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Mild and efficient deprotection of the amine protecting
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Abstract—Mild and efficient procedures for deprotection of the amine nitrogen protecting p-methoxyphenyl (PMP) group are
described. Periodic acid and trichloroisocyanuric acid (TCCA) were found to be particularly effective in realizing amine liberation
using 1 and 0.5 equiv of the oxidant, respectively. Extension of the periodic acid-mediated conditions to simultaneous alcohol
oxidation by combination with a catalytic amount of sodium dichromate led to smooth conversion of PMP-protected Mannich
products into the corresponding b-amino acids in a one-pot procedure.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1. Deprotection of PMP-protected amines.
With the advent of new catalytic strategies to produce
enantiopure products,1 p-anisidine stands out as the
starting material of choice for a variety of processes that
involve imine intermediates. In particular, asymmetric
Mannich reactions catalyzed by LL- or DD-proline proceed
smoothly using p-anisidine-derived Schiff bases of alde-
hydes and ketones.2 Other applications involve the
(asymmetric) reduction of p-methoxyphenyl (PMP)-pro-
tected imines,3 the involvement of p-anisidine in a three-
component reaction to form N-PMP-protected amino
acid amides,4 and application in asymmetric Diels–
Alder reactions.5

Furthermore, a Cu-catalyzed procedure for introduction
of the PMP-group as a protecting group for amino func-
tions has been described.6 Obviously, all of these strate-
gies at one point require liberation of the desired amine
by oxidative deprotection of the p-methoxyphenyl func-
tion (Scheme 1). The inevitable deprotection of the PMP
group was identified by us as a crucial and important
drawback for scale-up and commercial application of
any type of methodology involving N-PMP intermedi-
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ates. Currently, most reports describe oxidative removal
with ceric ammonium nitrate (CAN) at low pH,7 but
appear to neglect the serious disadvantages associated
with this procedure. Usually, a large excess of CAN
(4–5 equiv) is required, the reaction has a laborious
work-up procedure involving column chromatography,
CAN is expensive, and highly toxic. Some of these
disadvantages also apply to phenyl iodoacetate
(PhI(OAc)2), which has also been reported as a depro-
tecting agent.8 In recognition of these drawbacks, the
Mioskowski group—in a search for better deprotection
methods—recently reported an electrochemical proce-
dure for the oxidative removal of the PMP substituent.9

However, electrochemical reactions are poorly amenable
to scale up, requiring special production equipment.

Based on these arguments, we set out to develop a new
methodology that can be applied broadly for deprotec-
tion of the PMP-group with cheap reagents and benefi-
cial atom economy for potential large scale application
in an industrial setting. We decided that the readily
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accessible reduced Mannich product 410 would be a
useful starting point to search for oxidation reagents
that might be effective in realizing PMP deprotection.
Initially, an HPLC assay was adopted that allowed us
to determine the conversion in time (after 8 and 20 h)
of PMP-protected amine 4 into the corresponding free
amine 5 upon treatment with varying amounts (1 or
4 equiv) of oxidant. As can be seen from Table 1,
CAN and PhI(OAc)2 in the presence of 1 equiv of sulfu-
ric acid were indeed effective in deprotecting, albeit with
moderate conversions. We were, however, pleasantly
surprised to find that under these acidic conditions,
readily available and cheap oxidants such as trichloro-
isocyanuric acid (TCCA) and periodic acid (H5IO6)
were capable of deprotecting the PMP group effectively
(entries 7–12). The data show that the addition of a
strong protic acid is crucial in the deprotection reac-
tions, since without the acid the oxidants do not give
any conversion of the starting material at all (entries 7
and 10).
Table 1. Deprotection of PMP-protected amine 4 using various oxidants

