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ABSTRACT: Novel, linear, soluble, high-molecular-weight, film-forming polymers and copolymers in which
main-chain crown ether units alternate with aliphatigo(€C;¢) units have been obtained for the first time from
aromatic electrophilic substitution reactions of crown ethers by aliphatic dicarboxylic acids followed by reduction
of the carbonyl groups. The crown ether unit is dibenzo-18-crown-6, dibenzo-21-crown-7, dibenzo-24-crown-8,
or dibenzo-30-crown-10; the aliphatic spacer is derived from a dicarboxylic acid (sebacic, 1,12-dodecane-
dicarboxylic, hexadecanedioic or 1,4-phenylenediacetic acids). The reactions were perform& iat 8Bixture

of methanesulfonic acid (MSA) with phosphorus pentoxide, 12:1 (w/w), (Eaton’s reagent). The carbonyl groups
in the polyketones obtained were completely reduced to methylene linkages by treatment at room temperature
with triethylsilane in a mixture of trifluoroacetic acid and dichloromethane. Polymers containing in the main
chain crown ethers alternating with oxyindole fragments were prepared by one-pot condensation of crown
ethers with isatin in a medium of Eaton’s reagent. A possible reaction mechanism is suggested. According to
IR and NMR analyses, the polyacylation reactions lead to the formation of isomeric (syn/anti-substituted)
crown ether units in the main chain. The polymers obtained were soluble in the common organic solvents,
and flexible transparent films could be cast from the solutions. DSC and X-ray studies of the polymers
with “symmetrical” crown ethers reveal the presence of the endotherms corresponding to the supramolecular
assemblies.

1. Introduction the field. Numerous books and reviews on crown ethers have

Cyclic polyethers (crown ethers) are one of the most been published, many recently.
interesting topics in chemistry. Discovered and first described ~ Obviously, incorporation of crown ethers into polymer chains
(in a very impressive by even modern criteria series of three offers additional advantages for their application, such as ease
papers) by A. Luttringhaus in 1937¢yclic polyethers were  of handling, facility of recovery, and modification of their
synthesized in 1960 by C. J. Pederdemho recognized the = complexation properties. Besides, crown-containing polymers
remarkable ability of crown ethers to complex with a variety are of major interest as new materials. This is why there has
of cations. In more recent years, such macrocycles have alsobeen a significant progress in the area of crown-containing
became important starting materials for the building of su- polymers over the last two decades.
pramolecular assemblies, sensors for ions, and molecular There are three principal methods by which crown ethers can
scaffolds, which thereby stimulated an additional interest within pe incorporated into polymer matrixes. The first is direct
polymerization of the crown ether through a step-growth
* Corresponding author. E-mail: zolotukhin@zinalco.iimatercu.unam.mx. mechanism; the second is polymerization through a chain-
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growth mechanism; and the third is postfunctionalization were obtained from Aldrich and used as received. Sebacic,
wherein a crown ether is covalently bound to a preformed perfluorosebacic, 1,12-dodecanedicarboxylic, 1,16-hexadecanedioic,
polymer backbone. Clearly, simple, reliable syntheses of crown- and 1,4-phenylenediacetic acids were obtained from Aldrich and

containing polymers combined with the minimum number of purified by reprecipitation through their potassium salts. Isatin was
reaction steps would be of great importance obtained from Aldrich and recrystallized from ethanol. Trifluoro-

One of the most promising approaches for one-step prepara-acet'c’ trifluoromethanesulfonic, and methanesulfonic acids were

. g . . . obtained from Fluorochem Ltd. and distilled prior to use.
tion of crown-containing polymers is FriedeCrafts chemistry. 2.2. Characterization. The inherent viscosities of 0.2% polymer
Ueda reportetsuccessful condensations of dibenzo-18-crown-6 sojutions in 1,1,2,2-tetrachloroethane (TCE) were measured at 25
ether with aliphatic diacids in an Eaton’s reagent medium °C by using an Ubbelohde viscometer. Theand*3C NMR spectra
(phosphorus pentoxide in methanesulfonic acid, 1:10, w/w). were recorded using a Bruker Avance 400 spectrometer. Differential
However, structural characterization of the polyketones was very scanning calorimetry (DSC) measurements were performed at 20
limited, and no morphology data were presented. °C min~ton a DSC 2910 from TA Instruments. Molecular weights
In this paper, we describe synthesis and characterization ofof polymers 3a and 4b were determined by gel permeation
crown-containing polymers obtained by acylation of dibenzo- chromatography (GPC) using a Waters gel permeation system
18-crown-6 (), dibenzo-21-crown-72), dibenzo-24-crown-8 (Waters 2695 ALLIANCE) coupled with a refraction detector

