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Abstract-Analyses by GC-MS and GC-IR of resin associated to Dacridmmltes mawsonir deposits, an extinct species of 
Podocarpaceae occurring on the South Island of New Zealand during the Bortontan (Mlddle Eocene), have revealed 
that dehydroabietic acid is the predominant component of the solvent soluble fraction Accordmgly, this diterpenoid 
has been selected as the principal component matenal for spectroscopic comparison with the bulk resin using IR and 
CP/MAS 13C NMR 

INTRODUCTION 

Although ambers and fosstl resins have been extensively 
investigated, their composltlons and formation mechan- 
isms are still largely unknown. They are generally constl- 
tuted of msoluble macromolecules, so that diverse sohd- 
state spectroscopic techniques have been used for their 
structural elucldatlon. IR [l-3], X-Ray Diffraction [4], 
ESR [S, 61, or, recently, Cross-Polarlzatlon 13CNMR 
with Magic Angle Spmmng(CP/MAS 13C NMR) [7-101 
They have been catalogued with respect to these analyti- 
cal methods (1.e IR) [l 11 But, unfortunately, most am- 
bers and fossil resins exhibit rather uniform patterns 
when examined by these techniques and this represents a 
major limitation for classlficatlon and differentiation 
purposes Furthermore, with these bulk methods the 
recognition of individual components 1s generally not 
possible, which severely limits the potential chemical and 
structural comparisons with the maJor terpenold denva- 
tlves from modern higher plant precursors. 

The chromatographlc techniques, especially gas chro- 
matography coupled with mass spectrometry (GC-MS) 
or with infrared spectrometry (GC-IR), help m over- 
coming this problem However, only the solvent soluble 
fraction can be studied and this represents a rather 
limited portion of the organic material present in the 
ancient resins The chemical mformatlon obtained with 
these two types of instrumental methods 1s therefore 
complementary but, surpnsmgly, few papers have re- 
ported their dual utllizatlon in the study of these plant 
materials [ 12, 131 The combined use of these techniques 
1s especially promising for samples containing a predoml- 
nant component m the solvent soluble fraction Such a 
molecular constituent (identified by GC-MS or GC-IR) 
can be selected as the prmcipal component material for 
comparison with the bulk resm 

This approach 1s presented here for fosslhzed resin 
from the coahfied wood of the Brunner Coal Measures 

(New Zealand), a series of coal fields of Bortoman Age 
(Middle Eocene) located at the West Coast of the South 
Island [ 14, 151. These deposits contam large amounts of 
Dacrydlumltes mawsonu, an extinct Podocarpaceae very 
common m the N Z. Westland during this geologic period 
[16]. Another characteristic species of these deposits 1s 
Trlorrtes hurrlsn Couper [17], possibly an extmct Cas- 
uarmaceae or a Betulaceae [ 181 The resin was obtained 
from Burley’s Mine (Buller Gorge). GC-MS and GC-IR 
analyses have shown that dehydroabletlc acid was the 
predominant constituent m the solvent extractable frac- 
tion. Accordmgly, a standard of this component was 
selected as target reference material for the structural 
analysis of the bulk resin by means of IR and CP/MAS 
13CNMR In addition, the predommant occurrence of 
dehydroabletlc acid m this resin may be of mterest for the 
controversy on the molecular composltlon of the mam 
monomer structures undergoing polymerlzatlon during 
amber formation, either labdatrlene compounds [9, 121 
or abletic acid [19-211 

RESULTS AND DISCUSSION 

Solvent solublefractron 

The molecular components identified in the resin and 
then coiresponding concentrations are given in Table 1. 
Some other unidentified components at concentrations 
below 0.1 mg/g are also present. The identifications are 
based on GC retention indices, mass spectra and, m some 
cases, IR spectra. In this respect, the presence of dehy- 
droabietlc acid (as the methyl ester denvatlve) was deter- 
mined by comparison of the followmg mass spectrometrlc 
data MS (product), base peak m/z 239, M, m/z 314 (lo%), 
other significant peaks. m/z 240 (19%), 241 (2.2), 299 (16), 
141 (54), 155 (5.4), 173 (4.4), 197 (49) and 255 (29) MS 
(standard [22]), base peak m/z 239, M, m/z 314 (8 5%), 
other significant peaks: m/z 240 (19%), 241 (2.0), 299 (12), 
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Table I Components Identllicd m the wlvcnt soiublc frJctlon of the re\~n from 
the Brunner Co,11 Measure\ 

