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Abstract: Functionalized (w-aminoalkyl)peptoids – useful molecu-
lar transporters for drugs and probes into cells – have been synthe-
sized by a combined microwave-assisted sub-monomer peptoid
synthesis with 1-amino-w-azidoalkanes and a subsequent reduction
of the azide moiety on solid supports. This method enables the prep-
aration of unprecedented chiral amino-functionalized and PEG-type
peptoids. Both the scope and limitations of this process are present-
ed herein.
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Peptoids – oligo(N-substituted glycines) – belong to an
emerging class of functionalized peptidomimetics.1 Pio-
neered by the Zuckermann group,2 the Bradley group,3

our group4 and others, it has been demonstrated that (w-
aminoalkyl)peptoids are useful carriers for drugs and
probes into cells.5,6 Functionalized peptoids are often pre-
pared through classical peptide-like synthesis. Thus, a so-
called sub-monomer method7 is more easily accessible,
since the synthesis of the building blocks delivers the sub-
monomers in fewer overall steps. In this manuscript, we
exploit the sub-monomer method with 1-amino-w-
azidoalkanes (see safety note8), followed by the reduction
of the azide moieties on the bead (Scheme 1).9

The use of azides in peptoid chemistry has been exten-
sively demonstrated by the Kirshenbaum group10 and,
more recently, by Kodadek et al.11 Despite the fact that re-
duction of azides into amines is well established in the lit-
erature,9 to the best of our knowledge the conversion into
amines has not been performed for the synthesis of pep-
toids.

The syntheses of the different 1-amino-w-azidoalkanes
3a–d are outlined in Scheme 2. Although 1-amino-6-azido-

alkane 3a is commercially available, it can easily be pre-
pared by selective Staudinger reduction of 1,6-
diazidohexane prepared in situ (46% overall yield).12 Oth-
er amino azides 3b–d were synthesized similarly. The
chiral aminoazides 3b and 3c were prepared through a se-
quence of the Sonogashira coupling of enantiomerically
pure 3-bromophenylethylamine (obtained from BASF)
with 5-chloro-1-pentyne (9), subsequent optional reduc-
tion of the alkyne function, substitution of the chloride,
and protecting group chemistry (54–55% overall yields).

The PEG-type azide15 3d was prepared from triethylene
glycol 10 via tosylation, double nucleophilic displace-
ment with sodium azide and subsequent mono-Staudinger
reduction (22% overall yield). The aminoazides 3a–d are
stable molecules that can be stored at 0 °C over a pro-
longed period of time.

With the aminoazides 3a–d in hand, various peptoids
4{a}2, 4{b}3, 4{c}3, 4{d}1, 4{d}6 were assembled using the
microwave-assisted protocol described by Gorske et
al.:16b Rink-amide resin 1 (loading: 0.63 mmol/g), acyla-
tion with bromoacetic acid [N,N¢-diisopropylcarbodi-
imide, N,N-dimethylformamide (DMF), MW] and
subsequent amination with the amines 3a–d (DMF,
MW).1,6 Microwave irradiation was used to accelerate the
heating and reaction times and thus to improve the cou-
pling efficiency of the more hindered a-branched amines
3b and 3c.16 This sequence was repeated until the desired
backbone length was reached. The efficiency of the cou-
pling was monitored through cleavage of the azidopep-
toids 4{x}n directly from the solid supports and
subsequent analysis by MALDI-TOF mass-spectrometry.

In our case, Staudinger reduction conditions9 [a) 1–2 M

R3P, THF, 3 h; b) H2O–THF (1:8), r.t., 60 min] for the

Scheme 1 Generic synthesis of aminoalkylpeptoids 5{x}n and 6{x}n (MW = microwave); for details, see Scheme 2
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reduction of the azido moiety were only successful with
hydrophilic and water-soluble azidopeptoids 4{d}n

(Scheme 3). Peptoids having sidechains other than the
ethyleneoxy unit, such as the more hydrophobic alkyl or
aromatic groups, did not deliver the anticipated amines in
acceptable yields. Unreacted starting material and the for-
mation of the corresponding iminophosphorane were de-
tected, but subsequent hydrolysis with water was limited,
even after cleavage from the resin. In order to optimize the
reduction in a Boc-orthogonal fashion, we screened for
optimized reduction conditions, using the dipeptoid sys-
tem 4{a}1{a¢-Boc}1 with an azido and a Boc-protected
amine moiety (Scheme 4, Table 1).

After this screening, SnCl2 indisputably generated the best
results. Standard Staudinger reduction conditions primari-
ly yielded the corresponding iminophosphorane, which
could not be hydrolyzed in satisfactory quantities. Chang-
ing the solvent system from THF to DMF, heating under
microwave irradiation (60 °C), prolonging hydrolysis
time, use of alkyl or aryl phosphines and application of

Scheme 2 Synthesis of functionalized 1-amino-w-azidoalkanes 3a–d13
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Scheme 3 Example of a synthesis of a functionalized
aminopeptoid14
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Table 1 Reduction of Azido Peptoids 4{a}1{a¢-Boc}1 as Shown in 
Scheme 4

Entry Reduction conditions Temp 
(°C)

Time 
(h)

Com-
menta

1 a) Bu3P, THF
b) H2O–THF (1:8)

r.t.
r.t.

