bamate was more susceptible to BiCl;-mediated depro-
tection than tert-butyl esters. A generalized mechanism
is proposed here for the Boc deprotection and is shown
in Scheme 1. The Lewis acid Bi(III) coordinates with
both the carbamate oxygen atoms to form complex 28,
which then breaks down to form isobutene, carbon
dioxide, and the desired deprotected amine 29. How-
ever, this scheme does not explain the role of water in
the BiClz-mediated deprotection of N-Boc and the need
to add BiCl; in two portions for better yields. BiCl; is

\
2 o so [P0
R BiCl; \ R )L
R_BMs | Rl CO; + H,N-R
¢ N chen-ro o U + 002+ 1z

55°C )V 29

Scheme 1.
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known to be hygroscopic and undergoes hydrolysis to
form water-insoluble bismuth oxychloride (BiOCl) and
HCL.'" This instability and reactivity of BiCl; in the
presence of water might partially explain the need to
add fresh BiCl; a second time after 1 h to improve the
conversion yield. But, attempts to mimic the result of
such hydrolysis by reducing the amount of BiCl; used
and adding the expected amount of HCI failed to effect
the desired deprotection. Additional experiments are
necessary to fully understand the mechanistic aspects
of the reaction.

In summary, we developed a new procedure for the
deprotection of N-Boc that offers mild reaction condi-
tions, excellent yield, and high chemo-selectivity. The
deprotection procedure uses inexpensive catalyst
(BiCl;) and a simple experimental work-up procedure.
In addition, no alkylated side reactions of tryptophan,
methionine, and cysteine residues were observed. This
BiCl;-mediated N-Boc deprotection should find
general application in the synthesis of amino acids and
peptides.
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