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ABSTRACT: New hydrolyzable block copolymers containing poly(ethylene glycol) (PEG) and poly(amido~
amine) (PAA) or poly(amido-thioether-amine) (PATA) segments have been prepared from synthesized sec-
onary amino end-functionalized PGE’s of different molecular weight. The latter have been also utilized as
macromonomers for preparing poly(PEG-amido-amine-urethanes). The products were characterized by 'H
NMR, GPC, elemental analysis, and viscometric measurements.

Introduction

Poly(amido—amines) (PAA’s) are a family of tertiary
amino polymers of regular structure, which in a linear
form are obtained by Michael-type polyaddition of primary
monoamines or secondary bisamines to bisacrylamides
(SchemelI). The polymerizationreactionin Scheme I takes
place readily in water or alcohols, at room temperature,
and without added catalysts. Almost all aliphatic amines
can be used as monomers, and the presence of many
additional functions does not interfere with the polym-
erization process.!-?

Many PPA’s are water soluble. In aqueous solution
they behave as bases of medium strength. The protona-
tion and heavy-metal ion complexing behavior of a large
number of PAA’s have been thoroughly studied.4® Some
PAA complexes exhibit interesting properties as oxida-
tion catalysts.”®

Itis apparent from the polymerization mechanism that,
by suitable adjustment of the initial monomer ratio, PAA’s
prevailing or totally end-capped with either acrylamido,
or secondary amino groups can be obtained. These PAA
macromonomers have been used to prepare new PAA-
containing materials.®15 In particular, they proved to be
easily grafted on the surface of various polymeric and
inorganic materials, thus modifying dramatically their
surface properties.13-16

The possibilities of biomedical applications of PAA’s
lie in their ability to form stable complexes with heparin.
Thus, PAA-grafted materials can be stably heparinized,
acquiring nonthrombogenic properties,>15 while PAA-
based cross-linked hydrogels act as selective heparin ad-
sorbers from plasma or blood.¢-18 Some PAA’s are also
being studied as promoieties for polymeric prodrugs,
showing, as polycations, a unique combination of water
solubility, reduced toxicity, and degradability in biological
media.l®

Recently, tertiary amino polymers structurally related
to PAA’s, namely, poly(amido-thioether-amines) (PA-
TA’s), have been prepared by polyaddition of bis(8-mer-
captoethylamines) to bisacrylamides.2’ These polymers,
though on the whole similar to PAA’s, are much less hy-
drophilic: they are insoluble in water but soluble in
aqueous acids.
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On the other hand, poly(ethylene glycols) (PEG’s) and
their derivatives have received a great deal of interest,?!
for instance as promoieties for preparing oligomeric pro-
drugs,2228 for protein modification,2¢2” and as phase-
transfer catalysts.?8-30 They are the chief components of
most polyurethanes commonly used as biomaterials.31-38
Increasing attention is devoted tosurface grafting of PEG’s
on polymeric materials to improve their biocompatibility,
either per se or by providing hydrophilic spacers for
attaching heparin or other substances inhibiting thrombus
formation.3435

The aim of this paper is to relate on a synthetic method
for PEG-PAA and PEG-PATA block copolymers, starting
from commercial PEG samples. A single PAA and asingle
PATA have been chosen as models for this study.
However, the synthetic method devised can be resonably
applied to any PAA and PATA. Furthermore, we have
prepared novel polymeric substances which, though for-
mally belonging to the domain of PAA’s, are in fact high
molecular weight, potentially hydrolyzable PEG’s con-
taining a few cationc groups along their macromolecular
chain.
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Results and Discussion

Synthesis. PEG-Piperazinylformates. The prep-
aration of PEG-piperazinylformates I-III from commer-
cial PEG’s IV-VI is the starting point of the synthetic
method described in this paper. It was performed via
PEG—-imidazolylformates VII-IX according to Scheme II.

