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Synergic effect of hydride and proton donors in the Pd(0)-mediated
deprotection of N a-Aloc proline derivatives
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Abstract—In this study, the challenging Pd(0)-catalyzed Na-Aloc removal from a proline residue using Me2NHÆBH3 or PhSiH3 as
allyl scavengers has been investigated. Standard conditions led to a large amount of an allylamine byproduct. A careful study of the
reactions allowed us to design the optimal conditions for the quick and quantitative formation of the desired product, while taking
advantage of a synergic effect between hydride and proton donors.
� 2007 Elsevier Ltd. All rights reserved.
The solid phase technique has revolutionized peptide
synthesis. Ever since the pioneering work of Merrifield,
polymer supports,1 protecting groups2 and coupling
reagents3 have become the subject of considerable inter-
est as they enable the routine synthesis of peptides.4 The
Fmoc strategy5 is now widely used thanks to a large
variety of piperidine-stable, acid-labile side-chain pro-
tecting groups2 and to the convenient trifluoroacetic
acid (TFA) treatment to release the deprotected peptide
from the resin. Use of allylic protecting groups6 is a pop-
ular strategy to induce a third dimension in the protec-
tion scheme, which allows the synthesis of branched or
cyclic peptides and glycopeptides. Allyloxycarbonyl
(Aloc) derivatives of amines, and to a lesser extent alco-
hols, and allyl (All) esters, aryl ethers and glycosides are
the most classic examples. The deprotection step usually
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involves a Tsuji–Trost reaction using a combination of a
soluble Pd(0) catalyst with a nucleophile or hydride
donor acting as a scavenger.6 The choice of an appropri-
ate allyl scavenger is clearly a key factor in establishing
reliable procedures. The hydride donor PhSiH3

7 is
reportedly an excellent and user-friendly scavenger when
used in conjunction with Pd(PPh3)4 for the removal of
allyl ester and allyl carbamate groups, and has become
very popular, especially in peptide chemistry.8

Formation of an allylamine such as 3 (Scheme 1) is one
of the most troublesome side reactions occurring during
N-Aloc removal,6 in particular when the carbamate is
installed on secondary amines.9 Allylamines have them-
selves been reported to be deallylated by Pd(PPh3)4 in
the presence of a pronucleophilic acidic species such as
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Table 2. On solid support N-Aloc deprotection using Me2NHÆBH3 as
an allyl scavenger in NMPa

t (min) Added
time [B(OH)3]b

Yieldc (%)

N-Aloc 1 NH 2 N-Allyl 3

1 30 0 32 68
2 90 0 47 53
3 330 0 100 0
4 30 +60 0 100 0

a Conditions: Pd(PPh3)4: 0.2 equiv; Me2NHÆBH3: 6 equiv; temperature:
20 �C; peptide resin B: Aloc-PPAHGVTSAPDTRPAPGSTA-PAM-

PEGA resin (PAM: phenylacetamidomethyl; PEGA: polyethylglycol
polyacrylamide).

b In the presence of 6 equiv of B(OH)3.
c Estimated by integration of the HPLC peaks at 214 nm.
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Kunz’s N,N 0 dimethylbarbituric acid (NDMBA)10 and
Genêt’s thiosalicylic acid (TSA).11 It is believed that
the allylamine needs to be protonated to generate a
p-allyl palladium complex necessary for an effective
deprotection.10b,11b NDMBA and TSA have also been
shown to smoothly deprotect N-Aloc acyclic secondary
amines,12 probably through concomitant formation of
both allylamine 3 and secondary amine 2 and conver-
sion of the former species to the latter one. However,
though TSA worked well in the removal of Na-Aloc
from cyclic secondary amine in solution,11a NDMBA
was shown to be ineffective in removing Na-Aloc from
solid-supported ones.13 Moreover, one drawback in
the reactions involving the pronucleophilic species is
their slow kinetics compared to reactions involving tin,
boron or silicon hydrides.12 We considered the possibil-
ity of designing fast and clean deprotection conditions
using standard hydride donors such as PhSiH3.7 To
address this question, we chose a challenging case in
which an Aloc was installed on a supported cyclic
secondary amine, which is more nucleophilic than an
acyclic one, hence more prone to form allylamine. To
explore the Aloc removal from a terminal Na-Aloc-
proline peptide resin, the model sequence A14 was
chosen, grafted on a polystyrene resin. All the deprotec-
tion experiments were conducted using a catalytic
amount (20 mol %) of Pd(PPh3)4 as a source of Pd(0).
Ratios of the different products were determined by
cleavage of the peptide from the resin under appropriate
conditions followed by HPLC analysis of the crude
mixture.