3
0.5 A

2 a) Bu3P, THF 
b) H2O–THF (1:8), MW 

r.t.
60

3
0.5 A

3 a) Ph3P, THF
b) H2O–THF (1:8)

r.t.
r.t.

3
0.5 A

4 a) Ph3P, THF
b) H2O–THF (1:8), MW

r.t.
60

3
0.5 A

5 a) Bu3P, THF
b) H2O–THF (1:8)

r.t.
r.t.

4
12 A

6 a) Bu3P, THF
b) H2O–THF (1:8), MW

r.t.
60

4
1 A

7 a) Bu3P, THF
b) H2O–DMF (1:4)

r.t.
r.t.

4
12 A

8 a) Bu3P, THF
b) H2O–DMF (1:4), MW

r.t.
60

4
1 A

9 a) Bu3P, THF
b) concd NH4OH–DMF (1:4)

r.t.
r.t.

4
12 A

10 a) Bu3P, THF
b) H2O–AcOH–DMF (1:2:8), MW

r.t.
60

4
1 A

11 1 M SnCl2 in DMF, MW 60 1 B

12 1 M SnCl2 in DMF r.t. 12 B

13 0.1 M SnCl2, 0.4 M PhSH, 0.5 M 
Et3N in THF

r.t. 1 C

14 0.1 M SnCl2, 0.4 M PhSH, 0.5 M 
Et3N in THF, MW

60 1 C

a According to MALDI-TOF analysis. A: No product or low content: 
Starting material and intermediate iminophosphoranes were strongly 
detected. B: Product visible but starting material strongly detected. C: 
Quantitative conversion; no starting material detected.

Scheme 4 Reduction of the (w-azido)peptoid 4{a}1{a¢-Boc}1 for
screening of conditions as described in Table 114
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basic or acidic conditions did not significantly improve
the hydrolysis.

Better results were achieved by using SnCl2 in DMF.
Moreover, more satisfactory results were obtained
through the addition of thiophenol and base (Et3N), lead-
ing to the formation of the highly selective Bartra
reagent17 [Sn(SPh)3]

–, which gave good and selective con-
version into the amines.

Cleavage from the solid support yielded the (w-ami-
noalkyl)peptoids 5{x}n in generally good purities, accord-
ing to MALDI-TOF analysis (Table 2, Figure 1).

Figure 1 Synthesized peptoids 5{x}n.14

The peptoids 5{b}n and 5{c}n represent a new class of
chiral amino-functionalized peptoids, which might have
an impact in their secondary structure18 and therewith dif-
fer in their properties as molecular transporters.4 The ami-
no-PEG-type peptoids 5{d}n, which are unprecedented in
structure,19,20 will be explored for their delivery abilities.

After exploration of the reducing methods, we attached
functionalized cargo, such as a rhodamine B dye, to the
azidopeptoids. Subsequent reduction [a) Ph3P, THF, 4 h;
b) H2O–THF (1:8), MW, 60 °C, 30 min] and cleavage
from the solid support (95% TFA–H2O) furnished novel
rhodaminyl molecular transporters, for example 6{d}6, in
good purities and overall yields up to 70% (Figure 2).

The sub-monomer method is particularly useful for the
generation of highly functionalized side chains. In the
case of the chiral protected sub-monomers 3b and 3c, at
least two steps can be saved and therewith the overall
yield is up to 35% higher compared to the synthesis of the
corresponding monomers (data not shown).
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Table 2 Analytical Data of the Synthesized (w-Aminoalkyl)pep-
toids

Entry Peptoid Amine used in 
synthesis

m/z [M]+ 
calcd 

m/z [M + H]+ 
founda

1 5{a}2 3a 329 330

2 5{b}3 3b 755 756

3 5{c}3 3c 743 744

4 5{d}1 3d 233 234

5 5{d}6 3d 1145 1146

6 6{d}6 3d 1684 1684b

a According to MALDI-TOF analysis.
b Found mass: [M]+.

Figure 2 (A) Example of a synthesized aminopeptoid functionalized with the fluorescent dye rhodamine B. Only one rhodamine isomer is
shown.21 (B) HPLC-Chromatogram (A/B = H2O/MeCN 0.1% TFA; 2 min at 37% B, then 37 to 77% B in 40 min) of crude 6{d}6 at 256 nm.
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Introducing w-aminoalkyl chains into peptoids through
the reduction of the w-azidoalkyl species opens new pos-
sibilities for inserting protected amines. This method is
orthogonal to the frequently used Boc- and Nosyl-protect-
ing groups. Besides the useful Click reaction, this method
can also be an effective tool for creating new bioconju-
gates, with more than one active element bound through a
peptide bond in cell-penetrating transporter systems.
Compared to the Boc-, Fmoc- and Nosyl-protected
amines so far predominantly used,1–7 this method is
cheaper and, in various cases such as with the chiral pep-
toids 5{b,c}n, also leads to the desired product in fewer
reaction steps with better overall yields.

In summary, azidopeptoids with hydrophilic side chains
can be readily reduced under standard Staudinger condi-
tions, while reduction of more hydrophobic peptoids only
generates high yields when using the Bartra reagent for
the reduction of the azido moiety. A new class of chiral
and amino-PEG-type peptoids has been synthesized
through an efficient, combined microwave-assisted sub-
monomer synthesis, starting from 1-amino-w-azido-
alkanes and using the aforementioned reduction condi-
tions on solid supports. Structural and biological studies
of these new chiral and achiral molecular transporters will
remain our focus in the near future.
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