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ABSTRACT: Alternating copolymerization of carbon monoxide with ethylene or 1-olefins in aqueous
emulsion by water-insoluble palladium(II) complexes is reported. Latices of aliphatic polyketones
(1-olefin/CO copolymers and ethylene/undec-10-enoic acid/CO terpolymers), prepared by catalytic polymerization, are described for the first time. An in situ catalyst system [{R2P(CH2)3PR2}Pd(OAc)2]/
strong acid (R ) Ph or (CH2)13CH3) or well-defined complexes [{Ph2P(CH2)3PPh2}PdMe(NCCH3)]+Y(Y- ) [B{3,5-(F3C)2C6H3}4]- or SbF6-) were used in the form of a solution of the palladium(II) complex in
miniemulsion droplets of a hydrocarbon dispersed in the continuous aqueous phase. Catalyst activities
of up to 5 × 103 TO h-1 slightly exceed those of nonaqueous polymerizations in methanol with the same
catalysts. Polymer molecular weights (GPC vs PMMA standards) are typically Mw 2 × 105 (ethylene
copolymers) respectively Mw 2 × 104 (1-olefin copolymers) with Mw/Mn 2-4. The 1-olefin copolymers exhibit
glass transition temperatures of Tg ) +10 to -55 °C, which is in the range desirable for latex applications.

Introduction
Emulsion polymerization of olefinic monomers, yielding polymer latices, is carried out on a vast scale.1 The
use of water as a dispersing medium offers a unique
combination of features, such as effective transfer of the
heat of reaction, effective stabilization of polymer
particles by surfactants, and environmental friendliness.
In contrast to polymerization in solution or in the bulk,
in emulsion polymerization a large portion of polymer
can be generated in a given volume of reaction mixture
without a significant increase in viscosity. The nontoxicity and nonflammability of water are also advantageous with regard to applications of latices: often film
formation upon evaporation of the dispersing medium
is a key step. To date, emulsion polymerization is carried
out industrially by free radical processes exclusively.
Transition-metal-catalyzed coordination polymerization
reactions in water have received less attention, as the
early-transition-metal catalysts2 used commercially for
polyolefin production are extremely sensitive to moisture. Carrying out such reactions in aqueous emulsion
or suspension is a highly attractive goal, however, as
many polymer microstructures are not available by
other means than coordination polymerization. Because
of their lower oxophilicity by comparison to Ziegler
catalysts or metallocenes, complexes of late transition
metals3 are attractive for polymerization in aqueous
emulsion or suspension.4,5,6
Alternating polyketones obtained by ethylene/propylene/carbon monoxide terpolymerization have been introduced in 1995 as new engineering thermoplastics.7a
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Such materials display excellent chemical resistance
and good mechanical wear properties.8 The large number of carbonyl groups renders polyketones sensitive to
UV light. This behavior can be useful when degradability is desired; however, for most applications lightsensitivity is disadvantageous. In addition, undesired
condensation cross-linking at the high temperatures
required for processing (e.g., Tm ca. 220 °C for a typical
ethylene/propylene/carbon monoxide terpolymer with 6
mol % propylene) is a drawback. Currently, the future
of the commercial engineering thermoplastics is uncertain.7b Nonewithstanding, polyketones possess an interesting property profile, and they are based on carbon
monoxide as an exceptionally cheap feedstock. Film
formation from aqueous polyketone dispersions could
allow for novel applications beyond those explored to
date, also circumventing the aforementioned difficulties
associated with processing.
In the commercial process, polyketones are prepared
in a nonaqueous reaction medium utilizing a cationic
Pd(II) catalyst modified with diphosphine ligands. Copolymerization of ethylene with carbon monoxide has
been carried out in aqueous suspension, that is without
formation of a polymer latex. Cationic palladium catalysts with water-soluble diphosphine- or also nitrogenbased bidentate ligands were used.9 Most often, watersoluble diphosphines prepared by sulfonation of 1,3bis(diphenylphosphino)propane (dppp) with SO3 were
employed. For aqueous copolymerization of 1-olefins
with CO, water-soluble hydroxy-functionalized trialkylsubstituted diphosphines have been used successfully.9f
The aforementioned approaches employ water-soluble
ligands, the preparation of which often involves considerable synthetic effort.
We now report on the synthesis and properties of
aqueous polyketone latices, using cationic palladium
complexes of simple water-insoluble ligands as catalysts.
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Scheme 1. Complexes Employed as Catalyst Precursors and Synthesis of 2

