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The conformation of poly[NS-(Z-hydroxycthyl)-l.-glulaminc] (PHEG) and poly[Ns-(2-hydroxyethyl)-L-
glutamine-co-y-L-glutamylhydrazide] (P(HEG-GH)), in solid state was studied by '>C CP/MAS NMR
spectrometry and X-ray diffraction. The association of the copolymers in dichloroacetic acid was in-
vestigated by following the temperature dependence of their 'H NMR spectra. PHEG and P(HEG-
GI)) were prepared by the reaction of poly(benzyl y-L-glutamate) with 2-aminoethanol and
2-aminocthanol-hydrazine mixtures, respectively. The conformation of the copolymers depends on
the rcaction conditions. While PHEG and the copolymers prepared with the mole ratio of hydrazine
to the benzyl ester ny/ng = 0.25 were almost amorphous in solid state and had a random coil confor-
mation and/or randomly oriented helices, at increased concentration of hydrazine (ny/ng = 0.5 and 1.0)
P(HHEG-GH) formed more or less ordered structure characterized by assemblies of a-helices. The co-
polymers prepared at ny/ng = 2.0 showed features of f-shects. The tendency of the copolymers to
form associates in ClLCHCOOH solution correlated well with their tendency to form ordered struc-
tures in solid state.

Polymers derived from L-glutamic acid have been studied as biomedical polymers.
They conveniently combine the features of natural polypeptides, such as biodcgrada-
bility, with advantages common with synthetics in the sensc that their propertics can be
adjusted by a rational synthesis'2. Poly[N°-(2-hydroxyethyl)-L-glutaminc], (PHEG), a
lincar, water-soluble and biodegradable polymer, has been investigated as a carrier of
biologically active compounds®. For binding of drugs to the polymer, suitable reactive
groups should be incorporated in the polymer side chains. The hydrazide groups could
be particularly convenient in this respect.

Hydrazide grouping can be introduced into PHEG in one step by the reaction of
poly(benzyl y-L-glutamate) (PBLG) with mixtures of 2-aminocthanol and hydrazine*>.
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Depending on the ratio of hydrazine to benzyl glutamatc units, copolymers poly[N 5-(2-
hydroxyethyl)-L-glutamine-co-y-L-glutamylhydrazide] [P(HEG-GH)] with various con-
tent of hydrazide units can be prepared, which in turn have not only different capacity
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for chemical binding, but also exhibit strongly diffcrent physical propertics derived
from their conformational structure.

The composition-dependent changes in the conformation of the resulting copolymers
can hardly be sufficiently described by using a single mcthod. In our studies of the
conformation of poly(glutamic acid) and poly(aspartic acid), a combination of the
wide-angle X-ray diffraction, infrared spectroscopy and *C cross-polarization/magic
angle spinning (CP/MAS) NMR spectroscopy appeared particularly uscful®. Although
the content of hydrazide groups in P(HEG-GH) copolymers could be determined by IR
spectroscopy, information from IR about the conformation of the copolymers was
rather limited®. Therefore, for the study of the conformation of PHEG and P(HEG-GH)
in solid statc we used X-ray diffraction and '*C CP/MAS NMR. In solution, we
mecasured the temperature dependence of 'H NMR spectra of PHEG and P(HEG-GH) in
dichloroacctic acid (DCA), basing on the cxpericnce that the temperature dependences
of the integrated intensities of high resolution NMR bands arc particularly sensitive to
the occurrence of physical associates”®. The results of all three methods are correlated.

EXPERIMENTAL
Materials

Dry hydrazine was prepared from hydrazine hydrate by distillation with solid NaOH and kept under
nitrogen. 2-Aminoethanol was rectified under reduced pressure and dried over a molecular sicve.
N,N-dimethylacetamide (DMA) was purified by azeotropic distillation with benzene and water, recti-
fied under reduced pressure and stored over a molecular sieve.

PBLG was prepared by polymerization of benzyl y-L-glutamate N-carboxyanhydride in dioxane
with triethylamine as initiator>!°,

PHEG was prepared by aminolysis of PBLG with 2-aminoethanol in N,N-dimethylacetamide at
60 °C as described previousiy!.
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Poly[N 5-(2-hydroxyethyl)-L-glutamine-co-y-L-glutamylhydrazide] (P(HEG-GH)) was prepared by
the reaction of PBLG with the 2-aminoethanol-hydrazine mixtures® (Table 1). Typically, 1.0 g of
PBLG (4.56 mmol of monomeric units) was dissolved in 10 ml of DMA. A mixture of 2-amino-
ethanol and hydrazine was added and the reaction mixture was kept at 60 °C for 4 days. It was then
neutralized with 5% acetic acid in ethanol and dialyzed against water until the ninhydrin test was
negative. The product was isolated from the resulting solution or swollen gel by frecze-drying.

