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Analysis of the copolyesterification in bulk without any external catalyst at 205°C between o-phthalic
anhydride, oleic acid and neopentyl glycol (2,2-dimethyl-1,3-propanediol) with a mole ratio ((—-COOH]/
[-OH]) =0.70 has been carried out by high resolution BC and 'H n.m.r. The different polymeric sequences
and several monomeric structures formed during the copolyesterification have been identified and
quantitatively determined. © 1997 Elsevier Science Ltd.
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INTRODUCTION

Deinking is the key-technology for using waste paper as
a fibre source in the production of graphic and sanitary
papers. The flotation of waste paper is the predominating
process for deinking. The ink must be easily removed
from the page. This depends partially, to a first approxi-
mation, on the chemical nature of the ink components
and their molecular interactions with the paper com-
ponents. The composition of the binder resin employed
has a crucial effect on the performance and properties of
an inking system and especially on its possible deinking.

It has been found that the crosslinkable resin
employed as binder, normally of the alkyd type'™, is
the most important component which offers more
difficulties for a good deinkability process. Therefore,
the current research in this field is being addressed from a
fundamental and exclusive point of view to the alkyd
resin.

The functional groups of the alkyd resins have a great
influence on the behaviour of the ink. Thus, for instance,
the free carboxylic groups offer a high affinity for cellu-
lose. On the other hand, if the alkyd resin presents a very
elevated hydrophilic character, as can be the case with
those resins which have been obtained from polyols, it is
very good for deinking but they cannot be used because
of the problems which they present during the printing
process.

In the present paper we would like to focus our

*To whom correspondence should be addressed

attention mainly on the differences between the present
copolyester system and one without oleic acid described
in previous papers“’. A detailed analysis of structures
should be very useful to establish relationships between
copolyester structural composition and deinkable proper-
ties of newspapers printed with deinkable inks pre-
pared with these copolyesters as binders and to see how
these properties are affected by the copolyesterification
time.

At present, the industrial production of some poly-
esters is being carried out in bulk at high temperatures
(> 150-160°C). This has two fundamental advantages.
On the one hand, it shortens the reaction time and
consequently saves energy and on the other, it serves to
diminish environmental pollution by decreasing the
emission of toxic organic solvents which would occur if
the azeotropic process were used.

We have used '*C and 'H n.m.r. spectroscopies to
follow the evolution of functional groups and chemical
structures as a function of the reaction time. A series of
authors®'3 among which we can distinguish Hvilsted'* '3
and more recently Pham ez al.'**' have made clear that
the C n.m.r. spectroscopy is a very powerful tool to
analyse structures and sequence distribution during the
formation of polyesters and copolyesters. Besides, this
technique has been also described®? as the more adequate
one for the characterization of natural oils which
are employed to prepare alkyd resins. Marshall and
Lander? used '*C n.m.r. to characterize the fatty acids
of a series of vegetable oils. The sensitivity of this tech-
nique to small variations in the chemical surrounding of
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the observed nucleus makes this technique suitable for
the structural study of the present coPolyesteriﬁcation
Ryblcky and Marshall®® have used 'H n.m.r. for the
identification and determination of components in alkyd
and modification alkyd resins. Besides the main ester-
ification reaction, side or secondary reactlons can occur,
for example, double bond 1somerlzat10n26 , addition of
hydroxyl groups to double bonds®?3! decarboxylatlon
etherification, polymerization between chains of unsatu-
rated acids®.33 , etc. and gelification processes®! 71934~
Perhaps there are other important factors to be taken
into account in the present research since when dealing
with copolyesterifications carried out at high tem-
perature in bulk some secondary reactions may take
place.

EXPERIMENTAL
Materials

The o-phthalic anhydride (P), neopentyl glycol (2,2-
dimethyl-1,3-propanediol) (N) and the preparatlon of
dlazomethane have been previously described*. Oleic
acid (cis-9-octadecanoic acid) (O) (Fluka Chemie, A.G.
Buchs, Switzerland) of a nominal purity of 65% and an
m.p.=1-3°C has been used without any previous
purification. Its composition is given in Table I. It has
been estimated by column gas chromatography (CGLC).
Chromatographic measurements were performed on a
SP-2380 capillary column of 60m length, 0.25 inner
diameter and a film thickness of 0.25 um. The column
temperature programme was 20min hold at 170°C
followed by a 3°Cmin~' ramp to 200°C. The mjector
and detector temperatures were 200 and 250°C, respec-
tlvely The column was operated usmg hydrogen as
carrier with a flow rate of 2mlmin™". A splitter with a
flow ratio of 100/1 has been used. The preparation of
fatty acid derivatives was done according to the [UPAC
2.301 method.

This analysis has made clear that we have a mixture
of fatty acids with a variable number of carbon atoms
in the n-alkyl chain, namely from 12 to 22. From this
point of view our oleic acid contains about ~ 35% of
some other fatty acids, which participate in the copoly-
esterification process giving rise to very similar products
which do not affect the structural analysis. They
probably do not affect in any appreciable form the
reactivities towards the trimethylopropane with respect
to the oleic acid.

Benmr. spectroscopy

BC n.m.r. spectra were carried out on a Gemini 200
spectrometer operating at 50.28 MHz and at room
temperature (23°C) on undegassified 20% (w/v) CDCl,
solutions in 5mm i.d. tubes. Chemical shifts are refer-
enced to the central resonance of CDCl, [77.00 ppm from
(CH3)481] Chemical shifts for oleic acid agree with those
given in the literature?*®* . Chemical shifts together
with the oleic acid chemical structure are

14.1 31.9 27.2

Table 1 Composition (%) expressed as a function of the fatty acids
content of oleic acid of a nominal purity of 65%. Values have been
obtained by capillary column gas chromatography as indicated in the
text

Composition Composition

Fatty acids (%) Fatty acids (%)
C12:0 0.5 Cl8:1t 2.9
Cl14:0 24 Cl18:2¢c 9.3
C14:1 04 C 18:2 trans total 1.3
C16:0 5.9 Cl18:3¢c 0.7
Cl6:1 4.4 C 18:3 trans total 0.2
C17:0 0.2 C20:0 0.1
C17:1 0.8 C20:1 0.7
C18:0 2.0 C22:0 0.1
Cl8:1lcw9 3592 Others 58
lcw? 3.1

C18:

BCnmr. chemlcal shifts for other reagents have been
previously described?.

The multiplicity of the carbon atoms from the samples
of the copolyesterification has been determined in a
Bruker AM-200 spectrometer by means of a DEPT-
1357 experiment under the following experimental con-
ditions: acquisition time, 0.7s; delay between pulses, 3 s
and 975 scans. The spin—lattice relaxation times T were
measured by the inversion recovery method, which is
based on the following pulse sequence: (180°~7-90°—¢,—
t4),- In this sequence a 14 (delay between pulses) of 30s, 7,
(acquisition time) of 0.7 s, and the following 7 values: 0.1,
0.2,0.4,0.8, 1.6, 3.0, 5.0, 10.0 and 30.0's were adequate.
This determination has been done using a sample
isolated after 6 h of copolyesterification in bulk without
any external catalyst at 235°C. Under these conditions
this new sample is supposed to be at total completion,
namely, 90% and 63% of acid and alcoholic groups,
respectively. The experimental values are given in
Table 2. 1t is important to mention that in the spectrum
the signal corresponding to ae/EA and Ofee/EA
structures does not appear as a consequence of the
high conversion degree of this sample. These species
which will be described later on, are only detected at the
very beginning of the copolyesterification. 300 scans were
considered to be good enough for our purposes. With the
aim to carry out quantitative analysis, '*C n.m.r. spectra
were recorded by means of ‘inverse gated decoupling’
sequences. The acquisition time was 1s. A sweep
width of 15000Hz, 300 scans and a delay time of
30s (3—5 times higher than 7)) have been used. The
area of the signals were calculated by planimetry and
triangulation.

