International Journal of Mass Spectrometry 284 (2009) 81-92

journal homepage: www.elsevier.com/locate/ijms

Contents lists available at ScienceDirect

International Journal of Mass Spectrometry

Ageing behaviour and analytical characterization of the Jatobd resin collected

from Hymenaea stigonocarpa Mart.

Maria Teresa Doménech-Carb6?*, Juana de la Cruz-Cafiizares?, Laura Osete-Cortina?,

Antonio Doménech-Carb6P, Helena David ¢

3 Institut de Restauracioé del Patrimoni, Universitat Politécnica de Valéncia, Camino de Vera 14, 46022 Valencia, Spain
b Departament de Quimica Analitica, Universitat de Valéncia, Avda. Dr. Moliner s/n, 46100 Burjassot, Spain

¢ CAPES. Ministerio de Educagao, Brazil

ARTICLE INFO ABSTRACT

Article history:

This paper reports the results of an analytical study to characterize the trunk resin collected from the
Hymenaea stigonocarpa Mart. species from the region of Minas Gerais (Brazil), popularly known as Jatobd
resin. Hymenaea resins are reported to have been used in artistic applications such as protective varnishes
in polychromed sculptures and paintings. Therefore, the identification of the main chemical changes that
take place in the resin when it is prepared as a thin film exposed to atmospheric effects have been
considered herein. Changes due to the degradation effect of light have been studied on a series of speci-
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g?ﬁgds" mens prepared as a thin films and subjected to accelerated UV light ageing. The results based on GC-MS,
Py-GC-MS THM-Py-GC-MS analyses, and on-line trimethylsilylation Py-GC-MS using hexamethyldislylazane as a
Varnish derivatization reagent, have been compared. The study shows that eperuic acid and its A7 and A8 iso-

mers, together with copalic acid, are the major components of the studied resin. Other compounds such as
kolavenic acid, iso-ozic acid and epi-pinifolic acid are also present in this resin as minor components. This
composition differs from those of resins obtained from other species of the Hymenaea genus growing in
this Amazonian region. UV light ageing of the Jatobd resin prepared as a thin film results in the appearance
of a new isomer of eperuic acid. Some changes in the relative content of the major components present

Jatobd resin
Hymenaea stigonocarpa Mart.

in the resin have also been observed after ageing.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Among the plants yielding diterpenoid resins, seventeen species
of the neotropical leguminous genus Hymenaea (Caesalpinoideae,
Detarieae, Cynometreae) [1], are largely distributed from Central
to South America, mainly in the Amazon basin [2-5]. The resinous
products of Hymenaea occur as opaque (sometimes translucent)
fragments of a pale-yellow or nearly white colour. These products
are commonly given the Brazilian name “jutaisica (or jutahyica)
resin (from the term “yataiwa” of the Tupi language, meaning tree
of hard fruit), elsewhere known as “Brazil Copal”, “Brazil Dammar”
or Jatobd resin (Fig. 1). From an analytical point of view, a number
of published research can be found in the phytochemical litera-
ture dealing with the characterization of the composition of the
Hymenaea resins [1-12]. As a result of these studies, Hymenaea
species are known to mainly contain the diterpenoid compounds
of an epi-labdanoid type in the trunk resin and bark extract. The
epi-labdanoid series is the parallel epimer series in which the stere-
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ochemistry of the chiral centres at positions C(9) or C(10) (Fig. 2)
is inverted. Interestingly, no papers have been found concerning
resins of the species Hymenaea stigonocarpa Mart., which grows
profusely in the Peruacu valley (Minas Gerais, Brazil) and which
this paper aims to study (vide infra).

In the art field, terpenoid resins have been used as components
for protective finishes and binding media of paintings and poly-
chromed sculptures since ancient times [13,14]. In the latter, when
used as a binding medium, natural resin is mixed with pigment, or
is combined with drying oils and some organic or inorganic addi-
tive to form a suitable vehicle for pigment. Moreover, terpenoid
resins are frequently included in recipes for varnishes to be used
with toys, furniture, wagons and carriages, metals and swords, vio-
lins and musical instruments, gildings, etc. [15,16]. Many terpenoid
plant resins have been used since ancient times, and their use has
spread worldwide by means of commercial exchange which has
been enhanced and extended. Examples may be found in varnishes
and binding media based on colophony, Venice turpentine, san-
darac, Manila copal, dammar, mastic or elemi resins, which have
been prepared by artists from countries of the five continents.
Besides, art objects may be found where terpenoid resins, endemic
from specific geographical regions, are employed in the elabora-
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Fig. 1. Jatobd resin from Hymenaea stigonocarpa Mart. Peruagu Valley, Minas Gerias,
Brazil. Length of the divisions in the scale bar is 1 cm.

tion of local art objects. One such example is Mexican copals. They
are triterpenoid resins obtained from some trees of the Burseraceae
family, endemic in Mexico, and have been locally employed by Mex-
ican painters as binding media in canvas and wall paintings [17].

Similarly, a number of works can be found in the literature
related to the use of terpenoid resins which are endemic in Brazil
for artistic purposes. For example, Souza and Avila [18] identified
a terpenoid resin used as a protective varnish in Brazilian poly-
chromed sculptures and paintings of the Baroque period by FTIR
spectroscopy.