Mcthods

X-Ray diffractograms were taken with a HZG-4A powder diffractometer (CuK,, radiation, scintil-
lation counter recording, monochromatization using a B-filter with amplitude analyzer) in the range
of angles 2© = 4 — 56°.

B3¢ CPIMAS NMR spectra of solid polymers were measured at room temperature with a Bruker
MSL 200 spectrometer at 50.3 MHz, in Al,Oj; rotors at a spinning frequency of 4.5 kHz. With most
samples the number of scans was 4 000, the contact time was 3 ms, pulse repetition time 2 s, spectral
width 20 kHz and number of points 8 K. Where the available amount of sample was less than
200 mg, the rotor space was filled up with Teflon filling; in such cases the number of scans had to
be increased up to 30 000. The spectra of these samples exhibit a band at 75.0 ppm corresponding to
the Teflon filling. Chemical shifts in '3C CP/MAS NMR spectra were referred to the carbonyl band
of glycine at & = 176.0 ppm by sample replacement. '3C NMR spectra of aqueous solutions of PHEG
were measurcd at SO MHz using a Varian X1.-200 spectrometer. Hexamethyldisiloxane (d = 2.05 ppm)
was used as internal standard.

111 NMR spectra of the polymers were measured in DCA solutions (¢ = 0.05 g/ml), hexamethyl-
disiloxane (8 = 0.05 ppm) was used as internal standard. For homogenization, the solutions in sealed
tubes were kept at 100 °C for ~1 day with constant stirring. After several days at ambient tempera-
ture, high resolution 'H NMR spectra were recorded at 100 MHz using a JEOL PS-100 spectrometer.
The temperature was kept constant within = 0.5 °C by means of a JES-VT-3 unit. Integrated inten-
sities of NMR bands were determined with the multichannel data analyzer Tracor-Northern TN-4000
after previous digitization of the spectra by means of the Summagraphic Intelligent Digitizer.

TaBLE 1
Synthesis of poly[NS-(Z-hydmxyethyl)-l,-glutamine] (PHEG) and poly[Ns-(Z-hydroxyethyl)-L-glu-
taminc-co-y-L-glutamylhydrazide] (P(HEG-GH)) by simultancous hydrazinolysis and aminolysis of
poly(benzyl y-L-glutamate)

Reaction mixture

Polymer x?
ny/ng, mol/mol npg/ng, mol/mol

PHEG 0 50.00 0.0
P(HEG-GH)1 0.25 9.75 0.1
P(HEG-GH)2 0.50 9.50 0.2
P(HEG-GII)3 1.00 9.00 0.4
P(HEG-GH)4 2.00 48.00 0.8
P(HEG-GH)5 20.00 0 1.0

Subscripts: H hydrazine, B benzyl ester, AE 2-aminocthanol.  Molar fraction of y-L-glutamyl-
hydrazide units in polymer estimated from clemental analysis and IR spectras.
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RESULTS AND DISCUSSION

The polymer samples PHEG, P(HEG-GH)1 and P(HEG-GH)2 were soluble in water.
With incrcasing content of hydrazide units, polymers became insoluble in water and
formed a swollen gel. The formation of a gel structurc was probably due to physical
association, which became most apparent in samples with the highest content of hydra-
zide units (P(HEG-GH)4, P(HEG-GH)S). The presence of a small fraction of covalent
crosslinks in the copolymer P(HEG-GH)S, due to the formation of diacylhydrazide,
cannot be excluded. The effect of hydrazide content on the conformation and associ-
ation of copolymers is discussed below.

