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ABSTRACT: The influence of polymer constitution on the configurational preferences of the amide groups
in polyamides formed by nonsymmetric (—-ab-) methylimino(1,4-phenylene)ethylenemethylimino units and
symmetric (-cc-) carbonyltetramethylenecarbonyl units has been investigated. The study has been per-
formed by using isomeric polyamides with head-to-tail, head-to-head/tail-to-tail, and nearly random con-
stitution and model diamides containing the —acca—, —bcch—, or —accb— sequence. The polymers and the
model compounds have been analyzed by solution 'H NMR techniques. The results confirm that the
N-methylated amide groups can assume both configurations and reveal differences in the configurational
preferences of the different groups under the experimental conditions used. Thus, while the —ca— groups
(-CH,CH,CON(CH,)-p-C¢H,~) have a very strong tendency to adopt the E-configuration, the ~bc- groups
(-CH,CH,N(CH,)COCH,CH,~) prefer the Z-configuration, the preference being stronger in the polymers
than in the model compounds. The results also indicate that, at least with solvents such as o-dichloroben-
zene or chloroform, the preference of the ~be- groups of the polyamides for the Z-configuration depends to

some extent on the polymer constitution.

Introduction

For studies of the influence of constitutional isomer-
ism on the physical properties of polycondensates,’™
unsubstituted polyamides and polyureas may not be very
suitable because strong effects brought about by exten-
sive interchain NH..OC bonds may mask subtle effects
due to isomerism. N-Substituted polyamides and poly-
ureas, which cannot form these bonds, may provide more
convenient systems for these kinds of studies. As an exten-
sion of earlier investigations,'? we have synthesized and
studied a group of isomeric N-methylated polyamides with
chains formed by nonsymmetric (-ab-) methylimino(1,4-
phenylene)ethylenemethylimino and by symmetric (-cc-)
carbonyltetramethylenecarbonyl units (Chart I). The poly-
mers were ordered, with a head-to-tail (PI) or head-to-
head/tail-to-tail (PII) constitution, or unordered (PIII).
An interesting possibility suggested for these poly-
amides by several studies®® was that the E- and Z-con-
figurations of the N-methylated amide groups (-ac— and
-bc-; Chart II) could both occur in solutions. In this
case, possible influences of the polymer constitution on
the relative population of E- and Z-isomers can be
observed. In this work we have explored this possibility
by using the three model diamides MI, MII, and MIII
(Chart I), which contain the sequences [-acca—, —bccb-,
and —accb-] occurring in the polyamides investigated.

Experimental Section

Materials. All reagents and solvents were commercial prod-
ucts of the highest quality available and were used, in general,
as received. 4-Ethylaniline, N-methyl-N-(2-phenylethyl)-
amine, and adipic acid dichloride were purified by distillation
under reduced pressure before use. 2-(4-Aminophenyl)eth-
ylamine was refluxed over CaH, for 2 h and then distilled. Pyri-
dine was refluxed over KOH under nitrogen and then distilled.
Triethylamine (TEA) was purified first by refluxing with ben-
zoyl chloride and distilling. The final purification was done by
refluxing over CaH, and distilling again.

Syntheses. A. Model Diamides. N,N’-Dimethyl-N,N’-
bis(4-ethylphenyl)adipamide (MI), N,N’-dimethyl-N,N’-bis(2-
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phenylethyl)adipamide (MII), and N,N’-dimethyl-N-(4-
ethylphenyl)-N’-(2-phenylethyl)adipamide (MIII) were synthe-
sized as shown in Scheme I.

MI. For the preparation of N-methyl-4-ethylaniline (2) the
method used by Johnstone and others® was followed. 4-Ethyl-
trifluoroacetanilide (1, obtained and purified as described in
the literature'®) was N-methylated and the N-methylated prod-
uct was hydrolyzed without isolation. 2 was purified by distil-
lation under reduced pressure: bp 130 °C (35 mmHg); n®°p
1.6820; yield, 83%. Elem anal. Calcd for CoH,3N: C, 79.95;
H, 9.69; N, 10.36. Found: C, 79.68; H, 9.83; N, 10.38. 'H NMR
(60 MHz, CDCl,): 6 6.97, 6.47 (4 H, m, 4 ArH), 3.36 (1 H, br,
NH), 2.69 (3 H, s, CH,;N), 2.32 (2 H, q, CH;CH,, J = 8 Hz),
1.17 (3 H, t, CH,CH,, J = 8 Hz).