"Hnm.r. spectrometry

The 'H n.m.r. spectra were recorded at room
temperature (23°C) on a Gemini 200 and on a Bruker
AM-200 spectrometer both operating at 200 MHz, in
CDCl; solution with concentrations lower than 8%
(w/v) to improve their resolution''. To obtain quantita-
tive spectra, we have used pulse sequences of 90° with a

130.0 29.1-29.8 34.1

CH;-CH,—CH,-(-CH,-),~CH,~CH=CH-CH, (-CH,-),~CH, CH,-COOH

22.7 29.1-29.8 129.7

Scheme 1
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delay time of 2s. The spectra were recorded after 256
scans. Chemical shifts are referenced to the resonance of
CDCl; [7.24 ppm from (CH;),Si). 'H n.m.r. spectra of
the reagents have been described elsewhere® and the
chemical shifts of the oleic acid together with its chemical
structure are

0.86 2.00

2.00

(v/v). The purification of the above crude product was
carried out by short column chromatography® on
Merck-60 G (230-400 mesh) silica gel. A yellowrsh
liquid was isolated by using n-hexane as eluent. Its '*C
n.m.r. spectrum showed signals which were very easily
assigned to neopentyl dioleate (Ofee/O). Successive

1.62 10.56

CH;~(-CH,-)s~CH,~CH=CH-CH,—(~CH,-),~CH,—CH,-COOH

1.24-1.30 5.33

Scheme 2

Reaction with diazomethane
The procedure has been described previously®.

Synthesis of model molecules: neopentyl mono- and
dioleates

In a 250 mi three neck round bottom flask, with strong
mechanical stirrer, double jacketed rectification column
(back column), a Dean—Stark device to separate azeo-
tropic mixtures, a water cooler condenser with anhyd-
rous calcium chloride tube joined to a Dean—Stark
device beyond the condenser and a nitrogen inlet tube,
104g (0.01mol) of neopentyl glycol and 28.25g
(0.01 mol) of oleic acid dissolved in 25ml of xylene
were heated to reflux. After 3 h the mass of reaction was
cooled down to room temperature. The solvent was
stripped off under reduce pressure A quantitative
analysis of the crude product by 1*C n.m.r. spectrometry
has shown that it contains 48% of neopentyl mono-
oleate, Ofea, 19% of neopentyl dioleate, O/feef/O, 7% of
unreacted oleic acid and 26% of unreacted neopentyl
glycol. Chemical structures for neopentyl mono- (O/ea)
and dioleate (O/ee/O) are

15 14 13 12 11 10 9 8

CH;-CH,-CH,—(CH,),~CH,~CH=CH-CH,—(CH,),~CH,~CH,-COOH,C— c CH,OH

Ofea

Scheme 3

15 14 13 12 11110 9 8

z

1.24-1.30 2.33

elutions with 200ml portions of n-hexane/acetone
mixtures from 90/10 to 50/50 (v/v) yielded a second
product, which after identification by *C n.m.r. showed
signals of a mixture of oleic acid and neopentyl
monooleate. Finally, neopentyl glycol retained at the
top of the column was eluted with acetone. The second
product neopentyl monooleate (O/ea) was isolated by
ion interchange chromatography by using Amberlite
IRA-410. 2g of resin in its basic form as stationary
phase, 180 mg of product and ethyl ether as eluent were
used. Oleic acid retained along the column was recovered
by eluting with 100 ml ethanol and 300 ml of mixture of
chloroform/ethanol/hydrochloric acid (60/37/3).

(1) Neopentyl dioleate (Ofee/O). Yellowish liquid of
= 0.07 (n-hexane).

BC n.m.1. (50.28 MHz, CDCly): 6 (ppm) 14.1 (C-15);
21.8 (C-3); 22.7 (C-14); 25.0 (C-13); 27.2 (C-8, C-11);
29.1-29.8 (C-7, C-12); 31.9 (C-6); 34.3 (C-5); 34.6 (C-2);
69. 0 (C-1); 129.7 (C-10); 130.0 (C-9) and 173.7 (C-4).

"H n.m.r. (200 MHz, CDCl;): 6 (ppm) 0.86 (¢, 3H, H-
15); 0.94 (s, 6H, H-3); 1.23-1.28 (a, 20H, H-7, H-12,

3

7 6 5 4 1(31‘1316
17
CH3 -
3
c s e Oy,

CH,-CH,-CH,~(CH,),~CH,~CH=CH-CH,(CH,),~CH,~CH,~COOH,C~ (|: CH,00C-R

OJee/O

CH;

where R represents an oleate residue, i.e. —-(-~CH,-);—HC=CH-(-CH,~),—CH;.

Scheme 4

Analytical thin layer chromatography (t.l.c.) was
performed on Merck-60 Fys, silica gel plates of 0.2mm
thickness on aluminium plates. The spots were visualized
under 254 nm light. The mobile phases were: n-hexane
and n-hexane/acetone mixtures of 99/1; 96/4 and 90/10

H-13 and H-14); 1.56—1.63 (m, 3H, H-6); 1.97-2.00 (m,
4H, H-8 and H-11); 2.29 (¢, 2H, H-5); 3.85 (s, 2H, H-1);
5.32 (¢, 2H, H-9 and H-10).
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Table2 Spin-lattice relaxation times T of all the carbons from neopentyl giycol units of a sample isolated after 6 h of copolyesterlﬁcatlon between o-
phthalic anhydride (P, 0.54 mol), oleic acid (O, 0.25 mol) and neopentyl glycol (N, 0.95mol) ((-COOH]}/[-OH])=0.70 in bulk and without any
external catalyst at 235°C. Values determined from the '*C n.m.r. spectra in CDCl, at room temperature (23°C). EE: P diesterified; aa: N free; ae: N
monoesterified with P (ae/EE) and O (ae/O); ee: N diesterified with P and O (P/ee/P and O/fee/EE)

®

CH,
@l
R, —OH,C=C—CH,0—R,
® ! @
cH,
T, (s) (6 ppm)
R, R, X Y z VA Assignment
H H 1.7 (21.0) 8.8 (36.1) 0.3 (69.8) 0.3 (69.8) aa
H P 0.7(21.2) 4.8 (35.9) 0.3 (67.6) 0.2 (70.4) ae/EE
H 0 1211 4.8(35.9) 0.7 (67.8) 0.7 (69.0) ae/O
P P 0.6 (21.5) 2.1(34.6) 0.2 (70.2) 0.2 (70.2) P/ee/P
2.6 (34.5)
0 P 0.6 (21.5) 3.2(34.3) 0.6 (70.5) Ofee/EE

Proton and carbon atoms may be identified according
to the Scheme 4.

(2) Neopentyl monooleate, (O/ea). Colourless liquid of
R; = 0.1 [n-hexane/acetone, 90/10 (v/v)].

BC n.m.1. (50.28 MHz, CDCl,): 6 (ppm) 14.0 (C-15);
21.4 (C-3); 22.6 (C-14); 24.8 (C-13); 27.1 (C-8 or C-11);
27.1(C-11 or C-8); 28.9-29.7 (C-7, C-12); 31.8 (C-6); 34.2
(C-5); 36.2 (C-2); 68.0 (C-16); 69.2 (C-1); 129.6 (C-10);
129 9 (C-9) and 174.5 (C-4).

'"H n.m.r. (200 MHz, CDCl;): é (ppm) 0.85 (¢, 3H, H-
15); 0.89 (s, 6H, H-3); 1.24-1.28 (a, 20H, H-7, H-12, H-
13 and H-14); 1.51-1.60 (m, 3H, H-6 and H-17); 1.97-
2.11 (m, 4H, H-8 and H-11); 2.31 (¢, 2H, H-5); 3.27 (s,
2H, H-16); 3.91 (s, 2H, H-1); 5.32 (¢, 2H, H-9 and H-10).

Protons and carbon atoms may be identified according
to the Scheme 3.