X-Ray Diffraction

Diffractograms of PHEG and P(HEG-GH) are given in Fig. 1. It is evident that the
samples, especially those with low amount of hydrazide units, arc to a high degree
amorphous. The degree of ordering of polymeric chains depends to some extent also on
the way of preparation and extraction of the solid phase from the solution. Different
batches of PHEG exhibited different contents of amorphous and ordered regions ac-
cording to X-ray and NMR spectroscopy. When we strictly followed the preparation
procedure described here, pure PHEG and copolymer P(HEG-GH)1 prepared at molar
ratio ny/ng = 0.25 are practically amorphous but we cannot distinguish whether the
amorphous phase contains polymeric chains in the form of random coil of a-hclices.
The diffractogram of P(HEG-GH)2 with ny/ng = 0.5 is quite diffcrent. Two crystal-
line reflections were detected at the diffraction angle 2 © = 7.8 and 16.5°, correspond-
ing to the interplanar distances of 1.32 and 0.54 nm, respectively. These distances are
typical of regularly arranged a-helix of polypeptides'!. This type of structure was also
found in P(HEG-GH)3 with ny/nz = 1.0 but the crystalline reflection at 2© = 16.5° is

Fig. 1
X-Ray patterns. 1 PHEG; 2 P(HEG-GH)I; 3
P(HEG-GH)2; 4 P(HEG-GH)3; 5§ P(HEG-GH)3
(swollen with H,0 at 4 °C for 48 h); 6 P(HEG- +
GH)4; 7 P(HEG-GH)5 10 20 26,deg
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not well devcloped; this means that periodicity in the dircction along the helices ar-
ranged in a parallel way is rather disturbed. When this copolymer was swollen by
water, kept at 4 °C for 2 days and subsequently dried, its crystalline phase was consid-
crably improved (sec additional crystalline peaks for this sample in comparison with
the diffraction curve of original P(HEG-GH)3).

A further increase in the hydrazide content in P(HEG-GH)4 with ny/ng = 2.0 does
not Icad to an improvement of the ordered a-helix structure. On the other hand, we
cannot exclude formation of B-sheet structure, which was detected in samples prepared
using a large excess of hydrazine (P(HEG-GH)S, ny/ng = 20.0). The diffraction picture
of P(HEG-GH)5 does not suggest the presence of a-helix. It is practically identical
with the diffraction curve of homopolymer poly(y-L-glutamylhydrazide) where the
crystalline reflections at 2@ = 19, 23 and 25 — 28° correspond to the interplanar dis-
tances 0.47, 0.39 and 0.32 — 0.36 nm, respectively, which arc typical of the f-sheet
structure of polypeptides!!.

3¢ NMR Spectra

13C CP/MAS NMR spectra of PHEG and of the copolymers arc shown in Figs 2 and 3,
respectively. In order to determine true line positions for poorly resolved bands, we
have adjusted the shape of measured and calculated NMR spectra separately in the
range of protonated and CO carbons by means of the Glinfit program. Band profiles
were represented by Lorentzian and Gaussian functions and were adjusted for all par-
amcters, i.c. amplitudes, positions and width at half-height of the respective lines. The
chemical shifts obtained by separation of poorly resolved bands arc shown in Table I,

[atit et | T T T T T T T T T 1

180 140 100 60 ppm 0

FiG. 2
3C CP/MAS NMR spectrum of PHEG (the arrow denotes a spinning sideband)
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together with the chemical shifts of other lines. In this table, the chemical shifts of an
aqucous solution of PHEG are also shown for comparison.

Studies of the conformational structure of polypeptides by solid state NMR have
becn the subject of considerable attention, and the rules have been derived for the
determination of conformational structure from chemical shift values of conformation-
ally sensitive bands!2 - 14, According to these rules, lines of C-a and CO-o carbons in
the a-helical structure lie at higher & values than for the f-shect structure, whereas the
lines of C-f carbons appear at higher 8 values when the -sheet structure predominates
in the sample and at lower d values when the presence of the a-helix is established. The
lines corresponding to the random coil conformation measured in solutions often lie
between the lines observed in NMR spectra of samples with a-helix or B-sheet struc-
turc. It is evident that the conformationally sensitive carbons provide an independent
information on conformational structure that should be in mutual agreement.

i I S —

P(HEG-GH)3; d P(HEG-GH)3 (swollen with H,0
at 4 °C for 48 h); e P(HEG-GH)4; f P(HHEG-GH)5
(the arrows and crosses denote spinning side bands

150 100 50 ppm 0 and Teflon signals, respectively)

I 'I ' i' “vbh FiGg. 3
3C CP/MAS NMR spectra of HEG-GH co-
polymers. a P(HEG-GH)1; b P(HEG-GH)2; ¢

.,
4
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By means of these rules, the a-helix and B-sheet conformations can be safely deter-
mined provided that the corresponding characteristic lines are sufficiently resolved, and
the random coil conformation is absent. In order to determine the positions of the con-
formationally sensitive NMR bands for the random coil conformation, we prepared a
sample of PHEG aimed at obtaining predominant random coil form and this was con-
firmed by X-ray diffraction.