The reaction of PEG’s with excess N,N’-carbonyldi-
imidazole (CDI) at room temperature and in chloroform
solution is fast and complete. No unreacted oligomer is
present after a few minutes. The PEG-imidazolylformates
so obtained, when in chloroform solution, are not water
sensitive at room temperature and are not extractable by
water. On the contrary, CDI is rapidly eliminated from
its chloroform solutions by extraction with water. Con-
sequently, enough CDI to overcome any moisture present
in the reaction mixture can be added without harm. This
allows us to avoid previous drying of commercial PEG’s,
which is not a very simple procedure.?! A large excess of
piperazine (20 mol/mol of PEG) is used in the second
step. The excess piperazine is eliminated by multiple
extractions with 10% potassium nitrate solution and finally
with water. The use of the former minimizes losses, and
the yields are always high. The purity of the products was
checked by 'H NMR, elemental analysis, titration against
standard acid, and GPC. All results were consistent with
pure, fully substituted products.

Any commercial PEG can be quantitatively function-
alized by the above method, which in our opinion compares
favorably with all the methods described so far tointroduce
terminal amino groups in PEG’s.

PEG-PAA Block Copolymers. The introduction of
I-II1 as aminic comonomers in the synthesis of PAA’s leads
to PEG-PAA block copolymers. We have performed this
reaction choosing piperazine (X) and 1,4-diacryloylpip-
erazine (XI) as monomers for the PAA portion (Scheme
III). The molar fraction of piperazine in the polymerizing
mixture was the same in all cases. Consequently, copol-
ymers XII-XIV are different in the relative length of their
PEG and PAA segments, as well as in their PEG content
by weight.

The polymerization reactions were performed in water
atroom temperature, as usual for PAA’s, and lasted about
3 days. The final products could be isolated by simply
evaporating the reaction mixtures to dryness in vacuo.

For comparison purposes, we have also prepared a PAA
homopolymer (XV) with the same recipe, but omitting
the addition of I-III. This product was treated with pip-
eridine before isolation in order to saturate the residual
double bonds, thus increasing stability. We think that
XV can be reasonably considered representative of the
PAA blocks within XII-XIV.
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PEG-PATA Block Copolymers. We have chosen X
and 2,2'-(1,4-piperazinediyl)diethanethiol (X V1) as mono-
mers for the PATA portion.

The polyaddition of bis(8-mercaptoethyl)amines to
bisacrylamides is best performed in aqueous solution at
slightly acidic pH.20 Under these conditions, primary and
secondary amines do not add to bisacrylamides. Conse-
quently, PEG-PATA copolymers were prepared in two
steps. In the first step, amino-terminated PEG’s I-III
were treated in aqueous solution with excess XI and
allowed to react completely. In the second step, the
reaction mixtures containing acrylamido-terminated PEG’s
XVII-XIX together with the excess XI were treated with
acetic acid and then with XVI in stoichiometric amount
with respect to excess XI (Scheme IV). The reaction
mixtures were finally made alkaline and dialyzed. The
products were recovered by evaporation to dryness in
vacuo. We used membranes with a low molecular weight
cutoff, and the yields were always high. However, we
cannot exclude that some low molecular weight fractions
were lost during isolation.

As in the previous case, a model PATA homopolymer
(XXIII) was prepared with the same amounts of XI and
XVI as in the copolymers’ preparation. Before isolation,
an excess of 4-hydroxythiophenol was added in order to
transform all terminal acrylamido groups of XXIII into
aromatic groups, thus allowing us to approximatively
determine its molecular weight by NMR spectroscopy,
improving in the meantime its stability. The isolation
was performed by precipitating with ammonia solution.
Also in this case, we cannot exclude that some low mo-
lecular weight fractions are lost during isolation.

Poly(PEG-amido-amine-urethane). These poly-
mers (XXIV-XXVI) were obtained by direct polyaddi-
tion of I-III to XI (Scheme V). The polymerization
reaction took place easily in water at room temperature,
and the products were isolated by evaporating the reaction
mixtures to dryness in vacuo.

It may be observed that in XXIV-XXVI the repeating
unit weighs 1420, 2420, and 8420 and the PEG portion is
approximately 70, 82, and 95% by weight, respectively.
Therefore, as pointed out in the Introduction, even if
strictly speaking they are poly(PEG-amido-amine-
urethanes), broadly speaking they may be considered as
potentially hydrolyzable PEG’s containing a few aminic
groups along their macromolecular chain.

Characterizations. All polymers were characterized
by *H NMR, GPC, elemental analysis, and viscometric
measurements. The results are in full agreement with the
proposed structures (see Experimental Section).