Scheme 2. Catalytically Active Species in Ethylene/CO Copolymerization and Formation from an
in Situ Mixture

Results and Discussion
Catalyst Preparation. To achieve a fine dispersion
of the catalyst precursor complex, the latter was employed as a solution in small miniemulsion droplets of
a liquid hydrocarbon dispersed in a continuous aqueous
phase.10 Miniemulsions are generally obtained by subjecting a mixture of an apolar organic compound (e.g.,
an aromatic hydrocarbon), a small amount of a hydrophobe (e.g., hexadecane), surfactant and water to high
shear.11 The high shear results in the formation of very
small droplets, which are stabilized toward Ostwald
ripening12 to large droplets by the hydrophobe. Different
catalyst systems of this type were employed: (a) a miniemulsified solution of a well-defined complex [(dppp)PdMe(NCCH3)]+ Y- (1a or 1b; cf. Scheme 1) in a small
amount of an organic solvent; (b) a solution of a
bidentate phosphine ligand (P∧P) and palladium acetate, or a preformed complex [(P∧P)Pd(OAc)2] (2), in
hydrocarbon/hexadecane miniemulsion droplets combined with a water-soluble strong acid. In ethylene/CO
and propylene/CO copolymerization, the hydrocarbon is
represented by a small amount of toluene, whereas in
the copolymerization of hexene and higher olefins the
liquid monomer itself is the hydrocarbon solvent.
Regarding the composition of the in situ systems b,
it should be noted that catalyst systems containing
palladium acetate, a diphosphine, and a strong acid are
well-known. Presumably, they are employed in the
commercial nonaqueous suspension-type polyketone
process in an alcohol solvent.13 The function of the
strong acid is most likely displacement of the acetate
ligands, to form a more weakly coordinated complex
(Scheme 2). There is good evidence that the actual
catalytically active species is a cationic palladium
complex [(diphosphine)Pd(PK)(L)]+ (PK ) growing polymer chain, L ) monomer, solvent) which is formed
under polymerization conditions.14

Ethylene/CO Copolymerization. Results of ethylene/CO copolymerizations with various catalyst systems
containing dppp as the bidentate ligand are given in
Table 1. Droplet sizes of the catalyst miniemulsions
employed in these experiments are approximately 150
nm.15 It should be noted, that the ethylene/CO copolymerization procedure used differs from typical freeradical polymerization of a miniemulsion of a liquid
monomer. Gaseous monomers are fed to the reaction
mixture continuously, after miniemulsification of the
catalyst solution. Thus, polymerization of preformed
miniemulsion droplets of a liquid monomer to particles
of the same size as the typical feature of “miniemulsion
polymerization” does not apply to this particular case.
Catalytic activities observed in aqueous emulsion
employing a miniemulsion of an in situ catalyst (catalyst
system b) are comparable to the results of conventional
copolymerization in methanol under the same conditions
(entry 1 vs 2). This demonstrates that the formation of
the active species occurs in an efficient manner also in
the aqueous multiphase system employed. As expected,
the catalyst is stable in water for hours (entries 3
and 4).
By addition of a solution of [(dppp)Pd(OAc)2] in a
small amount of methanol to neat water (containing
p-toluenesulfonic acid), the catalyst precursor was
precipitated as a solid, without control of the degree of
dispersion of the catalyst. By comparison to the aforementioned miniemulsions of a catalyst solution, this
precipitated catalyst displayed a significantly lower
activity (entry 5). On one hand, this demonstrates that
a high degree of dispersion, as provided with the
catalyst miniemulsions, is required for effective polymerization. On the other hand, it is evident that the
polymerization can principally also be carried out with
a water-insoluble complex without the need of dissolution in an organic medium.16
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Table 1. Ethylene/CO Copolymerizationa
reaction conditions
catalyst
entry
no.

organic phase
(miniemulsion droplets)

1b

Pd(OAc)2/dppp
(miniemulsion)
Pd(OAc)2/dppp/HOTs (12.5 equiv)
(comparative expt in MeOH soln)
Pd(OAc)2/dppp
(miniemulsion)
Pd(OAc)2/dppp
(miniemulsion)
Pd(OAc)2/dppp
(precipitated)
complex 1b
(miniemulsion)
complex 1b
(comparative expt in MeOH soln)