It was found that in the 1*C NMR spectrum of this PHEG sample the lines of C-8 and
C-¢ carbons are best described by means of Lorentzian profiles, whereas for the other
carbon lines the Gaussian profile is more suitable. The lines representing C-f and C-y
carbons almost coalcscence into a single band (Fig. 2), as is usually typical of the
B-sheet conformation. In this case, however, the analysis of NMR line shapes has
shown that the lines overlap because of their considerable width, and that the position
of the C-p linc at 26.0 ppm is close to that of the random coil form in solutions (Table
IT), or of the helical structure in the solid state. The predominance of the a-helix struc-
ture is excluded by the positions of the C-a and CO-« bands, but the analysis of the
C-a carbon band admits up to 13% of a-helix form. This content was calculated from
the intensity ratio of the bands at 53.2 and 56.5 ppm, determined from NMR bandshape
analysis (Tablce II). This analysis was made possible by previous cxperience in the
study of the conformational structure of poly(benzyl y-1.-glutamatc) showing that the
dependence of C-au carbon line intensities on contact time is identical for o-helix and

B-sheet forms, so that the line intensities are not affected by conformational structure!S,

TasLe 11
Solid state '*C NMR chemical shifts (8, ppm) of PHEG and HEG-GH copolymers

Polymer CO-a C-¢ C-a C-d C-y C-B CO-y
PHEG® 173.25 60.02 53.17 41.58 31.82 26.95 174.85
b
PHEG 173.9 60.1 ﬁi?b 41.7 31.5% 26.0° 173.9
P(HEG-GH)1 173.8 60.1 533 41.4° 31.2° 25.4 173.7%
P(HEG-GH)2 176.2 60.2° 57.0 41.5 312 25.6 173.5
P(HEG-GH)3 176.0 60.2° 56.6 42.0 31.2 25.3 173.4°
P(HEG-GH)3° 175.6 60.1° 57.1 415 31.3 25.4 173.4
9t
P(HEG-GH)4 175.6° - 22 g 41.6 31.3% 25.5% 173.6°
P(HEG-GH)5 172.3 - 52.8 - 316 316 173.3%

“ In aqueous solution. b Obtained by separation of the composite band. < Swollen with water at 4 °C
for 48 h.
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However, owing to the large band width in the PHEG spectrum (Fig. 2), the presence
of a certain amount of the B-sheet conformation in this sample cannot be excluded.

13C CP/MAS NMR spectra of the copolymers are shown in Fig. 3. Chemical shifts
together with the results following from NMR bandshape analysis arc summarized in
Table II. *

A comparison of Figs 2 and 3a shows that the shape of the NMR spectrum of
P(HEG-GH)1 is similar to that of PHEG. Bandshape analysis has shown that Lorent-
zian profile is suitable only for describing the shape of C-0 and C-¢ carbon lines, for the
other bands of protonated carbons the Gaussian profile was used. The shape of the C-a
carbon band at 53.3 ppm can be described by a single Gaussian function. In this case,
similarly to PHEG, the positions and shapes of all conformationally scnsitive carbon
bands suggest the presence of the random coil conformation, even though a small con-
tribution of other conformations again cannot be excluded.

An incrcasc in the content of hydrazide units Icads to a pronounced change in the
shape of the NMR spectrum, as scen in Fig. 3b for P(HEG-GH)2, and in Figs 3¢, 3d for
P(HEG-GH)3 and P(HEG-GH)3 swollen with H,O. In these samples the a-helix struc-
ture predominates, as confirmed by the positions of all conformationally sensitive carb-
on bands in the NMR spectrum (Table II). The bandshape analysis has shown that the
lines of C-8 and C-& carbons can be described for all samples by means of Lorentzian
profile, whereas the shape of all the other lines depends on conformation, becoming
Lorentzian for a-helix structure. These Lorentzian lines are always narrower than those
of Gaussian shape and they correspond to predominant random coil conformation.

In the '*C NMR spectrum of solid P(HEG-GH)4 the C-8 and C-¢ carbon bands of
pure PHEG arc only weak, and the band of C-«t carbon is beginning to appear at 52.9
ppm, corresponding to hydrazide units (Fig. 3€). The positions of conformationally
sensitive bands (Table II) indicate that also in P(HEG-GH)4 the predominantly helical
form persists.