HO

HN

Ph
Me

OMe

HO

a

4

Entry Equivalent Oxidant

1 1 CAN
2 4 CAN
3 1 PhI(OAc)2

4 4 PhI(OAc)2

5 1 DM
6 4 DM
7 1 TCCA
8 1 TCCA
9 4 TCCA

10 4 H5IO6

11 1 H5IO6

12 4 H5IO6

13 1 HOCl
14 4 HOCl
15 1 PBP
16 1 NCS
17 4 NCS
18 1 NBS
19 4 NBS
20 1 NIS
21 4 NIS
22 1 Br2

23 4 Br2

24 1 I2

25 4 I2

26 4 H2O2

27 4 KMnO4

28 4 NaBO3Æ4H2O
29 4 Na2CO3Æ1.5H2O2

30 4 K2Cr2O7

Conditions: (a) 1 or 4 equiv oxidant, 1 equiv H2SO4, 5 mol % benzoic acid (
a Conversions were determined using HPLC (Inertsil ODS-3 column) on cru
b Carried out without the addition of H2SO4.
c Several by-products were detected by HPLC. (DM = Dess–Martin peri

succinimide, NBS = N-bromosuccinimide, NIS = N-iodosuccinimide.)
This is in agreement with a mechanism involving initial
formation of the benzoquinone-derived iminium ion 2,
which under the reaction conditions hydrolyzes to the
desired free amine 3 (Scheme 1). The apparently illogical
decrease in yield upon going from 1 to 4 equiv of TCCA
(entries 8 and 9) can be explained by overoxidation of
the liberated amino alcohol in the latter case. Periodic
acid shows a relatively low conversion after 8 h, but very
good conversion after 24 h (entry 11), while additional
equivalents of oxidant yielded no improvement (entry
12). Other halogen-containing oxidants have also been
tested under these acidic conditions such as the hyperva-
lent Dess–Martin reagent (entries 5 and 6), hypochlo-
rous acid (entries 13 and 14), and a series of
electrophilic halide reagents (entries 15–25). Without
exception, in all cases conversion of 4 into 5 was
observed, but with reduced effect compared to TCCA
and periodic acid. Finally, several inorganic oxidants
were applied, but appeared unsuccessful for this trans-
formation (entries 26–30).
NH2

Ph
Me

5

O

O

Conversiona to 5

at t = 8 h (%)
Conversiona to 5

at t = 20 h (%)

35 34
71 42
54 47
59 64
47 48
58 67
<5b <5b

79 82
36 0
<5b <5b

20 81
32 75
40 41
65 81
58 60
41 59
81 62
77 79
75 55
57 59
80 78
50 —
50 —
53 17
55 21
<5 —
15c —
0 —
0 —
0 —

internal standard), MeCN/H2O 1:1, rt.
de samples from the reaction mixture.

odinane, PBP = pyridinium bromide perbromide, NCS = N-chloro-
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To verify the results of our initial screening, we per-
formed a series of preparative scale experiments on the
initial substrate 4 as well as on the PMP-protected
amines 6–11 with TCCA and periodic acid (Table 2).
In the case of TCCA, 0.5 equiv appeared optimal since
only two of the three chlorine substituents are involved
in the oxidation,11 whereas one equivalent of periodic
acid was required. As can be judged from Table 2, the
corresponding free amines 5, 12–17 were formed with
satisfactory results.12,13 Subjection of PMP-protected
benzylamine 6 to TCCA provided the free amine 12 in
Table 2. Preparative scale N-PMP deprotections

Entry n-PMP amine Oxidant

HN
PMP

1 6 TCCA
2 6 H5IO6

Me

HN
PMP

3 7 TCCA
4 7 H5IO6

NH

Me

PMP

5 8 TCCA
6 8 H5IO6

HO HN

Me

PMP

7 4 TCCA
8 4 H5IO6

HO HN

Me

PMP

NO2
9 9 TCCA

10 9 H5IO6

HO HN
PMP

Me

11 10 TCCA
12 10 H5IO6

HO N
PMPMe

NO2
Me

13 11 TCCA
14 11 H5IO6

Conditions: 1 equiv H2SO4, 1 equiv H5IO6 or 0.5 equiv TCCA, MeCN/H2O
a Isolated yield of HCl salt after aqueous work-up (>95% pure according to
good yield, but proceeded poorly with periodic acid
which led us to conclude that for these conditions a sub-
stituent at the benzylic a-position is desired (entries 1
and 2). Indeed, PMP-protected a-methylbenzylamine 7
gave excellent yields of the desired product 13 with both
oxidants (entries 3 and 4). N-PMP-protected 4-phenyl-
butan-2-amine 8 underwent deprotection with similar effi-
ciency to give 4-phenylbutan-2-amine (14, entries 5 and
6). Deprotection of the reduced Mannich adducts 4 and
9, 10 also proceeded readily to furnish the correspond-
ing amines in excellent yields (entries 7–12). Finally,
T (�C) t (h) Product (yield %)a

