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described. These compounds had anti-bacterial activities with MIC values of 4–62 lg/mL against Staph-
ylococcus aureus.
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With the increasing spread of antibacterial resistance,1–3

including resistance by pathogenic bacteria to vancomycin,4,5 there
is a strong imperative for new antibacterials.6,7 In this context, we
have undertaken a programme investigating the design and syn-
thesis of cyclic cationic peptoids linked by a hydrophobic scaffold
as potential antibacterial agents, and thus far, have shown the
binaphthyl (1)8 and carbazole (2) scaffolds9,10 within these cyclic
peptoids produce antibacterial agents, whilst the smaller indole
and phenyl based cyclic peptoids (3)11 and (4)12 had weak activi-
ties or were inactive (Fig. 1). Therefore, as part of this programme
targeting new peptoid derivatives as antibacterial agents we inves-
tigated the preparation of further novel binaphthyl cyclic cationic
peptides, 11a,b and their acyclic analogues 9a,b. In this study the
peptide moieties are attached to the 2 and 2’ positions of the
binaphthyl system, rather than the 3 and 3’ positions as in peptoid
1. This modification made these new derivatives synthetically
more accessible than our earlier compounds (compound 1 was ob-
tained in twelve synthetic steps) and avoided the problems associ-
ated with the extra, uncontrolled stereogenic centre in the peptoid
side chain.8 Furthermore, these target compounds maintained the
key structural units that we have found that are important for anti-
bacterial activity, (1) a basic amino acid residue for potential elec-
trostatic interaction with the carboxy group of terminal D-Ala or D-
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Lac; (2) a peptoid moiety for potential H-bonding interactions with
both D-Ala or D-Lac; and (3) a hydrophobic 1,10-binaphthyl
system.8

These target peptoids were prepared in four and five steps,
respectively from the known and racemic mono-O-allylbiphathyl
513 as shown in Scheme 1. The phenolic group of 5 was O-alkylated
under basic conditions with ethyl bromoacetate and ethyl 4-bro-
mobutyrate to give the esters 6a and 6b, respectively. Saponifica-
tion of these esters with aqueous lithium hydroxide/THF and
then acidification of the final reaction mixture resulted in produc-
tion of their respective carboxylic acids, 7a and 7b (Scheme 1). A
peptide coupling reaction of these carboxylic acids with D-lys-Ne-
Boc-L-allylglycine14 under standard conditions12 gave the dipep-
toids 8a and 8b, respectively in good yields (85–88%). N-Boc depro-
tection of 8a and 8b by exposure to TFA, followed by anion
exchange with HCl, provided the hydrochloride salts 9a and 9b,
respectively (Scheme 1).12 Treatment of 8a and 8b with 10 mol %
Grubbs’ first generation ruthenium catalyst [(Cy3P)2Ru[CHPh]Cl2]
resulted in successful ring-closing metathesis reactions and gave
the cyclic peptoids 10a and 10b, respectively in good to excellent
yields (77–93%, the E/Z ratios could not be readily determined
due to peak overlap) (Scheme 1). N-Boc deprotection of these com-
pounds by treatment with TFA,15 followed by anion exchange with
HCl, realised the hydrochloride salts 10a and 10b, respectively
(Scheme 1).15,16

Compounds 9a,b and 11a,b underwent N-guanidination reac-
tions by treatment with N,N0-bis(tert-butoxycarbonyl)-N00-triflyl-
guanidine to give their respective homoarginine analogues 12a,b
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Figure 1. MIC values against S. aureus of vancomycin and cyclic peptoids 1–4.
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and 14a,b, respectively (Schemes 2 and 3).16 These compounds
were then converted to their hydrochloride salts 13a,b and 15a,b,
as shown in Schemes 2 and 3.

To assist with SAR studies on the above set of deprotected com-
pounds the mono-peptoid 17 was prepared as shown in Scheme 4.
A coupling reaction of the carboxylic acid 7a with D-lys-Ne-Bo-
c(OMe) under standard peptide conditions using DCC and HOBt
in MeCN12 gave the peptoid 16 in 71% yield. N-Boc deprotection
of 16 with TFA, followed by anion exchange with HCl provided
the hydrochloride salt 17 (Scheme 4).