An cntirely different type of NMR spectrum appears in Fig. 3f for sample P(HEG-
GH)S. The lines of C-8 and C-¢ carbons of PHEG have disappeared completely, and the
NMR spectrum confirms the predominance of hydrazide units. The positions of all
three conformationally sensitive bands as well as the coalescence of the bands of C-f§
and C-y carbons at 31.6 ppm (Table II) confirm the presence of predominating f3-sheet
conformation.

The results of 1*C CP/MAS NMR analysis of the conformational structure of all the
studied samples arc summarized in Table III, together with the results obtained by
X-ray diffraction. This table shows that the results of both methods are consistent. They
indicate the presence of cither «-helix, f3-sheet or random coil structure. However, the
a-helix structure which is so prominently manifested in NMR spectra of P(HEG-GH)2,
P(HEG-GH)3 and P(HEG-GH)3 swollen with H,O, appcars, by X-ray diffraction, as a
mixture of a-helix and random coil structures. It is evident that while X-ray diffraction
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is very scnsitive to spatial order of the helix, NMR spectra rather indicate local confor-
mational structure. Spatially ordered helices in a three-dimensional lattice probably
have an NMR spectrum identical with that of spatially completely disordered helices.
This cxplains the higher content of a-helix structure determined by NMR, as compared
to that determined by X-ray diffraction.

T NMR Spectra

Parts of 'H NMR spectra (0 — 5 ppm) of PHEG and P(HEG-GH)5 in DCA solution
(mecasured at 80 °C) as well as the assignment of bands are evident from Fig. 4. The

TasLe II
Sccondary structure of PHEG and HEG-GH copolymers in the solid state by X-ray diffraction and
13

C NMR methods

Polymer X-Ray diffraction B3¢ NMR l’rcdomma'nt
conformation
PHEG re (a) re (a, B) rc
P(HEG-GH)1 re (a) rc (B) rc
P(HEG-GII)2 a, rc a a, r1c
P(HEG-GII)3 a, rc a a, rc
P(HEG-GII)4 a, rc (B) a (B, re) a, rc
P(LIEG-GIDS B, rc (B, r¢) B, rc

a a-llelix; 3 B-sheet; re random coil; in parentheses, other possible structures are given.

FiG. 4
100 MHz 'H NMR spectra (0.05 g/ml in 0 1
CLCHCOOIH, 80 °C). a PHEG; b P(HEG-GH)S 4

d, ppm
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resonance peaks of NH groups lie at 6.92 and 7.54 ppm, i.c. outsidc the range shown in
Fig. 4. The bands of CH,-8 and CH,-¢ protons are practically absent in the spectrum of
P(HEG-GH)S (Fig. 4b), confirming that in this polymer more than 95% of monomeric
units are of the hydrazide type.

As already mentioned, it has been proved in a number of communications”® 17 that,
because of the reduced mobility, the occurrence of associated polymer structures leads
to the reduction of absolute integrated band intensitics in high resolution NMR spectra.
A scnsitive method revealing the presence of associates in polymer solutions and pro-
viding information on their thermal stability is the mcasurecment of the temperature
dependence of integrated NMR band intensities”®. Whilc in systems without associated
structures the integrated intensity shows a monotonous (practically linear) decrease
with increasing temperature, the decomposition of associated structures during heating
is manifested by an increase in integrated intensity. The temperature variation in the
integrated intensity in the spectra (1 — 5 ppm) of PHEG and P(HEG-GH) in DCA
solution, mcasured at gradually incrcasing tempcerature, is shown in Fig. 5. Similarly as
in previous communications”®1617  (he variation of intensity was quite identical for all
bands in the respective range. The encircled points in Fig. 5 indicate the integrated
intensity values of the spectra measured 10 — 15 min after cooling from the highest
temperature to 25 °C. During the whole temperature variation, all instrumental par-
amcters were kept constant.

The anomalous temperature dependence (the increase in integrated intensity) indicat-
ing decomposition of associated structures, was obscrved with all studied solutions
(Fig. 5). However, while with PHEG or P(HEG-GH)1 the decomposition is complete at

20 -

10

I'a. 5
Temperature dependences of integrated intensity
of the 1 — 5 ppm region in 'H NMR spectra (0.05 S5t
g/ml in CLCHCOOM). 1 PHEG; 2 P(HEG-GH)1;
3 P(HEG-GH)3; 4 P(HEG-GH)S5. (For the L L L
mecaning of encircled points see the next) 0 50 T 150
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40 — 50 °C, with P(HEG-GH)3 or P(HEG-GH)5, the tempcratures of complete decom-
position of associated structures arc considerably higher, 80 — 90 °C.