The results of solubility tests performed on polymers
XI-XIV, XX-XXII, and XXIV-XXVI, together with
XV and XXIII, and PEG’s IV-VI are reported in Table
I. It may be observed that all copolymers, apart from
XXIand XXII, are soluble in water and phosphate buffer
pH 8.0. The latter polymers are only swellable in both
solvents, and their swellability increases near the boiling
point. On the other hand, XX, characterized by a high
PEG content, is completely hydroscluble. All polymers
are soluble in acidic buffers and in chloroform, and all
copolymers are soluble in solvents common to both
constituent homopolymeric segments. Copolymers XII
and XX, deriving from PEG 8000, are more soluble in
solvents for the PEG’s if compared to copolymers belonging
to the same class. Finally, poly(PEG-amido—amine-
urethanes) XXIV-XXVI basically show the same solu-
bility properties of the starting PEG’s and high molecular
weight PEG’s.
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GPC chromatograms were run in phosphate buffer pH
8.0, which, according to our previous experience, was the
best mobile phase to elute tertiary amino polymers related
toPAA on Bio-Rad columns. However, it was not possible
to run chromatograms of XXI, XXII, and model PATA,
since they are insoluble in the mobile phase. RI and UV
detectors were used in parallel, and the resulting chro-
matograms were compared for all copolymers. Profiles
completely superimposable were obtained in all cases.
Chromatograms from the RI detector are reported in
Figure 1. For comparison purposes, a standard PEG
calibration curve obtained under the same experimental
conditions is also reported in Figure 1. Though this
calibration curve cannot rigorously fit the PEG copolymers’
behavior, it is a fairly reasonable estimation of real

behavior, especially for copolymers with a high PEG
content. It may be observed that the retention times of
all copolymers substantially decrease if compared to those
of the starting PEG’s, showing a net increase of the mo-
lecular weights. Moreover, all peaks are broader than those
of the PEG’s, as expected for molecular weight distribu-
tions of step polyaddition polymers. Finally, in no case
do we have evidence of the presence of impurities due to
starting polymers or reagents. The presence of starting
PEG’s or PEG-imidazolylformates in PEG-PAA’s, PEG-
PATA’s, and poly(PEG-amido—amine—urethanes) was
excluded by GPC, since their retention times are in all
cases widely different. The position and shape of the chro-
matograms were always similar by both RI and UV
detection.
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Table 1
Solubility Tests*
PEG-PAA PEG-PATA poly(PEG-amido—

block copolymers model PAA block copolymers model PATA amine—urethanes) starting PEG’s

solvent XII XII XIV XV XX XXI XXII XXIII XXIV XXV XXVI IV VvV VI

water s s s s ) i ib i 8 s s ] 8 8
phosphate buffer, pH 8.0 s 8 8 s s i i i 8 s s s s 8
acetate buffer, pH 4.6 8 s 8 8 8 8 8 s 8 s 8 s 8 8
formamide 8 sh sh s s 8 sh i s 8 s 8 8 8
dimethylformamide 8 i i s s 8 sh sh S 8 8 8 s 8
dimethyl sulfoxide s i i 8 8 s sh sh s 8 8 s 8 8
methanol sh i i i s i i i 8 8 8 8 s 8
2-propanol i i i i sh i i sh sh sh sh 8 8
ethyl acetate i i i i i i i i sh s ] 8 s 8
acetone i i i i i i i i s 8 s s 8 8
acetonitrile s i i i sh i i i 8 s 8 s 8 8
ether i i i i i i i i i i i i i i
dioxane i i i i i ) sh i 8 s s s 8 8
chloroform ) s ) s s [ s s 3 8 s 8 s 8
toluene i i i i sh i i i 8 i i s 8 8
cyclohexane i i i i i i i i i i i i i i
n-heptane i i i i i i i i i i i i i i

¢ g = goluble at room temperature, sh = soluble by heating, i = insoluble. ® Swells in hot solution.
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Figure 1. (a) Poly(ethylene glycol) calibration curve; (b) GPC
traces of PEG-PAA copolymers; (¢) GPC trace of copolymer
XX; (d) GPC traces of poly(PEG-amido-amine—urethanes).

