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A new family of novel biodegradable poly(ether ester amide)s (PEEAS) consisting of three building ktocks (
phenylalanine, oligoethylene glycol, and aliphatic acid dichloride) were synthesized by solution polycondensation.
Using N,N-dimethylacetamide as the solvent, these PEEA polymers were obtained with fairly good yields with
reduced viscosity(eq) ranging from 0.13 to 0.61 dL/g. The chemical structures of the PEEAs were confirmed
by IR, NMR spectra, and elemental analysis. The PEEAsTya@lues lower than that of the saturated poly(ester
amide)s (PEAs) of similar structures due to the incorporation of ether bonds in the backbones. An increase in the
number of ether bonds in PEEA resulted in a lowWgivalue. The solubility of the PEEA polymers in a wide
range of common organic solvents was significantly improved when compared with unsaturated PEAs. The
preliminary in vitro biodegradation behaviors of PEEA polymers were investigated in both pure PBS buffer and
o-chymotrypsin solution of different concentrations. The polymers showed a significantly faster weight loss in
an enzyme solutiono-chymotrypsin) but a very slow biodegradation rate in pure PBS buffer. The enzymatic
hydrolysis rates of PEEAs (in terms of weight loss) were found to be much faster than those of saturated and
unsaturated polyesteramides reported in previous studies. The zero-order-like biodegradation kinetics and molecular
weight data also suggested surface erosion biodegradation mechanisms for these PEEAS.

Introduction C double bonds in their backbone, UPEA'’s solubility became
less desirable than SPEA. As a result, the third generation PEA,
Synthetic biodegradable polymers nowadays have been foundUSPEA, was designed and successfully synthesZeiGSPEA
as promising biomaterials with increasing applications in integrated the merits of both SPEA and UPEA into a single
pharmaceutical, biomedical, and tissue engine€ritgThere entity, and the properties of USPEA can be easily controlled
are two basic types of aliphatic poly(ester amide)s (PEASs): thoseby simply adjusting the feed ratio of SPEA to UPEA during
derived from non-amino acids like aliphatic diamine and those the polymerization process.
derived from amino acids like-phenylalaninel.-leucine, and/ One of the three building blocks in all of the three amino
or L-lysine16-26 Those amino acid derived PEAs appear to have acid based PEA generations has been simple aliphatic diols like
better biocompatibility than those from aliphatic diamines and butanediol and/or butenediol. In this work, three types of
have formed a new family of biodegradable polymers that oligoethylene glycol (OEG) were introduced into the PEA
combine the favorable properties of both aliphatic polyesters macromolecular backbone as the replacement for aliphatic diols.
and polyamides into a single enfityi.e., biodegradability and ~ Thus, this fourth generation PEA family, poly(ether ester amide)
desirable mechanical, physical, and thermal properties). (PEEA), would have ether bonds incorporated in addition to
In our laboratory, amino acid derived saturated PEA the ester and amide linkages common to all PEAs. As a result,
(SPEA¥27and unsaturated PEA (UPER)nd copolymers of  the hydrophilicity and biodegradability of these OEG based
SPEA and UPEA (USPEAj have been designed, successfully PEEAs were found to be both enhanced when compared to the
synthesized, characterized, and studied. The major uniquePEA polymers and copolymers designed with conventional
characteristics of SPEA designed in our lab are the elastomericaliphatic diols. In this study, a series of saturated and unsaturated
mechanical property and the availability of a pendant free PEEAs were synthesized by solution polycondensation of
—COOH group, which could be used for the attachment of unsaturated or saturated diester monomers and saturated OEG
biological active agents like nitroxyl radicad$28 Because of based diamine salts. The chemical structures of these PEEAs
the relatively lower glass transition temperatufg,the second ~ were confirmed by FTIR, NMR spectra, and elemental analysis.
generation PEA, UPEA, was developed and synthegZ&tis The molecular weight, molecular weight distribution (MWD),
UPEA family has the advantages of not only having a relatively thermal property, solubility, and biodegradability of the resulting
higher Tq than SPEA but also having functiona=C double PEEA polymers were studied.
bonds built into the PEA backbone. These double bonds are )
photosensitive and can serve as reactive sites for synthesizing Experimental Procedures
additional PEA based derivatives, such as hydrogels for the Materials. L-PhenylalanineL¢Phe), p-toluenesulfonic acid mono-
controlled release of anticancer dri#§8°Because of the € hydrate (TosOFH,0), sebacoy! chloride, adipoyl chloride, fumaryl
chloride, diethylene glycol, triethylene glycol and tetraethylene glycol

* Author to whom correspondence should be addressed. Fax: (607) 255- (Alfa Aesar, Ward Hill, MA), and p-nitrophenol (J. T. Baker,
1093. E-mail: cc62@cornell.edu. Phillipsburg, NJ) were used without further purification. Triethylamine
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Scheme 1. Di-p-nitrophenyl Esters of Dicarboxylic Acids
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Ia: di-p-Nitrophenyl Adipate (NA), x=2 Ic: di-p-Nitrophenyl Fumarate (NF)
Ib: di-p-Nitrophenyl Sebacate (NS), x=4

Scheme 2. Synthesis of Di-p-toluenesulfonic Acid Salts of Bis-L-phenylalanine Esters from Oligoethylene Glycols and L-Phenylalanine

O
H,N ﬁ (I?
2 2TosOH
OH + HO—CH,—CHy;-O OH === » TosOHeH,N._ _C o C._ _NH,eHOTos
_6 \/a‘;' Toluene 2 \0/\/€ \/1710/ :
CH,Ph -2H,0
CH,Ph CH,Ph
IIa: p-Toluenesulfonic acid salt of L-phenylalanine
diethylene glycoldiester (P2EG), n=2
1Ib: p-Toluenesulfonic acid salt of L-phaylalanine
triethylene glycoldiester (P3EG), n=3
IIc: p-Toluenesulfonic acid salt of L-phaylalanine
tetracthylene glycoldiester (P4EG), n=4
from Fisher Scientific (Fairlawn, NJ) was dried by refluxing with Di-p-toluenesulfonic acid salt af-phenylalanine diethylene glycol

calcium hydride and then distilleti,N-Dimethylforamide (DMF) from diester (P2EG, lla): recrystallized from water. mp: 229 IR (cnm?):
Aldrich Chemical Co. (Milwaukee, WI) was dried over calcium hydride 1736 [-C(O)—], 1177 (-O—), 1127 (-CH,—O—CH,—). 'H NMR
and distilled. Other solvents such as toluene, trifluoroethanol (TFE), (DMSO-ds, ppm, 6): 2.29 (6H, HsC—Ph—S0;—), 3.05, 3.10 (4H,
tetrahydrofuran (THF), ethyl acetate, acetone, acetonith|&l-di- PhH,-), 3.50 [4H, —(O)C—0O—CH,—CH»—], 4.19 [2H, *H3N—
methylacetamide (DMA), and dimethyl sulfoxide (DMSO) were CH(CH,Ph)-], 4.31 [4H,—(O)C—O—CH.CH,—], 7.11 to~7.49 [18H,
purchased from VWR Scientific (West Chester, PA) and were purified Ph], 8.39 [6H,"HsN—CH(CH,Ph)—]. 13C NMR (DMSO-ds, ppm, d):
by standard methods before use. 20.79 (HC—Ph—S0;—), 35.94 (PICH,-), 53.20 [[H3N—CH(CH,Ph)—