An initial set of experiments was carried out under the
most classic conditions using a large excess of PhSiH3

as the allyl scavenger and CH2Cl2 as the solvent15 (Table
1, entries 1–3). Conversion of the Aloc protected proline
1 was complete after 120 min but was accompanied by
the side-formation of a noticeable amount of allylamine
3, as expected in this challenging case. Surprisingly, the
latter was smoothly transformed into amine 1 over an-
other 180 min (Table 1, entry 3). We postulated that
the source of proton necessary for this deallylation pro-
cess could be the small amount of HCl dissolved into
CH2Cl2.16 In trying to address this point, a second set
Table 1. On solid support N-Aloc deprotection using PhSiH3 as an
allyl scavengera

Solvent t (min) Added
time (HCl)b

Yieldc (%)

N-Aloc 1 NH 2 N-Allyl 3

1 CH2Cl2 90 24 57 19
2 CH2Cl2 120 0 65 35
3 CH2Cl2 300 0 100 0
4 NMP 90 65 30 5
5 NMP 300 14 58 28
6 NMP 600 0 55 45
7 NMP 1200 0 53 47
8 NMP 300 +300 10 70 20
9 NMP 600 +600 0 100 0

a Conditions: Pd(PPh3)4: 0.2 equiv; PhSiH3: 50 equiv; temperature:
20 �C; peptide resin A: Aloc-Pro-Gly-Arg(Pbf)-Ala-Wang resin.

b In the presence of 2 equiv of HCl.
c Estimated by integration of the HPLC peaks at 214 nm.
of experiments was carried out in NMP (Table 1, entries
4–7). The initial reaction profiles were similar to those of
experiments conducted in CH2Cl2. However, the allyl-
amine was not converted into amine, even after a pro-
longed reaction time (Table 1, entries 6 and 7),
whereas the target amine 2 was obtained quickly and
quantitatively by simply adding dilute anhydrous HCl
to the reaction mixture (Table 1, entry 9). Aloc removal
was somewhat slower in NMP (Table 1, entry 6) than in
CH2Cl2 (Table 1, entry 2), probably due to either poorer
solvation of the protected peptide resin A in NMP, or
slower kinetics in the Pd(0) catalytic cycle.

This study was extended using the hydride donor di-
methylamine borane12 as the allyl scavenger, previously
described as the one best-suited from scavenger screen-
ings within the context of difficult N-Aloc removals.13,17

The reaction was carried out in NMP to avoid the pres-
ence of any adventitious source of proton. To enable
good solvation of the reagents during the reaction, we
chose the unprotected peptide resin B,18 the sole protect-
ing group being Aloc installed on the terminal Na-Pro.20

Under these conditions,23 quantitative conversion of the
Na-Aloc peptide resin B was observed after 30 min but
accompanied by the formation of a considerable
amount (68%) of allylamine 3 (Table 2, entry 1). This
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Figure 1. Kinetics of N-Aloc deprotection from peptide resin B. The
reaction was performed in NMP in the presence of 6 equiv
Me2NHÆBH3 at room temperature. The percentage of each product
was estimated by integration of the HPLC peaks at 214 nm after final
deprotection of the peptide resin using NaOH. (square) N-Aloc 1;
(diamond) a-amine 2; (circle) N-allylamine 3.



NO

O peptide R

1

3

"H-"
Pd(PPh3)4 Pd(PPh3)4

H+

HN

peptide R

2

N

peptide R

N

peptide R

H

+

"H-"
+

Scheme 2.

I. P. Decostaire et al. / Tetrahedron Letters 48 (2007) 6523–6526 6525
confirmed, once again, that the removal of Na-Aloc
from supported proline residues is a challenging task.24

Rather surprisingly, increasing the reaction time up to
330 min led to the quantitative formation of the target
amine 2 (Table 2, entry 3).25 The kinetics of this reaction
was studied in more details by HPLC (Fig. 1). At the
very beginning of the reaction, the N-Aloc derivative 1
was quickly converted into a mixture of the desired
product 2 and allylamine 3. After a plateau, a second
reaction, slower than the first, afforded the amine while
allylamine 3 was being consumed. We suspected this
time again an adventitious source of protons to be
responsible for this unusual reaction profile. Me2NHÆ
BH3 is known to be slowly hydrolyzed into boric acid
and volatile dimethylamine,12 and we wondered if the
presence of boric acid could be responsible for the effi-
ciency of the deallylation process. To evaluate this
hypothesis, B(OH)3 was added to the reaction mixture
after 30 min (Table 2, entry 4). After a total time of only
90 min, quantitative deallylation of the N-allyl proline
was observed, whereas the same reaction carried out
without any additive, still led to 53% of allylamine 3
(Table 2, entry 2). These data strongly support that
the known high efficiency of Me2NHÆBH3 in the N-Aloc
deprotection system depends not only on the trapping of
the p-allyl palladium complex by the hydride but also on
the conversion of the allylamine byproduct into an
amine after its protonation by hydrolysis products
according to Scheme 2.

In conclusion, this study revisited the challenging Na-
Aloc removal from secondary amines using Me2NHÆ
BH3 and PhSiH3 as allyl scavengers. Our data suggest
that the efficacy of these hydride donors arises not only
from their nucleophilic properties but also from an
adventitious source of proton due to the decomposition
of the solvent (CH2Cl2) or the hydrolysis of the allyl
scavenger itself (Me2NHÆBH3). A careful study of the
reaction allowed us to design optimized conditions lead-
ing to the quantitative formation of the desired unpro-
tected product, taking advantage of the synergic effect
between hydride and proton donors.
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