When applied as thin films of protective varnishes or as
binding media in paint films, terpenoid resins undergo oxida-
tive processes that alter their composition significantly compared
to that of fresh or bulk material, which results in a notable
change of the mechanical and optical properties of the film. Ana-
lytical studies have been done which not only deal with the
characterization of the resins but also with their photochemi-
cal or thermal degradation. They have been performed by means
of gas chromatography-mass spectrometry (GC-MS) [15,19-23],
pyrolysis—GC-MS (Py-GC-MS) [24], thermally assisted hydrolysis
and methylation-Py-GC-MS (THM-Py-GC-MS) [25-29] and on-
line trimethylsilylation Py-GC-MS [17,30-32].

A number of studies have been reported in the scientific litera-
ture on the Leguminosae resins used as art materials [19,27,33-35].
Moreover, Class I fossil resins (ambers) are derived from the plant
resins based primarily on polymers of labdatriene diterpenes. In
many cases, a variety of related labdanoid precursors are incorpo-
rated into the developing polymeric structure to result in a final
copolymeric structure which incorporates labdanoid carboxylic
acids, alcohols and hydrocarbons [36-41]. Interestingly, the fos-
sil resins from various Tertiary deposits in Mexico, Colombia and
Brazil were derived from the Hymenaea genus [42]. With respect
to uses of Hymenaea resins as art materials, Jacome reported
that the use of a Jatobd resin in the manufacture of polychromed
ceramics is mentioned in historical sources [43]. More recently,
different authors [6,7,44] stated that the trunk resin of Hymenaea
trees, in particular, the Hymenaea courbaril L., species, has been
used in the manufacture of varnish in addition to medicinal
applications.

This paper reports the results obtained in a study of the Jatobd
resin collected from Hymenaea stigonocarpa Mart., which grows in
the region of Minas Gerais (Brazil). For this purpose, methods based
on GC-MS [17,22], THM-Py-GC-MS [25] using tetramethylammo-
nium hydroxide (TMAH) as a derivatization reagent and on-line
trimethylsilylation Py-GC-MS [17,32] using hexamethyldislylazane

(HMDS) as a derivatization reagent have been applied and com-
pared.

A second aim of this work has been the identification of the
main chemical changes due to the degradation effect of light on the
composition as one of the principal environmental ageing agents
affecting the composition of the Jatobd resin when this material is
prepared as a thin film for artistic applications. For this purpose,
an accelerated UV light ageing process has been applied to a series
of specimens of this resin prepared as thin films. In addition to the
hyphenated MS techniques, FTIR spectroscopy was also applied in
an attempt to obtain a more complete characterization of this resin.
The optimization of a reliable and sensitive analysis method for the
Jatobd resin will be valuable for future studies to assess the presence
of this material in art objects and to investigate its possible influence
on the behaviour of either the paint film or the protective varnish
in the short or long term.

2. Experimental
2.1. Analytical reagents and reference materials

The reagents used to treat the samples and to prepare the
specimens were: HMDS and methyl chloroformate (MCF) (purity
99%), absolute pyridine (Fluka, Buchs, Switzerland), chloroform
(98% purity) for GC (Acros, Cambridge, USA), absolute methanol
for analysis, sodium hydrogenocarbonate, TMAH (purity 99%)
(Sigma-Aldrich, Steinheim, Germany) and acetone (Guinama,
Valencia, Spain).

2.2. Natural resin samples

Jatobd resin (Hymenaea stigonocarpa Mart.), from the Peruagu
valley (Minas Gerais, Brazil), has been used for preparing the var-
nish model specimens.

2.3. Instrumentation

2.3.1. GC-MS

Experiments were carried out with an Agilent Technologies
(Palo Alto, CA, USA) 6890N gas chromatograph equipped with an
on-column injection system and coupled with an Agilent Technolo-
gies 5973N mass spectrometer. An HP-5MS capillary column (5%
phenyl-95% methylpolysiloxane, 30 m x 0.25 mm I.D., 0.25 pm film
thickness) was used.

The chromatographic conditions were as follows: a GC temper-
ature of initially 100°C then programmed at 5°Cmin~! to 295 °C,
held for 8 min. The inlet was set at 250 °C. Samples were injected
in the split mode (1:20 split ratio). The electronic pressure control
was set to the constant flow mode with vacuum compensation. The
helium gas flow was set at 1.3 mLmin~!.

lons were generated by electron impact (EI) ionization (electron
energy 70eV) in the ionization chamber of the mass spectrome-
ter. The mass spectrometer was scanned from m/z 20 to 800, with
a cycle time of 1s. The Agilent ChemStation software G1701CA
MSD was used for GC-MS control, peak integration and mass spec-
tra evaluation. The tuning of the mass spectrometer was carried
out using perfluoro-tributylamine. Peak area (TIC) data were used
to obtain the peak area percentage values. The temperatures of
the interface and the source were 280 and 150°C, respectively.
Compounds were identified by using NIST and Wiley mass spec-
tral libraries, and a third mass spectral library was created by the
authors for the diterpenoid compounds.

2.3.2. Py-GC-MS
Experiments were carried out with an integrated system
composed of a CDS Pyroprobe 1000 heated filament pyrolyzer (Ana-
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Fig. 2. Structure of the free epi-labdanoids identified in Jatobd resin and some secondary pyrolysis products formed by means of THM-GC-MS.
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lytical Inc., New York, USA) and the GC-MS system described above.
The aforementioned capillary column was used.