2
3c,d
4c,d
5e
6c
7

results

av activity/
productivity/
(mol(substr)
Mnf
aqueous phase
reacn reacn polym (mol(substr)
(continuous phase) medium time/h yield/g × mol(Pd)-1) × mol(Pd)-1 h-1) (Mw/Mn)
HOTs (12.5 equiv) water

1.5

4.3

7760

5180

MeOH

2

3.4

6060

3030

HOTs (25 equiv)

water

2

1.04

3720

1860

HOTs (25 equiv)

water

17.5

3.9

13 930

800

HOTs (12.5 equiv) water

18

0.46

820

45

water

2

1.73

3090

1545

MeOH

2

4.49

8000

4000

Mw

4.3 × 104 1.5 × 105
(3.5)
4.9 × 104 2 × 105
(4.0)
ND
ND
ND

ND

2 × 104 1.2 × 105
(6.0)
5.7 × 104 2.5 × 105
(4.4)
ND
ND

a Reaction conditions: Pd/dppp, 1:1 molar ratio; n(Pd), 20 µmol; total pressure, 40 bar, ethylene:CO (1:1); organic phase in miniemulsions,
toluene (1.8 mL) and hexadecane (0.2 mL); 100 mL of water; reaction temperature, 70 °C. ND ) not determined. HOTs ) p-toluenesulfonic
acid. b Surfactant: 1.5 g ) 5.2 mmol of SDS. c Surfactant: 0.75 g ) 2.6 mmol of SDS. d n(Pd): 10 µmol; reaction temperature, 70 °C; total
pressure, 20 bar, ethylene:CO (1:1). e Organic phase: methanol (i.e., no miniemulsion); no addition of SDS. f Determined vs. PMMA
standards.

Figure 1. GPC traces of ethylene/CO copolymers obtained with in situ catalyst systems (determined vs PMMA standards).

Regarding the surfactant utilized for the preparation
of the miniemulsion, commercially available anionic
surfactants, such as sodium dodecyl sulfate (SDS), were
found to enable efficient copolymerization. The molecular weights of the ethylene/CO copolymers obtained
with the catalyst miniemulsion and in the comparative
experiment in methanol are similar, with Mw in the
range of 1 × 105 to 2 × 105 (Figure 1 and Table 1;
molecular weights determined by GPC vs PMMA standards). By comparison, the polyketone obtained with the
precipitated catalyst possesses a broader molecular
weight distribution and a lower Mn. The stability of the
resulting ethylene/CO copolymer dispersions was found
to be insufficient, and in the aforementioned experiments, the polyketone was largely precipitated by the
end of the polymerization reactions.
Stable dispersions can be obtained, however, by
utilizing undecenoic acid as a termonomer. In a typical
experiment, a solution of 20 µmol [(dppp)Pd(OAc)2] in
3.5 mL of undec-10-enoic acid was miniemulsified in 100
mL of water by ultrasonification, employing SDS as a
surfactant. Polymerization at 70 °C and 40 bar of
combined ethylene and carbon monoxide pressure (1:1
mixture) with 12 equiv of p-toluene sulfonic acid dis-

solved in the aqueous phase afforded a stable latex
(reaction time 2 h). A typical TEM image is shown in
Figure 2. For the sample shown, particle sizes are in
the range of ca. 30-200 nm. Partial film formation
during the preparation of the samples for TEM is
evident. 13C NMR spectra of the terpolymer in 1,1,1,3,3,3hexafluoropropan-2-ol solution confirm the incorporation of the undecenoic acid monomer in the polyketone
(ca. 10 wt %, corresponding to ca. 3 mol % vs incorporated ethylene). As expected, only isolated undecenoic
acid-derived units (-CH2CH2C(dO)CH2CHRC(dO)CH2CH2- with R ) (CH2)8COOH) are detected. A typical
terpolymer possesses a molecular weight of Mw ) 7 ×
104 at Mw/Mn ) 2.5. In the latices, hydrophilic carboxylic
acid moieties covalently bound to the particle surface
contribute to stabilization.1 In the aforementioned terpolymerizations, ca. 5-10% of the undecenoic acid
termonomer are converted. Interestingly, in a comparative experiment in methanol as a nonaqueous reaction
medium, employing the 3-fold amount of undecenoic
acid termonomer in solution (10 mL of undecenoic acid,
corresponding to 0.5 mol L-1) under otherwise identical
conditions, no incorporation of the termonomer could be
detected. The high local concentration of the liquid
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Figure 2. TEM images of an ethylene/undecenoic acid/carbon monoxide terpolymer latex.