The reaction of 2 with adipic acid dichloride to obtain MI
was carried out using dioxane as the solvent and pyridine as
the base. The crude diamide was purified by recrystallization
from ether: mp 67.1 °C; yield, 90%. Elem anal. Caled for
C,,H;,N,0,: C, 75.75; H, 8.48; N, 7.36. Found: C, 75.79; H,
8.66; N, 7.53.

MIIL. The reaction of N-methyl-N-(2-phenylethyl)amine with
adipic acid dichloride was carried out with ether as the solvent
and triethylamine as the base. The crude product was purified
by recrystallization from ether: mp 48.0 °C, yield, 40%.

Elem anal. Caled for C, H,N,0,: C, 75.75; H, 8.48; N, 7.36.
Found: C, 75.73; H, 8.63; N, 7.38.

MIII. N-Methyl-N-(2-phenylethyl)adipamic acid (3) was
obtained by letting N-methyl-N-(2-phenylethyl)amine react with
adipic acid anhydride!! in CH,Cl, at -50 °C for 1 h. 3 was
obtained as a colorless liquid upon evaporation of the solvent
and was purified by crystallization from ether: mp 91.3 °C; yield,
69%. Elem anal. Calcd for C,;H,;NO,: C, 68.24; H, 8.04; N,
5.32. Found: C, 68.26; H, 7.94; N, 5.39. 'H NMR (60 MHz,
CDCl,): 6 11.1 (1 H, s, COOH), 7.23 (5 H, m, ArH), 3.50 (2 H,
m, CH,N), 2.95, 2.85 (3 H, s, CH3N), 2.80 (2 H, m, ArCH,),
2.30 (4 H, m, CH,CO), 1.65 (4 H, m, CH,CH,CO).

N,N’-Dicyclohexylcarbodiimide (DCC) (0.92 g, 4.5 mmol) was
added to a cold (-8 °C) solution of 2 (0.49 g, 3.6 mmol) and 3
(0.95 g, 3.6 mmol) in CH,Cl; (30 mL), and the mixture was
kept under stirring for 20 h. The precipitate formed was fil-
tered off, the filtrate was evaporated, and the residue was dis-
solved in ethyl acetate. This solution was washed with aque-
ous solutions of citric acid and of NaHCO;, in that order, and
then with water and finally dried. The crude product was
obtained upon evaporation of the solvent as a slightly yellow
liquid and was purified by column chromatography on silica
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Chart I
Schematic Formulas of the Polyamides (PI, PII, and PIII) and Formulas of the Three Model Diamides Studied
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Chart II
Configurations of the Two Kinds of Amide Groups -ac-
and -bc- Present in the Model Diamides and in the

Polyamides
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Scheme I
Syntheses of the Model Diamides
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gel (eluent, acetone) and subsequent crystallization (i-Pr,0/n-
hexane): mp 46.4 °C; yield, 0.58 g (43%). Elem anal. Calcd
for C,,H3,N,0,: C, 75.75; H, 8.48; N, 7.36. Found: C, 75.05;
H, 8.35; N, 7.31.

B. Polyamides. Monomers. N-Methyl-N-[2-[4-(methyl-
amino)phenyl]ethylladipamic Acid (4). This monomer was
obtained by reaction of N-methyl-{2-[4-(methylamino)phenyl]-
ethyllamine with an equimolar amount of adipic acid an-
hydride!! in dimethylformamide at room temperature. The crude
product was purified by column chromatography (silica gel; eluent,

EtOH/CHCl; (2/8 by volume) and was obtained as a slightly
yellow oil with a 72% yield. 'H NMR (CDCls): 6 6.96, 6.88 (2
H, m, ArH), 6.86 (1 H, br, NH), 6.51 (2 H, m, ArH), 3.46, 3.37
(2 H, m, CH2N), 2.88, 2.80 (3 H, s, CH3NCO), 2.74, 2.73 3 H,
s, CH3NAr), 2.65 (2 H, m, ArCH,), 2.31-1.96 (4 H, m, CH,CO),
1.59, 1.45 (4 H, m, CHzCHzCO)