Pyrolysis was carried out using pre-calibrated Pt coil type
pyrolyzers (CDS pyroprobe). The pyrolyzer interface and the inlet
were set at 250°C. Samples were injected in the split mode (split
ratio 1:80). Chromatographic conditions were as follows: the ini-
tial temperature of 100 °Cincreased at5 °C min~! to 295 °C, where it
was held for 8 min. The helium gas flow was set at 1.6 mL min~!. The
initial inlet pressure of the carrier gas was 72.5 kPa. The electronic
pressure control was set to the constant flow mode with vacuum
compensation.

2.3.3. FTIR spectroscopy

The ATR-IR spectra from specimens were obtained using a Ver-
tex 70 Fourier transform infrared spectrometer equipped with
an attenuated total reflection device and a FR-DTGS (fast recov-
ery deuterated triglycine sulphate) temperature-stabilized coated
detector. ATR crystal type: diamond. The range collected was
4000-500 cm~!. The number of co-added scans was 32; resolution,
4cm1.

2.4. Preparation of samples for GC-MS analysis

2.4.1. Off-line derivatization

The derivatization procedure was based on a methodology pre-
viously developed in our laboratory for the analysis of diterpenoid
resins[17]. Samples from the solid resin and the thin film specimens
in the range 20-10 pg were dissolved in 50 p.L methanol-pyridine
(4:1, v/v). Then, 10 pL MCF was added. The reaction mixture was
vortexed for around 10 s and the derivatives were extracted in 50 pL

(A)

Abundance

mono/sesquiterpenoid fraction

chloroform containing 1% MCF. Next, 50 p.L of a saturated solution
of NaHCO3 were added and the mixture was carefully shaken.A1 pL
aliquot of the organic phase was injected into the GC-MS system.

2.5. Preparation of samples for Py-GC-MS analysis

2.5.1. On-line THM

Samples were directly pyrolyzed to obtain the chromatograms
(pyrograms) of the resins. 1-10 j.g of sample extracted from the test
specimen were placed into a quartz tube for pyrolysis with 10 L
of 25% TMAH aqueous solution, and positioned in the platinum coil
probe, which was then inserted into the interface. Then, samples
were pyrolyzed at 600 °C for 10s.

2.5.2. On-line trimethylsilylation

Samples were directly pyrolyzed to obtain the chromatograms
(pyrograms) of the resins. 1-10 j.g of sample extracted from the test
specimen was placed in a quartz tube for pyrolysis with 0.5 WL of
HMDS and positioned in the platinum coil probe, which was then
inserted into the interface. After this, samples were pyrolyzed at
650°C for 10s.

2.5.3. Selection of the pyrolysis temperature

The influence of temperature on the pyrolysis product distribu-
tion of the studied resin was considered in a series of experiments.
According to Anderson and Winans [36], when pyrolysis of diter-
penoid resins was performed with TMAH over 540 °C, the relative
abundance of secondary pyrolysis products increased considerably.
Nevertheless, experiments carried out in our laboratory to optimize
the pyrolysis conditions showed no significant differences in the
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Fig. 3. Pyrogram of methyl ester derivatives corresponding to a sample excised from a fragment of Jatobd resin analyzed by means of THM-GC-MS: (A) pyrolysis at 480°C

for 10s; (B) pyrolysis at 650 °C for 10s.
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Table 1

85

Assignment of methyl ester derivatives, molecular mass, retention time and main fragment ions corresponding to a sample excised from a fragment of Jatobd resin and

analysed by means of THM-GC-MS.

Peak Diterpenoid fraction assignment Mw t; (min) Mass spectra data (70 eV) Characteristic ions?: m/z
1 Unidentified labdane 318? 24.47 95, 105,119, 189, 191, 277, 305, 318
2 Unidentified labdane 318 24.67 95,121, 191, 241,257, 301
3 Labd-8(20)-en-15-oic acid (eperuic acid), methyl ester 320 24.98 137,177,191,277,289,305,320
4 Labd-8-en-15-oic acid, methyl ester® 320 25.08 95,191,277,289,305,320
5 Cis/trans Labd-8(20),13-dien-15-oic acid (copalic acid), methyl ester 318 25.29 55,69,81,95,109,114,121,137,205,287,303,318
6 Labd-8,13-dien-15-oic acid, methyl ester” 318 25.34 55,69,95,109,121,135,191,287,303,318
7 Labd-7-en-15-oic acid (cativic acid), methyl ester 320 25.58 55,69,81,95,109,122,191,196,277,289,305,320
8 Isomer of compound 5° 318 25.70 55,69,81,95,107,121,137,191,217,244,287,303,318
9 Labd-7,13-dien-15-oic acid, methyl ester 318 25.80 95,107,121,135,189,191,286,303,318
10 Isomer of compound 5" 318 25.90 81,109,114,205,303,318
11 Isomer of compound 12P 316 26.04 95,109,121,135,191,301,316
12 Epi-8(20),13(16),14-labdatrien-18-oic acid (iso-ozic acid), methyl ester 316 26.07 95,109,121,135,175,191,241,257,287,301,316
13 Cis/trans labd-8(20),13-dien-15-oic acid (copalic acid), methyl ester 318 26.39 55,69,81,95,109,114,121,137,205,287,303,318
14 Isomer of compound 15° 318 26.85 81,95,109,135,189,205,301
15 Cleroda-3,13-dien-15-oic acid (kolavenic acid), methyl ester 318 2714 81,95,109,135,189,204,205
16 Cis/trans 15-methoxymethyl-19-norlabda-8(20),13-diene® 290 27.33 98,123,189
17 Cis/trans 15-methoxymethyl-19-norlabda-8(20),13-diene® 290 2744 98,123,189
18 Unidentified labdane - 27.61 95,109,123,191,209,362
19 19-Methoxymethyl-labd-8(20)-en-15-oic acid, methyl ester 350 27.81 121,135,149,175,223,305,318
20 Cis/trans epi-19-hydroxymethyl-labd-8(20),13-dien-15-oic acid, methyl ester 334 28.11 107,121,135,189,302,271,303,333,334
21 19-Methoxymethyl-labd-8(20),13-dien-15-oic acid, methyl ester 348 28.50 81,95,107,121,175,189,274,303,348
22 Cis/trans epi-19-hydroxymethyl-labd-8(20),13-dien-15-oic acid, methyl ester 334 29.08 107,121,135,189,302,271,303,333,334
23 Epi-labd-8(20)-en-15,18-dioic acid (epi-pinifolic acid), dimethyl ester 364 29.32 121,304,305,364
? signifies that the molecular weight has been tentatively assigned.
2 Base peak in bold.
b Assignment of structure based on the fragment ion pattern in the mass spectrum.
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Fig. 4. Detail of the diterpenoid fraction appearing in the pyrogram of methyl ester derivatives corresponding to a sample excised from a fragment of Jatobd resin analyzed