Copolyesterification

The copolyesterification has been carried out in
bulk, homogeneous phase and without any external
catalyst by a procedure descrlbed in detail previously*,
80g (0.54mol, 2.16molkg™) of o-phthalic anhydride
(P), 71g (0.25mol, 1.00 mol kg ) of oleic acid (O) and
99¢g (0.95mol, 3.80mol kg~ 'y of neopentyl glycol (N)
were heated to a temperature of 205+ 0.5°C, during
11h.

CH,
R)CH= CHRy— COOH,C— C —CH,00C co
CH,
Ol/ee/P
where RI £ —(—-CHZ—)7—CH3 and Rz = *(*CHQ—)7*.

Scheme 5
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02 (68.7)

The relation between acid and alcoholic groups was
calculated by means of the expression

_ f+mol of P+ f"-mol of O
B f"+mol of N

2% 054+ 1x025
T 2x095

where £, f' and f” represents the functionality of each
one of the monomers.

The nomenclature employed to designate each one of
the p0551ble structures was described elsewhere®. In those
cases in which is necessary to distinguish the carbon
whose resonance is being observed, the letter which
corresponds to the respective carbon atom has been
underlined. The mononeopentyl mono-o-phthalate
sequence AE/ea is equivalent to ae/EA.

=0.70 (1

DISCUSSION OF RESULTS

A sequence of the copolyesterification between o-
phthalic anhydride, oleic acid and neopentyl glycol is
depicted in Scheme 5.

Before going into a detailed analysis of structures we
must say that the use of a commercial oleic acid does not
introduce any problem or error on the results. It is well

CH, ] CH,4
Fﬁzc—- C —CH,00G CQOH,C— C—CH,0H
CH, CIH3

Jn
Pl/ee/P EE Plea
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documented that the chemical shift of the ester carbon
and their close carbons in fatty acids are not affected by
either the length of the alkylene chain or the double bond
position at least in the series of fatty acids studied by
Marshall and Lander®. Also, the structural analysis of
the samples as a function of the reaction time has been
fundamentally done on the nuclei of the alcoholic
units. Thus, it has not been observed that fatty acids
with chain lengths longer than twelve carbon atoms in
the n-alkylene chain, have any appreciable influence on
the mono-, di- and triesterified trimethylolpropane
nucleus. For this reason, we must consider that our
quantitative structural analysis is not affected by the
actual commercial ‘fatty acid’ composition.

The study of the present ternary system will be made
by comparison with the binary system o-phthalic
anhydride-neopentyl glycol studied previously45.

Structural study by °C n.m.r.

We have not observed in any case, either in the
samples isolated through the copolyesterification process
nor in a sample taken at the very beginning, i.e. just after
the mixing of the three reacting monomers, any signal
assignable either to the ring >C=0 carbons of the
o-phthalic anhydride or to the ~COOH groups resulting
from its opening and from the free oleic acid. From this
fact, we can assume that the reaction between o-phthalic
anhydride, oleic acid and neopentyl glycol takes place
rapidly and quantitatively, just after they have been put
together at 205°C.

The analysis has been carried out in the methylic,
quaternary and oxymethylenic regions of neopentyl
glycol and in the carboxylic region from o-phthalate
and oleate residues.

Analysis of the neopentyl glycol structural distribution

(1) Methylic region (13.9-21.6 ppm). The position of
the signals which appear in this region for the binary and
ternary systems are similar, as can be seen in Figures 14
and B, except in the following:

(1) The splitting of the signal assigned to ae, which
appears at 21.3ppm for ae/EE and at 21.4ppm for
ae/EA. These two singlets are converted into one during
the copolyesterification. Due to their overlapping, it has
not been possible to determine separately their molar
percentages.

(ii)) The glycol esterification with oleic acid instead of
o-phthalic anhydride produces a downfield shift of the
methylic groups. Thus, the new signal at 21.2 ppm
(Figure [B) has been attributed to neopentyl glycol
monooleate, ae/O (21.4ppm in the model). This
chemical shift is similar to 21.4ppm described by
Hvilsted'® in terminal monoesterified neopentyl glycol
sequences in copolyesters based on isophthalic acid,
adipic acid and neopentyl glycol.

The P/ee/P and O/ee/P structures appear as a unique
signal at 21.6 ppm. This chemical shift is very similar to
21.9 ppm described for diesters of similar structure'. On
the other hand, it cannot be excluded that together with
these diesters the O/ee/O structure in small quantities
may also appear, say about 2—3%, since their methylic
carbons resonate at 21.8 ppm in the model compound.
Furthermore, it must be kept in mind that under the
general structures P/ee/P and Ofee/P, all the possible
combinations of neopentyl glycol diesters such as AE/ee/

o-phthalic anhydride - neopentyl glycol
200°C
3C n.m.r./CDCI, /23 °C
Reaction time = 20 min.
Methylic regions

Quaternary regions

ae
aa

ee

(A)

368 360 352 344 220 215 210 205
ppm ppm

o-phthalic anhydride - oleic acid - neopentyl glycol
205 °C
Reaction time = 15 min.
ae/EE + ae/O

ae/EA

ae/EE

aa

5 Plee/P
© +
®  Olee/P

(D)

Plee/P
+
OfeelP

(B)

—

368 360 352 344 220 215 210 205
ppm ppm

Figure 1 Expansions of the 'C n.m.r. spectra methylic and
quaternary regions in CDCl; at room temperature (23°C) of: (A) and
(C) a sample isolated after 20min of the reaction between o-phthalic
anhydride (P, 0.68 mol) and neopentyl glycol (N, 0.96 mol) ((~-COOH}/
{~OHY)=0.70 in bulk at 200°C and (B) and (D) a sample isolated after
15min of copolyesterification between o-phthalic anhydride (P,
0.54 mol), oleic acid (O, 0.25mol) and neopentyl glycol (N, 0.95mol)
((-COOH]/[-OH]) =0.70 in bulk without any external catalyst at
205°C. EA and EE: P mono- and diesterified, respectively. aa: N free;
ae: N monoesterified with P (ae/EA and ae/EE) and O (ae/O); ee: N
diesterified with P and O (P/ee/P and O/ee/P)

EA, AE/ee/EE, EE/ee/EE, O/ee/EA and O/ee/EE have
to be considered.

The analysis of the values of T, shown in Table 2
confirms these assignments. The steric hindrance and the
structural stiffness created by the o-phthalate residue
decrease the mobility of the methyl groups in structures
of the ae/P type. For this reason the monoester ae/P has
a lower value of T, than ae/O. On the other hand, the
diesterification of ae/P does not practically affect the
methylic carbon relaxation time, 7;.

Chemical shifts of the methylic carbons in the different
structures are given in Table 3. The molar percentage of
structures, which are shown in Table 4, can be calculated
by

[aa](%) = 100 x [aa(—-CH3)/S(-CH3)] (2)
[ae/O](%) = 100 x [ae/O(-CH;)/S(-CH3)]  (3)
([ae/EA] + [ae/EE])(%) = 100
x [(ae/EA + ae/EE)(—~CH3)/S(-CH3)] (4)
([P/ee/P] + [O/ee/P])(%) = 100
x [(P/ee/P + O/ee/P)(-CH,;)/S(-CH,)]  (5)
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Table 3 '3C and 'H n.m.r. chemical shifts in CDCl; at room temperature (23°C) of samples isolated after 15 and 5min of reaction of all structures
which can present the neopentyl glycol (N, 0.95 mol) units in its copolyesterification with o-phthalic anhydride (P, 0.54 mol) and oleic acid (O, 0.25 mol)
([-COOH][-OH]) =0.70 in bulk and without any external catalyst at 205°C. EA and EE: P mono- and diesterified, respectively; aa: N free; ae: N
monoesterified with P (ae/EA and ae/EE) and O (ae/O); ee: N diesterified with P and O (P/ee/P, Ofee/EA, Ofee/EE and O/ee/O)

®
CH,
I

R,— OHZC@C—-CHZ 0~ R,

Assignment R, R, X
aa H H 21.2
0.82¢
ae/O H (0] 21.2
0.86"
ae/EA H P 21.4
0.89-0.91
ae/EE H P 213
0.89-0.91
Plee/P P P 216
1.00- 1.04
Ofee/EA O P 21.6
0.97-0.98
O/ee/EE O P 216
0.97-0.98
Ofeef/O O O 0.97-0.98

“ These signals necessarily have also comprise methyl protons from oleate residues

where
S(-CHj;) = aa(-CHj;) + ae/O(-CHj3) + (ae/EA + ac/EE)
(-CHj3) + (P/ee/P + O/ee/P)(-CH;) (6)

(2) Quaternary region (34.5-36.3ppm). The sig-
nals appearing in this interval (Figure ID) show a
chemical shift and an evolution as a function of the
reaction time quite similar to those observed for the
binary system (Figure 1C) described in a previous paper4.

