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This communication describes the influence of ββββ-

aminobenzenesulfonic acid (SAnt) on the conformational 

preferences of hetero foldamers. The designed (Aib-SAnt-

Aib)n and (Aib-SAnt-Pro)n oligomers display well-defined 10 

folded conformation featuring intramolecular mixed 

hydrogen bonding (7/11) and intra-residual (6/5) H-bonding 

interactions, respectively. 

Modulation and control of secondary structure of peptides and 
proteins are vital to the de novo design of synthetic proteins with 15 

intriguing structural architecture and function. Introduction of 
functionalized homologated amino acid residues (β, γ and δ) in 
the native peptide leads to conformationally diverse secondary 
structural architectures.1 In the past decade, an enormous amount 
of effort has been expended to diversify the conformational space 20 

of peptides using this approach.1-3 The extent of knowledge 
generated so far clearly aids the de novo design of novel peptide 
architectures – mimicking any type of secondary structure. 
Furthermore, unnatural amino acids offer considerable advantage 
over their natural counterparts, primarily owing to their 25 

proteolytic stability.4  
Among the diverse class of unnatural amino acids, α-
aminoisobutyric acid (Aib) has attracted major attention of 
researchers for modulating secondary structures of polypeptides.5 
The homooligomer of Aib [(-Aib)n] has been shown to display a 30 

310-helical architecture,6 though a sequentially inserted Pro 
analogue [(Aib-Pro)n] exhibits a β-bend ribbon conformation.7 
This conformational disparity clearly suggests that the secondary 
structural modulation greatly depends on the dihedral angle 
constraints of amino acids. Herein we demonstrate the utility of 35 

β-aminobenzenesulfonic acid in modulating peptide secondary 
structures. Our primary objective was to investigate the effect of 
the torsional rigidity of SAnt on the conformational features of- 
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Fig. 1: Molecular structures of oligomers described in this work. 50 

- well studied peptide sequences. In this context, we designed two 
sets of oligomers having tripeptide building blocks Aib-SAnt-Aib 
and Aib-SAnt-Pro (Fig. 1) to investigate the extent of 
conformational modulation in peptides enforced by SAnt. 
 Extensive efforts of crystallization trials culminated in the 55 

formation of crystals of 2a and 5b (Fig. 2). Analysis of the crystal 
data of hexapeptide 2a revealed that (Aib-SAnt-Aib)n oligomers 
display three different types of intramolecular hydrogen-bonding 
patterns (Fig. 3a): (i) 11-memberd ring H-bonding between C=O 
of Aib2 with NH5 [d(C=O…H-N) 2.09 Å, ∆(D-H…A) 162°], (ii) 60 

12-membered ring H-bonding between NH2 and S=O of SAnt2 
[d(C=O…H-N) 2.42 Å, ∆(D-H…A) 123°], and (iii) 7-membered 
ring H-bonding between NH2 and S=O of SAnt1 [d(C=O…H-N) 
2.10 Å, ∆(D-H…A) 162°]. Compound 2a also shows two intra-
residual 6-membered H-bonding, formed within SAnt itself. The 65 
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torsion angles (N-H…O=C/S) of C11, C12 and C7 H-bonding are 
83.62°, 114.63° and -74.04°, respectively. The H-bonding angles 
[∆(S/C=O...N)] of C11, C12 and C7 H-bonding are 113.4°, 
153.6° and 97.0°, respectively. The torsional angles ψ and ω of 
the SAnt rings are about 66° and 82°, respectively. The SAnt 5 

displays φ about 142° and the θ value is close to zero. 
 The single crystal x-ray diffraction data of hexapeptide 5b 
revealed that (Aib-SAnt-Pro)n oligomers display intra-residual 
hydrogen-bonded fully extended conformation which is 
extremely rare for Aib residues5c (Fig. 3b). Molecule 5b shows 10 

six-membered hydrogen bonding (C6 H-bonding) formed within 
SAnt itself and five-membered hydrogen bonding (C5 H-
bonding)8 formed within Aib residue. The H-bonding distances of 

C6 H-bonding and C5 H-bonding are about 1.98 Å and 2.10 Å, 
respectively. The inner Aib residue flanked between Pro and SAnt 15 

residues shows torsional angle φ and ψ about 180° (176.8° and -
177.7°), suggesting planarity of Aib residue which leads to intra-
residual C5 H-bonding. The SAnt rings display torsional angle ψ 
and ω about 92° and 69°, respectively. The torsion angle θ of the 
SAnt is close to zero (7.0° and 9.9°). The Pro residues show 20 

torsional angle φ about 90°. It is noteworthy that the oligomer 5b 
is devoid of any inter-residual H-bonding.  Presumably, it is the 
torsional constraints of inner Aib residue that force the molecule 
to adopt intra-residual C6 and C5 H-bonding, instead of other 
inter-residual H-bondings. 25 

 
Fig. 2: PyMOL-rendered crystal structures of the 2a (a) and 5b (b). Hydrogens, other than the polar amide hydrogens have been removed for clarity. The 
H-bonding interactions are shown with double-headed arrows in the molecular structures.   