N,N’-Dimethyl-N,N ’-bis[2-[4-(methylamino)phenyl]-
ethylladipamide (5). This monomer was obtained by reac-
tion of 6 (see below) with bis(p-nitropheny! adipate) [mp 122.6
°C (lit.12 mp 123~4 °C; obtained by the reaction of adipic acid
dichloride with p-nitrophenolin ether,inthe presence of triethyl-
amine)] by using a 2/1 molar ratio of amine to ester and a 1/1
(by volume) CHCly/acetone mixture as the solvent. 5 was puri-
fied by repeated recrystallizations from Et,0 and from CH,Cly/
Et:0: mp 133.4 °C; yield 66%. Elem anal. Caled for
CoeHgsN4Os: C, 71.20; H, 8.73; N, 12.77. Found: C, 70.46; H,
8.67; N, 12.52. 'H NMR (ODCB-dy, 120 °C): 66.91,6.42 (8 H,
m, ArH), 3.46 (4 H, t, CH;N), 3.35 (2 H, br, NH), 2.82 (6 H, s,
CH;3NAr), 2.66 (10 H, m, CH3NCO + ArCH,), 2.17 (4 H, m,
CH,CO0), 1.66 (4 H, m, CH,CH,CO).

N-Methyl-2-[4-(methylamino)phenyl]ethylamine (6). This
monomer was obtained by converting first 2-(4-aminophenyl)-
ethylamine into its di-Boc derivative, N-methylating this deriv-
ative, and finally removing the Boc groups from the dimethy-
lated product. The di-Boc derivative was synthesized by the
di-tert-butyl dicarbonate method!3 and purified by recrystalli-
zation from EtOH/H;0, mp 151.5 °C. The N-methylation was
performed following Olsen’s procedure,!4 and the liquid prod-
uct was purified by distillation under reduced pressure: bp 155
160 °C (0.025 mmHg) n20, = 1.4948. The deprotection was
performed by using trifluoroacetic acid. The crude 6 was puri-
fied by distillation: bp 101-102 °C (0.13 mmHg). *H NMR
(90 MHz, CDCly): ¢ 7.05, 6.58 (4 H, m, ArH), 3.60 (1 H, br,
ArNH), 2.82 (3 H, s, ArNCH3y), 2.91-2.71 (4 H, m, CH,), 2.43
(3 H, s, CH;NHCH,), 1.50 (1 H, br, NHCH,).

Polycondensation Reactions. PI. 4 (0.178 g, 0.6 mmol)
and PhsP (0.19 g, 0.72 mmol) were dissolved in pyridine (1.5
mL), and hexachloroethane (0.21 g, 0.90 mmol) was added. The
mixture was stirred for 2 h at room temperature, and the sol-
vent was evaporated. The crude polymer obtained was puri-
fied by precipitation from CHyCl; with n-hexane and washing
with HzO and then with ether: yield, 0.115 g (70%); [1] = 0.40
dL/g.

PII. A cold (0 °C) solution of adipic acid dichloride (0.766
g, 4.19 mmol) in 9 mL of CHCl3 was mixed under stirring with
a cold (0 °C) solution of 5 (1.837 g, 4.19 mmol) in 10 mL of
CHCl3 and CH;Cl; (1/1 by volume), and then 3.2 g (23 mmol)
of triethylamine was added. The homogeneous reaction mix-
ture was stirred overnight at room temperature; it was then
diluted with additional CHCl; and washed with HyO several
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Scheme 11
Polycondensation Reactions Used for the Synthesis of
the Polyamides
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times. The polyamide obtained was isolated by evaporation of
the solvents and purified by precipitation from a CH,Cl, solu-
tion with n-hexane: yield, 2.00 g (87%); [n] = 0.61 dL/g.

PIII. To a cold (0 °C) solution of 6 (1.480 g, 9.01 mmol) and
Na,CO,4 (1.912 g, 18.0 mmol) in 90 mL of H,0 in a Waring
blender was rapidly added with a syringe while vigorously stir-
ring a solution of adipic acid dichloride (1.650 g, 9.01 mmol) in
9 mL of CHCl;. The mixture was stirred for 10 min. Then,
the polyamide was extracted with CHCl,, isolated by evapora-
tion of the solvent, and purified by precipitation from a CH,Cl,
solution with n-hexane: yield, 2.23 g (30%); [7] = 0.52 dL/g.

Methods. The elemental analyses were done by the microan-
alytical laboratory of the Organic Chemistry Institute of the
ETH, Zirich, and by the analytical laboratory of Ciba-Geigy
Ltd., Basel, Switzerland.