The signal appearing at 36.0 ppm has been assigned to
the quaternary carbon of the glycol when it is mono-
esterified not only with o-phthalic anhydride, giving
place to an aef/EE structure, but also with oleic acid to
give ae/O. This last structure shows this nucleus slightly
shielded with respect to the position that it adopts in the
model compound (36.2 ppm) and in a monoester quite
similar formed between adipic acid and neopentyl glycol
(36.2ppm)'®.

The quaternary carbons from Pjee/P and Ofee/P
diesters appear between 34.5 and 34.6ppm as two or
three wide signals. The signal at lower chemical shift has
a relaxation time slightly greater than the others (see
Table 2). Then, it has been tentatively assigned to the
mixed diester Ofee/P whose chemical shift is slightly
lower than 34.9 ppm described elsewhere'® for the mixed
diester of o-phthalic and adipic acids with neopentyl
glycol. We cannot rule out the existence of small
quantities of Ofee/O, whose quaternary carbon appears
at 34.6 ppm in the model. The chemical shifts of each one
of these signals and their assignments are gathered in
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CH,
4 (ppm)
-z Tz n.m.r.
36.3 69.9 69.9 B¢
3.43 3.43 'H
36.0 67.8 69.1 Be
3.29 3.87 'H
35.7 67.2 70.4 Bc
3.37 4.05 H
36.0 67.6 70.4 Be
- 3.37 4.05 'H
34.5-34.6 70.3 70.3 Be
4.09-4.11 4.09-4.11 'H
34.5-34.6 69.1 70.5 e
3.89 4.09-4.11 'H
34.5-34.6 68.9 70.5 Rre
3.89 4.09-4.11 'H
3.84 3.84 "H

Table 3. Molar percentages calculated from this zone,
given in Table 4, have been estimated by the expressions

[aa](%) = 100 x [aa(-C-)/S(-C-)] ()

([ae/EE] + [ae/O])(%) = 100
x [(ae/EE + ae/O)(-C-)/S(-C-)]  (8)

[ae/EA](%) = 100 x [ae/EA(-C-)/S(-C-)] (9)

([P/ee/P] + [O/ee/P]){%) = 100
x [(P/ee/P + Ofee/P)(-C-)/S(-C-)]
(10)
where
S(--C-) = aa(-C-) + (ae/EE + ae/0)(-C-)
+ae/EA(-C-) + (P/ee/P + O/ee/P)(-C-)
(11)

(3) Oxymethylenic zone (67.2-70.5 ppm). As can be
observed in Figures 24 and B, the ternary system
presents four new signals in this zone. All these signals
are due to the presence of the oleate residue. At 67.8 ppm
resonates the free oxymethylenic carbon of the
monoesterified structure ae/O, which appears at
68.0 ppm in the model compound. At 69.1 ppm resonates
their esterified carbon ae/O, whose chemical shift is
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Table4 Molar percentage of structures (%) as a function of the reaction time 7, of all species which can present neopentyl glycol (N, 0.95mol) in its
copolyesterification with o-phthalic anhydride (P, 0.54 mol) and oleic acid (O, 0.25 mol) (~COOH]/[-OH]) = 0'7(1) in bulk at 205°.C. Values calct}lated
from (A) methylic and (B) quaternary regions of the B¢ n.m.r. spectra and (C) from oxymethylenic region of the 'H n.m.r., both in CDCl; solution at
23°C. EA and EE: P mono- and diesterified, respectively. aa: N free; ae: N monoesterified with P (ae/EA and ae/EE) and O (ae/O); ee: N diesterified

with P and O (P/ee/P, O/ee/P and Ofee/O)

t (min) aa (%) ae/O (%) l ae/EE (%) ae[EA (%) Plee/P (%) OJee/P (%) Olee/O (%) Zone
5 28 14 l 37 21 A
2 26 | 27 21 B
26 14 40 10 |8 [ 2 C
15 21 14 39 26 A
Py 34 | 18 26 B
20 13 40 113 12 [ 2 | c
30 18 14 38 30 A
17 40 13 30 B
17 13 39 18 10 3 C
45 16 13 39 32 A
15 ) T n 32 | B
15 13 40 18 I 12 | 2 C
60 15 12 39 34 A
15 ) I 35 B
14 11 41 19 | 12 [ 3 C
90 15 11 39 35 | A
12 43 [ 8 37 B
12 10 42 20 ] 14 [ 2 C
120 14 11 39 36 A
12 45 4 39 B
ﬁ 10 38 21 1 16 [ 3 | c
180 11 10 40 39 A
10 46 14 40 B
9 10 39 25 s [ 2 C
240 10 10 38 42 A
10 43 0 0 B
8 10 38 27 [ 15 T 2 [
360 9 10 39 42 A
9 45 T o 46 B
7 9 38 29 [ 15 | 2 C
540 8 10 37 45 A
9 46 0 45 B | B
o 7 9 38 29 [ 15 2 C
660 7 9 37 47 A
8 45 T 47 B B
7 9 1 38 | > [ 15 ' C

69.2 ppm in the pure neopentyl glycol monooleate. In
the system studied by Hvilsted'® such nuclei appear at
68.1ppm for the -CH,OH and 69.3ppm for the
—CH,0COR in the neopentyl glycol monoadipate.
Together with ae/O resonates the oxymethylenic
carbon esterified with an oleate residue from the mixed
diester in which the o-phthalate residue has a free
acid group, O/ee/EA. This assignment has been done
keeping in mind that at the beginning of the copolyester-
ification the molar percentage of this last signal is larger
than that obtained for the singlet of ae/O structure. As
the reaction goes on both values become quite similar
(see Table 5), since the O/ee/EA structure is disappear-
ing. On other hand, the signal at 68.9 ppm has been
assigned to the oxymethylene which is located close to
the oleate residue in the mixed diester with a
diesterified o-phthalate residue, O/ee/EE, whereas the
carbon close to the o-phthalate residue, O/ee/P, appears
at 70.5ppm. This higher deshielding in the oxymethy-
lenic carbons, ~CH,OCOR, brought about by the

presence of an aromatic ring9’14’17’39’40 has been also
observed by Hvilsted'® in the mixed diester of neopentyl
glycol with o-phthalic and adipic acids. Thus, he has
described a chemical shift at 68.9 ppm for the aforemen-
tioned carbon when R is an adipate residue and 70.2 ppm
when R is of aromatic nature. Therefore, we cannot rule
out the presence of the O/ee/O structure, whose
oxymethylenic carbons appear at 69.0 ppm in the model.

As can be observed in Table 2, the oxymethylenic
carbons of the structures ae/P exhibit a lower 7} than
those of the ae/O structure, as a consequence of the
steric hindrance and the structural stiffness created by
the o-phthalate residue. On other hand, easiness of the
hydroxyl group of the neopentyl glycol, aa, to form
hydrogen bonds anchors the oxymethylenic extreme
producing a decrease in the value of the relaxation time
expected for the mentioned carbons.