These conclusions are confirmed by results of visco-
metric measurements (see Table II). A dramaticincrease
inintrinsic viscosity is always observed, passing from both
PEG and model PAA and PATA to both PEG-PAA and
PEG-PATA copolymers. The viscosity values of poly-
(PEG—amine—urethanes) are always much higher than that
of the starting PEG’s.

Conclusions

The above results constitute a synthetic route to new
tertiary amino polymeric substances.

It may be observed that all the polymeric substances
described in this paper still maintain functional end groups
which can be utilized for surface modifications through
surface grafting.

Furthermore, it is well-known that an almost endless
variety of PAA’s and related polymers can be obtained

starting from different bisacrylamides, bisamines, and
bis(amino thiols). Therefore it may be reasonably sup-
posed that the synthetic method described in this paper
is not limited to IV-VI, X, XI, and XVI but is a general
one, thus providing the possibility of tailoring for any
particular need new PEG-based polymeric substances.

Experimental Section

Measurements. Intrinsic viscosities were measured at 30°C
with an Ubbelohde viscometer. 'H NMR spectra were run at 60
MHz on an EM 360A Varian spectrometer in CDCl3, using TMS
as internal reference. Elemental analyses were performed by
Redox Co. (Cologno Monzese, Italy). IR spectra were obtained
from films cast from CHCl; on KBr plates with a Jasco 5300
FT-IR spectrophotometer. GPC chromatograms were obtained
with Bio-Rad TSK40 and TSK30 columns in series with
phosphate pH 8.0 buffer as eluent, flow rate 0.1 mL/min (ERMA
Model ERC 2020 instrument), with both a Knauer RI detector
and a Knauer UV detector operating at 240 nm. The retention
times reported are those corresponding to the peak maximum.

Solubility tests were performed by treating 20 mg of substance
with 2 mL of solvent and stirring at room temperature for 2 h.
After this period, the system, which was not homogeneous, was
gently refluxed 5 min and the results noted.

Materials. Unlessotherwise indicated, the starting reagents,
including PEG’s, were purchased from Fluka and used without
further purification. PEG 8000 was purchased from Aldrich
Chemical Co. and used without further purification. Chloroform
was extracted several times with water, dried over anhydrous
calcium chloride, and distilled over calcium hydride. 1,4-
Bisacryloylpiperazine was prepared as previously described.®
2,2’-(1,4-Piperazinediyl)diethanethiol was prepared as pre-
viously described.?

PEG 8000-Piperazinylformate (I). CDI (4.71 g, 29 mmol)
was added at once to a mixture of PEG 8000 (15 g, 1.875 mmol)
in chloroform (25 mL). The reaction mixture was stirred 30 min
at room temperature, diluted with chloroform (30 mL), and
extracted with water (30 mL), vigorously stirring 10 min before
phaseseparation. The chloroform solution was further extracted
with water (2 X 20 mL) and rapidly dried over anhydrous sodium
sulfate (5 g). After removal of the desiccating agent, a solution
of anhydrous piperazine (1.683 g, 20 mmol) in chloroform (10
mL) was added at once. After stirring 2 h at room temperature,
the reaction mixture was extracted with 10% aqueous potassium
nitrate (8 X 25 mL) and water (2 X 25 mL), dried over anhydrous
sodium sulfate, and evaporated to dryness in vacuo. The residue
was finally dried at constant weight at room temperature and
0.05 Torr and stored over potassium hydroxide pellets. Yield:
12.158 g (83%). *H NMR (CDCl3): 6 2.15 (s, 2 H, NH), 2.75-3.0
(m, 8 H, CONCCH;N), 4.2-4.5 (m, 4 H, CH,OCON), 3.4-3.9 (m,
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Table II
Viscometric Measurements
PEG-PAA PEG-PATA poly(PEG—amido—
block copolymers model PAA block copolymers model PATA amine~urethanes) starting PEG’s
polymer XII XII XIV Xv XX XXI XXI XXIII XXIV XXV XXVI 1V \Y A%
reduced 039 031 029 0.08 0.48 0.92 0.30 0.28 0.08 0.04 0.02
visc,® dL/g 0.82 061 0.165 0.17 0.08 0.06

¢ Upper row: measurement performed in phosphate buffer, pH 8.0, C = 0.1 M; lower row: measurement performed in acetate buffer, pH

45, C=01M

728 H, all other H). IR: 3350-33310 (»(N~H), 1700 (»(C=0),
1100 cm™! (II(C-O) Anal. Calcd for Cs72H742N401541 C, 54.33; H,
9.09;N, 0.68. Found: C, 54.13; H,9.12; N, 0.70. Titration: calcd
0.243 mequiv/g; found 0.255 mequiv/g. GPC retention time =
950 s.