by means of THM-GC-MS.

diterpenoid fraction of the resin with pyrolysis at either 480 °C (the
optimal pyrolysis temperature proposed by Anderson and Winans
[36]) or 650°C. Fig. 3A shows the pyrogram of a sample of Jatobd
resin performed at 480°C. It should be noted that a higher level
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of residual materials was observed in the quartz tube after pyroly-
sis at this temperature when compared with pyrolysis performed
at 650°C. Analyses done at 650°C (Fig. 3B) showed a decrease in
the intensity of the peaks corresponding to the mono-, sesquiter-
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Fig. 5. Chromatogram of methyl ester derivatives corresponding to a sample excised from a fragment of Jatobd resin using GC-MS with MCF derivatization.
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penoid fraction, whereas a close distribution of peaks to that at
480°C was noted in the diterpenoid fraction. Thus, the distribution
of the products observed was very similar, which allows us to con-
clude that the pyrolysis temperature within the studied range does
not significantly affect the presence and relative abundances of the
compounds obtained. Therefore, this last temperature was finally
selected for carrying out the study on Jatobd resin. This is consis-
tent with temperatures in the range 600-650°C that have been
used in other studies of organic compounds present in artworks,
particularly diterpenoid resins [24,26,27,29-31].

2.6. Preparation of test specimens

10 g of Jatobd resin was dissolved in 100 mL acetone. A series of
specimens was prepared by spreading the resulting solution onto
glass slides (average thickness, 50-80 pm). Specimens were stored
at room temperature for two months and were subsequently ana-
lyzed.

A number of the specimens was artificially light-aged to approx-
imate a natural photoageing effect on the chemical composition
of the resin. UV light ageing consisted of irradiating samples in
a Dycometal model QUV-Basic chamber provided with a UVB-

Table 2

313EL UV lamp (Q-Panel Lab Products), which produces mostly
short-wave UV light with a maximum intensity at ca. 310 nm, the
equivalent to a 40 W fluorescent lamp. The temperature was main-
tained at a constant value of 45 °C. Specimens were exposed to UV
light for 720 h.

3. Results and discussion
3.1. Analysis of unaged pure resin specimens

3.1.1. Solid resin

GC-MS and Py-GC-MS analyses of samples excised from the
opaque pale-yellow pieces of Jatobd resin (see Fig. 1) generally
showed a small sesquiterpenoid fraction which was mainly com-
posed of caryophyllene oxide. The diterpenoid fraction of this resin
consists of a number of epi-labdanes which are listed in Table 1 (see
also Fig. 2). The most intense peaks appear in the pyrogram depicted
in Fig. 4, which was obtained by means THM-Py-GC-MS, and they
correspond to the methyl ester derivatives of eperuic acid (3), and
to its A7 (7) and A8 (4) isomers, as well as to the cis/trans isomers
of copalic acid (5,13) and A7 (9), A8 (6), and other (8) isomers

Assignment of methyl ester and trimethylsilyl derivatives and molecular mass corresponding to a sample excised from a fragment of Jatobd resin analysed by means of

THM-GC-MS, on line trimethylsilylation Py—-GC-MS and off line methylation GC-MS.