NH2

21 16 12 (73)
21 16 12 (<5)

Me

NH2

21 16 13 (99)
21 16 13 (89)

NH2

Me

21 16 14 (73)
21 16 14 (80)

HO NH2

Me

21 16 5 (80)
21 16 5 (99)

HO NH2

Me
NO2

21 16 15 (99)
21 16 15 (95)

HO NH2

Me

21 16 16 (81)
21 16 16 (95)

HO NHMe

NO2
Me

90 0.1 17 (77)
90 1.5 17 (66)

1:1, 21 or 90 �C.
HPLC).
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tertiary amine 11 was subjected to the same conditions,
but showed minimal conversion in both cases. However,
upon heating to 90 �C the same oxidative cleavage took
place resulting in the secondary amine 17 in a reasonable
yield with both TCCA and periodic acid (entries 13 and
14). It may be expected that the yield could be further
increased by optimization of the reaction conditions. It
must be noted that our PMP removal procedure is
accompanied by a straightforward and practical work-
up, which sharply contrasts with the laborious CAN
chromatography protocol. In all cases, after completion
of the reaction, work-up involved washing the aqueous
mixture with CH2Cl2 (to remove benzoquinone) before
adjustment to pH 10.5 and extraction with ethyl acetate.
Upon acidification of the organic layer with a solution
of HCl in ethyl acetate and subsequent concentration,
the deprotected amines were obtained in high purity
(>95% according to HPLC) as the corresponding HCl
salts.

The deprotection sequence was further extended in the
synthesis of two b-amino acids14 via a one-pot deprotec-
tion oxidation sequence (Scheme 2). First, the Mannich
adducts 4 and 9 were treated with the periodic acid
deprotection conditions and after completion, a cata-
lytic amount of sodium dichromate and an additional
5 equiv of periodic acid were added to the aqueous solu-
tion, resulting in oxidation of the alcohol to the carbox-
ylic acid function.15 The crude mixture was purified
using ion exchange chromatography to yield the corre-
sponding b-amino acids 18 and 19 in good yields.16

Given the vast number of 1,3-aminoalcohols that are
accessible via asymmetric Mannich reaction, the latter
pathway represents an easy and efficient entry into a
large variety of b-amino acids.

In conclusion, the extensive use of the p-methoxyphenyl
(PMP) group in asymmetric organocatalysis requires
easy and scalable deprotection procedures in order to
render these processes economically viable. We have
developed novel, mild and efficient oxidative cleavage
conditions involving a series of electrophilic halide
reagents, which are effective if the deprotection is carried
out at low pH. Periodic acid and trichloroisocyanuric
acid (TCCA) were identified as being particularly effec-
tive for N-deprotection, requiring only 1 and 0.5 equiv,
respectively, to give a high yield of the desired amine.
The periodic acid-mediated conditions were used in
combination with a catalytic amount of sodium dichro-
mate—added to the same pot after completion of the
deprotection—to convert asymmetric Mannich prod-
ucts, in a one-pot procedure, into the corresponding
HO HN

Me

PMP

X

1) H5IO6 (1 equiv)
H2SO4 (1 equiv)
H2O, MeCN

2) Na2Cr2O7 (5 mol %)
H5IO6 (5 equiv)

4 (X = H)
9 (X = NO2)

HO2C
NH2

Me
X

18 (X = H): 85%
19 (X = NO2): 95%

Scheme 2. Formation of b-amino acids.
b-amino acids. Studies to elucidate the exact mechanism
of the oxidation process and to determine the scope and
limitations of these deprotection conditions are cur-
rently ongoing.
Acknowledgements

M. Willems is acknowledged for a practical contribu-
tion. This work forms part of the Ultimate Chiral Tech-
nology project supported in part with funds provided by
SNN (Cooperation Northern Netherlands) and EFRO
(European Fund for Regional Development).
References and notes

1. For general reviews, see, for example: (a) List, B. Chem.
Commun. 2006, 819–824; (b) Dalko, P. I.; Moisan, L.
Angew. Chem., Int. Ed. 2004, 43, 5138–5175.

2. For reviews, see: (a) Marques, M. M. B. Angew. Chem.,
Int. Ed. 2006, 45, 348–352; (b) Córdova, A. Acc. Chem.
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