NMR. Except otherwise indicated in the text, the spectra
were measured on a Bruker AM-300-WB spectrometer. The
solution concentration for the 'H NMR spectra was in all cases
in the range 8-40 mg/mL and for the *C NMR spectra in the
range 40-100 mg/mL. All chemical shifts are relative to inter-
nal tetramethylsilane. Nuclear Overhauser enhancement (NOE)
effects were evaluated using one-dimensional NOE difference
experiments. For the quantitative configurational analysis the
intensities of appropriate signals in the *H NMR spectra were
used. In the case of PI the [Z]/[E] ratio was calculated as 51,/
(21, a1 — B1,), I 4ea being the total area of the signals contrib-
uted by the CH,(«’) protons and by the protons of the NCH,
group of —ac—~ segments (Figure 3) and I, the area of the signal
given by CH,(«’) protons of ~bc~ segments in the Z-configura-
tion. The area of this signal was measured by taking the min-
imum of the curve (at 3.42 ppm in Figure 3) as the highest field
limit of the signal. In the case of PII and PIII the calculation
of the [Z]/[E] ratio was done on the basis only of the two sig-
nals given by the CH,(a’) protons (Figure 3).

The activation energies for the Z ~ E isomerization (Table
IV) were calculated from the coalescence temperatures of the
appropriate singlets given by NCH; protons taking into due
account the different intensity of the signals.!5

Molecular weights were determined by vapor pressure osmom-
etry at 25 °C with CHCl, as solvent using a Wescan Model 232
A instrument.

Glass transition temperatures were obtained by differential
thermal analysis (DTA). Intrinsic viscosities were determined
at 25 °C using CHCl, as solvent.

Results and Discussion

A. Synthesis and Constitution of the Polymers.
Different synthetic pathways (Scheme II) were followed
to obtain the isomeric N-methylated polyamides PI, PII,
and PIII. The head-to-tail polyamide PI, with the non-
symmetric units —ab— all equally oriented, was obtained
by polycondensation of N-methyl-N-[2-[4-(methylami-
no)phenyl]ethylladipamic acid (4). The polycondensa-
tion was carried out by the method of Wu et al.'”'® The
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-acchb-
P

-acca-

-acca-

H L ] L 1

1720 PPM 1710
Figure 1. 13C NMR spectra (CO region) of PI, PII, and PIII
in DMSO-d; at 120 °C. The assignment is based on the com-
parison with spectra of the model diamides.

head-to-head/tail-to-tail polyamide PII, with alternat-
ing orientation of the nonsymmetric units, was obtained
by solution polycondensation of N,N’-dimethyl-N,N’-
bis[2-[4-(methylamino)phenyl]ethyl]adipamide (5) with
adipic acid dichloride. *C NMR spectra of these poly-
mers (solvent, DMSO-dg; T, 120 °C), which exhibited a
single nonresolved CO signal in the case of PI (the model
MIII of this polyamide shows two signals separated by
only 0.08 ppm) and two CO signals of equal intensity in
the case of PII (Figure 1), confirmed their structure and
indicated that no substantial transamidation had taken
place during the polycondensation. The unordered poly-
amide PIII was obtained from N-methyl-2-[4-(methyl-
amino)phenyl]ethylamine (6) and adipic acid dichloride
by interfacial polycondensation. *3C NMR spectra of this
polyamide showed three CO signals (Figure 1) with inten-
sities in the approximate ratio 2.7:4.5:2.7 corresponding
to a value of s'° (0.45) near to that expected for a strictly
random polymer (0.50). Some characteristics of the poly-
amides are reported in Table I. In contrast to the related,
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Table I
Characteristics of the Polyamides

[Z]/[E}® T, °C

polyamide M, §° solubility, g

PI 2000 1 1.56¢ 46 0.23
PII 3200 O 1.50¢ 49 0.56
PIII 2900 0.45 1.56¢ 51 0.61

@ [-accb-]/([~acca—] + [-accb-] + [-bceb-]).* ® Ratio of the con-
centrations of ~bc— groups in the Z- and E-configuration at 25 °C
and with ODCB-d, as solvent. ¢ Volume fraction of H,0 to be added
to develop turbidity in a polymer solution containing 1 g of polymer/g
of EtOH (7, 30 °C). Determined by turbidimetric titration.?° ¢ Es-
timated error %5%. ¢ Estimated error £2%.