. a0, ) . Waters 2140. The chromatography system was equipped with
(3), and dibenzo-30-crown-1Gi) ethers: Waters styragel columns HSgel HR MB-M{: 5-10°—7-10°) and

(\o/\ HSPgel HR MB-B (M;: 1-10°—4-1(F). The measurements were
(\o/\ o o made at 35C with THF as the solvent at a flow rate of 0.5 mL/
o} o @[ ]@ min. Molecular weights of the rest of the polymers were detemined
D 0 o with a chromatograph equipped with a pump (Varian 9002), column
o o o o\) TSK-gel type G4000H connected with refractometer detector
K/O\) 1 / 2 (Varian RI-4) and integrator (Varian 4400) coupled with GPC-Plus
o™ software.N,N-Dimethylformamide of HPLC grade was used as
I 0 o eluent at 25°C at a flow rate of 1 mL/min. The system was
/w ( calibrated with polystyrene TSK standardl€” to 7-10° from
0 0 o) (¢ TOSOH, Japan. Molecular weights (GPC) were calculated with a
@ D @[ D calibration plot constructed with polystyrene standards. Thermo-
0 0 0 0 mechanical analysis (TMA) was conducted with a TA Instruments
K/ o\) Q. _) TMA 2940 instrument. The TMA experiments were carried out at
o/ 3 Q 0~ 4 a scan rate of 10C min~! using a penetration probe of 1.0 mm
o_J : ] gap p L.
\\/ diameter under an applied constant load of 1N. Softening temper-

. . . . atures Tson) were taken as the onset temperature of probe
with sebacic 4), 1,12-dodecanedicarboxylib), 1,16-hexa- displacement on the TMA traces.

decanedioicq), and 1,4-phenylenediacetic aciah @nd their 2.3. Polymer Synthesis2.3.1. Polymer Synthesesubiving
mixtures, followed by metal-free, quantitative reduction of the crown Ethers and DiacidsA typical example of polymer prepara-

resulting carbonyl groups, which leads to the formation of fully - tion was as follows. Eaton’s reagent (4 mL) was added to a mixture
aliphatic spacers between crown ether units according to theof dibenzo-18-crown-6 ether (0.451 g, 1.25 mmol) and sebacic acid

omo

following general scheme: (0.253 g, 1.25 mmol). The reaction mixture was stirred7d at
o o 35°C and poured into water. The slightly yellow fiber formed was
o o MSA+P,05 _~ 0" o C—(CHy)—C— filtered off, washed with water, and extracted with hot methanol
o\_/oj@ + HooCT(CraRCooR TE /‘(;[OVOU — and acetone. After drying, 0.673 g (98%) of white fiberlike polymer

was obtained. The inherent viscosity of the 0.2% solution of the
‘ o o (CHIr polymer (La) in TCE was 0.93 dL g
+ A . .
ELSIH * TFA /\@[o ojg/ A mixture of the polymer thus obtained (0.256 g, 0.48 mmol),
~ TFA (2.0 mL), and dichloromethane (2.5 mL) were magnetically

The reduced polymers are the first to comprise crown ether stirred under a_nitrogen atmosphere for _20 min, durin_g which time
systems (including macrocyclic rings with up to 30 atoms) the polymer dissolved completely to give a deep-violet-colored
connected by simple, aliphatic hydrocarbon linkages. As shown solution. Triethylsilane (1 mL, 6.26 mmol) was then added dropwise

| hi | f | I over 30 s, and the mixture was stirred under nitrogen for 18 h and
below, this novel type of structure leads to an unexpectedly yhen poured into ethanol. The white precipitate that formed was

high degree of order in the solid state, despite clear NMR fjjtered off and washed with hot methanol and acetone. Filtration
evidence for a random sequence of syn- and anti-substitutedand drying gave the reduced polymer (0.186 g, 77%) of viscosity
dibenzo-crown residues within the polymer chain. 1.05dL g*. The!H NMR spectrum of polymerl@H) is presented
Polymers containing in the main chain crown ethers alternat- in Figure 3.
ing with oxyindole fragments were prepared by condensation 2.3.2. Polymer Synthesesuvblving Crown Ethers and Isatin.
of crown ethers with isatingj: Isatin (0.294 g, 2.00 mmol), dibenzo-24-crown-8 (0.897 g, 2.00
mmol), trifluoroacetic acid (2.1 mL), and Eaton’s reagent (3.1 mL)