Synthesis of Monomers and PolymersThe synthesis of PEEAs ], 64.71 [-(O)C—0O—CH,—], 67.70 [-(O)C—O—CH,CH,—], 125.48,
involved the following three basic steps: (1) synthesis of threg-di- 127.28, 128.17, 128.56, 129.43, 134.45, 138.01, 143203 (169.00
nitrophenyl esters of dicarboxylic acids (l), one of which was [—C(O)—].

unsaturated and the other two saturated; (2) synthesis of thnree di- Di-p-toluenesulfonic acid salt af-phenylalanine triethylene glycol
toluenesulfonic acid salts of bisphenylalanine esters (II) from di-, diester (P3EG, llb): recrystallized from 2-propanol. mp: 2@3 IR
tri-, and tetraethylene glycol; and (3) solution polycondensation of the (cm™): 1737 [-C(O)—], 1169 (-0O—), 1124 (-CH,—O—CH,—). *H
monomers | and Il, obtained in steps 1 and 2. NMR (DMSO-ds, ppm, 6): 2.29 (6H,HsC—Ph-S0;—), 3.06, 3.10
Synthesis of Dip-nitrophenyl Esters of Dicarboxylic Acids (l). (4H, PhQH,—), 3.48 [4H,—(0O)C—0O—(CH,).—0O—CH,—], 3.55 [4H,

Three dip-nitrophenyl esters of dicarboxylic acids (la, Ib, and Ic, —(O)C—O—CH,—CH>—], 4.19 [2H, H3sN—CH(CH,Ph)-], 4.33 [4H,
Scheme 1) were prepared by reacting the corresponding dicarboxylic —(O)C—0O—CH,—], 7.10 to ~7.49 [18H, Ph], 8.39 [6H,"H3N—
acyl chlorides withp-nitrophenol as described previousfy. CH(CHPh)-]. 3C NMR (DMSO-ds, ppm,o): 20.75 (HC—Ph—SO;—
Briefly, a solution of triethylamine (0.0603 mol) amenitrophenol ), 35.90 [PICH,—), 53.17 [[HsN—CH(CH,Ph)-], 64.78 [-(O)C—0O—
(0.0603 mol) in 100 mL of acetone was prepared at room temperature, CH,—], 67.77 [-(0)C—0O—CH,CH,—], 69.58 [-(0O)C—0O—(CH,),—
and this solution was kept at78 °C by dry ice and acetone. Fumaryl ~ O—CH,—], 125.45, 127.23, 128.12, 129.51, 129.42, 134.42, 137.92,
chloride (0.03 mol, 3.2 mL) in 40 mL of acetone was then added into 145.12 Ph), 168.95 F-C(O)—].
the previously chilled solution dropwise upon stirring bh at—78 Di-p-toluenesulfonic acid salt afphenylalanine tetraethylene glycol
°C and then stirring at room temperature overnight. After that, the diester (P4EG, lIc): recrystallized from 2-propanol. mp: 249 IR
mixture was poured into 800 mL of distilled water to precipitate the (cm™): 1746 [-C(O)—], 1219 (-O—), 1124 (-CH,—O—CH,—). H
product, dip-nitrophenyl fumarate (NF), which was filtered, washed NMR (DMSO-ds, ppm, 6): 2.29 [6H, H;C—Ph-S0;—], 3.07, 3.11
thoroughly with distilled water, dried in vacuo at 8@, and finally (4H, PhH;,—), 3.49 [8H,—(0O)C—0—(CH),—O—CH,—CH,—], 3.54
purified by recrystallization from acetonitrile 3 times. [4H, —(0)C—O—CH,—CH>—], 4.19 [2H,"H3sN—CH(CH,Ph)-], 4.34
Synthesis of Dip-toluenesulfonic Acid Salts of Bist-phenylala- [4H, —(O)C—0O—CH,—], 7.10 to~7.49 [18H, Ph], 8.39 [6HIH3N—
nine Esters (l1). Di-p-toluenesulfonic acid salts of bisphenylalanine CH(CHPh)-]. 3C NMR (DMSO-ds, ppm,o): 20.73 (HC—Ph—SO;—
esters were prepared by the modified procedures of our previous), 35.90 [PICH,-), 53.18 [[HsN—CH(CH,Ph)-], 64.77 [-(O)C—0O—
published studd# as shown in Scheme 2. TypicallyPhe (0.176 mol), CHy—], 67.73 [-(0O)C—0O—CH,CH,—], 69.64 [-(0)C—0O—(CHy),—
p-toluenesulfonic acid monohydrate (0.176 mol), and di-, tri-, or O—CH,—], 69.65 [-(O)C—0O—(CH,),—O—CH,—CH,—], 125.44,
tetraethylene glycol (0.08 mol) in 300 mL of toluene were placed ina 127.21, 128.10, 129.50, 129.41, 134.42, 137.92, 1451}, (168.92
flask equipped with a DearStark apparatus, a CaQlrying tube, and [-C(O)-].
a magnetic stirrer. The solieliquid reaction mixture was heated (ca. Solution Polycondensation of Monomers | and II.PEEAs were
140°C) to reflux for 16 h until 6.1 mL (0.34 mol) of water evolved.  prepared by solution polycondensation of on@deluenesulfonic acid
The reaction mixture was then cooled to room temperature. After the diester salt (P2EG, P3EG, or PAEG) with onepdiitrophenyl ester
solvent was removed by rotary evaporation, the mixture was dried in (NA, NS, or NF). The combinations attempted in this work and their
vacuo overnight and finally purified by recrystallization 3 times. name designation are summarized in Table 1 and shown in Scheme 3.
Depending on the type of gi-toluenesulfonic acid salts of bis- In Table 1, all those designations of PEEAs starting with F such as
phenylalanine esters synthesized, different solvents were used forFP3EG were unsaturated PEEAs in the diamide segment, and the rest
recrystallization. For example, water and 2-propanol were used as theof the PEEA designations were saturated.
recrystallization medium for the qi-toluenesulfonic acid salt of An example of the synthesis of AP2EG via solution polycondensation
L-phenylalanine diethylene glycol diester (P2EG, lla) anghenyla- is given next to illustrate the details of the synthesis procedures. Ten
lanine triethylene glycol diester (P3EG, IIb), respectively. millimoles (1.42 mL) of triethylamine was added dropwise to EEBV
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Table 1. Monomer Combinations for PEEA Synthesis