C‘ompounds* Conccntr,itwn (mg:g) 

Dehydroahxtlc dad 16 

I6,17-Hlsnordchqdroahletic nud 0 13 

X-Plmarcn- I X-OIL acid 0 I3 

I 2 J.?-Tctmmeth)lh1~ycl~)L4.4,(1j-2-decen-7r-~)I~ .KKI 0 I 1 

Camphor 

X-lboplmaren-IX-i,lc acld 

Ioncne 
13-Meth~lpodocdrp,l-X Il.1 3.trwnc 

Fenchow 

C ,rLimcnenc 

Dehydrtuhletm 

Dlhydro-Lir-curcumenc 
1%Nor<ih~etn-X.1 I.1 3.tricnr 

C,ld,ilenc 

*Identified ‘0 methyl ester derlrCstlvcs 

141 (8 5) 155 (5 9), 173 (64), 197 (5 9) and 255 (2 5) IR 
(product, gas phasej, c‘- H stretching 2963, 2929 and 
2881 cm -I, C=O stretching 1742, aromnttc skeletal VI- 
brations 1609 and 1498, CT-f deformattons (463 and 
1387, C_~G_ ~rr&chrng ?z_?T ii& ))66, C C str@cirrng 

i i24, Arii dtformat~on i ii36 and 8 i 9 cm ! iR (stdndard, 

hqmd solution). 2960. 2938, 28X0, 1735, 1617, 1501, 1462. 
1390, 1250, 1176, 1128. 1040. X22 cm i The \1miiarity 
between the data correspondtng to the predonnnant te51n 
component and standard methyl dehydroab1et‘tte IS re- 
irrforccd even more when c-orrsrdernrp ihar rhe- i-m rrnnrtrn 
tai rcsoiohon of gas pinise iR spec‘fnt I\ X cm ! 

Dehydroabtet1c acid- IS the major poiycyf~c dtterpeno1- 
dal compound found m the geosphere [23] It IS derived 
riom tie rap& oxrdatrve dehydrogenatror ofabrt?ic acids 
[24] The aromatic acid then degrades by decarboxyl- 
atton to dehydroab1ettn or I9-nor,rbtota-X,lh.13-tr1ene 
and further aromattzatton results tn retene 133 251 In the 
Brunner resin this transformation appears to have stop- 
ped wrtit dehydroabretic acrd and oniy mmoraMfXiiT& of 

trtcychc monoaromatlc hydrocarbons and d total ab- 
sence of t-t%IIe. ThUS, the UtTSatU~dtCd LX7mpCVTtXTtS Wt3.25 

transformed during resin ageing, but defuncttonahzat1on 
has not occurred extensively 

At a much lower concentration the second most 
abundant resin component 15 16,17-btsnordehydroablettc 
acid, an homologue of dehydroab1ettc acid This 15 de- 
rived from acids of the ptmarane skeieton by the same 
oxldatton processes described above [23, 351 In thts 
sense, 13-methylpodocarpa-X,l l, I3-tr1ene 1s probably re- 
lated to the occurrence of this C ,s terpenold acid Resin 
agmg IS therefore reflected by the formation of the 
aromatic C-rmg&nd the ioss of the VTiTy~jktilg~ srde c_haliT 