o o &£ o o were stirrt_ad under dr_y nitrogen at room temperature for 1.5 h, and
C[ ]@ N C[ :Czo MSAP20s 1 _ @\/ the resulting clear, viscous, red solution was then poured slowly
o0 _° N 0 SN < into water (200 mL). The pale-yellow solid was filtered off, washed
: @( £ copiously with water, and then extracted with refluxing methanol
Ng and finally with acetone, before drying at 10G under vacuum.

) . The resulting pure-white fibrous polym8e (1.14 g, 98.6%) had
The structures of the polymers obtained and their general an inherent viscosity of 0.88 dL—¢ (NMP). Polymerle was

properties are reported. obtained by entirely analogous procedure.
2. Experimental Section 3. Results and Discussion
2.1. Materials. Triethylsilane, dibenzo-18-crown-6, dibenzo-21- 3.1. Polymer Syntheses and Structuresenerally, prepara-

crown-7, dibenzo-24-crown-8, and dibenzo-30-crown-10 ethers tion of polyketones based on dibenzo-18-crown-6 ether C?BQI
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Figure 2. Calculated structure of the complex of ‘3gdacetoxydibenzo-
18-crown-6 ether with water.

0.2—

- The good solubility of the polymers has allowed analysis of

their structures by NMR spectroscopy. THe¢ NMR spectra

of the polymers (Figure 3) are well resolved and unambiguously
0.6 point to meta- and para-substitution (in relation te @ bonds)

] in aromatic rings.

] 13C NMR spectra of the polymers polymers are also well

047 resolved. Interestingly, thEC NMR spectrum of polymeta

- shows two sets of signals (approximately of equal intensity),
corresponding to the carbons of aromatic nuclei. One may
observe even splitting of the carbonyl signal at 199.5 ppm
(Figure 4). Therefore, there are two isomeric structures (syn-

0.2—

0— and anti-substituted crown ether residuwithin the polymer
3500 3000 2500 2000 1500 1000 500 chains, and the chemical composition of the polyteecan be
Figure 1. IR spectra ofla and 1aH (films). Top: polyketonela as represented by the following scheme:

obtained. Bottom: reduced polym#&aH.

aliphatic diacids has been carried out at room temperature for (\0/\
24 h or even longet.By optimizing reaction conditions, we H,0 (°”2>a D\’((CH)
have found that syntheses at 35 in Eaton’s reagent with a pcu K/o\) -

lower concentration of phosphorus pentoxide, (8%, vice 10%)

result in high-molecular-weight polymers with reaction times

between 7 and 9 h. Further increase of the reaction temperature, As a matter of fact, such polymer structure is also in
e.g., up to 46-45 °C, leads to cross-linking. All the polymer  agreement with the results of acylation of dibenzo-crown ethers,
preparations proceeded in homogeneous solution. The reactiorresulting in two isomer diacyl derivativésPolymers contain-
mixtures were precipitated into water after reaction completion; ing dibenzo-21-crown-7 and dibenzo-24-crown-8 ether units
the polymer formed a yellow fiber which, after hot extraction also reveal similar splitting; however, the larger the size
with methanol and acetone, changed color to pale yellow or of the macrocycle, the smaller the splitting becomes (Figure
white. Yields of the polymers obtained were nearly quantitative. 5).

The IR spectra of the polymer films revealed the expected Although the3C NMR spectra of the polymers containing
presence of the band at 1670 Thncorresponding to the  the largest macrocyclic residue (dibenzo-30-crown-10 ethers)
carbonyl group, and a set of bands corresponding to thedo not reveal similar splitting of aromatic carbon signals,
aromatic, aliphatic, and ethylene oxide fragments (Figure 1, top). presumably as a result of the increased spatial separation of the