PEG 2000-and PEG 1000-piperazinylformates (I and III)
were prepared in the same way by substituting PEG 2000 (3.75
g, 1.875 mmol) and PEG 1000 (1.875 g, 1.875 mmol) for PEG
8000, respectively, and using 1.539 and 0.770 g of CDI in 8 and
4 mL of chloroform, respectively. Yields: 3.451 (84%) and 1.960
g (86%), respectively.

II: *H NMR (CDClg): é 2.15 (s, 2 H, NH), 2.75-3.0 (m, 8 H,
CONCCH;N), 4.2~4.5 (m, 4 H, CH;OCON), 3.4-3.9 (m, 184 H,
all other H). IR: 3350-33310 (»(N-H), 1700 (»(C=0)), 1100
em™ (#(C-0). Anal. Caled for CioH19sN(O4s: C, 53.97; H, 8.97;
N, 2.52. Found: C, 53.98; H, 9.01; N, 2.56. Titration: caled
0.899 mequiv/g; found 0.913 mequiv/g. GPC retention time =
1045 s.

III: 'H NMR (CDCl,): 6 2.15 (s, 2 H, NH), 2.75-3.0 (m, 8 H,
COCCH;N), 4.2-4.5 (m, 4 H, CH,0CON), 3.4-3.9 (m, 92 H, all
other H). IR: 3350-33310 (»(N-H)), 1700 (»(C=0)), 1100 cm™!
(V(C-O)) Anal. Caled for Cu,mva,uNz,mOu,sa! C,53.54; H,8.82;
N, 4.62. Found: C, 53.19; H, 9.09; N, 4.56. Titration: caled
1.634 mequiv/g; found 1.645 mequiv/g. GPC retention time =
1100 s.

PEG 8000-PAA Block Copolymer (XII). I (4.000 g, 0.51
mmol), X (0.196 g, 2.27 mmol), and XI (0.540 g, 2.78 mol) were
dissolved in water (8 mL) and allowed to react for 3 days. The
reaction mixture was then evaporated to dryness under vacuum
and dried to constant weightat 0.1 Torr. Yields were quantitative.

H NMR (CDCly): 6 2.2-2.9 (m, 0.092 X 8 H, CH,NC, 0.5 x
8 H, CH,CH,CO, 0.408 x 8 H, NCH,CH:N), 3.2-3.9 (m, 0.092 X
728 H, OCH,CH;0, 0.5 x 8 H, CH,NCOC), 4.2-4.5 (m, 0.092 X
4 H, CH,O0CON). IR: 2700-2980 (v(C-H)), 1700 (amidic
»(C==0)), 1650 (urethane »(C=0)), 1400 (6(CH3)), 1100 cm™? (»-
(C—O)) Anal. Calced for Cz4,on79_34N113017,93: C,42.25; H, 11.62;
N, 4.45. Found: C,42.03;H,11.73; N, 4.43. GPC retention time
= 870s.

PEG 2000-PAA and PEG 1000-PAA block copolymers
(XIII and XIV) were prepared exactly as XXII by substituting
11(1.122 g, 0.51 mmol) and III (0.622 g, 0.51 mmol), respectively,
for I and employing 2 and 1.5 mL of water, respectively. Yields
were quantitative.

XIII: 'H NMR (CDClg): 6 2.2-2.9 (m, 0.092 X 8 H, CH3NC,
0.5 x 8 H, CH;CH,CO, 0.408 x 8 H, NCH,CH:N), 3.2-3.9 (m,
0.092 x 184 H, OCH,CH,0, 0.5 x 8 H, CH;NCQC), 4.2-4.5 (m,
0.092 x 4 H, CH,OCON). IR: 2700-2980 (v(C-H)), 1700 (amidic
»(C=0)), 1650 (urethane »(C=0)), 1440 (6(CHy)), 1100 cm™! (»-
(C"O)) Anal. Caled for CIB.BSZHN.23N2.18406.23: C, 5433; H, 8.44;
N, 8.74. Found: C, 53.90; H, 8.51; N, 8.68. GPC retention time
=880s.