comonomer in droplets during the aqueous polymerization enhances incorporation; that is, polymerization
in the compartimented aqueous system is beneficial for
comonomer incorporation.
The aforementioned in situ catalyst system is advantageous for industrial applications due to its simplicity.
However, for in situ catalysts in general and in particular for the multiphase systems employed in this
work, catalyst activation can be influenced by a number
of (mostly unknown) parameters. For this reason,
complexes of type 117 were employed as a well-defined,
single component catalyst precursor. Because of the
lipophilic BArF4- counterion (ArF ) 3,5-C6H3(CF3)2),18
1b is highly soluble also in apolar solvents, and it can
be employed in the toluene/hexadecane miniemulsion
system. Complex 1a with a hexafluoroantimonate counterion is insufficiently soluble in toluene, and requires
the use of a toluene/methylene chloride mixture as a
solvent. As methylene chloride has a significant solubility in water, in order to perform experiments under
controlled conditions it would be necessary to saturate
the aqueous phase with the chlorinated solvent prior
to the experiment, which is undesirable. Nonetheless,
it can be noted that polymerization can also be carried
out effectively employing miniemulsions of a solution
of 1a in toluene/methylene chloride mixtures.
Activity of 1b in a comparative experiment in methanol (entry 7) is similar to activities observed in the
aforementioned (aqueous and nonaqueous) in situ system, confirming an efficient formation of the active
catalyst in the in situ systems. Employing 1b in miniemulsion (entry 6) good activities are observed again.
Unexpectedly, by comparison to aqueous polymerization
with the miniemulsified in situ catalyst, polymer yields
observed with the well-defined catalyst precursor in
entry 6 are somewhat lower. This is apparently due to
the beneficial effect of toluenesulfonic acid, present as
a component of the in situ system in excess with respect
to palladium(II): Carrying out a polymerization with
the isolated complex 1b in the presence of added
toluenesulfonic acid (12.5 equiv) under otherwise identical conditions as in entry 6, a 3-fold increase of polymer
yield was observed. This activity is similar to polymerization with the in situ catalyst. Presumably the pres-

ence of excess strong acid stabilizes the catalyst during
polymerization.14 The molecular weight of the polymer
is comparable to the material obtained with the in situ
catalyst. In comparative aqueous polymerization with
freshly precipitated solid complexes 1, activities are
again lower (<20%) by comparison to the miniemulsion
system. Overall, the results with the well-defined
complexes 1 are similar to the aforementioned findings
with the in situ system. This confirms the well-behaved
nature of the in situ systems, regardless of their
multiphase nature.
1-Olefin/CO Copolymerization. In view of latex
applications, a control of the glass transition temperature is of particular importance. By employment of
1-olefin comonomers, the thermal properties of polyketones can be varied over a wide range by appropriate
choice of the olefin.19
It is known that diphosphine ligands bearing exclusively alkyl substituents on the phosphorus atoms (by
comparison to the phenyl groups in, e.g., dppp) are
particularly suitable for the copolymerization of 1-olefins
with CO.9f Therefore, the apolar complex 2 in combination with 10 equiv of trifluoroacetic acid was employed.
As alluded to, with hexene and higher 1-olefins the
liquid monomer itself can be employed as the organic
phase for preparation of the catalyst miniemulsions,
eliminating the need of a small amount of an additional
organic solvent (Table 2, entries 2-5). Hereby the
amount of volatile organic compounds can be reduced,
as demonstrated for the ring-opening polymerization of
cyclopentene with ruthenium complexes.20 After sonification, stable miniemulsions of about 200 nm droplet
size with a broad size distribution were obtained. The
selection of a suitable emulsifier is crucial on one hand
for the stability of the emulsion and on the other hand
for catalyst activity. With Lumiten IRA, a 2-sulfosuccinic acid ethylhexyl ester, very stable catalyst emulsions are formed. However, with this emulsifier no
catalytic activity was observed, which may be caused
by the chelating capability of the diacid ester (entry 3).
This drawback is overcome by employing SDS, and
immediate use of the catalyst miniemulsion for polymerization. Further enhancement in catalyst performance
was achieved by adding hydrophobic alcohols like hexa-
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Table 2. 1-Olefin CO Copolymerizationa
reaction conditions
catalyst
entry
no.