Additionally, the IR spectra of polymers with dibenzo-18- substituted rings, there seems to be no reason that these polymers
crown-6 ether units show two bands at 3636 and 3571'cth should not also contain analogous isomeric structures.
is known that dibenzo-18-crown-6 ether can form complexes Itis known that the extent of the conversion in many polymer-
with water® therefore, we simulated the IR spectrum with a derivatization reactions is not very high. By taking into account
model compound, a complex of diacetoxydibenzo-18-crown-6 the presence in the polyketones of obtained macrocycles (more
ether with water, using the Jaguar 5.5 suite of programs andexactly, their complex formation ability), application of tradi-
optimizing the geometry of diacetoxy-dibenzo-18-crown-6 at tional reductive methods (such as Clemmensen and “Wolf
B3LYP/6-31G* level of theory and running the frequency job Kishner reactions or reduction in the presence of Raney nickel)
at the same level of theory by using a scaling factor of 0.9614 is not promising. Therefore, we turned our attention to reduction
for frequency calculations. Calculated vibrational frequencies of carbonyl groups to methylene groups by use of triethylsilane
corresponding to the antisymmetrical and symmetrical, OH in trifluoroacetic acid medid. Recently, the method was
vibrations in the complex were found to be 3658 and 3542¢m  successfully used for the reduction of carbonyl groups in
respectively. The structure of the model complex is presented aromatic polyketones.
in Figure 2. In the present work, the reductions were carried at room

As seen from the figure, the complex is stabilized by temperature according to the following scheme: simply by
hydrogen bonding between crown oxygens and water hydrogens

The hydrogen bond lengths are of 2.02 and 2.30 A, involving
aliphatic and aromatic oxygens, respectively. The shorter ,, EuSH +crcoon °3 10" I L EI0,00F, + ESOSEL
distance for the first hydrogen bond is consistent with more 1o %

basic character of aliphatic oxygen compared to aromatic one. CDV
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Figure 4. 3C NMR spectrum of polymeta (solution in CDC}). '
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,,LM,. ,vJ\.W Figure 6. Expansion of the carbonyl region of the IR spectrum of
5 o 133 2.3 THEE polymer films 1a (top) andlaH (bottom).
1
10 67 54 in solution at the end of the reaction period, was recovered by
[ H | \ J] | precipitation into ethanol. The progress of reduction was
1 T e estimated by sampling the reaction at intervals and analyzing
oo 7510 12 100 B0 the product by FT-IR spectroscopy (disappearance of the
Figure 5. **C NMR spectrum of polymeBb (solution in CDCY). carbonyl band near 1670 c#) and by H NMR spectros-

copy (appearance of a new singlet near 2.5 ppm, resulting
dissolving a crown-containing polyketone in a mixture of from the methylene residues, and a marked upfield shift of the
methylene chloride and trifluoroacetic acid, adding triethylsilane, lowest-field aromatic proton signals, Figure 3). When reaction
and stirring overnight. In all cases, the product, which remained was complete, the IR spectra of the reduced polymers (Figﬂ%
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1, bottom and Figure 6) showed no sign of the band corre- [~

sponding to carbonyl groups. By taking into account

the generally high intensity of the band, it is clear that reduc-
tion is essentially quantitative. Similar treatment of the

rest of the polymers with triethylsilane-produced polymers

containing methylene groups instead of carbonyl ones was
made.

Copolymers containing different aliphatic spacers or dif-
ferent macrocycles were also successfully obtained, for
example, by reaction of macrocycle with a mixture of
diacids @ + b) and macrocycle mixturel(+ 3) with diacida.

The syntheses of the copolymers proceeded similarly to the
syntheses of homopolymer, and the high-molecular-weight
copolymersl(a + b), (1 + 3)a, and their reduced analogues,
were obtained. Remarkably, the polymers with dibenzo-18-
crown-6 ether units in the main chain contain complexed water
even after reduction.

Thus, a variety of crown-containing polymers can be obtained
easily by performing metal-free polyacylation and reduction
reactions.

It was shown recently that in situ reaction of function-
alized macrocycles containing acid groups with bisphenols
may produce rotaxanes. Polymers obtained via melt con-
densation of bis(®arboxym-phenylene)-32-crown-10-ether
with bisphenol A by the Higashi method were found to
give a polyrotaxane network, judging from the formation of
insoluble, but swellable elastomeric mateffal.

Clearly, that dibenzo-18-crown-6-ether was too small to be
threaded, even by a polymethylene chain, but reactions involving
larger-size macrocyclésand4 may, in principle, result in the
polyrotaxanes. ThusH NMR spectra of the polymer3b and
4b (Figure 3) reveal the presence of small signals in all aromatic,
oxyethylene, and aliphatic fragments. (NMR spectra of the
individual macrocycles, or acids, or their mixtures did not
indicate any additional peaks).