monomer ||
P2EG P3EG PAEG
monomer |  NF (unsaturated) FP2EG FP3EG FP4EG
NA AP2EG  AP3EG  AP4EG
NS SP2EG  SP3EG  SP4EG

mixture of monomers NA (la, 4.0 mmol) and P2EG (lla, 4.0 mmol) in

3 mL of dry DMA, and the solution was heated to 8D with stirring

until complete dissolution of monomers. The reaction vial was then
kept under 70C for 48 h without stirring. The resulting viscous solution
(from light yellow to dark brown depending on the type of monomers
used) was divided into two groups and precipitated by different solvents.
For the fumaryl based polymer (FP2EG, FP3EG, and FP4EG), chilled
acetone was added into the viscous solution to precipitate the product.
The polymer was then washed by warm acetone twice, filtered, and
finally dried in vacuo for 48 h before further study. For the rest of the
polymers (non-fumurate based), chilled ethyl acetate was used as th
precipitation solvent, and then the polymer products were filtered and
extracted by ethyl acetate in a Soxhlet apparatus for 48 h and finally

dried in vacuo for 48 h.

AP2EG: yield 84%. IR (cm?), 1741 FC(0)—0-], 1643, 1536
[-C(0)—NH-], 1127 (-CH,—0—CH,—), 3311 FC(O)-NH—-]. H
NMR (DMSO-ds, ppm,d): 1.29 [4H,—NH—(0)C—CH,—CH>—], 1.99
[4H, —NH—(O)C—CH>—], 2.84 to ~3.02 [4H, PhG&i,—], 3.46 to
~3.57 [4H,—(0O)C—0O—CH,—CH>—], 4.11 [4H,—(0O)C—0O—CH,—],
4.46 [2H,—HN—CH(CH,Ph)-], 7.15 to~7.25 [10H, Ph], 8.24 [2H,
—HN—CH(CH;Ph)-]. 3C NMR (DMSO-ds, ppm,d): 24.55 F-NH—
(O)C—CH,—CHy—], 34.63 [-NH—(O)C—CH,—], 36.67 [PICH,—],
53.41 FHN—-CH(CH.Ph)-], 63.69 [-(O)C—O—CH,—], 68.05

[—(0)C—O—CH,—CH,—], 126.42, 128.12, 128.99, 137.12 [Ph], 171.65

[~OC(0)—], 172.09 [-C(O)—NH-].

AP3EG: yield 79%. IR (cmY), 1742 [-C(0)—0-], 1646, 1536
[~C(O)~NH—], 1127 (-CH,—O—CH,—), 3293 [-C(O)~NH—]. H
NMR (DMSO-ds, ppm,d): 1.29 [4H,—NH—(0)C—CH,—CH,—], 2.00
[4H, —NH—(O)C—CH,—], 2.83 to ~3.02 [4H, Ph®i,—], 3.47 to
~3.57 [8H, —(0)C—O—CH,—CH,—0—CH,—], 4.10 [4H, —(O)C—
O—CHy—], 4.46 [2H,—HN—CH(CH,Ph)-], 7.15 to~7.26 [10H, Ph],
8.24 [2H,—HN—CH(CHPh)-]. 3C NMR (DMSO-ds, ppm,d): 24.55
[~NH—(0)C—CH,—CH,—], 34.63 [-NH—(0)C—CH,—], 36.68
[PhCH,—], 53.40 [-HN—CH(CH,Ph)-], 63.72 [-(0)C—O—CH,—],
68.08 [-(0)C—O—CH,—CH,—], 69.67 [-(0)C—O—(CHy),—O—
CH,—], 126.42, 128.13, 128.98, 137.14 [Ph], 171.660C(0)-],
172.07 [-C(O)—NH-].

AP4EG: yield 74%. IR (cmi), 1742 [-C(0)—O—], 1658, 1547
[~C(O)~NH—], 1117 (-CH,—O—CH,—), 3299 [-C(O)~NH—]. H
NMR (DMSO-ds, ppm,d): 1.29 [4H,~NH—(0)C~CH,—CH,—], 2.00
[4H, —NH—(O)C—CH,—], 2.84 to ~3.02 [4H, PhG®i,—], 3.45 to
~3.58 [12H,—(0)C—O—CH,—CH,—O—(CH2)—], 4.11 [4H,—(0)C~
O—CHy—], 4.47 [2H,—HN—CH(CHzPh)-], 7.16 to~7.27 [10H, Ph],
8.24 [2H,—HN—CH(CHPh)-]. 3C NMR (DMSO-ds, ppm,d): 24.56
[~NH—(0)C—CH,—CH,—], 34.64 [-NH—(0)C—CH,—], 36.69
[PhCH,—], 53.42 [-HN—CH(CH,Ph)-], 63.70 [-(0)C—O—CH,—],
68.06 [-(0)C—O—CH,—CH,—], 69.70 [-(0)C—O—(CHa),—O—
CH,—], 69.72 [-(0)C—O—(CHy),—O—CH,—CH,—], 126.44, 128.14,
129.00, 137.17 [Ph], 171.67-0C(0)—], 172.09 [-C(O)~NH—].

FP2EG: vyield 76%. IR (crm), 1736 [-C(0)—0O—], 1630, 1542
[~C(O)~NH—], 1138 (-CH,—O—CH,—), 3299 [-C(O)~NH—]. H
NMR (DMSO-ds, ppm, 8): 2.88 to ~3.08 [4H, Ph®l,—], 3.48 to
~3.60 [4H, —(0)C—O—CH,—CH,—], 4.14 [4H, —(O)C—O—CH—],
4.56 [2H, —HN—CH(CH,Ph)-], 6.84 [2H, —C(O)—CH=], 7.18 to
~7.24 [10H, Ph], 8.90 [2H-HN—CH(CH,Ph)-]. 13C NMR (DMSO-
ds, PPM, 0): 36.58 [PICH,], 53.82 [-HN—CH(CH,Ph)-], 63.91
[—(0)C—O—CH,—], 68.06 [-(0)C—O—CH,—CH,—], 126.57, 128.21,
128.99, 136.83 [Ph], 132.56-HC(0)—CH=], 163.51 [-C(O)~NH—
], 171.10 FOC(O)-].
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FP3EG: yield 83%. IR (crmf), 1741 [-C(0)—O—], 1638, 1536
[~C(0)—NH-], 1115 (-CH,—O—CH,—), 3311 [-C(O)~NH—]. ™H
NMR (DMSO-ds, ppm,d): 2.90 to~3.07 [4H, Ph®1,], 3.48 to~3.60
[8H, —(0)C—O—CH,—CH,—O—CH,—], 4.12 [4H,—(O)C—O—CH,—
], 4.56 [2H, —HN—CH(CH,Ph)-], 6.83 [2H,—C(O)—CH=], 7.19 to
~7.25 [10H, Ph], 8.90 [2H-HN—CH(CH;Ph)-]. 3C NMR (DMSO-
ds, ppm, 8): 36.56 [PICH,-], 53.80 [-HN—CH(CH,Ph)-], 63.96
[—(0)C~O—CH,—], 68.06 [-(0)C—O—CH,—CH,—], 69.69 [-(0)C—
O—(CH,),—O—CH,—], 126.56, 128.21, 128.98, 136.86 [Ph], 132.49
[—C(O)—CH=], 163.49 [-C(0)~NH~-], 171.10 [FOC(O)-].