organic phase
(miniemulsion droplets)

1b

complex 2/toluene/hexadecane/
propene/CF3COOH
complex 2/1-hexene/CF3COOH
complex 2/1-hexene/CF3COOH
complex 2/1-decene/CF3COOH
complex 2/1-octadecene/
hexadecanol/CF3COOH

2
3
4
5c

emulsifier
SDS
SDS
Lumiten IRA
SDS
SDS

results
av activity/
productivity/
(mol(substr.)
reacn
solids
(mol(substr)
time/h content/% × mol(Pd)-1) × mol(Pd)-1 h-1)

Mw

Mw/Mn

thermal
anal./°C

5

5

15 200

3040

3.2 × 104

2.5

10
10
10
12

8
trace
10
12

15 600

1560

2.5 × 104

3.2

10 (Tg)
150 (Tm)
-25 (Tg)

13 200
9800

1320
820

1.6 × 104
1.8 × 104

2.8
3.0

-55 (Tg)
40 (Tm)

a Reaction conditions: 10 µmol of complex 2; 10 equiv of CF COOH; 30 g of olefin; 100 mL of water; 0.3 g of emulsifier; total pressure,
3
60 bar; reaction temperature, 80 °C. b 10 mL of toluene, 0.3 g of n-hexadecane. c 2 g of 1-hexadecanol added.

decanol to the olefinic monomer (entry 5). Alcohols are
known to promote the activation reaction of dicationic
palladium complexes.21
As a product of polymerization, stable polyketone
latices are obtained without formation of coagulum.
Solids contents were up to 12% in the experiments given
in Table 2. Light-scattering analyses reveal that the
latices particle size is roughly similar to the droplet size
of the monomer miniemulsions employed. This implies
that no extensive coalescence or formation of new
particles or droplets occurs during polymerization. The
yields of 20-30% with respect to the olefinic monomer
are moderate. Upon drying of the dispersions at roomtemperature, polyketone films were formed. IR spectra
feature typical CO bands around 1700 cm-1. The molecular weights of the 1-olefin/CO copolymers are in the
range Mw ) (1-3) × 104, at reasonably narrow molecular weight distributions. As anticipated, the glass
transition temperature ranges from +10 (propene/CO)
to -55 °C (1-decene/CO). The 1-octadecene/CO copolymer exhibits a strong melting peak of about 40 °C due
to side chain crystallization.
Summary and Conclusions
Readily accessible nonwater-soluble ligands can be
applied to aqueous olefin/CO copolymerization, employing catalyst miniemulsions. At the same time, stable
aqueous dispersions of alternating aliphatic polyketones
can be obtained. Approximately the same catalyst
activities are observed in aqueous polymerization as in
comparative nonaqueous polymerizations in organic
solvents. Activities in aqueous polymerization of simple
in situ systems are equal to those of a well-defined
complex under similar conditions, demonstrating that
activation of the in situ system occurs effectively in
these multiphase miniemulsion systems. Latices of
1-olefin/CO copolymers with glass transition temperatures in the range +10 to -55 °C, which is desirable
for typical latex applications, are accessible.
Experimental Section
Materials and General Considerations. Ethylene (99.8%)
and carbon monoxide (99.8%) supplied by Gerling and Holz
were used without further purification. 1-Hexene, 1-decene,
and 1-octadecene were purchased from Aldrich. The p.a. grade
organic solvents and deionized water were degassed prior to
use.
NMR spectra were recorded on a Bruker ARX 300 instrument (1H, 300 MHz; 13C, 75 MHz), or on a Bruker DRX-250
spectrometer (1H, 250.13 MHz; 13C, 62.90 MHz; 31P, 101.26
MHz). 1H NMR chemical shifts were referred to TMS as an
internal standard. 13C{1H} NMR chemical shifts were calibrated against the deuterated solvent multiplet and referenced