As it may be expected and can be seen in Figure 2B,
all the oxymethylenic carbons which are close to an
o-phthalate group appear very close, and because of this
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o-phthalic anhydride - neopentyl glycol
200 °C
3C n.m.r./CDCl, /23 °C
Reaction time =20 min.

Oxymethylenic regions
R . w8
: L3 (A

71 70 69 68 67 66
ppm

o-phthalic anhydride - oleic acid - neopentyl glycol
205°C
Reaction time = 15 min.

©
©

3o

a 03 <
[ +
K] o 2 oH (B)
(o] o P s O
N\ c Y o 3

K

o)

71 70 69 68 67 66
ppm

Figure 2 Expansions of the '*C n.m.r. spectra oxymethylenic regions
in CDCl; at room temperature (23°C) of: (A) a sample isolated after
20 min of the reaction between o-phthalic anhydride (P, 0.68 mol) and
neopentyl glycol (N, 0.96 mol) ((-COOH]/[-OH]) = 0.70 in bulk and
without any external catalyst at 200°C and (B) a sample isolated
after 15Smin of copolyesterification between o-phthalic anhydride (P.
0.54 mol), oleic acid (O, 0.25mol) and neopentyl glycol (N, 0.95mol)
(]-COOH]/[-OH]) = 0.70 in bulk and without any external catalyst at
205°C. EA and EE: P mono- and diesterified, respectively. aa: N free;
ae: N monoesterified with P (ae/EA and ae/EE) and O (ae/O); ee: N
diesterified with P and O (P/ee/P, O/ee/P, and O/ee/O). The
underlined letters represent the carbon ~CH,0O- whose resonance is
being observed in every case

it has not been possible to elucidate if such a residue
would be mono-AE or diesterified EE, or to carry out
the quantification of the aforementioned structures
separately. The singlet which appears at 69.9 ppm has
been assigned to the two methylene groups of the free
neopentyl glycol aa and is deshielded as the reaction goes
on, similarly to what happened in the binary system®.
After 90 min of reaction, this singlet appears at 70.2 ppm,
overlapping with the aforementioned signals. From this
time of reaction it has not been possible to determine its
molar percentage. All these assignments have been
confirmed by the experimental results obtained after
the addition of diazomethane and they will be described
in detail later on. The chemical shifts of all these
structures have been gathered in Table 3. The molar
percentages of functional groups are shown in Table 5
and they have been obtained from the area of every
group of signals:

(aa)(%) = 100 x [aa(-CH,0H)/S(-CH,0-)]  (12)

ae/O](%) = 100 x [ae/O(-CH,0H)/S(-CH,0-)]

(13)
((ae/O] + [O/ee/EA])(%) = 100
(ag/O + O/ee/EA)(-CH,0OCOR)
: [ SO0 } (14)
(lae/EA] or |ae/EE])(%) = 100
(ae/EA or ae/EE)(-CH,0H) s
* { S(_CH;0-) } (13)
[O/ee/EE](%) = 100 x [O/ee/EE(-CH,0OCOR)/
S(-CH,0-)] (16)

([P/ee/P] + [ag/P] + [O/ee/P])(%) = 100
x [(P/eeP + ae/P + O/ee/P)
(-CH,OCOR)/S(-CH,0-)]  (17)

Table 5 Molar percentage of functional groups (%) as a function of the reaction time ¢, of all species which can present neopentyl giycol (N, 0.95 mol)
in its copolyesterification with o-phthalic anhydride (P, 0.54 mol) and oleic acid (O, 0.25mol) ([F-COOH]/{-OH]) = 0.70 in bulk and without any
external catalyst at 205°C. These values have been obtained from oxymethylenic region of the '*C n.m.r. spectra in CDCl;, at room temperature
(23°C). EA and EE: P mono- and diesterified, respectively. aa: N free; ae: N monoesterified with P (ae/P = ae/EA + ae/EE) and O (ae/O); ee: N
diesterified with P and O (P/ee/P, O/ee/P = O/ee/EA + O/ee/EE and O/ee/O). The underlined letters indicate the carbon ~-CH,0- whose

resonance is being observed in each case

2e/0 + O/ee/EA ae/EA

: aa ae/O
(min) (%) (%) (%) (%)
5 27 7 11 13
15 22 7 10 10
30 19 6 9 6
45 17 6 8 5
60 16 6 8 4
90 — 5 5 3
120 b 5 5 2
180 — 5 5 2
240 —a 5 5 0
360 — 5 5 0
540 —/ 5 5 0
660 & 5 5 0

ae/EE O/ee/EE + O/ee/O P/ee/P + ae/P + O/ee/P
(%) (%) (%)
7 2 33
9 4 38
12 4 44
14 S 45
16 6 44
16 7 —
18 8 -
18 8 —
18 8 —
18 8 -t
18 8 —f
18 8 -8

ahedef e From 90min of reaction, an o&é;lépbprirﬁigm of ‘tﬁ;oxymefhylenic carbons of free neopentyl glycol and esterified with Zzbﬂ{halic
anhydride is produced. The whole values for the four signals are as follows: “ 64%:; b 62%: € 62%: ¥ 64%:  64%;' 64% and £ 64%
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where
S(-CH,0-) = aa(-CH,0H) + a¢/O(-CH,OH)
+ (ae/O + O/ee/EA)(—-CH,OCOR)
+ (ae/EA or ae/EE)(-CH,0H)
+ 0/ee/EE(-CH,0COR)
+ (P/ee/P + ag/P + O/ee/P)
(-CH,OCOR) (18)

Analysis of the structural distribution of acid groups

From 167.0 to 174.5ppm we can clearly distinguish
two zones (see Figure 3):

(1) o-Phthalate residues zone. The behaviour of the
o-phthalic anhydride during the copolyesterification is
similar to that observed in the binary system®.

Thus, we have not detected any signal from the
anhydride group (~ 162.6 ppm), and an increase of the
conversion leads to a shielding of the signals due to
all carboxylic groups of the sample (Figure 3). The
assignments have been done following the same
criteria given for the binary system?, namely, by keeping
in mind:

(A) The different possible combinations between a
diacid, a monoacid and a dialcohol are shown in
Scheme 6.

(B) The shielding produced by the esterification of the
carboxylic and alcoholic groups from o-phthalate and
alcoholic units, respectively.

Therefore, from high to low chemical shift, we can
distinguish three regions, as can be seen in Figure 34,

previously* as:

(i) The first two groups of signals which appear at
lower field have been attributed to the free carboxyl
group of the monoester AE: The first one, at 169.7 ppm
has been assigned to structures of the AE/ea type,
whereas the second one at 169.5 ppm has been attributed
to structures of the AE/ee type. Both are transformed
into a unique one as the conversion goes on (Figure 3B)
and disappear at the end of the process (Figure 3C).

(ii) The esterified carboxylic carbon of the monoester
AE also appear as two signals which can be assigned to
AE/ea (169.2ppm) and AE/ee (168.9 ppm) structures.
They disappear when the reaction goes to completion.

(i) The group of signals which appear between 168.3
and 167.9 has been assigned to the two ester groups of
the diesterified structure, EE. In spite of its complexity,
we can observe two well differentiated zones in Figure 3B:
between 168.3 and 167.8 ppm resonate the carboxylate
groups of the EE/ea structure, whereas the signals which
appear between 167.6 and 167.4 ppm would be due to
structures of the EE/ee type.