However, analysis of polymer8b and 4b by nuclear
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(or its mixture with diacids) with crown ethers or with a mix-
tures of crown ethers also afforded high-molecular-weight
polymers.

3.2. Mechanistic Aspects3.2.1. Polyacylation Although
aromatic electrophilic substitution reactions catalyzed by Eaton’s
reagent or polyphosphoric acid are widely employed in organic
and polymer chemistry, the reaction mechanisms are incom-
pletely understood. The reactions are believed to be of the
FriederCrafts type, but the actual attacking electrophiles are
not known with certainty. Eaton ruled out methanesulfonic acid
(MSA) and its anhydride as the catalytic species and specu-
lated that the true catalyst was a mixed MSPOs anhydridet?
Methanesulfonic anhydride and the mixed anhydride from
MSA and phosphoric acid are present in Eaton catalysts.
Because both polyphosphoric acids and M3AOs are ef-
fective catalysts, whereas MSA/methanesulfonic anhydride
(MSAH) is not, it follows that the acylating agent is a phos-
phoric carboxylic mixed anhydride. Because alkylsulfonates
are better leaving groups than phosphates or phosphonates
in carbocationic solvolyses, and high reactivity of mixed
carboxylic methanesulfonic anhydrides in acylation reac-
tions was unambiguously demonstratédthe inability of
MSA/MSAH mixtures to catalyze acylations by carboxylic acids
must be due to the slow rate of formation of the mixed
anhydride.

The above-described reactions of dibenzo-crown ethers with
sebacic, 1,12-dodecanedicarboxylic, 1,16-hexadecanedioic, and
1,4-phenylenediacetic acid in an Eaton’s reagent medium gave

Overhauser effect spectroscopy (NOESY) did not reveal any pigh-molecular-weight polymers. Similarly, condensations in-
through-space cor'relatl'on between the protons of the Macro-ylying dibenzo-crown ethers and 1,3- and 1,4-cyclohexanedi-
cycle and the aliphatic spacer, e.g., intra-annular H and carpoxylic acids also afforded film-forming polymers. However,
the methylene groups of acid residue, which would be ex- reactions of dibenzo-crown ethers with aromatic dicarboxylic
pected for a threaded polymer. It is worthy to note that cigs e.q., terephthalic and isophthalic, produced only low-
problems with threading detection by means NOESY were mgjecylar-weight products. The low reactivity of aromatic

mentioned previously as wel. Possibly, the extent of icarhoxyiic acids is attributed to “resonance stabilization of
rotaxane formation is below the detection limit of the NOE {4 resulting acylium ion%

experiment. _ To clarify the influence on the reaction of groups adjacent
The properties of the polymers are presented below. As 5 carbonyl groups, we condensed dibenzo-crown ethers with
expected, relatively low softening temperatur&s,) (which perfluorosebacic acid (PFSA), which exhibited sharply lowered
may be referred to as appardig) are found for polymers with  reactivity. Condensations of dibenzo-crown ethers with PFSA
long aliphatic spacers. Therefore, development of crown-ether- i pyre trifluoromethanesulfonic acid (TfOH) also failed. To
based polymers as catalysts or catalyst supports will require expjain the low reactivity of PFSA, we carried out theoretical
polymers withTsor well above of the reaction temperature. To  cajcylations. Because the active species in the reaction of
address this problem, we also investigated the condensations|ectrophilic substitution is a carbocation, we estimated the
of crown ethers with isatin. Recently, we reported that isatin energies of dissociation of protonated acids (sebacic and
reacts with aromatic hydrocarbons under superacid Cond't'onsperfluorosebacic) to give the respective carbocations and water

to give poly(arylene oxyindole)s. It turned out that the
condensations of isatin with macrocyctes4 in Eaton reagent
proceed readily at room temperature, affording high-molecular-
weight polymers for 1.52 h.