Peak Diterpenoid fraction assignment Mw THM-GC-MS On line Off line methylation
trimethylsilylation GC-MS
Py-GC-MS
1 Unidentified labdanoid? 318? Vi - i
2 Unidentified labdanoid? 318 Vi - Vi
3 Labd-8(20)-en-15-oic acid (eperuic acid), methyl ester? 320 Vi - i
3 Labd-8(20)-en-15-oic acid (eperuic acid)? 306 - - i
3” Labd-8(20)-en-15-oic acid (eperuic acid), TMS ester? 378 - ¥ -
4 Labd-8-en-15-oic acid, methyl ester? 320 Vi - Vi
4 Labd-8-en-15-oic acid? 306 - - N
4" Labd-8-en-15-oic acid, TMS ester? 378 - ¥ -
5 Cis/trans labd-8(20),13-dien-15-oic acid (copalic acid), methyl ester® 318 i - -
6 Labd-8,13-dien-15-oic acid, methyl ester” 318 N - -
7 Labd-7-en-15-oic acid (cativic acid), methyl ester? 320 Vi - Vi
7' Labd-7-en-15-oic acid (cativic acid)? 306 - - Vi
7" Labd-7-en-15-oic acid (cativic acid), TMS ester? 378 - v -
8 Isomer of compound 5¢-° 318 J = =
9 Labd-7,13-dien-15-oic acid, methyl esterd 318 Vi - -
10 Isomer of compound 5P 318 Vi - -
1 Isomer of compound 12 316 N - -
12 Epimer-8(20),13(16),14-labdatrien-18-oic acid (iso-ozic acid), methyl ester® 316 Vi - -
13 Cis/trans Labd-8(20),13-dien-15-oic acid (copalic acid), methyl ester? 318 i - Vi
137 Cis/trans Labd-8(20),13-dien-15-oic acid (copalic acid), TMS ester? 376 - Vv -
14 Isomer of compound 15 336 Vi - -
15 Cleroda-3,13-dien-15-oic acid (kolavenic acid), methyl ester? 336 i - Vi
15” Cleroda-3,13-dien-15-oic acid (kolavenic acid), TMS ester? 376 - ¥ -
16 Cis/trans 15-methoxymethyl-19-norlabda-8(20),13-diene® 290 Vi - -
17 Cis/trans 15-methoxymethyl-19-norlabda-8(20),13-diene® 290 Vi - -
18 Unidentified labdanoid® - v - -
19 19-Methoxymethyl-labd-8(20)-en-15-oic acid, methyl ester? 350 N - -
20 Cis/trans epi-19-hydroxymethyl-labd-8(20),13-dien-15-oic acid, methyl ester® 334 Vi -
21 19-Methoxymethyl-labd-8(20),13-dien-15-oic acid, methyl ester® 348 i - -
22 Cis/trans epi-19-hydroxymethyl-labd-8(20),13-dien-15-oic acid, methyl ester® 334 N - -
23 Epi-labd-8(20)-en-15,18-dioic acid (epi-pinifolic acid), methyl ester? 364 Vi - -
24" Unidentified labdanoid, TMS esterd 392 - Vi -
25 Unidentified labdanoid 9 334 - - J
25" Unidentified labdanoid, TMS ester ¢ 392 - Vv -
26 Unidentified labdanoid ¢ 334 - J
26" Unidentified labdanoid, TMS ester ¢ 392 - Vi -
27 Unidentified labdanoid ¢ 332 - - J
28 Unidentified labdanoid ¢ = = = J
28" Unidentified labdanoid, TMS esterd - - Vi -

? signifies that the molecular weight has been tentatively assigned.
2 Free diterpenoid from the resin.
b Secondary pyrolysis yield.
¢ Assignment of structure based on the fragment ion pattern in the mass spectrum.
4 Oxidized diterpenoid from the resin.
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Table 3
Characteristic fragment ions and m/z values of methyl ester derivatives of epi-labdanoid acids formed by means of THM-GC-MS.
Compound 3 4 6 7 12 13 15 23
M*e 320 320 318 320 316 318 318 364
[M-CH3[* 305 305 303 305 301 303 303 -
[M-OCHs;]* 289 289 287 289 - 287 - -
[M-CH3;OHJ* - - - - - 286 - -
[M-CH3-CO]* 277 277 - 277 - - - -
[M-COOCH;* = = = = 257 = = =
[M-CH3;OH-CO]* = - - = 256 258 - 304
[M-HCOOCH3-CHs |* = = = = 241 = = =
i 137 - - - - 137 121 181
i-H COOCH3 - - - - - - - 121
il - - - - - 205 205 -
iii - - - - - 189 189 189
iv 191 - - - - - - 235
iv-HR; 175 = = 175 175 = = 175
v-CH3 - 109 109 109 - - - -
vi - - - 196 - - - -
vi-CH3-COOCHj3 - - - 122 - - - -
vii - 191 191 191 - - - -

[10]. Methyl ester derivatives of iso-ozic acid (12) and kolavenic
acid (15) are present but to a lesser extent along with epi-pinifolic
diacid (23). Additionally, a number of compounds belonging to the
epi-labdanoid series have tentatively been identified according to
their fragmention pattern from their mass spectra, namely, cis/trans
isomers of 15-methoxymethyl-19-norlabda-8(20),13-diene (16,17),
19-methoxymethyl-labd-8(20)-en-15-oic acid (19), methyl ester of
cis/trans isomers of epi-19-hydroxymethyl-labd-8(20),13-dien-15-
oic acid (20,22) and 19-methoxymethyl-labd-8(20),13-dien-15-oic
acid (21). Finally, small amounts of a number of unidentified com-
pounds appear in the pyrogram which have been assigned to the
epi-labdanoid series in accordance with their fragmentation pat-
tern.