However, 1n contrast wtth the abtetane-derived terpen- 
o1ds some unsaturated p1maranes are stall present, such as 
8-pimaren- 18-otc acid and Stsoplmaren- 18-01~ acid 
These components are m fact partially dehydrogenated 
dertvat1ves of a group ofdiunsaturated plmarane acids 
found m abundance m more recent or better preserved 
resins p1martc, 1soptmartc, X-isoptmartc and. especlaify, 
sandaracopnnar1c acids [ 12, 13) The presence of the 
monounsaturated components indicates that the exocyc- 
IIC double bonds have not survived the maturation pro- 

cesses undergone by thts resin, and also the endocychc 
pimardne un~aturahons are f‘tr more resrstant to chemr- 
cal transformatton In this respect. the only occurrence of 
AR-l 5.16-d1hydro components I\ In agreement wtth the 
pnTwT;irx &ou bit- brci- iWnrWi,%B~rrr pic?GbW &SCX’b& 

eisewhere [26] a5 <lrt early agrng reactmn icadrng tu tire 
more stable locatton at Ah 

Several iesqutterpenotds have been also 1dentdied 1n 
the rcs1n extract (Table I) Smnlarly to the d1terpeno1ds 
some of them are probable aromanr‘ttton products of 
uns,riX rated or-i% rrctinnTah&d precursors TiTw, ChmOT- 

CITC arrd cadaierre may ‘be d~e-rrved hm c&rrtcnneb [25j, 

cadtnofs i25J or muuroienes ,md d1hyd.ro-ar-curcumene 
from btsabolenes Their occurrence may therefore reflect 
ITTdtUrdROrT ~X&_%(‘rh!, wtith rtZgdKf5 iir ses;quIierpnord? iI:, 

described above 
The solvent extractable fractrons of sevjeral fossil resins 

from New Zealand have already been studied by Thomas 
[27], who related their compostnon with that of Kaurt 
resin, especlaiiy ,tqrdfhi.\ mbWO/l\ h titai study fi Was 

reported the unusual compostt1on not compatible with 
that of Kaur1 resin (I e absence of agathtc acid). of twtr 

tossll resins off?ocene age, Mdramarua and Uha1, coifec- 
ted tn the southern atea of the South Island Unfortu- 
nately, the constituents of these two resins could not be 
tdentmed at that time However, the Ohdi coal measures. 
although they arc older than Horton1an. contam a floral 
d.tstr1button m their upper beds wfnch IS rather stm1iar to 
that of the Brunner coal [ 14. 171 it IS therefore possible 
that the distinct composmon of these two rcsms could be 
due to a relattonshtp to different plants (I e DN~PI~~uw~L’~ 
I~UM.WIIIZ) and not to add1tton~l geochem1cal trans- 
formahons of Kaurr rebrn a:, \nggessCed i27j 

The elemental compos1tton of the bulk resin IS 744% 
carbon, 10 6% hydrogen, 4 05% sulphur. and nitrogen IS 
below 0 1% The most stgntficant aspect IS the high HX 
ratio (1 ?l) when compared with that of the coahfied 
wood to whtch the resm IS attached (0.61-1.26) [7]. 
suggesting that major structural differences exist between 
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Fig 1 Sohd state NMR spectra of (A) the resin studied and (B) dehydroabletlc aad, the predommant component 

m the solvent soluble fraction of the resm. The lower trace m (A) corresponds to a dlpolar dephasmg time of 50 psec 

the resins and the hard constttuents of then plants of of the resin is even higher than that corresponding to 
origin. The difference is even more stroking when the elemental composition of dehydroabietic acid 
considering the geologtcal age of the resin examined here. (C,,H,,02; H/C= 1.4). In fact, it corresponds to the 
Coalificatton of wood involves a significant depletion in empirical formula of a fully saturated tricyclic diterpen- 
the content of hydrogen versus carbon [lo], a trend old acid, suggesting that other more aliphatic materials 
which is also observed in natural oxidation processes have also contributed to the polymer structure of the 
[28] or gelification [29] of coals. The hydrogen content resin 
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The IR spectrum of the whole resm exhlblts a rather 
common pattern. A broad absorption band at 
3500 cm _ ’ representmg the hydroxyl functions (stretch- 
mg), a group of more or less well resolved bands m the 
2840-2950 cm _ ’ range due to carbon -hydrogen bond 

stretching, the correspondmg bendmg motions being at 
2430-2520 and 137(t-1380 cm-‘, and the remammg 
prominent band between 1680 and I730 cm- ’ produced 
by atretchmg of carbon oxygen double bonds, the ‘car- 
bony1 band’ All of them correspond with the IR spectrum 
of dehydroabletlc acid. but the profile of the whole resm 
does not show dtstmct features with respect to other 
resins reported elsewhere [I , 2. 3, I I] In thus regard, the 
three bands near 880, 1640 and 3070 cm ’ character- 
IstIc of methylene exocychc groups [303 are absent, which 
1s m agreement with the observed lack of exocychc 
unsaturated components m the solvent soluble fraction 