FPAEG: yield 69%. IR (cm), 1738 [-C(O)—O-], 1630, 1537
[~C(0)—NH-], 1114 (-CH,—O—CH,—), 3309 [-C(O)~NH—]. ™H
NMR (DMSO-ds, ppm,d): 2.88 to~3.09 [4H, PhE1-], 3.47 to~3.60
[12H, —(0)C~0—CH,~CH,—0—(CHy),—], 4.14 [4H, —(0)C—O—
CHz—], 4.56 [2H, —HN—CH(CH.Ph)-], 6.83 [2H, —C(O)—CH=],
7.18 to~7.27 [10H, Ph], 8.90 [2H;-HN—CH(CH,Ph)-]. 3C NMR
(DMSO-ds, ppm, 8): 36.59 [PICH-], 53.83 [-HN—CH(CH;Ph)-],
63.98 [-(0)C—O—CH,—], 68.03 [-(0)C—O—CH,—CH,—], 69.70

J~(0)C~O—(CHy)z~O~CH,], 69.73 [-(0)C~O~(CHy)~O—Ch;—

CH,—], 126.59, 128.23, 129.00, 136.89 [Ph], 132.51J(0O)—CH=],
163.51 FC(O)—NH-], 171.13 -OC(O)—1].

SP2EG: yield 62%. IR (crt), 1740 |-C(O)—0—], 1648, 1541

[-C(0O)—NH-], 1126 (-CH,—0—CH,—), 3309 [-C(O)-NH-]. H
NMR (DMSO-dg, ppm,d): 1.10 [8H,—NH—(O)C—(CH2).—(CH>)>—]
1.36 [4H,—NH—(0)C—CH,—CH,—], 2.01 [4H,—NH—(O)C—CH,—
], 2.83 t0~3.03 [4H, Ph&i.-], 3.46 t0~3.59 [4H,—(0O)C—O—CH,—
CH,—], 4.12 [4H,—(O)C—0O—CH,—1], 4.48 [2H,—HN—CH(CH,Ph)—
], 7.18 to~7.26 [10H, Ph], 8.24 [2H-HN—CH(CH;Ph)-]. *C NMR
(DMSO-ds, ppm,d): 25.11 -NH—(O)C—CH,—CH,—], 28.41 [-NH—
(0O)C—(CH,),—CH,—], 28.64 [-NH—(O)C—(CH,);—CH,—], 34.92
[-NH—(0)C—CH,—], 36.62 [PICH,-], 53.35 FHN—CH(CH,Ph)—
], 63.69 [-(0)C—O—CH,—], 68.07 [-(0O)C—O—CH,—CH,—], 126.38,
128.07, 128.98, 137.20 [Ph], 171.67QC(0O)—], 172.27 -C(O)—
NH-].

SP3EG: yield 74%. IR (cnt), 1743 [-C(O)—0—], 1648, 1541
[-C(0O)—NH-], 1126 (-CH,—0—CH,—), 3296 [-C(O)-NH—]. H
NMR (DMSO-dg, ppm,0): 1.11 [8H,—NH—(O)C—(CH).—(CH>)>—]
1.37 [4H,—NH—(0)C—CH,—CH,—], 2.03 [4H,—NH—(O)C—CH,—

], 2.83t0~3.03 [4H, Ph®i,—], 3.45 to~3.62 [8H,—(0)C—O—CH,—
CH,—0O—CH,—], 4.11 [4H, —(O)C—0O—CH,—], 4.47 [2H, —HN—
CH(CH,Ph)-], 7.19 to~7.25 [10H, Ph], 8.24 [2H;-HN—CH(CH,Ph)—

]. 33C NMR (DMSO-dg, ppm,d): 25.09 -NH—(O)C—CH,—CH>—],
28.41 -NH—(O)C—(CH,),—CH,—], 28.64 [-NH—(0O)C—(CHy)s—
CH>—], 34.91 [-NH—(0O)C—CH.—], 36.63 [PICH,—], 53.32 -HN—
CH(CH;Ph)-], 63.72 [-(O)C—0O—CH—], 68.11 [-(O)C—0O—CH,—
CH,—], 69.69 [-(0O)C—0O—(CH,),—O—CH,—], 126.38, 128.07, 128.97,
137.20 [Ph], 171.68F0C(0)—], 172.23 [-C(O)—NH-].

SP4EG: yield 63%. IR (crt), 1741 |-C(O)—0—], 1643, 1536
[-C(0O)—NH-], 1118 (-CH,—0—CH,—), 3317 -C(O)-NH-]. H
NMR (DMSO-ds, ppm,0): 1.11 [8H,—NH—(O)C—(CH).—(CH>)>—]
1.36 [4H,—NH—(O)C—CH,—CH,—], 2.03 [4H,—NH—(O)C—CH>—

], 2.83t0~3.04 [4H, Ph®&i>-], 3.41 t0~3.60 [12H,—(O)C—O—CH,—
CH,—0—(CHy),—], 4.11 [4H,—(O)C—0O—CH>—1], 4.47 [2H,—HN—
CH(CH,Ph)-], 7.18 to~7.25 [10H, Ph], 8.24 [2H-HN—CH(CH,Ph)—

]. ¥3C NMR (DMSO-dg, ppm,d): 25.11 F-NH—(O)C—CH,—CH,—],
28.43 FNH—(O)C—(CH,),—CH,—], 28.66 [-NH—(O)C—(CHy)5—
CH,—], 34.93 [-NH—(0O)C—CH,—], 36.65 [PICH,—], 53.35 [FHN—
CH(CH;Ph)-], 63.74 [-(O)C—0O—CH—], 68.08 [-(0O)C—O—CH,—
CH,—], 69.71 [-(0)C—0O—(CH,),—O—CH,—], 69.73 [-(O)C-O—
(CH,),—0O—CH,—CH,—], 126.40, 128.10, 128.99, 137.22 [Ph], 171.70
[-OC(0)—], 172.25 -C(O)—NH-].