As with the polymers from crown ethers and diacids, NMR

molecules. The gas-phase dissociation energies of protonated
sebacic and perfluorosebacic acids to form carbocations are 44.0
and 32.7 kcal/mol, respectively; this can be explained by
carbocation stabilization by participation of lone pairs of fluorine
atoms. However, when solvation is taken into account, the

studies also revealed the presence of two isomer structuresdissociation of protonated sebacic acid is more favorable

Thus, the chemical composition of, for example, polyrher

compared with that of PFSA (25.7 and 39.7 kcal/mol, respec-

obtained by condensation of crown ether with isatin, can tively) because of better solvation of the sebacic carbo-

be presented by the following formula: Condensations of isatin

cation. CcDV
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In principle, carbocation stabilization could be due to
the contribution of G-F o-bond electrons (similar to €H

bond hyperconjugation). However, if the stabilization of car- Tq estimate the most reactive intermediate, local electrophilic
bocations byo electrons of C-F bonds occurred, the same  Fykyi functions ) at ketone carbonyl carbons of intermediates
stabilization would be observed in nonfluorinated acids be- g —eg, were calculated as follows = a(N + 1) — g(N), where
cause ofo electrons of G-H bonds (they have the same () is the Mulliken charge at a given carbon atom of a studied
symmetry). Calculations show that this is not the case. Accord- molecule anaj(N + 1) is the Mulliken charge at the same atom
ing to natural population analysis of carbocations, the natural yith an extra electrof® As shown, the carbonyl carbon is the
charges of sebacic and perfluorosebacic cations-e0e6 most electrophilic in structures. On the other hand, the
and +0.86, respectively, which shows clear stabilization of N_-protonated molecule; is the less stable and less reactive.
positive charges in the latter case. The origin of this stabili- Therefore, the probable reactive intermediatejsvhen the
zation may be understood by comparing the occupation of yeaction is under kinetic control, and the reaction involving isatin

with those in the middle of a perfluorinated chain. Thus,

for the first case (2 fluorine atoms), the 2p level has 5.43 R
electrons, whereas in the latter, the 2p level shows occu- ® R /gf
pation from 5.48 to 5.51 electrons. This allows estimation @ §_>

@

=

o]

-H,0 N

H

OH
of the contributions of 2p electrons of F atoms to the stabiliza- @:‘g:o l
N
€3

§R
W
=
-H®

tion of a carbocationic center. As seen, the whole electron
density build up of 0.1 electron can be attributed to the
participation of 2p electrons of fluorine atoms adjacent to a
carbocation center. Therefore, the reactivity of sebacic acid is discard participation of the most stable intermedeateecause
controlled mainly by solvation of a carbocation and not the the difference inf* between two molecules is small.
electronic influence of substituents. (In this case, we neglected 3.3. Polymer Properties.The polymers obtained in this work

anhydride formation because the reaction was carried out inare fully soluble in chlorinated (except the polymers containing
pure TfOH). isatin residue) and aprotic solvents or strong acids, but insoluble

in alcohols, aromatic hydrocarbons, or ethers. Transparent,
strong, flexible films could be cast from the polymer solutions.
Some properties of the polymers are presented in Table 1.
The methylene-bridged polymers in general have similar
values of viscosity, but significantly lower melting points than
their parent polyketones. Determinationf of the polymers
by the DSC method turned out to be unexpectedly problematic
(see below regarding the morphology of these polymers), and
so we turned instead to thermomechanical analysis. Softening
) ] temperatures for the majority of the polymers range from 80 to
Diprotonated species are known to be responSitite the 90 °C. Introduction of bulky side oxyindole groups essentially
unusually high reactivity of carbonyl-containing molecules jncreases softening temperatures. Remarkably, DSC studies of
toward some aromatic hydrocarbons. Therefore, it seems that,e polymers obtained (except those containing dibenzo-21-
diprotonated carbonyl or dicarbonyl species are important for crown-7 ethers) revealed the presence of strong endothermic
the reactions under consideration. transitions on heating (Figure 7), (for copolymers, even a few
To establish the nature of the reactive species, reactions(Figure 8)). The second DSC scan of polynierreveals an
of isatin with aromatic mono- and diprotonated isatin inter- exothermic peak around 12C, which can be attributed to the
mediates were studied theoretically. Calculations showed crystallization of a fraction of amorphous material that did not
that, even in TfOH solution, diprotonation is difficult. Thus, crystallize during cooling from the molten state after the first
the reaction energy between isatin and two molecules of DSC scan. It is known that the first DSC scan of a polymer
TfOH to produce the most stable diprotonated intermediate material is affected by the morphology and sample preparation
e, requires 14.1 kcal/mol, starting from the most stable conditions. Thus, the second DSC run would be free of the
monoprotonated species,, where the amide carbonyl is sample’s history. Then, the main differences observed between
protonated. As shown in the following scheme, the most the first and second scans of Figures97should be attributed
abundant species in TfOH solution must &gand es, with to the sample morphology developed during sample preparation.
a difference in stability between them of 2.3 kcal/mol. Such sample morphology will be destroyed upon meltin%%fv