GC-MS analyses performed on samples of the solid resin using
MCF as a derivatization reagent provided simpler chromatograms,
including the most abundant compounds found in the THM-GC-MS
mode, as illustrated in Fig. 5 and summarized in Table 2: methyl
esters of eperuic acid (3) and its A7 (7) and A8 (4) isomers, along
with copalic acid (13) and kolavenic acid (15). Additionally, the
peaks of underivatized eperuic acid (3’), its A7 (7') and A8 (4)
isomers have been identified in the chromatogram, suggesting that
this reagent is less effective than TMAH on pyrolysis to accomplish
a complete derivatization of the compounds conforming the Jatobd
resin.

COOCH;

(i)

m/z=205

On-line derivatization with HMDS in the Py—-GC-MS mode also
provided a simpler pyrogram (see Table 2). Trimethylsilyl esters
(TMS) of eperuic acid (3”) and its A7 (7”) and A8 (4”) isomers,
copalic acid (13”) and kolavenic acid (15”), have been identified
by this analytical method. Additionally, a number of unidentified
epi-labdanoids appear in the pyrogram.

This composition differs from that found in studies of other
Hymenaea resins growing in this Amazonian region [1,6,9] or in
African regions [11,45]. The composition of the Jatobd resin also
differs from that found in other Leguminosae resins used in art such
as copals [33-35] and copaiba balsam [27].

Secondary pyrolysis reactions undergone by free diterpenoids,
such as fragmentation, cleavage of hydrolysable bonds, isomeriza-
tion, dehydration and recombination due to the strong alkalinity
of the TMAH solution, have been described in the analysis of diter-
penoid resins from the Pinaceae species used as art materials [29].
Comparing the results obtained from the three analytical methods
applied enabled us to recognize these reactions taking place dur-
ing the pyrolysis process of the Jatobd resin when THM-GC-MS was
used. Thus, discrimination between the real components of the ana-
lyzed resin and their isomers or secondary pyrolysis products could
be established, as summarized in Table 2.

Table 3 summarizes the main fragment ions identified in the
mass spectra of the free epi-labdanoids occurring in the ana-

\
I ol
\ / ®
\

m/z=137

oty

(ii) (i)

m/z=189

Fig. 6. Structure and formation of fragment ions i-iii from epi-labdanoid molecules.
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Table 4

Characteristic fragment ions and m/z values of secondary pyrolysis products of epi-labdanoid acids formed by means of THM-GC-MS.

Compound 9 16 17 19 20 21 22
M*e 318 290 290 350 334 348 334
[M-CHs3]* 303 - - 335 319 333 319
[M-OCH;]* 287 - - - - - -
[M-CH,OH]* - - - - 303 - 303
[M-CH,OCH3* - - - 305 - - -
I - 123 123 - - 167 -
i-H,0 - - - 149 135 149 -
i- CH30H - - - 135 121 135 121
i- HCH,O CH; - - - 121 - 121 -
i - - - - 221 - 221
ii- H,0 - - - - 203 - 203
il - 189 189 189 189 189 189
iv - - - 221 207 221 207
iv-HR; = = = 175 175 175 175
v- CH3 109 - - - - - -
vii 191 - - - - - -
viii-CHg 189 - - - - - -

lyzed resin. Different fragmentation pathways can be distinguished
depending on the position of the carboxylic group in a similar way
to that found for labdanoid series [26], or to the number and posi-
tion of double bonds in the rings and side chain [46]. Interestingly,
most of the compounds identified exhibit a C(8)-C(20) double bond
(eperuic acid, copalic acid, etc.). Their mass spectra are character-
ized by the appearance of the molecular ion together with peaks
corresponding to methyl elimination and, in some cases, to a loss of
the side chain. The presence of the carboxylic group in the side chain
enhances the elimination of methyl [M-CH3|*, methoxy [M-OCH3]*
and sometimes, methanol [M-CH30H]* groups, which is frequently
followed by a loss of CO, resulting in fragment ions [M-CH3OH-CO]*
and [M-CH3-CO]*. Cleavage of the C(6)-C(7) and C(9)-C(10) allylic
bonds, followed by the elimination of hydrogen, appear to be the
favoured reaction for the majority of this type of compounds, result-
ing in ion i (Fig. 6) [47,48]. The corresponding peak is, in general,
significant and, in most cases, the base peak [46]. When the sub-
stituent at C(4) is a methyl ester (R=COOCH3), as in epi-pinifolic
acid (23), ion i may also lose this substituent together with hydro-
gen. This gives an i-HCOOCHj3 ion which results in a strong peak
at m/z 121 which, in this case, is the base peak [48]. Similarly, the
presence of a-CH,OCHj3 or carbinol group as a substituent at C(4), as
with compounds (19) and (21) and (20) and (22) (vide infra), leads
to the elimination of water or methanol from the previously formed
fragment i (see Table 4).

A second fragmentation pathway consists in the cleavage of
the C(11)-C(12) bond, which yields fragment ion ii and, in turn,
results in fragment iii from the loss of the functional group in C(4)
(see Fig. 6). This reaction occurs without a hydrogen transfer in
the compounds identified, which do not exhibit hydroxyl groups

Rz

R1=COOCHS3, R2=CHg,

R1

(iv)

R1=CH3, R2=CHs,

R1=CH20H, R2=CHs,
R1=CH20CHs3, R2=CHs,

in the side chain. As Enzell and Ryhage described [46], a 1,2-shift
of the C(9) hydrogen to C(11) takes place during the formation of
ion ii since this increases the stability of the formed ion ii. lon
ii is capable of undergoing further reactions. Thus, ion ii elimi-
nates HR (where R is the substituent in C(4)) to form ion iii, as
shown in Fig. 6. When there is a R=CH,OH substituent in C(4), ion
ii eliminates water resulting in ion ii-H,0. In compounds with a
double bond in C(13)-C(14), such as copalic acid, the C(9) hydro-
gen atom is transferred to C(14) by a six-member ring mechanism
[10,49].