L) Ml Ml

NCH,
NCH; | -ac-|

NCH,

-be-

" i)

35 w28 38 28 38 w28
Figure 2. Partial 'H NMR spectra of the diamides in ODCB-d,
showing the region of the NCH,, CHy(«'), and CH,(8') signals:
top, 120 °C; bottom, 25 °C. T?:e arrows indicate the splitting
of the NCH3 signals, which takes place on lowering the solu-
tion temperature.

nonmethylated polymer (mp 312 °C),2! these N-meth-
ylated pelyamides do not crystallize. The polyamides are
all very soluble in many solvents, but differences in sol-
ubility do exist (Tabie I).

B. Configurational Isomerism. Model Diamides.
The configurational analysis of MI, MII, and MIII was
carried out by 'H NMR using deuterated o-dichloroben-
zene (ODCB-d,), dimethyl sulfoxide (DMSO-d,), CDCl,,
and other solvents at different temperatures. At 120 °C,
in the first two solvents, the diamides give simple spec-
tra (Figure 2, upper series) with signals that can be eas-
ily assigned on the basis of their relative intensity, of
their multiplicity, and of their spectral position. At more
moderate temperatures MI in CDCl; and MII and MIII
in all solvents used give spectra showing different sets of
signals thus revealing the presence in solution of differ-
ent diastereoisomers. In the following we discuss sepa-
rately the configurational assignment of the signals for
spectra given by these diamides in ODCB-d, solution at
25 °C (Figure 2, lower series). The spectral position of
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these signals and the assignment done are indicated in
Tables II and III. The assignment with other solvents
was done by using similar criteria.

MI. No splitting of signals is observable with ODCB-d,
when the solution temperature is lowered from 120 to 25
°C. Since there is always a unique set of signals, there
can be only a species for MI in solution and this must
be either the EE- or ZZ-diastereoisomer. A significant
(6%) NOE effect was observed between the CH,(e) and
the ortho protons showing (compare Chart II) that the
diastereoisomer present is the EE one.

MII. In spectra of solutions of this diamide in ODCB-d,
at 25 °C there are four singlets given by NCH; protons,
indicating that the three diastereoisomers EE (1 NCH,
singlet), EZ (2 NCH, singlets of equal intensities), and
ZZ (1 NCH; singlet) possible for this diamide are all
present. These singlets form two close pairs of which
the low-field one can be associated with amide groups in
the E-configuration and the high-field one with amide
groups in the Z-configuration. This conclusion is based
both on results of NOE measurements and on observa-
tions regarding the solvent dependence of the chemical
shifts.?2"24 In fact, NOE measurements have shown that
only the NCH, singlets of the high-field pair give signif-
icant effects with signals (not shown in Figure 2) of the
CH,(«) protons (see Chart II), and the study of solvent
effects has indicated that this high-field pair moves mark-
edly more downfield than the low-field pair (0.35 against
0.15 ppm) when replacing the solvent ODCB-d, with
CDCl,. The assignment of the individual NCH, singlets
has been done by using the signal intensities as mea-
sured in the spectrum shown (Figure 2) and in other spec-
tra with less overlapping. The assignments of the other
signals are based on the observation of other NOE effects,
correlating the CH,(a) and CH,(a’) multiplets given by
amide —bc— groups in the E-configuration (Chart II), and
on results of spin decoupling.

MIII. As shown in Figure 2, spectra of solutions of
this diamide in ODCB-d, at 25 °C exhibit four NCH,
signals, two of them (very close to each other) being given
by the —ac— groups and the other two by the —be— groups.
These signals have been assigned specifically as indi-
cated in Figure 2 and in Tables II and III on the basis of
analogies in spectral position with MI and MII and of
signal intensities. The spectra reveal that MIII occurs
essentially in two diastereoisomeric forms only, one with
both amide groups in the E-configuration and the other
with the —ac— group in E-configuration and the -bc- group
in the Z-configuration. Quantitative data regarding the
configurational equilibrium at 25 °C of the three dia-
mides have been calculated from the intensities of per-
tinent signals assigned as discussed above and are reported
in Table IV. The data show that the —ac— groups, which
have been found to have the configuration E in crystals
of MI,%® have a very strong tendency to stay in this con-
figuration in solution. This result is in keepln% with ear-
lier observations for N-methylacetanilide.?®*’ In con-
trast, the —bc— groups prefer the Z-configuration. The
equilibrium distribution depends on the solvent. Asshown
in Table IV, in the case of MII the ratio [EZ]/[EE] is
nearly 4 times the ratio {ZZ]/[EZ] in the mixed solvent
CDCl,;/CgDy, but it is significantly less than that in the
other solvents. It is evident that the two amide groups,
which in the diamide are separated by four methylene
groups, do not behave independently. Apparently the
energy associated with a —~bc- group of MII in the Z-con-
figuration is smaller in a ZZ- than in a ZE-diastereoiso-
mer or that associated with a ~bc— group in the E-con-
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Table 11
Chemical Shifts of the Protons of the —ac- Groups in MI, in MIII, and in the Polyamides and Configurational Assignment
(T, 25 °C; ODCB-d,)

