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ABSTRACT

This thesis, “Design, Synthesis and Self-Assembling Properties of Peptide-Based
Dendrimers,” is concerned with dendrimers crafted from natural amino acids. Dendrimers are
molecules that have attracted immense interest in chemistry, biology and material sciences,
because of the challenges involved in their synthesis and their functional properties. Peptide
dendrimers, with large size and surface area, are similar in many ways to globular proteins and
hence can be considered as protein models. The de novo design of protein is a challenge, because
of the lack of predictability of 3D structure from primary structure. Dendritic architectures using
peptide systems may provide an efficient strategy to circumvent protein folding problem, as
dendritic peptides are topologically forced to adopt globular shapes, thus mimicking certain
features of globular proteins.

Chapter 1 gives a detailed introduction to the history, dendrimer synthesis, recent developments
and applications in the area of peptide dendrimers.

Chapter 2 This chapter deals with the design and synthesis of a variety of peptide dendrimers. A
series of novel designer dendrimers was synthesized by employing a Huisgen 1,3-dipolar
cycloaddition reaction, commonly called a click reaction. The dendritic structures reported here
include symmetrical and unsymmetrical dendrimers with a variety of cores such as triazole,
aliphatic, aromatic and Lys-Asp dipeptide. The clean synthesis with high yield along with
several possibilities for design is salient features of this chapter. This chapter also discusses the
self-assembly behavior of these dendrimers.

Chapter 3 In this chapter, we have synthesized urea cored and urea-triazole cored dendrimers
with intrinsic tendency for self-assembling. The self-assembling properties of all the dendrimers

were investigated by different electron microscopic techniques, scanning electron microscopy



(SEM), transmission electron microscopy (TEM) and atomic force microscopy (AFM). The
studies revealed urea-cored dendrimers self-assemble to fibrous while urea-triazole cored
dendrimers vesicular morphology.

Chapter 4 This chapter deals with the synthesis and spectroscopic characterization of a variety
of amphiphilic lysine based peptide dendrimers. The self-assembling properties of these peptide
dendrimers were examined by electron microscopic methods, like SEM, TEM and AFM. The
lipidated dendrimers showed strong tendency self-assembled to vesicular structures as
demonstrated by microscopic studies.

Chapter 5 addresses the synthesis of multi-tier designer dendritic molecules incorporating an
aromatic core and heterocyclic and peptide units. The aromatic cored peptide dendrimers showed
self-assembly to spherical vesicles with diameter in the range of 2.0-2.4 pum. The self-assembled

vesicles are useful for encapsulation of guest molecules.
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NOTES

All amino acids used were of L-configuration. Unless otherwise stated, all reagents
were used without further purification.

All solvents employed in the reaction were distilled or dried from appropriate
drying agent prior to use.

Melting points were recorded in a Fisher-Johns melting point apparatus and were
uncorrected.

Optical rotations were measured with a Rudolph Research Analytical Autopol® V
Polarimeter; concentrations are given in grams/100 ml.

IR spectra were recorded on a Nicolet, Protégé 460 spectrometer as KBr pellets.

'H NMR spectra were recorded on Brucker-DPX-300 (*H, 300 MHz; 3C, 75
MHz) spectrometer using tetramethylsilane (*H) as an internal standard. Coupling
constants are in Hz and the *H NMR data are reported as s (singlet), d (doublet), br
(broad), br d (broad doublet), t (triplet), q (quartet), m (multiplet).

HRMS were recorded with AB Sciex, 1011273/A model and Bruker MicrO-TOF-
QI using ESI-technique.

Reactions were monitored wherever possible by thin layer chromatography (TLC).
Silica gel G (Merck) was used for TLC and column chromatography was done on
silica gel (100-200 mesh) columns, which were generally made from slurry in
hexane, hexane/ethyl acetate or chloroform.

Analytical reverse-phase HPLC (RP-HPLC) was performed on a Perkin Elmer 200
Series instrument, using C-18 (Merck, Lichro CART®, 5 um, 4 mm x 125 mm)

column.
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10.

11.

X-ray diffraction study was carried out on a BRUKER AXS SMART-APEX
diffractometer with a CCD area detector (Mo Ko = 0.71073A, monochromator:
graphite). Frames were collected at T = 298 by w,¢ and 26-rotation at 10 s per
frame with SMART. The measured intensities were reduced to F? and corrected for
absorption with SADABS. Structure solution, refinement, and data output were
carried out with the SHELXTL program. Non-hydrogen atoms were refined
anisotropically. C-H hydrogen atoms were placed in geometrically calculated
positions by using a riding model. Image was created with the Diamond program.

MD simulations were performed on 320 processors SUN Microsystems

clusters at Supercomputing Facility (SCFBio) at IIT Delhi.
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