The molar percentage of free and esterified carboxylic
groups gathered in Table 6 have been estimated by the
expressions

[AE](%) = 100 x [AE(-COOH)/S(-COO/P)]  (19)

[AE)(%) = 100 x [AE(-COO/P)/S(-COO/P)] (20)

[EE}(%) = 100 x [EE(-COOQ/P)/S(-COO/P)] (21)
where

S(-COO0/P) = AE(-COOH) + AE(-COO/P)

which have been assigned by analogy to that described + EE(-COO/P) (22)
s -
HOOC COOH,C— lC—CH2 OH HOOC COOH,C— (li—CHz OCO—R
cH, CH,
AE/ea AE/ee
e -
HOH,C— c~CH, 00 COOH,C—C~—CH, OH
CH, CH,
ae/EE/ea
cH, cH,
R—OCOHZC—-?—CHZ 00¢  COOHC— f—CH; 01
cH, cH,
ee/EE/ea
- e
R—OCOHZC—?*-CHZOOC COOHZC—?—-CHz OCO—R
cH, cH,

where R represents o-phthalate or oleate residues.
Scheme 6

ee/EE/ee
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o-phthalic anhydride-oleic acid-neopentyi glycol
205°C
3Cn.m.r./CDCI,/23°C  Carboxylic regions

Reaction time =5 min. AE AE

176 174 172 170 168 16

Reaction time = 30 min, EE/ea

)

176 174 172 170 168 66

Reaction time = 540 min.

i

176 174 172 170 168 166

ppm

Figure 3 Expansions of the '*C n.m.r. spectra carboxylic regions in
CDCl; at room temperature (23°C) of a series of samples isolated after
(A) 5, (B) 30 and (C) 540 min of copolyesterification between o-phthalic
anhydride (P, 0.54 mol), oleic acid (O, 0.25mol) and neopentyl glycol
(N, 0.95mol) ([-COOH]|/[-OH]) =0.70 in bulk and without any
external catalyst at 205°C. A: free -COOH group from o-phthalate
residue; E and O: esterified -COO- group from o-phthalate an oleate
residue, respectively; ae and ee: N mono- and diesterified, respectively.
The underlined letters indicate the carbon -COO-- whose resonance is
being observed in every case

Table 6 Molar percentage of functional groups (%) as a function of

the reaction time ¢, of the o-phthalic anhydride (P, 0.54 mol) and oleic
acid (O, 0.25 mol) esters which can be formed in its copolyesterification
with neopentyl glycol (N, 0.95mol) ([-COOH/[-OH]) = 0.70 in bulk
and without any external catalyst at 205 C The values have been
obtained from the carboxylic region of the '*C n.m.r. spectra in CDCl,
at room temperature (23°C). AE and EE: P mono- and diesterified,
respectively; ae/O: neopentyl glycol monooleate; ee: N diesterified with
P and O (O/ee/EA and O/ee/EE) The underlined letter indicates the
/COOv carbon whose resonance is bemg observed in each case

' AE AE  EE  2¢/O O/ee/EA O/ee/EE
(min) (%) (%) (%) (%) (%) (%)

5 29 26 45 s 33 16
15 2% 24 50 46 19 35
30 15 13 72 44 19 37
45 1016 74 40 18 41
60 10 12 78 36 17 47
90 7 10 83 33 7 60
120 5 5 9 33 4 63
180 3 5 92 35 0 65
240 0 0 100 33 0 67
360 0 0 100 33 0 67
540 0 0 100 33 0 67
0 0 100 33 0 67

(2) Oleate residue region. As we have said before, we
have not observed any signal due to the free oleic acid
(180.3ppm). This fact means that this acid is totally
consumed at the very beginning of the copolyesterifica-
tion and would yield to mono-, ae/O, and diesters
O/ee/O and O/ee/P.

Thus, the signal appearing at 174.5 ppm in Figure 34
has been assigned to the neopentyl glycol monooleate,
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ae/Q, whose carboxylic carbon resonates in the mono-
ester model at 174.5ppm. The signals at 174.2 and
174.3 ppm, which disappear as the reaction time goes up,
have been assigned to structures of the Ofee/EA type.
The singlet at 173.7ppm shown in Figure 34 may be
assigned to the carboxylate from the oleate residue of
the mixed diester Ofee/EE. The existence of the diester
O/ee/O (2—-4%) cannot be completely ruled out, since its
carboxylic carbons appear at 173.7ppm in the pure
neopentyl glycol dioleate. In the same way, we can
appreciate in the aforementioned Figure 3 that all these
signals show a progressive shielding as the conversion
goes up. All these assignments have been confirmed by
the results obtained after the addition of diazomethane,
as will be seen later on. The molar percentages of ae/Q,
O/ee/EA and O/ee/EE structures have been determined
by

[ae/O](%) = 100 x [ae/O(-COO/0)/S(-CO0/0)]
(23)

[O/ee/EA](%) = 100 x [O/ee/EA(-COO/0)/
$(-C00/0)] (24)

[O/ee/EE|(%) = 100 x [O/ee/EE(-COO/0)/
S(-C00/0)] (25)
where
S(-CO0/0) = ae/O(-COOQ/0)
+ O/ee/EA(-CO0O/0)
+ Q/ee/EE{(—-CO0/0) (26)

These percentages are gathered in Table 6. They are
similar, within the experimental errors of the technique,
to the values estimated for the same structures from the
oxymethylenic zone of neopentyl glycol, as can be very
casily deduced by comparing Tables 5 and 6.

Structural study by 'H n.m.r.

The 'H n.m.r. spectra obtained for each one of the
samples show some clearly differentiated zones, as can be
seen in Figure 4. It is important to mention that the
chemical shift of the signal assigned to the alcoholic
proton depends on the dilution?”*? and the total acid
groups concentration of the samples. Thus, for a sample
isolated after Smin of reaction where [-COOH] = 0.45;
mole, the ~-CH,OH appears at 6.22ppm (Figure 4A).
This signal shifts to high field as the conversion goes up.
So, the -CH,OH appears at 2.44 ppm after 360 min of
reaction (Figure 4B) where [-COOH] = 0.03, mol. The
determination of the total acid groups concentration of
each sample will be described in a forthcoming paper*
We have not observed in any case the acid proton Wthh
would result from the anhydride ring opening or from
unreacted oleic acid.

(1) Methylic region (0.82-1.04ppm). The signals
have been tentatively assigned in samples isolated at
low conversions since the system gets more complicated
as the degree of conversion grows up (Figures 44 and B).
The overlapping which all the methylic signals present
prevents us from analysing the structural distribution in
this zone.
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o-phthalic anhydride - oleic acid - neopenty! glycol
205 °C
'H n.m.r./ CDCl, / 23°C
Reaction time = 5 min.

1

f—

80 78 76 74

(A)

Reaction time = 360 min.

ppm ©

Figure 4 'H n.m.r. spectra in CDCl; at room temperature (23°C) of
two samples isolated after (A) S and (B) 360 min of copolyesterification
between o-phthalic anhydride (P, 0.54 mol), oleic acid (O, 0.25 mol) and
neopentyl glycol (N, 0.95mol) ([~COOH]/[-OH]) = 0.70 in bulk and
without any external catalyst at 205°C. Experimental conditions were
as follows: 256 scans; 7, = 2s; pulse angle 90°

For a sample isolated after S min of reaction (Figure 5B),
the singlet at 0.82 ppm has been attributed to the methylic
protons of the free neopentyl glycol aa. As would be
expected, the methylic protons from the aliphatic
monoester, ae/Q, appear more shielded than those
from the aromatic ester, ae/P. The methyl group of the
oleate residues must appear together with the ae/O
giving rise to a triplet centred approximately at 0.86 ppm,
similarly to what happens in the initial reagent and in
model esters.

Finally, the diesterification produces a deshielding of
the methylic nuclei. The higher aromatic nature of the
substituents the higher deshielding. Thus, the methylic
protons of the Ofee/P structures would appear at lower
chemical shift than those of P/ee/P whose chemical shift
is similar to that presented by the same structure in the
binary system (Figures 5A and B). Furthermore, it is
to be expected that together with Ofee/P signals the
O/ee/O methyl groups will appear, since they resonate at
0.94 ppm in the diester model. All these chemical shifts
are shown in Table 3.

(2) Oxymethylenic zone (3.29-4.11 ppm). The oxy-
methylenic protons with free alcoholic group of aa and
ae/P structures appear with similar chemical shifts in
both systems as can be observed in Figures 5C and D.