 X-ray analysis of 2a revealed the absence of H-bonding at the 
N-terminus due to the absence of H-bond acceptor carbonyl 30 

group. In order to replicate the C11 H-bonding at the N-terminus, 
we synthesized 2b (Fig. 3b, vide infra) featuring H-bond acceptor 
carbonyl at the N-terminus. The solution-state conformations of 
both (Aib-SAnt-Aib)n oligomers and (Aib-SAnt-Pro)n oligomers  
were investigated by NMR studies. The signal assignments of the 35 

oligomers have been done using a combination of 2D COSY, 
NOESY, HMBC and HSQC. The 2D NOESY analysis of 2a 
revealed the existence of long-range inter-residual nOes between 
NH2 vs NH5 along with C16H vs C29H, NH2 vs NH5, NH3 vs 
NH5 and NH2 vs NH4 (Fig. 3a) suggesting the prevalence of 40 

folded conformation. Similarly, the analysis of 2D NMR data of 
2b (Fig. 3b) shows inter-residual nOe between C17H vs NH6 and 
C17H vs NH7, suggesting similar conformation as observed in 
2a. It is notworthy that inter-residual nOe between C32H vs 
C14H and C32H vs NH3 observed in 2b confirms the existance 45 

of 11-membered ring H-bonding between N-terminus carbonyl 
and NH3. The crystal structure analysis of 5b suggested that the 
characteristic long rang nOe in the solution-state that would 
support the helical conformation would be nOes between 
aromatic NH and consecutive α and δ Pro protons. The helical 50 

conformation of 5a, a close analog of 5b, is clearly evident from 

2D NMR studies where we could observe characteristic inter-
residual long range nOe between NH1 vs C11H, NH1 vs C14H, 
NH3 vs C26H and NH3 vs C29H (Fig. 3c). The conformation of 
the large oligomers 3 and 6 could not be ascertained owing to the 55 

difficulty in their signal assignments (due to the presence of 
several repetitive similar residues). 
The presence of intramolecular H-bondings in 2a, 2b and 5a were 
supported by DMSO titration experiments. The amide NHs 
involved in intramolecular H-bonding show negligible changes in 60 

chemical shift (Table 1). However, the amide NH2 of 2a involved 
in C12 H-bonding displays considerable chemical shift (1.26 
ppm) suggesting a weak hydrogen-bonding in solution-state. The 
variable temperature studies also support intramolecular H-
bonding in both peptides 2a and 2b [temperature coefficients for 65 

2a (∆δ/∆T) < -3 and for 2b (∆δ/∆T) < -3.3, ESI S32-S33]. Both 
DMSO titration and variable temperature experiments of 2b 
support the presence of intramolecular H-bonding. In variable 
temperature experiments, NHs of 5a involved in intramolecular 
H-bonding display temperature coefficients < -1.7 [(∆δ/∆T) for 70 

NH1 < -1.45, (∆δ/∆T) for NH2 < -1.64 and for NH3 (∆δ/∆T) < -
1.45], suggestive of intramolecular H-bonding. 
Table 1: Chemical shift variation of amide NHs in NMR titration studies 

(10 mM, 400 MHz). 

C11

C12

C7

C6

C5

C6

2a 5b
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Fig. 3: Selected NOE extracts from the 2D NOESY data of 2a, 2b and 5a 
(CDCl3, 40 mM, 500 MHz). Detailed analyses, including 2D NMR plots, 
Dilution and variable temperature NMR data are given in the ESI (S31-
S39). 5 

 The CD spectra of (Aib-SAnt-Pro)n oligomers 4a, 5a and 6 
show maxima at about 201 nm, zero-crossing at about 208 nm 
and strong minima at about 225 nm (ESI S40).  
 In conclusion, we have demonstrated the effect of 2-
aminobenzenesulfonic acid (SAnt) on the conformational 10 

preferences of hetero foldamers featuring Aib-SAnt-Aib and Aib-
SAnt-Pro tripeptide building blocks. Whereas (Aib-SAnt-Aib)n 
oligomers display folded screw-sense inversion conformation 
with mixed hydrogen bonding networks (C11 and C7), the (Aib-
SAnt-Pro)n oligomers display periodically repeating intra-residual 15 

6-and 5-membered hydrogen-bonded fully extended 
conformation.9 These findings suggest that the conformational 
propensities of these oligomers are primarily dictated by SAnt, 
whilst the other amino acids played a less prominent role. The 
results obtained underscore the importance of learning about the 20 

conformational propensities of newer types of unnatural amino 
acids, which may find application in the de novo design of 
peptides with intriguing structures and function.  
 SSK and RLG are thankful to CSIR, New Delhi, for a research 
fellowship. GJS thanks NCL-IGIB (New Delhi) for financial 25 

support. 
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Comp 
∆δ (ppm) 

NH1 NH2 NH3 NH4 NH5 NH6 NH7 

2a 0.16 1.26 0.04 0.32 0.09 - - 
2b 0.85 0.15 0.10 0.14 0.18 0.08 0.07 
5a 0.25 0.05 0.25 - - - - 
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