3.2.2. PolyhydroxyalkylatianThe acid-catalyzed conden-
sation of aldehydes, ketones, amddiketones with aro-
matic hydrocarbons, called hydroxyalkylation, is also con-
sidered to be a FriedelCrafts-type reaction. Recent pro-
gress in the chemistry of electrophilic intermediates, espe-
cially by G. A. Olah, led to superelectrophilic hydroxy-
lation reactions in which carboxonium intermediates react
with Lewis or Bronsted acids to give extremely reactive
dications!®
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Table 1. Properties of the Polymers Synthesized

polymer “as obtained” reduced polymer
Ninh, Ninh,
polymer crown (dLg™, My Mn Tsoft Tm (dL g™, Mw Mn Tsot T
code ether HOOC-R—COOH (TCEp (g/mol)  (g/mol) (°C) (°C) (TCEp (g/mol) (g/mal) (°C) (°C)
la 18-6 —(CHy)s— 0.93 64020 29100 94 162 1.05 66070 25410 88 138
1b 18-6 —(CH2)12— 1.46 84400 46890 89 162 1.30 83800 39900 78 130
1c 18-6 —(CH2)14— 0.65 40100 21100 88 152 0.72 39800 21170 73 123
1d 18-6 —CH;—Ph-CH— 111 69040 30020 118 144 1.02 67300 33680 83 180
l(a+b) 18-6 —(CHp)g—/—(CH2)12— 1.14 58710 20960 95 110140 1.05 57090 21010 90 115
(50/50)
le 18-6 isatin 1.20 62400 32840 217
2b 21-7 —(CHy)12 0.98 73200 17830 80 1.04 74030 21150 75
3a 24-8 —(CHy)s— 0.82 59360 24730 82 100 0.78 57550 23980 63 75
3b 24-8 —(CHo)12 0.94 60830 21720 75 99 0.80 58910 18410 60 70
(1+3)a 18-6/24-8 —(CHp)s— 0.88 53410 29670 90 115 0.86 52230 26240 80
3e 24-8 isatin 0.88 47300 21500 144
4b 30-10 —(CH2)12— 0.67 37200 14370 63 78 0.62 35280 13070 60 70

aTCE: syml,1,2,2-tetrachloroethanéMeasured in NMP.
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Figure 7. DSC traces of polymeta (A): First scan. (B): Second , i Temperature (°C)
scan. Figure 9. DSC traces of polymetdH. (A): First scan. (B): Second
scan.
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Figure 8. DSC traces of copolymet(atb). (A): First scan. (B): '@
Second scan. ko)
[
the sample, and it is not developed again during a consecutive
DSC run of the sample. This is particularly evident in the case . . . . .
shown in Figure 8, where the second endothermic peak is 0 1 2 3 4 5 6
missing in the second scan. It is also significant that reduction aA™"

of polymer1d (which displays only a very weak endotherm on  Figure 11. X-ray intensity as a function af for the solution cast film
the first scan and no transitions during the second one) producesf polymerla

a polymer capable of cold crystallization from the glassy state

followed by an intense endothermic process at higher temper- The DSC data at first sight suggest that the reduced polymers

ature (Figure 9). are semicrystalline, though this would be very surprising, taking
Scanning electron microscopy of polymeéd, crystallized into account the presence of equal proportions of syn- and anti-

from the melt, shows globular structure (Figure 10.) Higher substituted crown ether residues in the main chain.

magnification reveals the presence of small alongated fibrils  Figure 11 illustrates the X-ray diffractogram, at room

(Figure 10, bottom). temperature, typical of the series of polymers described abé)&]
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It shows two broad wide angle peals ¢ 1.5 and 3.0 A1)
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water allows for fine-tuning of the properties of the materials.

and a sharper reflection located in the medium angle region Besides, the polymers and their derivatives are of obvious

(0.2 A1 < g < 0.5 AY). The specific value ofj for this

interest for construction of different supramolecular assemblies,

medium-angle reflection is a function of both the length of the including, potentially, molecular machines.

alkyl sequence and the size of the crown ether. The occurrence
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rather than full, three-dimensional crystalline morphology.
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