The new signal at 3.29 ppm may be assigned to the
monoester ae/O (3.27ppm in the pure neopentyl
glycol monooleate). These protons are deshielded in
comparison with those of ae/P as a consequence of the
aliphatic nature of the oleate residue.

o-phthalic anhydride - neopenty! glycol
200 °C
'Hn.m.r./CDCl,/23°C Reaction time = 10 min.
Oxymethylenic regions  Methylic regions

SV

424038363432 11 10 08 08 07
ppm ppm
o-phthalic anhydride - oleic acid - neopentyl glycol
205 °C
"Hn.m.r./ CDCl, /23 °C

Reaction time = 5 min.

ae/O + Olee/P

ae/P

Olee/P + O/ee/O

[

(3

(@)
Plee/P

Pl/ee/P + Ol/ee/P

(B)

424038363432 11 10 09 08 07

ppm ppm
Figure 5 Expansions of the 'H n.m.r. spectra methylic and
oxymethylenic regions in CDCl; at room temperature (23°C) of:
(A) and (C) a sample isolated after 10min of the reaction between
o-phthalic anhydride (P, 0.68 mol) and neopentyl glycol (N, 0.96 mol)
(-COOH]/{-OH]) = 0.70 in bulk without any external catalyst at
200°C, and (B) and (D) a sample isolated after Smin of copolyesteri-
fication between o-phthalic anhydride (P, 0.54mol), oleic acid (O,
0.25 mol) and neopentyl glycol (N, 0.95mol) ([-COOH]/[-OH]) = 0.70
in bulk without any external catalyst at 205°C. aa: N free; ae:
N monoesterified with P (ae/P) and O (ae/O); ee: N diesterified with
P and O (Pfee/P, Ofee/P and Ofee/O). The underlined letter
indicates the protons -CH,O- whose resonance is being observed in
every case

The inductive effect -1 of the ester group produces a
deshielding of the oxymethylenic protons when the
alcoholic group is esterified (—-CH,OCOR). As would
be expected, the esterification with an aliphatic acid such
as the oleic acid causes a smaller one than that produced
by an aromatic residue. ThlS effect has also been
observed by Sepuichre er al.** in the poly(tetramethylene
maleate-b-tetramethylene o-phthalate-b-tetramethylene
succinate), bBMPS. The oxymethylenic protons in
this copolymer which are esterified with succinic acid
in sequences of the M(or P)CH,(CH,),CH,S type,
appear at 4.11 ppm, whereas in the poly(tetramethylene
o-phthalate) these protons resonate at higher chemical
shift, appearing at 4.33ppm. Therefore, in our case,
the new signals which appear at 3.84 and 3.87ppm in
Figure 5D have been assigned to oxymethylenic protons
close to an oleate residue. Thus, the singlet at 3.84 ppm
can be attributed to Ofeef/O since this position agrees
with that of the model compound. The signal at 3.87 ppm
has been assigned to oxymethylenic protons in structures
of the ae/O type (3.91 ppm in the model). Other small
signals appear together with this last one at ~ 3.89ppm.
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It cannot be very well resolved under the experimental
conditions employed. It may be assigned to the oxy-
methylenes esterified with oleate residues in the mixed
diester Q/ee/P, since the esterification of ae/OQ with
o-phthalic anhydride would produce a deshielding in the
aforementioned protons. The oxymethylenic groups
esterified with o-phthalate residues, ae/P and P/ee/P,
appear in analogous position to those of the binary
system (Figures 5C and D). Protons from O/ee/P
structures would also resonate together with these
latter ones. All these chemical shifts are gathered in
Table 3.

The molar percentages of each one of these structures
have been determined from the integrals 7 of each signal
by the expressions

[aa](%) = 100 x [(L,(-CH,OH)/2)/1]  (27)
[ae/0)(%) = 100 x [I,ej0(-CH,OH) /1] (28)
lae/P)(%) = 100 x [L,;p(-CH,OH)/I]  (29)

[0/ee/0](%) = 100 X [(foyee/o(~-CH;0/0)/2)/1]
(30)

[O/ee/P](%) = 100 x [lo/eep(-CH,0/0) /1] (31)

[P/ee/P|(%) = 100 x [(Ipjee/p(-CH,0/P)/2)/1] (32)
where
I = (I,y(-CH,0H)/2) + Iyejo(-CH,OH)
+ Le/p(-CH,0H) + (Ioec/o(-CH,0/0)/2)
+ Iojeeyp(-CH,0/0) + (Ipjeesp(- CH,0/P)/2) (33)

Due to the overlapping of the signals from Ofee/P
and PJee/P structures (Figure 5D), the value of the
integrals of the protons of these structures have been
calculated as:

(i) The oxymethylenic protons esterified with oleate
residues (-CH,0/0) from the structures ae/O and
O/ee/P gives rise to one signal. Therefore

15/¢e/p(~CH20/0) = I(3¢/0+0/ec/p) (-CH20/0)
~ L¢;0(-CH,0/0) (34)

Moreover, in ae/O monoester the number of free
oxymethylenic protons is equal to the number of
esterified oxymethylenic protons. Thus, the integral for
both types of protons must have the same value

laejo(~CH,0/0) = I)0(-CH,0H) (35)

(ii) Similarly, we can calculate the contribution of the
protons of the Pfee/P structures from the whole integral
of the oxymethylenic protons esterified with o-phthalic
anhydride I(-CH,O/P) by applying:

Ip/ee/p(-CH,0/P) = I(-CH,0/P) — I,./p(-CH,0/P)
~ Io/ee/p(-CH,O/P) (36)
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and by keeping in mind that
Loep(~CHy0/P) = Lo /p(-CH,OH) (37)
and
16 /ee/p(~CHyO/P) = Ig e p(-CH,0/0) (38)

The molar percentages are gathered in Table 4. Its
evolution as a function of the reaction time is shown in
Figure 6. As can be seen in Table 4, the agreement
between all the data is very good, which confirms once
again not only the goodness of the results for 'H n.m.r.
as well as for *C n.m.r., but also the procedure followed
in this case and the assignments which have been made in
all the zones of the '"H n.m.r. and "*C n.m.r. spectra of
the samples.

We wish to emphasize that the neopentyl giycol
dioleate Ofee/O is detected by 'H n.m.r. from the very
beginning of the reaction and it is maintained constant
throughout. The percentage is very small, say about
2-3%. This quantity is so small that such a structure has
not been seen by '3C n.m.r. under the experimental
conditions in which the spectra have been recorded. This
is probably due to the fact that these low percentages lie
within the limits of error of the technique.

(3) Aromatic zone (7.47-7.85ppm). In this zone
three partially overlapped multiplets appear (Figure 4).
According to the system poly(1,2-propylene o-phthalate)
studied by Judas er al7 we have made the following
assignments.

(1) The upfield protons (7.47-7.51ppm) can be
assigned to the nucleus in 8 and + positions with respect
to the substituents in the o-phthalic ring. They will be
designated by H,, H; and Hg.

(i1) From 7.58 to 7.72ppm the protons H, and H;
appear, situated in position o with respect to the ester
groups.

(iii) Finally, in between 7.74 and 7.85 ppm the protons
H, would resonate which are situated in « position with
respect to the free carboxylic groups.

These assignments have been confirmed in two
different ways:

(1) On the one hand, by the progress of the reaction.
In fact, an increase of the conversion produces a pro-
gressive diminution of the area which corresponds to
downfield multiplet assigned to H; protons, which dis-
appears practically at the end of the reaction (Figure 4).

(2) On the other hand, the 'H n.m.r. spectra of
samples treated with diazomethane.

Structural analysis of the product of reaction with
diazomethane

13C n.m.r. spectra

With the only purpose to confirm the assignments, the
chloroformic solutions of two samples isolated after 5
and 45 min of reaction have been treated with an excess
of diazomethane®. The appearance of two signals due to
the methoxy group at 52.6 and 52.5ppm can be
tentatively explained by the presence of AE monoester
with different chain length in the untreated samples.