XIV: 'H NMR (CDCl): 5 2.2-2.9 (m, 0.092 X 8 H, CH,NC,
0.5 x 8 H, CH,CH,;CO, 0.408 x 8 H, NCH,CH,N), 3.2-3.9 (m,
0.092 x 92 H, OCH,CH:0, 0.5 X 8 H, CH,NCOC), 4.2-4.5 (m,
0.092 x 4 H, CH,OCON). IR: 2700-2980 (»(C-H)), 1700 (amidic
»(C=0)), 1650 (urethane »(C=0)), 1440 (3(CHy)), 1100 cm™! (»-
(C-O)) Anal. Calcd for Cu,aHm.ozNz,lgOa,si C, 5833, H, 676, N,
12.81. Found: C, 53.89; H, 9.01; N, 12.72. GPC retention time
= 890 s.

PEG 8000-PATA Block Coplymer (XX). I (4.000 g, 0.51
mmol) and XI (0.478 g, 0.51 mmol) were dissolved in water (8
mL) and allowed to react for 24 h. Then the reaction mixture
was diluted with water (4 mL), and XVI (0.402 g, 1.95 mmol) and
acetic acid (0.17 g, 2.83 mmol) were added under stirring until

a homogeneous solution was obtained. The reaction mixture
was maintained at room temperature for an additional 3 days
with occasional stirring, and then it was treated with piperidine
(0.50 g, 5.80 mmol), diluted with water (10 mL), and dialyzed
against water for 2 days, with a Spectrapore membrane molec-
ular weight cutoff of 1000. Finally, the solution was evaporated
under vacuum and dried to constant weight at 0.1 Torr. Yield:
4.636 g (95%).

'H NMR (CDClg): é 2.2-2.9 (m, 0.376 X 16 H, CH,NC and
CH,S, 0.124 x 8 H, CH;NC, 0.5 X 8 H, CH;,CH,CO), 8.1-3.8 (m,
0.124 x 728 H, OCH,CH;0, 0.5 X 8 H, CONCHy), 4.2-4.5 (m,
0.124 X 4 H). IR: 2870 (v(CHy)), 1700 (amidic »(C=0)), 1650
(urethane »(C==0)), 1440 (6(CHy)), 1100 cm™! (»(C-0)). Anal.
Caled for Cal,';Hlos,gNz,gsta,szSo,nl C, 41.00; H, 11.54; N, 3.41.
Found: C, 40.75; H, 11.60; N, 3.37. Retention time = 870 s.

PEG 2000-PATA and PEG 1000-PATA block copolymers
(XXI and XXII) were prepared exactly as XX by substituting
I1(1.122 g, 0.51 mmol) and III (0.622 g, 0.51 mmol), respectively,
for I and employing 2 and 1.5 mL of water, respectively. Yields
were similar to that for XX. The reaction mixtures, after al-
kalinization, were not homogeneous. Nevertheless, they were
treated in the same way.

XXI: 'H NMR (CDCly): 6 2.2-2.9 (m, 0.376 % 16 H, CH,NC
and CH;S, 0.124 x 8 H, CH,NC, 0.5 x 8 H, CH,CH;C0), 3.1-3.8
(m,0.124 X 184 H, OCH,CH;0, 0.5 x 8 H, CONCHy,), 4.2-4.5 (m,
0.124 x 4 H). IR: 2870 (»(CHy)), 1700 (amidic »(C=0)), 1650
(urethane »(C=0)), 1440 (6(CHy)), 1100 cm™ (»(C-0)). Anal.
Caled for Cm_41H33,32N2_2503,”So,75: C, 54.40; H, 8.57; N, 6.99; S,
5.35. Found: C, 53.89; H, 8.66; N, 6.90; S, 5.40.

XXII: 'H NMR (CDCly): 4 2.2-2.9 (m, 0.376 x 16 H, CH,NC
and CH,S, 0.124 x 8 H, CH,NC, 0.5 X 8 H, CH,CH,CO), 3.1-3.8
(m, 0.124 x 92 H, OCH,CH0, 0.5 X 8H, CONCHjy), 4.2-4.5 (m,
0.124 x 4 H). IR: 2870 (v(CHy)), 1700 (amidic »(C=0), 1650
(urethane »(C==0)), 1440 (6(CHy)), 1100 cm! (»(C-0)). Anal.
Calcd for C14,70H27,13N2,2504,1So,75: C, 54.31; H, 8.42; N, 9.68; S,
7.41. Found: C, 53.90; H, 8.51; N, 9.60; S, 7.38.