A peak at 114 m/z is due to an ion formed by the cleavage of
the C(11)-C(12) bond and the transfer of the C(9) hydrogen to the
smaller fragment by means of a six-membered ring mechanism
[10].

The cleavage of the C(9)-C(11) bond can also take place in the
identified compounds without a hydrogen transfer to the larger
fragment to result in ion iv. The resulting ion can lose one of its
substituents to result in ion iv-HR; (see Fig. 7) [46].

Mass spectra of compounds with a C(7)-C(8) double bond, such
as cativic acid (7), are dominated by the ions formed from a retro-
Diels Alder-type reaction resulting in the formation of ions of types
v and vi (Fig. 8). Ion v further eliminates a methyl group, whereas
ion vi can eliminate a methanol, methyl formate and methyl acetate
group. Peaks due to the cleavage of the C(9)-C(11) bond with the
formation of ion vii (Fig. 9A) are also significant in the mass spectra
of these compounds [46]. If the compound has a C(13)-C(14) double
bond, -cleavage of this double bond in C(13) yields to [M-113]* ion
viii (Fig. 9B). This last ion can eliminate CHy4 in C(4).

Interestingly, a number of compounds appeared in the
THM-GC-MS pyrogram associated with secondary pyrolysis pro-

+ +
R —
Rz
(iv-HR1)
m/z=235 m/z=175
m/z=191
m/z=207
m/z=221

Fig. 7. Structure and formation of fragment ion iv from epi-labdanoid molecules.
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COOCH;

\_

4

+
+
(v) (v)-CH,
m/z=124 m/z=109
- _ -
0 OCH
X 3
\
. x
=
(vi) (vi)-CH,COOCH,
m/z=196 m/z=122

Fig. 8. Structure and formation of fragment ion v and vi from epi-labdanoid molecules.

cesses involving the substitution of the methyl group in C4
by H (16,17), CH,OCH3 (19,21) and CH,OH (20,22). Table 4
summarizes the main fragment ions and m/z values of these
secondary pyrolysis products formed during the THM-GC-MS
analysis.

No pyrolysis products of the polymeric fraction appeared in
the analyses performed, which is in good agreement with the
high solubility exhibited by fresh Jatobd resin in acetone. This

was reported in early studies on other Hymenaea species [35]
and contrasts with the behaviour exhibited by resins from other
Leguminosae families, in which ozic acid, present to a large extent,
is responsible for their high degree of polymerization. Acids of
the ozic series are the epimers of the communic series, except for
the carboxylic group, which is equatorial rather than axial. The
polymer formed from this compound is more highly cross-linked
than polycommunic acid [35].

GV
-+
COOCH;
T
(vii)
m/z=191
(8
— —+ — /T +
COOCH,
—_— —
(viii) (viii-CH4)
m/z= 205 m/z= 189

Fig. 9. Structure and formation of fragment ion vii from epi-labdanoid molecules.
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Fig. 10. Pyrogram of TMS ester derivatives corresponding to a sample from the unaged thin film specimen.

3.1.2. Thin film specimens

A similar distribution of peaks to that found in the bulk resin
is observed in the samples excised from the resin prepared as
a thin film, except for the significant increase of the intensity
of some peaks appearing at higher retention times in the chro-
matogram obtained from both the MCF off-line and the HMDS
on-line derivatizations (Fig. 10). Some of the compounds (24-28)
exhibited molecular ions of 332 and 334 (methyl derivatives) and
characteristic fragment ions [M-CH3|* and [M-CH3OH]* associated
with methanol loss, so that they could tentatively be associated
with oxidized derivatives of the original epi-labdanoids bearing
ketone or hydroxyl groups, formed as result of the oxidation pro-
cesses taking place during this initial ageing process in which the
specimens were not exposed to an intense source of UV radia-
tion. This hypothesis is supported by the significant increase of IR
absorption bands appearing at 3300 and 1021 cm~! and ascribed to
stretching vibrations of the OH and C-O groups of alcohols, respec-
tively, as seen in Fig. 11.

3.2. Analysis of UV light-aged specimens

The analysis performed on UV light-aged specimens demon-
strates that epi-labdanoids undergo similar degradation processes
on exposure to UV radiation to those observed in other Leguminosae
resins [26].