To study the biodegradability of PEEA polymers, the PEEA films
were cast from a 10% (w/v) chloroform solution onto smooth Teflon
Petri dishes, and the solvent was allowed to evaporate completely at
room temperature. The films were further dried in vacuo at room
temperature overnight and finally punched into small disc shaped pieces
(diameter 12.5 mm) for the biodegradation test. CDV
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Scheme 3. Synthesis of Saturated and Unsaturated L-Phenylalanine Based PEEAs

i i i
N le] NO, + TosOHeH;N C. 0. C. NH,eHOTos
O S 2 e SRS N
(6]

CH,Ph CH,Ph

Et;N, DMA _ Q Q
- TosOH, H()_Q_mz NH%OMOwO%CYNH
n-1
0 CHaPh CHPh—n
when x=2, AP2EG(n=2); AP3EG (n=3); AP4EG (n=4)
when x=4, SP2EG(n=2); SP3EG (n=3); SP4EG (n=4)
i ' Q
O,N OJK/ NO;, 4+ TosOHeH,N C 0. C NH,eHOTos
MO S hO o
o CH,Ph CH,Ph
O 0 o
Et;N, DMA I
NH NH
-TosOH, o _O_NO: /\[r \Hko/\/éO\/\O%CY
0 n-1
CH,Ph CHPh—n

FP2EG(n=2); FP3EG (n=3); FP4EG (n=4)

Materials Characterization. For Fourier transform infrared (FTIR) estimated from the weight loss of the PEEA film sample based on the
characterization, samples were ground into powder and mixed with following equation:
KBr at a sample/KBr ratio of 1:10 w/w. FTIR spectra were then
obtained from a PerkinElmer Nicolet Magana 560 (Madison, WI) FTIR W, — W,
spectrometer with Omnic software for data acquisition and analysis. W, (%) = [T] x 100
NMR spectra were recorded by a Varian Unity INOVA-400 400 °o
MHz spectrometer (Palo Alto, CA) operating at 400 and 100 MHz for
1H and®3C NMR, respectively. Deuterated dimethyl sulfoxide (DMSO- WhereW is the original weight of the dry PEEA film sample before
ds, Cambridge Isotope Laboratories, Cambridge, U.K.) was used as immersion, andV, is the dry PEEA film sample weight after incubation
the solvent. Elemental analyses of the polymers synthesized werefor t h (with or without enzyme). The weight loss average of the three
performed with a PE 2400 CHN elemental analyzer by Atlantic Specimens was recorded.
Microlab (Norcross, GA). SEM was employed to analyze the surface morphology of the PEEA
Thermal properties of synthesized monomers and polymers were polymers during the biodegradation process. After being taken out of
characterized by a DSC 2920 (TA Instruments, New Castle, DE). The the incubation media, the polymer film sample was dried, fixed on
measurement was carried out from 0 to 3@at a scanning rate of aluminum stubs, and coated with gold for 60 s for SEM observation
10 °C/min and nitrogen gas flow rate of 25 mL/min. TA Universal by a Hitachi S4500 scanning electron microscope (Mountain View,
Analysis software was used for thermal data analysis, such as theCA). The molecular weight changes of the PEEA polymers were also
determination of the glass transition temperature. The melting point monitored by GPC.
was determined at the onset of the melting endotherm. The surface hydrophilicity of the PEEA films was determined using
The number and weight averaged molecular weightsgnd M) an IMASS contact angle analyzer in a conditioning room of 65% RH
and MWD of synthesized PEEAs were determined using a Model 510 and 21°C. Distilled water was used as the spreading liquid, the contact
gel permeation chromatographer (Waters Associates Inc. Milford, MA) angles of five randomly chosen surface areas of each PEEA film were
equipped with a high-pressure liquid chromatographic pump, a Waters measured, and two PEEA films of each type were tested.
486 UV detector, and a Waters 2410 different refractive index detector.
THF was used as the eluent (1.0 mL/min). The columns were calibrated
with polystyrene standards having a narrow molecular weight distribu-

tion. The reduced viscosityyd) of the polymers synthesized was Synthesis of Dip-nitrophenyl Esters of Dicarboxylic Acids.

determined by a Cannon-Ubbelhode viscometer in DMSO solution at Three different types of dp-nitropheny! esters of dicarboxylic

a concentration of 0.25 g/dL at 2%. . acids, NA, NS, and NF, were used as monomers to provide the
An in vitro biodegradation test of OEG based PEEAs was carried carboxvlic ester seament of PEEA. NA and NS have a saturated

out in a small vial containing a dry PEEA disc film (diameter 12.5 methylgne structu?e while NF hés unsaturated@Cdouble

mm) and 10 mL of pure PBS ax-chymotrypsin in PBS buffer (pH .
7.4, 0.1 M) of different concentrations (0, 0.05, 0.1, or 0.2 mg/mL). bonds in the methylene structure. These three monomers were

Two representatives OEG based PEEA polymers (AP3EG and SP3EG)reported 'n, our pre.VIOUS work, . . .

were used for this preliminary biodegradation study. There was no  Synthesis of Dip-toluenesulfonic Acid Salts of Bisk-
unsaturated PEEA sample for this study because it does not dissolvePNenylalanine Esters.Three different types of dp-toluene-

in CHCl5, and no quality film could be formed in DMA solvent either.  Sulfonic acid salts of bis-phenylalanine diesters were synthe-
The vial was then incubated at 3€ with constant reciprocal shaking ~ Sized the first time and used as the monomers to provide the
(100 rpm). At predetermined intervals, the PEEA film samples were @mino acid segment of PEEA. These three salts had oligomers
taken out of the incubation medium and washed gently with distilled Of ethylene glycol with ether bonds in the segment.

water, and the surface water was blotted by filter paper and weighed  The structures of the di-toluenesulfonic acid salt monomers,
until no further weight change. The degree of biodegradation was P2EG, P3EG, and P4EG, were all confirmed by FTIR and NE{I&/

Results and Discussion



PEEA Synthesis, Characterization, and Biodegradation Biomacromolecules, Vol. 8, No. 9, 2007 2855

P2EG

1p3EG

{1 P4EG (\
| i\

amide I, II

Transparency (%)

} c=o,st /CHy-O- CH, (st, as)

