
Bioresorbable Polyurethanes with Degradable Hard Segments 
James P. Parakka1, Ananth Iyer1, Wilson Chau1, Yuan Tian1, Kathleen A. White1, Robert S. Ward1, and Rao Bezwada2 

1 DSM PTG, 2810, 7th Street, Berkeley, CA 94710; 2 Bezwada Biomedical LLC, 12-1 Ilene Court, Hillsborough, NJ, 94710. 
www.dsmptg.com 

Statement of Purpose: The paper describes the synthesis, 
properties and in vitro hydrolytic degradation of novel 
bioresorbable polyurethanes (PU) derived from two 
degradable aromatic di-isocyanate monomers. 
Biodegradable polyurethanes based on 4,4’ 
diphenylmethanediisocyanate (MDI; Fig 1) have been 
synthesized by incorporating degradable  soft segments in 
the polymer chain. (Zhang C Biomaterials 2008; 29:3781-
3791). However, these polyurethanes, are known to 
generate toxic in vivo degradation product,  4,4’-
methylenedianiline, leading to hepatitis in humans 
(McGill DB New Engl J Med 1974; 291:278-282).   To 
circumvent this problem, bioresorbable polyurethanes 
with aliphatic diisocyanates and labile soft segments 
based on polyester diols and/or polyether diols have been 
pursued as they are known to produce benign amines 
upon hydrolysis (Abraham GA J Biomed Mat Res Part A 
2005; 76A:729-736).  In a new approach, we present 
initial results on Bioresorbable polyurethanes derived 
from aromatic degradable diisocyanates bearing aliphatic 
ester groups, viz.  the Glycolate diisocyanate [BB-002; 
Fig 1] and the Caprolactone diisocyanate [BB-004; Fig 1]. 
These polymers upon degradation, unlike MDI based 
polymers, are expected to produce non-toxic fragments.  

 
Fig 1. Chemical structures of degradable isocyanates 
Materials and Methods: The bioresorbable isocyanates 
BB-002 and BB-004 were obtained from Bezwada 
Biomedical, LLC, Hillsborough, NJ and recrystallized in 
toluene/hexane medium prior to use. Polycaprolactone 
diol, PC-530 (Mn = 530); anhydrous grade 
dimethylacetamide (DMAc); 1, 4 butanediol (BD); 
sodium azide and stannous octoate were obtained from 
Sigma-Aldrich, Milwaukee, WI.  Phosphate buffer salt 
caplets (pH 4.1 ± 0.04 at 25°C) were obtained from 
Fischer Scientific, Pittsburgh, PA.  PC-530 and BD were 
dried by nitrogen sparging at ~ 100°C.   
Polymer Synthesis and Characterization: 
Biodegradable polyurethanes with  70% and 80% hard 
segments (HS) were prepared by solution synthesis of the 
prepolymer (PP) via reaction between the degradable 
isocyanates and PC-530 in DMAC at 60°C in the 

presence of stannous octoate catalyst,  followed by chain 
extension (CE) with BD.  The course of the PP synthesis 
and CE steps were monitored by NCO titration (Gisselfalt 
K Biomacromolecules 2002; 3:951-958).  The resultant 
polyurethane solution was solvent cast into approximately 
12 mil thick films.  Weight average molecular weight 
(MW) and polydispersity index (PI) of the polymer films 
were determined by GPC calibrated with monodisperse 
polystyrene standards at 40oC. Tensile properties were 
measured on dry films per ASTM D1708.   
Hydrolytic Degradation: The hydrolytic degradation 
study was performed in phosphate buffer solution with pH 
of ~7.3 at 37°C. The % weight loss for the film samples 
(Grizzi I Biomaterials 1995; 16:305-311) and the MW / PI 
were determined after treatment. 
Results:   The synthesized polyurethane films were 
transparent and yellow in color.  Table 1 lists their Mw 
and PI. 

PU % 
HS 

Mw PI TS, psi 
(MPa) 

%  
Elongation 

BB-002 80 127,416 2.66 754.2 (5.2) 461 
BB-002 70 107,592 2.19 Weak sticky film 
BB-004 80 51,968 1.58 482.5 (3.3) 64 
BB-004 70 44,589 1.50 Weak sticky film 

Table 1. Physical data of the degradable polyurethanes.  
Hydrolytic degradation of biodegradable PU using BB-
002 (80% HS) indicates significant loss in both, the 
weight (~ 9.5 wt %) and Mw (~ 39 %) of the polymer over 
a 1 week period.  The transparent film becomes white and 
opaque within the first hour of incubation in the buffer.  
All films curled up by the end of the first day.  At the end 
of the sixth day, the film became brittle and, fell apart on 
touch.  Figure 2 graphs the % weight loss data for 
polyurethane films made using BB-002 at 80% HS over a 
1 week period.  

 
Fig 2. Hydrolysis of BB-002 (80% HS) polyurethane  
Conclusions:  The first examples of biodegradable 
polyurethanes derived from degradable aromatic 
isocyanates, exhibit moderate tensile strengths with rapid 
in-vitro hydrolysis in aqueous medium (pH~7.3) at 37°C.  
The physical properties and degradability of these 
polyurethanes can be tailored by the extent and choice of 
the soft segment/chain extender used for the synthesis. 
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