Poly(PEG 8000-amido-amine—urethane) (XXIV). I(4.000
g, 0.51 mmol) and XI (0.099 g, 0.51 mmol) were dissolved in
water (8 mL) and allowed toreact for 3days. Thereaction mixture
was then evaporated under vacuum and dried to constant weight
at 0.1 Torr. Yields were quantitative.

!H NMR (CDCl,): 6 2.3-2.8 (m, 16 H, CH,NC and CH,CH,-
CO0), 3.4-3.8 (m, 728 H, OCH;CH,0 and CH;NCO), 4.2-4.5 (m,
4 H, CH;OCON). IR: 2870 (v(CHy)), 1700 (amidic »(C=0)),
1650 (urethane v(C=0)), 1440 (6(CHy,)), 1100 cm-1 (v(C-0)). Anal.
Caled for CapH756NgO1ss: C, 38.72; H, 12.22; N, 1.35. Found: C,
38.49; H, 12.32; N, 1.34. GPC retention time = 740 s,

Poly(PEG 2000-amido-amine—urethane) (XXV) and poly-
(PEG 1000-amido—amine-urethane) (XXVI) were prepared
exactly as XXIV by substituting IT (1.122 g, 0.51 mmol) and III
(0.622 g, 0.51 mmol), respectively, for I and employing 2 and 1.5
mL of water, respectively.

XXV: 'H NMR (CDCl;): 8 2.3-2.8 (m, 16 H, CH;NC and
CH,CH,CO), 3.4-3.8 (m, 184 H, OCH,CH;0 and CH;NCO), 4.2-
4.5 (m, 4 H, CH,0CON). IR: 2870 (#(CHj)), 1700 (amidic »-
(C=0)), 1650 (urethane »(C=0)), 1440 (6(CH>)), 1100 cm™! (»(C-
0)). Anal. Caled for Cy30H212NegOso: C, 54.62; H, 8.83; N, 3.47.
Found: C, 54.29; H, 8.90; N, 3.45. GPC retention time = 870 s.

XXVI: 'H NMR (CDCly): 4 2.3-2.8 (m, 16 H, CH,NC and
CH,CH,CO), 3.4-3.8 (m, 92 H, OCH,CH;0 and CH;NCO), 4.2~
4.5 (m, 4 H, CH;OCON). IR: 2870 (+(CH,)), 1700 (amidic »-
(C=0)), 1650 (urethane v(C=0)), 1440 (6(CH,)), 1100 cm™! (»(C-
0)). Anal. Caled for CeH122NgOor: C, 54.61; H, 8.74; N, 5.97.
Found: C, 54.28; H, 8.81; N, 5.92. GPC retention time = 890 s.
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Model PAA (XV). X (0.203 g, 2.36 mmol) and XI (0.564 g,
2.90 mmol) were dissolved in water (2 mL) and allowed to react
for 3 days. Piperidine (1 g, 126 mmol) was then added, and the
reaction was allowed to proceed for an additional 3h. Thereaction
mixture was then evaporated under vacuum and dried under
vacuum to constant weight. GPCretention time = 1080s. Yields
were almost quantitative. IR: 2760-2980 (»(C-H)), 1700 (amidic
v(C=0), 1440 (6(CHy)).

Model PATA (XXIII). XI (0.500 g, 2.57 mmol), XVI (0.400
g, 1.94 mmol), and acetic acid (0.175 g, 2.90 mmol) were dissolved
in water (3 mL) and allowed to react for 3 days. 4-Hydrox-
ythiophenol (0.13 g, 13.0 mmol) was then added, and the reaction
was allowed to proceed for an additional 3h. Thereaction mixture
was then precipitated in 15% ammonia solution, washed ex-
haustively with water, and then dried to constant weight at 0.1
Torr. Yield: 0.72g (80%). IR: 2760-2980 (»(C-H)), 1700 (amidic
v(C=0)), 1440 (6(CH,)).
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