3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

Figure 1. FTIR spectra of the di-p-toluenesulfonic acid salts of bis-L-phenylalanine diester monomers: P2EG, P3EG, and P4EG. (st: stretching
vibration and as: asymmetry vibration).

spectra. The FTIR spectra are shown in Figure 1, and their mainunit (6.83) for fumaryl based PEEAs. TH& spectra contained
absorption bands, such as ester groups (17361050 cnt?) all the peaks for every magnetically different carbon presented
and ether groups~1127 cnt?), were assigned. The broad in the repeating unit of the polymer. The data from elemental
absorption between 2500 and 3300 ¢mould be attributed to analysis (Table 2) were also consistent with the composition
both primary amine salt and aliphatic hydrocarbon structure calculated.

existing in those monomers. TH&l and 13C NMR data of

P2EG, P3EG, and P4EG also showed characteristic signals of Taple 3 summarizes the fundamental properties of the PEEAs
—CH2—0O—CHz— (*H: 6 ~3.50 ppm). All three monomers  gynthesized. All nine PEEAs were obtained in fairly good yields
were obtained as white powders, and the yield of PSEG was (59 to~83%), with 5;,eq ranging from 0.13 to 0.61 dL/g. The
about 86%, higher than those of P2EG (66%) and PAEG (60%). three fumaryl based unsaturated PEEAs (FP2EG, FP3EG, and

Polymer Synthesis.As shown in Scheme 3, nine different FP4EG) could not dissolve in THF, which was the designated
types of new PEEAs were synthesized by solution polycon- eluent for the central GPC facility available to us. Among the
densation of different combinations of monomer | (la, Ib, or adipoyl and sebacoyl based PEEAs, AP3EG and SP3EG showed
Ic) and monomer Il (lla, llb, or lic). Excess triethylamine was the highesM,, My, andseqin their series, respectively. FP3EG
used as the acid receptor for TosOH during the polymerization showed the highestq among the fumaryl based PEEAs.
to regenerate free amino groups in thepdbluenesulfonic acid  Irrespective of saturated or unsaturated PEEAS, the data in Table
salt monomet!243! Polymerization took place in the homo- 3 demonstrated that, among the three monomers Il (P2EG,
geneous phase, and the polymer obtained remained dissolvedP3EG, and P4EG), P3EG had the highest reactivity toward
but the reaction solution became more viscous. monomers | (NA, NS, and NF) because the PEEAs from P3EG

The structures of these PEEAs were confirmed by both IR consistently resulted in the highegtg.
and NMR spectra data. The FTIR spectra of all the fumaryl ~ The T, and Ty, of the synthesized PEEAs were measured by
based PEEAs (Figure 2) had characteristic absorption bands ofDSC and are listed in Table 3. The PEEAs obtained had lower
ester groups+1740 cnr?), ether groups+1115 cn1?), amide Ty values than the corresponding saturated and unsaturated PEAs
groups (1640 and~1530 cml), and unsaturated HC—= and USPEA based on aliphatic dialcoh#13426For example,
bonds ¢-983 cnt). The broad absorption around 2900¢m  AP2EG had &T, value 9% lower than APB (49 vs 54C),
could be attributed to the aliphatic hydrocarbon structure existing FP2EG had &, value 20% lower than FPB (82 vs 108),
in the polymers. and SP2EG had g, value 20% lower than SPB (32 vs 4Q).

The NMR spectral{ and'C) of three typical PEEAs based  Within each PEEA series, an increase in the ether bonds (from
on tri-ethylene glycol are shown in Figures 3 and 4 (see the diethylene glycol and triethylene glycol to tetraethylene glycol)
following discussion for detailed spectral band assignments of led to a reduction iffy as well. For example, in the unsaturated
all polymers). The spectral data were fully in agreement with fumaryl based PEEAs, theify value decreased from 82
the anticipated chemical structure of the PEEA polymers shown (FP2EG with two ether bonds per repeating unit) to °€7
in Scheme 3. All the PEEAs showédl peaks of the -NH- (FP3EG with three ether bonds per repeating unit) andG4
bonds of amides (8.90 or 8.24), the ether£1@—CH, bonds (FP4EG with four ether bonds per repeating unit). The reduction
in the diester unit{3.50), and the-HC= bonds in the amide  in Ty appeared to be more severe in the saturated PEEA SC?BV
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Figure 2. FTIR spectra of fumaryl based poly(ether ester amide)s: FP2EG, FP3EG, and FP4EG. (st: stretching vibration).
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Figure 3. H NMR spectra of three poly(ether ester amide)s in DMSO solvent: FP3EG, AP3EG, and SP3EG.

SP3EG

than in the unsaturated PEEA series. For example, there was dlexibility and promoting the chain segmental movement and
71% reduction inTy from saturated AP2EG to AP4EG, while  hence a loweilg value).

only 34% reduction was found from FP2EG to FP4EG. The As shown in Table 4, the solubility of PEEAs (50 mg) in
lower Ty of PEEAs was attributed to the presence of one or common organic solvents (1.0 mL) at room temperature (25
more ether bonds in the repeating units of the PEEA macro- °C) was evaluated. All PEEAs are completely soluble in DMSO,
molecules, and it is well-known that the ether bond is a quite DMF, and formic acid (except FP2EG) but cannot dissolve in
flexible bond for free rotation (i.e., increasing the polymer chain water, methanol, and ethyl acetate. Saturated PEEAs carb%%)
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Figure 4. 13C NMR spectra of three poly(ether ester amide)s in DMSO solvent: FP3EG, AP3EG, and SP3EG.

Table 2. Elemental Analysis Results of PEEAs

Table 4. Solubility of PEEA at Room Temperature (25 °C)?@

sample formula

calcd (%)

exptl (%)

fw(g/mol) C

H N

C

H

FP2EG (Cz6H28N207)n
FP3EG (CzsH32N20s)n
FP4EG (C3oH3sN209)n
AP2EG (C28H34N207)s
AP3EG (C30H38N203)n
AP4EG (C32H42N200)
SP2EG (C32H14N207),
SP3EG (CasHasN2Og)n
SP4EG (C3sHs0N200)n

480.52n 64.99
524.57n 64.11
568.62n 63.37
510.59n 65.87
554.64n 64.97
598.69n 64.20
568.71n 67.58
610.75n 66.86
654.80n 66.03

5.87 5.83
6.15 5.34
6.38 4.93
6.71 5.49
6.91 5.05
7.07 4.68
7.80 4.93
7.59 4.59
7.70 4.28

64.74
63.93
62.82
65.64
64.37
63.07
66.92
66.64
66.03

5.75
6.17
6.34
6.81
6.98
7.24
7.33
7.62
7.69

Table 3. Fundamental Properties of PEEAs?

yield
(%)