m o CH,
—aC-= —NCOCHZCHZ-
o B
m o
signal position
amide sequence type o m NCH;, a 8 sequence configuration® population®
MI -acca~ 6.93 7.07 3.18 2.00 1.55 EE 100
MIII -acch— 6.96° 7.07° 3.20 1.90 1.58¢ E(E) 43
6.96° 7.07° 3.22 2.03 1.58° E2) 57
PI -acch- 7.01° 7.11° 3.22¢ 1.96 1.58° E(E) 39
7.01¢ 7.11¢ 3.22°¢ 2.10 1.58¢ EZ) 61
PII -acca— 6.97 7.11 3.19 2.08 1.57 EE 100
PIII —acca— 6.98° 7.12¢ 3.19 2.07¢ 1.56° EE 100
-accb- 6.98° 7.12° 3.20 2.07° 1.56¢ E(E) d
6.98° 7.12¢ 3.22 2.09° 1.56° E(Z) d

% The configuration in parentheses is that assigned to the amide group —bc-. ® Percent of the sequences of the type specific having the

configuration indicated in the penultimate column. ¢ Different overlapping signals. The position is that of the highest intensity peak.

determinable because of overlapping.

Not

Table III
Chemical Shifts of the Protons of the —bc— Groups in MII, in MIII, and in the Polyamides and Configurational Assignment
(T, 25 °C; ODCB-d,)

CH,
- b¢ - = = CH2CH,NCOCH,CH; -
P o ap
signal position
amide sequence type g o NCH, a 8 sequence configuration® population®
MII -becb- d 3.08 2.85 1.96 1.50 EE 18
d 3.32 2.87 2.00 1.58¢ EZ¢ } 47
2.75¢ 3.49 2.65 2.08 1.58¢ EZf
2.75° 3.52 2.67 2.15 1.66 zz 35
MIII -acch— 2.61 3.26 2.83 2.03 1.58¢ (E)E 43
2.72 3.48 2.61 2.09 1.58¢ (E)Z 57
Pl ~acch- 2.71¢ 3.34 2.86 2.10¢ 1.58¢ (E)E 39
2.71° 3.51 2.71 2.10¢ 1.58¢ (E)Z 61
PII =bcch- 2.72¢ 3.38° 2.89 2.03¢ 1.57 EE d
2.72°¢ 3.38° 2.90 2.03° 1.63 EZ¢ } d
2.72° 3.54¢ 2.76¢ 2.21¢ 1.63 EZf
2.72° 3.54¢ 2.76¢ 2.21°¢ 1.70 YA/
PIII -acch— d 3.36° 2.86 2.07° 1.56° (E)E d
d 3.51¢ 2.71 2.09¢ 1.56°¢ (E)Z d
-becb- d 3.36° 2.88 2.07¢ 1.56° EE d
d 3.36° 2.90 2.07° 1.62° EZ d
d 3.51° 2.76 2.09¢ 1.62¢ Z# d

@ The configuration in parentheses is that assigned to the amide group ~ac—. ® Percent of the sequences of the type specified having the

configuration indicated in the penultimate column. ¢ Different overlapping signals. The position is that of the highest intensity peak.

