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Introduction:  Polydepsipeptides (PDPs) are 
copolymers of α-amino acids and α-hydroxy acids.  
They represent a class of polypeptide analogs that 
contains ester bonds along an otherwise peptidic 
backbone which conveys differential hydrogen bonding 
properties and hydrolytic degradability.  The similarity 
of PDPs to polypeptides also enables them to attain 
novel secondary structures which may be useful for 
biological applications.  These materials have been 
synthesized in a variety of fashions, though the most 
common and successful method is by ring-opening 
polymerization of morpholine-2,5-diones (MDs) which 
are cyclic dimers of amino acids and α-hydroxy 
acids.(1)   

MDs have traditionally been prepared by solution 
phase coupling of α-halogenacyl halides with amino 
acids, followed by heat-induced cyclization.  Such 
methods have often resulted in low yields, undesired 
side products, difficult separation, and loss of chirality.  
It is for these reasons that we have implemented solid 
phase organic synthesis (SPOS) which circumvents 
these limitations.  Additionally, solid phase synthesis 
enables the facile preparation of a library of MDs 
composed of any amino acid and any alkyl-substituted 
α-hydroxy acid.  
 
Materials and Methods:  All reagents were obtained 
through Novabiochem/EMD Biosciences and Fisher 
Scientific.  Amino acids were purchased as N-α-Fmoc 
protected compounds, and amino acids with functional 
side chains were benzyloxycarbonyl (Z)-protected. 

To a fritted syringe was added 2-trityl chloride 
polystyrene resin.  A solution of α-hydroxy acid and an 
equivalent amount of diisopropylethylamine (DIPEA) in 
dichloromethane was added to the resin and mixed on a 
vortexer (500 rpm) for 2 hr. The resin was then washed 
several times with dichloromethane and dimethyl-
formamide.  To the resin-bound α-hydroxy acid was 
added dimethylaminopyridine (DMAP) dissolved in 
DMF followed by a solution of Fmoc-amino acid and 
diisopropylcarbodiimide (DIC) in DMF which was 
mixed for 2 hr yielding the resin-bound Fmoc-aminoacyl 
hydroxy acid.  The Fmoc protecting groups were then 
selectively removed upon treatment with 20% piperidine 
in DMF (3x5min) followed by another sequence of 
washes.  Cleavage of the didepsipeptide from the solid 
phase support was achieved using 1% TFA in DCM.  
Cyclization was achieved by diluting the didepsipeptide 
in DCM (1-3 mg/ml) followed by addition of 3 
equivalents of N-cyclohexylcarbodiimide, N'-methyl 
polystyrene.  The MD product is recovered in high 
yields following solvent evaporation.  PDPs are then 
obtained by reacting the MD monomers with stannous 
octoate (Sn(II)Oct2) in appropriate solvent or 
copolymerized with cyclic lactones to yield alternating 
or copolymer PDPs, respectively.  PDPs derived from 
MDs with functional pendant groups are then subjected 

to reductive hydrogenolysis to remove the Z-protecting 
groups.     

 
Scheme 1  Schematic overview of solid phase MD synthesis and 
polymerization to form PDPs (R1=alkyl; R2=amino acid side chain, Z-
protected if functional).    
 
Results:  We have successfully synthesized a library of 
MDs derived from alanine, aspartic acid, cysteine, 
leucine, lysine, and phenylalanine and the α-hydroxy 
acids lactic acid and mandelic acid.  Synthesis was 
confirmed using mass spectroscopy, HPLC, and H-
NMR.  The relevant chemical shifts for the commonly 
sought MD, 3,6-dimethylmorpholine-2,5-dione are δ = 
4.97 (q, 1H), 3.92 (d, 2H), 4.18 (d, 2H), 1.37 (d, 3H).  
 
Discussion:  We have employed a solid phase synthetic 
approach for making MD monomers.  SPOS offers the 
advantages of simple product recovery in high yields as 
reactants and side products are removed by filtering the 
resin after each step thereby leaving only the compound 
of interest bound to the solid support prior to cleavage.  
Additionally, reactions on solid phase can be driven to 
completion by adding a high excess of reactants without 
the need for intermediate extraction and purification. 

PDPs have already been implemented in tissue 
engineering applications.(2)  We intend to explore the 
use of these polymers as biomimetic materials for 
cardiovascular tissue engineering.  Additionally, our 
group has developed computational models for 
predicting PDP architectures (Figure 1) which we will 
ascertain using circular dichroism and NMR studies.(3)     

  
 
Figure 1 Theoretical 
conformation of poly(glycine-
co-lactic acid) using molecular 
dynamics software developed 
by Zhang et al. 
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