MNred
(dL/g)®

Mn
(kg/mol)

Mu
(kg/mol)

M/
Mn

TQ
)

Tm
)

FP2EG® 76
FP3EG® 83
FP4EG® 69
AP2EG 59
AP3EG 79
AP4EG 74
SP2EG 62
SP3EG 74
SP4EG 63

0.13£0.01
0.49 £0.01
0.27 £ 0.00
0.13£0.01
0.61 £0.03
0.24 +0.01
0.16 +0.01
0.54 +0.00
0.17 +0.00

2.6
17.4
9.0
6.4
27.3
7.3

4.6
26.0
14.6
10.2
41.1
18.5

1.76
1.49
1.63
1.59
151
2.55

82
67
54
49
35
14
32
23
12

233
180
138
101
92
63
90
67
58

2 Synthesis conditions: C= 0.90 mol/L, T= 70 °C, DMA as the solvent.
b Measured in DMSO at 25 °C, C = 0.25 g/dL. ¢ Molecular weight data
not available because fumaryl based PEEA cannot be dissolved in THF,
which is the solvent for the central GPC facility available to us.

dissolve in trifluoroethanol, THF, and chloroform. However,

formic ethyl ace-
H,O acid TFE DMF DMSO THF MeOH acetate CHCI; tone

AP2EG - + + + + + - - + =
APEG - + + + 4+ o+ - - + o+
AP4EG - + + + + + - - + %
SP2EG - + + + + 4+ - - + =
SPEG - + + + + + - - + 4+
SP4EG - + + + + + - - + o+
FP2EG - + -+ + - - - - -
FP3EG - + - + + - - - - -
FPAEG - + + + - - - + -
a+: Soluble; —: insoluble; and +: partially soluble or swelling.

to SPEA2! UPEA2* and USPEA® that were derived from
aliphatic dialcohols, the new OEG based PEEA, especially
unsaturated PEEA, showed a significant improvement in
solubility. For example, SP3EG and SP4EG can both dissolve
in acetone, while SPB (1,4-butanediol based) and SPH (1,6-
hexanediol based) cannot. All three unsaturated PEEAs (fumaryl
based) can dissolved in DMF and DMSO, while FPB (1,4-
butanediol based) and FPH (1,6-hexanediol based) can only
partially dissolve.

In Vitro Biodegradation Test of PEEA Polymers. The
biodegradation kinetics of two representative OEG based PEEA
polymers (AP3EG and SP3EG) in either pH 7.4 PBS buffer or
o-chymotrypsin solution at 37C is illustrated in Figures 5 and
6. The data show that both polymers exhibit much faster and
more severe weight loss in tleechymotrypsin solution than
in a PBS buffer and that the level of biodegradability of these
PEEA polymers in an enzyme solution depends on their

the three unsaturated PEEAs (FP2EG, FP3EG, and FP4EG) haghemical structures and enzyme concentration.

poor solubility in those regular organic solvents because of the
extra conjugation effect between=C double bonds and

The biodegradation data showed that AP3EG was very
sensitive to enzymatic biodegradation (Figure 5). Even in a very

carbonyl groups in their structure, which did not exist in the low concentration ofx-chymotrypsin solution (0.05 mg/mL),
adipoyl and sebacoyl based saturated PEEAs. When comparingAP3EG was biodegraded quickly and had a 13% weight J:c'JLSﬁ/
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Figure 5. Effect of enzyme (o-chymotrypsin) concentration on weight
loss kinetics of AP3EG at 37 °C; pH 7.4 PBS buffer serves as the
control. (-W-) PBS buffer; (-®-) o-chymotrypsin at 0.05 mg/mL; (-a-)
o-chymotrypsin at 0.10 mg/mL; and (-¥-) a-chymotrypsin at 0.20 mg/

mL.
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Figure 6. Effect of chemical structure of poly(ether ester amide)s
on their weight loss behavior in PBS or a-chymotrypsin medium (0.1
mg/mL) at 37 °C. Solid line: enzyme medium and dashed line: PBS
medium. (---M---) AP3EG in pure PBS buffer; (-B-) AP3EG in
a-chymotrypsin solution; (-+-O--+) SP3EG in pure PBS buffer; and (-O-)
SP3EG in a-chymotrypsin solution.

in the fira 8 h and 31% weight loss after 1 day. The
biodegradation profiles of AP3EG showed that its hydrolysis
rate increased with a higher-chymotrypsin concentration.
Irrespective of differenta-chymotrypsin concentrations, the

Guo et al.

biodegradation rate than that of AP3EG, 81 versus 56% weight
loss within 24 h. Similar results can be found in our previous
work on 1,4-hexanediol based saturated PEB-Phe-6 syn-
thesized from NS (monomer Ib) also showed a faster hydrolysis
than 4-Phe-6 from NA (monomer Ia) in tleechymotrypsin
solution. The possible reason might be that a higher hydrophobic
PEEA-like SP3EG could have a higher affinity farchymo-
trypsin and hence a higher enzymatic hydrolysis than AP3EG.

These OEG based PEEAs also showed a much higher
tendency than those PEAs derived from conventional aliphatic
diols toward a-chymotrypsin catalyzed biodegradation. For
example, within 24 h, SP3EG showed a weight loss of 81.3%,
while SPBe (from 2-butene-1,4-diol) had 13.8% and SPB (from
1,4-butanediol) had 6.4% onfj.Therefore, the incorporation
of ether linkages into the amino acid derived PEA backbone
also promotes enzymatic biodegradation when compared to
those PEAs from aliphatic diols.

The surface morphology changes of PEEA polymer films
upon biodegradation are shown in Figures 7 and 8. After 18 h
of incubation, both AP3EG and SP3EG PEEAs showed a
significanto-chymotrypsin catalyzed biodegradation as evident
by the appearance of a more severe moon crater shaped eroded
surface with more pores when compared to their counterparts
in PBS (Figure 8). Both of these PEEA film samples did not
show visible surface erosion in a PBS solution. In addition, as
the enzyme concentration increased, the erosion level of the
polymer film surface became more severe, especially from 0.05
to 0.10 mg/mL (Figure 7). These SEM data are consistent with
the weight loss data.