From the integrated intensity values measured at 25 °C 10 — 15 min after cooling
from the highest temperature (encircled points in Fig. 5) a very rough information on
the rate of the association process can be obtained!’. For the solutions of PHEG,
P(HEG-GH)1 and P(HEG-GH)3 these values are identical with the values obtained by
extrapolation to 25 °C of the integrated intensities from the linear region (above 50 or
90 °C). This indicates that the encircled points in these cases correspond to a situation
without association; the association here is a relatively slow process. On the other hand,
for P(HEG-GH)S5 in solution, the integrated intensity measured at 25 °C after cooling is
practically equal to the original value obtained before the start of the temperature vari-
ation. In this casc, 10 — 15 min is sufficient for regencration of the associatcd structures
after their preceding disintegration by heating; hence, in P(HEG-GH)S the association
process is considerably more rapid than in the preceding cases.

From a comparison of integrated intensities, the fraction p of associated units can be
determined by means of the relation”®

p = 1-1Ul,, )

where [ is the integrated intensity of the high resolution NMR spectrum of the system
where association takes place and /) is the integrated intensity if no association occurs.
I, was sct cqual to the integrated intensity values cxtrapolated to the given temperature
from the region where the integrated intensity decreases lincarly with temperature, and
where the associates are disrupted. The obtained temperature dependences of the asso-

60
p%
40 -
20
FiG. 6
Temperature dependence of percentage of associ- -
ated units of polymer molecules in Cl;CHCOOH
solutions (0.05 g/ml) 1 PHEG, 2 P(HEG-GH)1, 3 0 160

P(IIEG-GH)3, 4 P(HEEG-GH)5
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ciated fraction arc shown in Fig. 6. This figurc shows that the values of p at 25 °C
increasce with the growing content of hydrazide units in the copolymer.

CONCLUSIONS

It was found that similarly as in the case of poly(aspartic acid) and poly(glutamic
acid)®, a combination of X-ray and spectroscopic methods is very uscful in the studics
of the conformation of PHEG and HEG-GH copolymers in the solid state. Unfortu-
nately, in this casc IR spectroscopy did not yicld any structural information. On the
other hand, a possibility of studying the formation and decomposition of associates in
DCA solutions by means of 'H NMR spectra appeared, and this contributed to our
understanding of the generation of polymer conformations in the solid state as deter-
mined by X-ray and '*C NMR spectroscopy.

The results of conformational analysis of PHEG and HEG-GH copolymers obtained
by the latter two methods (Table III) are complementary and do not contradict cach
other. It appears that PHEG and P(HEG-GH)1 with ny/ng = 0.25 are practically amor-
phous. An increase during synthesis in the molar ratio hydrazine/benzyl ester units
(ny/ng = 0.5 — 2.0) Icads to copolymers with ordered «a-helices; this phenomenon is
most pronounced for the P(HEG-GH)3, with ny/ng = 1.0. In P(HEG-GH)4 (ny/ng = 2.0)
a small part of polymer chains is probably also organized as f-shect structurc which
predominates in samples obtained with a large hydrazine cxcess (ny/ng = 20). Besides
reflections characteristic of B-sheet structure, the diffractograms of P(HEG-GH)4 also
exhibit a considerable amorphous halo, which can arise by scattering from random coils
or from randomly oricnted a-hclices, but the a-helix conformation is excluded by
13C NMR spectra.

The found conformational structures of PHEG and HEG-GH copolymers in solid
statc correlate well with the results of the temperature variation of integrated band
intensities in 'H NMR spectra of these samples in DCA solution. The values of the
associated fraction p at 25 °C (Fig. 6) are considcrably lower for PHEG and P(HEG-
GH)1 in solution (p = 21 and 25%, respectively) than for the solutions of P(HEG-GH)3
(p = 35%) or P(HEG-GH)S (p = 57%). Likewise, the temperatures of complete decom-
position of associates are considerably lower (40 — 50 °C) for polymers with coil con-
formation in the solid state than for polymers in which the regular a-helix or f-sheet
structures predominate in the solid state (80 — 90 °C). Morcover, for the polymer with
predominating B-shect structure in the solid state (P(HEG-GH)S5), the association pro-
cess in solution is considcrably morc rapid than in the other cases (sce Fig. 5). On the
basis of thesc results we assume that there exists a direct relation between organized
associated structures in solution and the regular conformation in solid PHEG and
P(HEG-GH) samples.
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