Not

determinable because of overlapping. ¢ The signals with the indicated position are assigned to the —be— group in the E-configuration. / The
signals with the indicated position are assigned to the ~bc—~ group in the Z-configuration. £ In EZ and ZZ sequences.

figuration is higher in an EE- than in an EZ-diastereoi-
somer. Table IV also shows that the configurational
distribution ([Z]/[E]) of the —bc— groups in MII is sig-
nificantly different from that in MIII with both ODCB-d,
and CDCl, as the solvent. This is an important result
since it implies that these groups must also behave dif-
ferently in the sequences —~accb~ (PI and PIII) and —bech-
(PII and PIII) of the polyamides investigated.
Polyamides. Like the model diamides, at 120 °C in
ODCB-d, (Figure 3, upper series) or DMSO-dg, PI, PII,
and PIII give simple 'H NMR spectra. The signals of
these spectra can be easily assigned on the basis of the
positional analogies existing with corresponding signals
of the model compounds. Similar to the case of the model
diamides, also for the polyamides there is a splitting of
the various NMR signals taking place on lowering the
solution temperature, thus showing that there are amide
groups occurring in different configurations. This split-
ting leads to complicated spectra with severe overlap-
pings (Figure 3, lower series). A configurational analy-

sis is still possible, however, if the very reasonable assump-
tion is made that the relative spectral position of signals
associated with different configurations corresponds to
that observed for the diamides (Figure 2). Within the
limits of this assumption, in some cases it is even possi-
ble to assign signals given by a specific amide group (E
or Z) in different diastereomeric sequences. The assign-
ments are reported in Figure 3 and in the Tables II and
III. Asshown, the amide groups of the polyamides behave
qualitatively like the corresponding groups of the model
compounds, the —ac— groups having predominantly, if not
exclusively, the E-configuration and the —bc— groups the
E-configuration or, preferably, the Z-configuration. In
comparison with the amide groups of the models, there
are, however, significant quantitative differences. Thus,
the —be— groups of PI and PII are distributed in the two
configurations with a [Z]/[E] ratio (Table I), which is
higher than that found for the ~bc— groups of MIII and
MII, respectively (Table IV). Furthermore, the —bc-
groups of PIII in ODCB-d, give a [Z]/[E] ratio (1.56;
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Figure 3. Partial 'H NMR spectra of the polyamides in ODCB-d,
showing the region of the NCH;, CH,(a'), and CH,(8’) signals:
top, 120 °C; bottom, 25 °C. Tie arrows indicate the splitting
of the NCHj, signals, which takes place on lowering the solu-
tion temperature. The black triangle in the 120 °C spectrum
of PII indicates an impurity.

Table IV
Constants of the Configurational Equilibrium for the
Diamides, [Z]/[ E] Ratios for the -bc~ Groups, and
Activation Energies, AG*, for the Z — E Isomerization of
These Groups (T, 25 °C; ODCB-d,)

equilibrium constants®
(zzy*  [EZ)* (zp®

amide solvent [EZ] [EE) [E] AG*©

M1 ODCB-d, <0.05 <0.05
CDCl, <0.05 0.22

MII  ODCB-d, 0.74 261 141 17.7%17.7
CDCl, 0.68 224 125 g
CDCl,/CeD{ 0.56 2.27 113 g
DMSO0-d, 0.53 1.68 094 g

MIII ODCB-d, <0.05" 1.33*  1.33 18.0°
CDCl, 0.06" 1.16" 1.16 g

% [EE], [EZ], and [ZZ] are the molar concentrations of the dif-
ferent diastereomeric species. ® Estimated error +2%. © Kilo-
calories per mole degree. ¢ ZZ — EZ. ¢ EZ — EE. ! 42% CgDg by
volume. & Not determined. # The E-configuration in the EZ-isomer
is that of the —ac— groups.

Table I) higher than would be expected (1.37) if the groups
would behave as those of the model compounds. We sug-
gest that this higher proportion of -bc- groups in the
Z-configuration may serve to relax steric interactions that
in the polyamides can be more restrictive than in the
low molecular weight models. The values of the [Z]/[E]
ratio found for the —bc— groups of the three isomeric poly-
amides are not significantly different. Since the results
obtained with the model diamides (see above) leave lit-
tle doubt that the different constitution of these poly-
amides must determine differences in their configura-
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tional characteristics, the differences in the [Z]/[E] ratio
must lie within the limits set by the estimated precision
of the analytical method used, namely between 0.10 and
0.17.

Conclusions

Although this work has failed to reveal large differ-
ences in the physical properties of the N-methylated, iso-
meric polyamides investigated, it has produced some inter-
esting results on their configuration in solution. In par-
ticular, the NMR analysis (i) has shown that there are
significant differences in the preferences of the amide
groups between the polymers and low molecular weight
models and (ii) has provided indirect evidence that the
configurational characteristics of the polymers are influ-
enced by their constitution.
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