The chromatograms and pyrograms obtained from thin film
specimens of resin subjected to an intense source of UV light

0.12

showed some changes that can be recognized by comparing the
normalized peak area value N of the i epi-labdanoid compounds
and their oxidation products obtained before and after ageing. The
normalized peak area value N; of a specific compound is defined as:
N; = 100 x ( A

ZAf> ’

where A; is the peak area of this specific compound i appearing
in the pyrogram. Peak area values used for calculating the corre-
sponding normalized peak area values are the average obtained
from three replicate analyses from each specimen studied. In gen-
eral, acceptable repeatability was obtained under the experimental
conditions applied, indicated by values obtained for the relative
standard deviation of the normalized peak area in the 2-4% range.
Fig. 12 shows the bar chart summarizing the normalized values of
the peak area of the free epi-labdanoids composing the unaged thin
film and the UV light-aged thin film of Jatobd resin. Normalization
has been carried out by considering all the eperuic acids (8(20), A7
and A8 isomers), kolavenic acid, copalic acid and labdanoids (24”),
(26”) and (28") as the compounds exhibiting the more prominent
peaks in the pyrogram. It is interesting to note that the relative con-
tent of copalic and eperuic acid varies with UV light ageing for an
increase in the total content of eperuic acid to take place in par-
allel to a decrease in the content of copalic acid. In contrast, no
significant changes in the N; value of the oxidized epi-labdanoids
(247-28") appearing at higher retention time were observed.
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Fig. 11. IR absorption spectra corresponding to: (A) Jatobd resin pieces and (B) UV light aged for 720 h.
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Fig. 12. Bar chart corresponding to the normalized values of the peak area for the
free labdanoids composing the unaged thin film and the UV light-aged thin film
specimens of Jatobd resin.

Changes in the relative content of the different isomers of epe-
ruic acid, the main epi-labdanoid detected in Jatobd resin have also
been observed. Fig. 13 illustrates the bar chart corresponding to
the normalized values of the peak area for the TMS derivatives of
eperuic acid and its A7 and A8 isomers which compose the solid
resin, the unaged thin film and the UV light-aged thin film speci-
mens. This diagram shows that eperuic acid content increases from
the solid fragment of resin to the unaged and UV light-aged thin
film. The proportion of the A8 isomer is relatively unchanged in the
solid resin. In contrast, A7 isomer (cativic acid) shows a remarkable
decrease from the solid fragment of resin to the unaged thin film,
and a similar value to that from the unaged thin film is observed
in the UV light-aged sample. This behaviour was consistent in the
different replicates analyzed.

Another interesting finding is the appearance of a shoulder of the
peak of the A8 isomer of eperuic acid at 26.75 min in the pyrogram
corresponding to the unaged thin film (Fig. 14a), which appears as
a new peak that is well resolved in the pyrogram of the UV light-
aged film (Fig. 14b), and has been attributed to the promotion of
isomerization reactions in this resin due to the UV light. The mass
spectrum obtained from this new peak was similar to that from
eperuic acid (Fig. 14c). These observations could be important for
the detection of aged samples of the resin in artefacts. However,
the reason for the chemical change is unclear and requires further
study.
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Fig. 13. Bar chart corresponding to the normalized values of the peak area for the
TMS derivatives of eperuic acid and its A7 and A8 isomers composing the solid
resin, the unaged thin film and the UV light-aged thin film specimens.
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Fig. 14. (A) Detail of the shoulder appearing in the A8 eperuic acid peak from the
pyrogram obtained with HMDS from the unaged thin film specimen. (B) Detail of the
well resolved peak appearing between the eperuic acid and the A8 eperuic acid peak
from the pyrogram obtained with HMDS from the UV light-aged thin film specimen,
which is ascribed to a new isomer of the eperuic acid due to the effect of UV light. (C)
Mass spectra of: eperuic acid (left), new isomer of eperuic acid (top) and A8 eperuic
acid (right).

No polymeric fraction or pyrolysis fragments of the polymeric
fraction were found from the pyrograms performed on UV light-
aged specimens confirming the low tendency of this resin to
polymerize. This is a factor which may enable it to be distinguished
from other Leguminosae resins.
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4. Conclusions

This study has identified the main compounds present in Jatobd
resin collected from Hymenaea stigonocarpa Mart. Eperuic acid and
its A7 (cativic acid) and A8 isomers, together with copalic acid,
are the major components of the resin. Other compounds such as
kolavenic acid, iso-ozic acid and epi-pinifolic acid have also been
identified, present in this resin as minor compounds. Therefore, the
study suggests that Jatobd resin can be satisfactorily distinguished
from other Leguminosae resins and from resins from other species
of the same genus characterized in previous studies.

Analysis by THM-GC-MS is made problematic by the appear-
ance of a number of secondary pyrolysis products as a result
of reactions such as hydrolysis, isomerization, dehydration and
recombination of the original epi-labdanoids a consequence of the
strong alkalinity of the TMAH solution. On-line trimethylsilylation
Py-GC-MS and off-line methylation with MCF with MCF on the
other hand were unable to derivatize iso-ozic and epi-pinifolic acid.
The comparison of the results obtained from the three analytical
methods applied has enabled a satisfactory discrimination between
the original compounds present in the resin specimens and those
othersyielded as a result of secondary reactions taking place during
the pyrolysis process.

The absence of pyrolysis products of the polymeric fraction in
the samples from unaged and UV light-aged thin film specimens
evidences the low tendency of Jatobd resin to polymerize, which
coincides with the absence of epi-labdanoids of the ozic series found
in the samples analyzed, and also with the high solubility in polar
solvents exhibited by the unaged resin and by the unaged and UV
light-aged films.

The main changes in composition found after UV light ageing of
the thin film specimens include the appearance of a new isomer
of eperuic acid. The formation of unidentified oxidized compounds
bearing hydroxyl or ketone groups has been supported by the IR
absorption spectra of the aged thin films. Changes in the relative
content of the major compounds present in the unaged and aged
thin film specimens have been observed, which require further
study in order to understand the effect of the different environmen-
tal agents acting during atmospheric exposure of the thin films and
UV light ageing.
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