The synthesized cationic peptoids 9a, 9b, 11a, 11b, 13a, 13b,
15a, 15b and 17 were tested against the Gram-positive bacterium
Staphylococcus aureus (ATCC6538) and the results are shown in
Figure 2. The positive control, vancomycin, showed a MIC value
of 1.95 lg/mL. The acyclic peptoid 9a showed the highest antibac-
terial activity with a MIC value of 4 lg/mL. This compound was
more active than its cyclic counterpart 11a which had a MIC value
of 15–31 lg/mL. Their three carbon chain elongated and ring en-
larged analogues 9b and 11b, respectively, were significantly less
active. Surprisingly, the acyclic and cyclic peptoids having a homo-
arginine side chain, 13a, 13b, 15a and 15b, all had MIC values of
8 lg/mL. Thus, except for 9a, all homoarginine derivatives were
more active than their lysine counterparts. This suggested that
the more basic and multi-N-centred guanidine residue was respon-
sible for this enhanced activity. In contrast, the mono-peptoid 17
was not as active (MIC of 32 lg/mL) as the related dipeptoids 9a
and 9b suggesting that the C-terminal allylglycinate residue also
contributes to antibacterial activity. Svendsen17 has provided a
pharmacophore model for peptoid antibacterial compounds which
indicates that two hydrophobic and two cationic sites are impor-
tant for antibacterial activity. In our case the C-terminal allylglyci-
nate residue of 9a, 9b, 13a and 13b would represent the second,
albeit considerably smaller, hydrophobic group when compared
to the binaphthyl residue. These results highlight the importance
of hydrophobicity within the peptoid for antibacterial activity
and indicate that in this series cyclic and acyclic peptoids have



R
Boc
Boc

H.HCl
H.HCl

12a
12b
13a
13b

n
1
3
1
3

[n = 1, 72%]
[n = 3, 84%]

1. TFA/CH2Cl2
(1:2) rt, 0.5 h; 
2. 1M HCl/Et2O

1. TFA/CH2Cl2
(1:2) rt, 0.5 h; 
2. 1M HCl/Et2O

(NTf)(NBoc)C=NBoc
Et3N, CH2Cl2, rtO

O
n

N
H

O

NH3Cl

H
N

O

CO2Me
R

S(R,S)

9a (n = 1)
9b (n = 3)

O
O

n
N
H

O H
N

O

CO2Me
R

S(R,S)

HN

NR

NHR

[75%]
[70%]

Scheme 2.

O
O

n
N
H

O

NHO

CO2Me

N
H

R

S

R
Boc
Boc

H.HCl
H.HCl

14a
14b
15a
15b

n
1
3
1
3

O
O

n
N
H

O

NHO

CO2Me

NH3Cl
R

S

NR

NHR

[n = 1, 88%]
[n = 3, 84%]

(R,S)

(R,S)

1. TFA/CH2Cl2
(1:2) rt, 0.5 h; 
2. 1M HCl/Et2O

1. TFA/CH2Cl2
(1:2) rt, 0.5 h; 
2. 1M HCl/Et2O

11a (n = 1)
11b (n = 3)

(NTf)(NBoc)C=NBoc
Et3N, CH2Cl2, rt

[63%] [72%]

Scheme 3.

O
O N

H

O

NHBoc

O
R

OMe

O
O N

H

O

NH2.HCl

O
R

OMe

(R,S)

1. TFA/CH2Cl2
(1:2) rt, 0.5 h; 
2. 1M HCl/Et2O

[70%]

16

17

Scheme 4.

O
O

n
N
H

O AA

NHO

CO2Me

R

S

AA
Lys
Lys
homo-Arg
homo-Arg

MIC µg/mL
15-31

62
8
8

11a
11b
15a
15b

n
1
3
1
3

O
O

n
N
H

O AA H
N

O

CO2Me
R

S

9a
9b
13a
13b

n
1
3
1
3

MIC µg/mL
4
15
8
8

AA
Lys
Lys
homo-Arg
homo-Arg

O
O N

H

O

NH2.HCl

O
R

OMe

MIC µg/mL
3217

(R,S)

(R,S)

(R,S)

Figure 2. MIC values against S. aureus of acyclic and cyclic peptoids as their
hydrochloride salts.
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similar anti-bacterial activities. While the configuration of the
binaphthyl unit in the tested compounds was R,S we have found
in earlier studies that the configuration of the binaphthyl unit
had little impact on antibacterial.18

In conclusion, the acyclic cationic peptide 9a can be readily pre-
pared in four synthetic steps and has greater antibacterial activity
against S. aureus than the structurally more complex and synthet-
ically more challenging cyclic peptoid 1. The study thus provides a
platform for further development of antimicrobial agents with im-
proved activity against S. aureus. We are currently extending these
studies to molecules that incorporate two hydrophobic residues
and two cationic residues and these studies will be reported in
the future publications.
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