The GPC and contact angle data of the insoluble part of the
PEEA polymer films in the incubation media were also
measured to study their biodegradations (Table 5). Although
the weight loss showed significant biodegradation of AP3EG
(34.9%) and SP3EG (64.8%) samples in 0.1 mg/eakchy-
motrypsin solution for 18 h, the GPC data showed very little
change in their molecular weights and molecular weight
distributions, and a similar phenomenon also occurred in lower
(0.05 mg/mL, less weight loss) and higher (0.20 mg/mL, more
weight loss) a-chymotrypsin concentrations or PBS buffer
(almost no weight loss). The contact angle data indicated that
the polymer surface became slightly more hydrophilic as the
weight loss of the polymer increased. For example, the contact
angle of the original SP3EG film was 8&nd, after 18 h of
incubation, was reduced to 78.4% weight loss) in PBS and
49° (64.8% weight loss) in the 0.10 mg/mi-chymotrypsin
solution. In the case of the AP3EG film incubated in 0.20 mg/
mL a-chymotrypsin for 18 h, the contact angle of the polymer
film could not be measured due to the fast spreading of water
on the film sample surface. The much higher contact angle of

weight loss kinetics was very close to zero-order. It was also the original SP3EG (88 than AP3EG (62) also confirmed

observed that the AP3EG films can maintain their constant that SP3EG was more hydrophobic than AP3EG because of a
surface area very well up to 80% weight loss, while their longer methylene chain length (eight vs fou€H,— groups).
thickness became thinner and thinner. This suggests that the On the basis of both GPC and contact angle data, it is also
polymer films eroded evenly on the surface upon enzymatic suggested that the enzymatic hydrolysis occurred mostly at the
hydrolysis, which is contrary to aliphatic polyesters’ bulk surface of the PEEA films and that the interior of the polymer
biodegradation. remained intact during the hydrolysis progress. Similar findings
The effect of different types of monomer | on biodegradability were reported by Fan et &35thatL- andp-phenylalanine based

is shown in Figure 6. The data concluded that the tendency of PEA particles underwent surface hydrolysisithymotrypsin
AP3EG (from monomer la: dd-nitrophenyl adipate with four ~ medium. Fan et al. also suggested that the rate and extent of
methylene groups, NA) to undergechymotrypsin catalyzed  the weight loss of the polymers by the enzymatic hydrolysis
hydrolysis is lower than that of SP3EG (from monomer Ib: di- depended strongly on the solubility of the hydrolysis products
p-nitrophenyl sebacate with eight methylene groups, NS). In a because the polymer surface could be covered by unreactive
0.10 mg/mL a-chymotrypsin solution, SP3EG also showed biodegradation products that would retard the further biodeg-
biodegradation kinetics close to zero-order and an even fasterradation of the polymers if the biodegradation products V\@ER/
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Figure 7. SEM images of AP3EG polymer after 18 h incubation at 37 °C. (a) Original film; (b) in PBS; (c) in 0.05 mg/mL a-chymotrypsin; (d)
in 0.10 mg/mL a-chymotrypsin; and (e) in 0.20 mg/mL o-chymotrypsin.

Figure 8. SEM images of AP3EG and SP3EG polymers after 18 h incubation in pH 7.4 PBS (a and b) and 0.10 mg/mL o-chymotrypsin solution
(&' and b') at 37 °C. Panels a and a' are AP3EG film, and panels b and b’ are SP3EG films.

insoluble. In addition, He et &F reported that the melt spun  polycondensation of poly(ethylene glycol) (PEG), 1,4-dihy-
fibers based on non-amino acid aliphatic PEA copolymers (from droxybutane, and short bis-estdiis-amide blocks in PBS
6-aminocaproic acid ane-caprolactone monomers at a 50:50 because the inherent viscosity of their PEEA decreased signifi-
molar feed ratio) exhibited a typical surface erosion in a cantly as the mass loss increased with time, and the degradation
concentrated alkaline solution (1.0 M NaOH) because their did not result in significant changes in the surface morphology
molecular weight and chemical structure did not change of their PEEA films.
significantly during degradation. In Chu et al., previously published research on the biodeg-
However, Bezemer et &l. reported bulk degradation of radation of phenylalanine based saturated PEWhich has
amphiphilic PEEA multiblock copolymers synthesized by melt similar structures to the phenylalanine based PEEA in this st&%
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Table 5. Weight Loss, Molecular Weight, and Contact Angle of
PEEA Polymers Before and After Incubation in Different Media for
18 h

concn of incu-  weight
a-chymotryp- bation loss M My M./ contact
polymer sin (mg/mL) time (h) (%) (kg/mol) (kg/mol) M, angle (0)
AP3EG N/A2 0 O 17.4 260 14962+5
O(pure PBS) 18 —0.6 153 247 1.61 70+13
0.05 18 251 17.4 25,5 1.46 47 +17
0.10 18 349 18.2 26.2  1.44 NIAb
0.20 18 623 17.6 25.7 1.46 N/AP
SP3EG N/A? 0 O 27.3 411 15188+5
O(pure PBS) 18 3.4 283 435 15478+4
0.10 18 64.8 29.0 442 153 49+5

a Qriginal sample as the control. » Water drop spreads on the sample
surface.
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characterization of a family of biodegradable poly(ester amide)s
derived from glycineJ. Polym. Sci., Part A: Polym. Chefr998
36, 1271-1282.

IR, NMR spectra, and elemental analysis. The unsaturated (20) Puiggali, J.; Aceituno, J. E.; Paredes, N.; Rodriguez-Galan, A.; Pelfort,

PEEAs have highelly values ¢&138 °C) than the saturated
PEEAs (<101°C) of a similar backbone structure. The solubility

of the polymers was poor in water, methanol, and ethyl acetate 21)

and better in formic acid, DMA, and DMSO. A preliminary
biodegradation study showed that thgphenylalanine based
PEEAs had a much higher tendency towarddhehymotrypsin

catalyzed biodegradation than the corresponding SPEA or UPEA
based on aliphatic dialcohols. On the basis of the analysis of
the data of weight loss, and the changes in dimension, contact

M.; Subirana, J. A. Preliminary structural data on new biodegradable
poly(esteramide)s derived from andL,p-alanine Abstr. Pap—Am.
Chem. Soc1998 216, 858.
Katsarava, R.; Beridze, V.; Arabuli, N.; Kharadze, D.; Chu, C. C,;
Won, C. Y. Amino acid-based bioanalogous polymers. Synthesis and
study of regular poly(ester amide)s based ondbasino acid)x,w-
alkylene diesters, and aliphatic dicarboxylic acidsPolym. Sci.,
Part A: Polym. Chem1999 37, 391-407.
(22) Fan, Y. J.; Kobayashi, M.; Kise, H. Synthesis and biodegradability
of new polyesteramides containing peptide linkadredym. J.200Q
32, 817-822.

angle, and molecular weight of AP3EG and SP3EG samples (23) Qian, Z. Y.; He, Y.; Zou, Y. B.; Li, S.; Liu, X. B. Structure and

upon biodegradation, it is suggested that thghenylalanine

based PEEAs eroded evenly on the surface upon enzymatic

hydrolysis and were subject to surface, rather than bulk,
biodegradation.
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