to TMS. 31P{1H} NMR chemical shifts were measured relative
to external 85% H3PO4 with downfield values being taken as
positive. 13C NMR spectra of ethylene/undecenoic acid/carbon
monoxide terpolymers were obtained in 1,1,1,3,3,3-hexafluoro2-propanol as a solvent with an inverse gated pulse sequence.
The resonances of a small amount of added C6D6 served as a
lock and for calibration vs TMS. Elemental analyses were
carried out using a Elementar Vario EL analyzer. FAB-MS
were obtained on a Finnigan 711A (8 kV), modified by AMD.
Differential scanning calorimetry (DSC) was performed on a
Perkin-Elmer DSC 7 or on a Pyris 1 DSC at a heating rate of
10 K/min. DSC data reported are second heats. Gel permeation
chromatography of ethylene/CO co- and terpolymers was
performed in 1,1,1,3,3,3-hexafluoro-2-propanol at 40 °C with
PL HFIP gel columns against PMMA standards. GPC of
1-olefin/CO copolymers was carried out in THF. Dynamic light
scattering on dispersions was performed on a Malvern particle
sizer. TEM investigations were carried out on a LEO 912
Omega apparatus using an acceleration voltage of 120 kV.
Samples were prepared by applying a drop of the latex to a
carbon-coated grid. Samples were not stained.
Synthesis of Catalyst Precursor Complexes. Complexes
1a, 1b,17 and 29f were prepared similar to literature procedures. Analytical data for 2 (yellowish oil obtained in 90%
yield) follow. MS (FAB, NBA, 50 °C): m/z 1058 [M - OAc]+,
998 [M - 2 OAc]+. Anal. Calcd for C63H128O4P2Pd (1118.1): C,
67.68; H, 11.54. Found C, 67.47; H, 11.21%. 31P{1H} NMR
(101.26 MHz, CDCl3, 22 °C): δ ) 14.5. 1H NMR (250.13 MHz,
CDCl3, 22 °C): δ ) 0.83 (t, 3JHH ) 6.5 Hz, 12H; CH2CH3), 1.181.82 (m, 120H; CH2), 1.95 (s, 6H; CH3COO). 13C{1H} NMR
(62.90 MHz, CDCl3, 22 °C): δ ) 14.2 (s, CH3CH2), 19.6 (s, CH2COO), 25.4 (m, CH2PC2), 29.1-29.8 (m, CH2), 31.4 (m, (CH2)2PC), 32.6 (s, CH2CH2CH3), 176.9 (s, CH3COO).
Polymerization Procedure. Polymerization was carried
out in a mechanically stirred 250 mL pressure reactor equipped
with a heating/cooling jacket, the temperature being controlled
automatically by means of a sensor dipping into the reaction
mixture. The total volume of the added liquid phase (water
and/or organic solvent) amounted to 100 mL. For catalyst
systems of type b, the palladium salt and the bidentate
phosphine ligand were dissolved separately in small amounts
of toluene/hexadecane and combined to yield a yellow solution.
For catalyst type a, complex 1a or 1b was dissolved (1a, 1:1
mixture of methylene chloride and toluene; 1b, neat toluene),
and some hexadecane was added. The catalyst solution was
added to an aqueous solution of the surfactant. Ultrasonification afforded a miniemulsion (Bandelin HD2200 with a
KE76 tip, operated at 120 W), which was transferred to the
polymerization reactor. Optionally, toluenesulfonic acid was
then added as an aqueous solution. The reactor was flushed
and pressurized with a 1:1 ethylene/CO mixture, while rapidly
heating to the specified temperature under vigorous stirring
(1000 rpm). After the specified reaction time, the reaction was
stopped by cooling and releasing the gas pressure. In experiments yielding precipitated polymers, these were isolated,
washed with water and methanol, and dried in a vacuum. In
experiments yielding a polymer latex, the latter was filtered
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through a funnel with glass wool prior to further workup and
analysis. For determination of the solids content, the latex was
added to an excess of methanol. The precipitated polymers
were isolated, washed with methanol, and dried in a vacuum.
1-olefin/CO copolymerization was carried out with 2 in a 300
mL reactor under otherwise similar conditions.
13
C{1H}NMR of ethylene/undecenoic acid/carbon monoxide
copolymer (75.4 MHz, 1,1,1,3,3,3-hexafluoro-2-propanol/C6D6):
δ ) 217.1 (CH2C(dO)CHR), 212.8 (CH2C(dO)CH2), 179.7
(COOH), 46.8 (C(dO)CHRCH2C(dO)), 43.4 (C(dO)CHRCH2C(dO)), 35.6 (C(dO)CH2CH2C(dO)), 33.5 (CH2COOH), 31.4
(CH2(CH2)7COOH), 29.2-28.7 (CH2CH2CH2CH2CH2CH2COOH),
26.9 (CH2CH2COOH), 24.6 (CH2(CH2)6COOH).
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