(1) Methylic zone. In the spectra given in Figures 74
and B, we observe the disappearance of the signal
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Figure 6 Molar distribution of structures (%) as a function of the
reaction time 7, of all species which can present the neopentyl glycol (N,
0.95mol) in its copolyesterification with o-phthalic anhydride (P,
0.54 mol) and oleic acid (O, 0.25 mol) ([-COOH]/[-OH]) = 0.70 in bulk
without any external catalyst at 205°C. Molar percentages have been
obtained from the oxymethylenic zones of the '"H n.m.r. spectra in
CDCl; at room temperature (23°C). aa: N free; ae: N monoesterified
with P (ae/P) and O (ae/O); ee: N diesterified with P and O (P/ee/P, O/
ee/P and Ofee/O)

assigned to ae/EA as a consequence of its free carboxylic
group esterification. The singlet at 21.4ppm may be
assigned to an ae/P structure, whose area is the total of
those corresponding to ae/EA and ae/EE structures found
for samples before the reaction with diazomethane.

(2) Quaternary zone. The signal attributed to ae/EA
also disappears (Figures 7C and D). The area of the
signals at 36.0 and 36.1 ppm, assigned to ae/EE + ae/O
structures, also comprises the area attributed to ae/EA.

(3) Oxymethylenic zone. We can also observe the
disappearance of ae/EA in this region. The singlet at
67.7ppm (Figure 8B) is due to the resonance of the
ae/EE structure. Its intensity is the total of the two
signals before the esterification with diazomethane.

We observe also a variation of the area of the signals
which have been attributed to ae/O, O/ee/EA and
O/ee/EE structures. The esterification with diazo-
methane of the free carboxylic group of the o-phthalate
residue from O/ee/EA means that the signal at 69.1 ppm
assigned to ae/O and O/ee/EA structure (Figure 8A)
decreased its intensity in a percentage which is equivalent
to an increase of the area of the signal at 68.8 ppm
assigned to an O/ee/EE structure. In this way, after
the addition of diazomethane, the estimated molar

H

COOH,C— C—CH_1—0

S

cHy |

CH,

COOH,C— C—CH,0R

CH, CH,
5 HS

O——0

percentage of the neopentyl glycol monooleate is the
same independently of the carbon which is being
observed, ae/O or ae/O. For this reason, it is more
probable that the Ofee/O structure resonates together
with Ofee/EE in the spectra obtained before the
diazomethane addition. On the contrary, if the structure
O/ee/O would resonate together with ae/O structure,
the areas of the signals assigned to ae/O and ae/O would
be different after the diazomethane treatment. These
results do confirm again the assignments previously
made. In the same way, we have observed a downfield
shift for aa, which resonates at 70.8 ppm (71.0 ppm in the
initial reagent®).

(4) Carboxylic zone. As can be observed in Figures
8C and D, the esterification with diazomethane brings
about the disappearance of the signals attributed to AE
and an increase in the intensity of the signals due to the
diesters, EE. In the same way, the signal assigned to the
O/ee/EA structure disappears, but the area of the sig-
nal at 173.6ppm assigned to an O/ee/EE structure
increases.

"Hnm.r. spectra

"H n.m.r. spectra recorded after the diazomethane
addition have not given any additional information.
They are effectively the same as those of the untreated
samples. The aromatic region only showed two very well
defined multiplets, since the H; protons were shifted
towards upfield as a consequence of the acid groups
methylation.

In a forthcoming paper* we have proposed a chemi-
cal kinetic model for the copolyesterification between
o-phthalic anhydride, oleic acid and neopentyl glycol in
bulk at 205°C. The interpretation of experimental data
for such complex reaction systems has been possible only
by model simulation. The mechanism was based on very
simple reactions. All relevant reactions were considered
and a final selection of 12 reactions involving eight
species was made.

CONCLUSIONS

(1) Low molecular weight copolyesters from the bulk
copolyesterification at 205°C between o-phthalic anhy-
dride, oleic acid and neopentyl glycol have been studied
by 'Hand P*C spectroscopies. The information has made
possible the determination of the degree of conversion of
acid and alcohol groups, the distribution of mono- and
diesterified neopentyl glycol with o-phthalic anhydride
and oleic acid and to characterize a series of structures.
The changes found in the *C n.m.r. spectrum of the
samples after treatment with diazomethane confirm
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o-phthalic anhydride - oleic acid - neopentyl glycol 205°C

13C n.m.r./CDCl, /23 °C Reaction time = 45 min.
Quaternary regions Methylic regions
Before treatment with diazomethane < u
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Figure 7 Expansions of the BCnm.r. spectra methylic and quaternary regions in CDCl; at room temperature (23°C) of a sample isolated after 45 min
of copolyesterification between o-phthalic anhydride (P, 0.54mol), oleic acid (O, 0.25mol) and neopentyl glycol (N, 0.95mol)
([-COOH]/[-OH]) = 0.70 in bulk and without any external catalyst at 205°C, recorded (A) and (C) before and (B) and (D) after the addition of

an excess of diazomethane. A: free -COOH group of o-phthalate residue; E and O: —-COO- esterified group of o-phthalate and oleate residues,
respectively; ae: N monoesterified with P (ae/EA and ae/EE) and O (ae/O)

o-phthalic anhydride - oleic acid - neopentyl glycol 205°C

3C n.m.r./CDCI, /23 °C Reaction time = 45 min.
Carboxylic regions Oxymethylenic regions
Before treatment with diazomethane
Olee/EA
AE EE 8 ae+/0 L@
aelO + Qlee/EA -\ g,
Ol/ee/EE
. Olee/EE (C) / (A)

— L " 1 N A L

166 71 70 69 68 67 66
ppm ppm

After treatment with diazomethane

176 174 172 . 170 ‘ 168

ae/Q
Ofee/EE

1 S PO s L
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ppm ppm

Figure 8 Expansions of the BChnm.r. spectra oxymethylenic and carboxylic regions in CDCl; at room temperature (23°C) of a sample 1solated after
45min of the copolyesterification between o-phthalic anhydride (P, 0.54 mol), and oleic acid (O, 0.25mol) with neopentyl glycol (N, 0.95mol)
([FCOOH]/[-OH]) = 0.70 in bulk without any external catalyst at 205°C, obtained (A) and (C) before and (B) and (D) after the addition of an excess of
diazomethane. A: free -COOH group of o-phthalate residue; E and O: esterified ~COO- group of o-phthalate and oleate residues, respectively; aa: N

free; ae: N monoesterified with P (ae/EA and ae/EE) and O (ae/O); ee: N diesterified with P and O (Ofee/EA and O/ee/EE). The underlined letters
indicate the carbon whose resonance is being observed in every case
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the assignments for: (i) the two proposed structures of
the ae/P monoester, ae/EA and ae/EE, (ii) the Ofee/EA
and OJeefEE diesters and (iii) the AE structures.

(2) This copolyesterification at high temperature, in
bulk and without any external catalyst, has made clear
that it is possible to prepare unsaturated polyesters at
high conversions in short periods of time. We have not
observed either the presence of secondary structures from
isomerization, addition, decarboxylation and etherification
reactions, polymerization between chains of unsaturated
fatty acids at least within the limits of the experimental
techniques employed or gels from crosslinking reactions as
a consequence of the high temperature employed in the
copolyesterification.

(3) The information furnished by the structural
composition as a function of the reaction time is a very
important source of data to establish subsequently a
series of relationships between structure and deinking
properties. Furthermore, the quantitative information
afforded from 'H and *C n.m.r. spectroscopies on the
composition of the reaction medium and the evolution of
each one of the functional groups and structures as a
function of the reaction time have allowed us to carry out
a detailed kinetic study. Its analysis by simulation of the
copolyesterification process between o-phthalic anhy-
dride, oleic acid and neopentyl glycol has been described
elsewhere®.
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