The CP,!MAS ‘“CNMR spectra of Brunner resm and 
dehydroabletlc acid are dlsplayed m Fig 1. Three regions 
are defined m each spectrum One correspondmg to the 
saturated carbons ((SO-50), another for the olefimc and/or 
aromatic carbons (612(r-150) and a third for the 
carbonyl groups (above 6 160) 

As described for dlterpenolds [3 1 J, the peaks at 6 19,28, 
37 and 43 of the Brunner resm correspond to diverse 
methyl, methylene, methme and quaternary carbons 
Specific assignment IF dlfflcut due to overlappmg re- 
sonances but chemical shift conslderatlons and the use of 
dlpolar dephasmg techmques allow dlfferentlatlon of 
methyl and quaternary carbons [9] Thus, the peak at 
619 has a contrlbutlon from some methyl groups, and 
quaternary carbons most hkely contrlbute to the peak at 
637 ppm (m part) and 43 (entirely). Dehydroabletlc acid 
also has some NMR bands correspondmg to these satu- 
rated carbons (1.e 69, 18, 23, 27, 3.5, 37) However, It 
contams a large band at 648 not observed m the resm 
which corresponds to the quaternary carbon attrached to 
the carboxyhc acid group 

In the olephmlcjaromatlc region, comparison of the 
conventlonai and dlpolar dephasmg NMR spectra of the 
Brunner resm shows that the peaks at 6127 and 135 
correspond to protonated and quaternary carbons, re- 
spectively. Integration of these peaks Indicates that only 
11% of the total carbons are olephuuc & hlch, assummg 
that the resm IS composed by diterpenold molecules, 
represents one double bond per unit The lack ofa peak at 
6120 IS consistent with the IR data and rules out meth- 
ylene exocyhc groups In the spectrum of dehydroabletlc 
acid the 124-146 peaks account for about 30% of the 
total area which 15 m agreement with Its known structure 
These NMR features Imply that dehydroabletlc acid 1s 
not a major subunit of the resin polymer The ratlo of 
unsaturated-to-saturated bands, 1s m agreement, wtth the 
high H/C ratlo of the resm and suggest that polymenz- 
atlon and not aromatlzatlon has been the major process 
durmg resm agemg 

Fmally, the total intensity of carbonyl groups m the 
NMR spectrum of the Brunner resin (6 177-185) IS 2 3% 
correspondmg to approximately one carbonyl atom per 
two diterpenold subumts Dehydroabletlc acid shows 
about 5% carbonyl carbon which IS consistent with its 
known composltlon The carbonyl groups of the Brunner 
resin may have also been modjfied durmg agemg, as their 
correspondmg NMR bands appear depleted and poorly 
resolved Extensrve defunctlonahzatlon has not occurred 
since the IR spectrum of the resm exhlbrts an Important 

carbonyl band and the solvent extractable fraction 1s 
dommated by acidic components. 

EXPERIMENTAL 

Bulk analyaec The resm was puherlzed to pass a 100-mesh 

screen prior to analysrs The elemental composition was deter- 

tnmed usmg two Carlo Erba Elemental Analyzers. models 1106 

and 1500 Five or more replicates per sample were analysed until 

the observed dispersion of the results had comparable values to 

Instrumental preclslon (ca 0 1-O 3%) IR KBr pellet 
Sohd state “CNMR spectra (conventlonal and &polar 

dephdsmg) were obtamed as described previous [7] usmg cross 

polanzatlon with magic-angle spmnmg (CP/MAS) on a Chem- 

agnetics Model lOOS/2OOL spectrometer, operating at a field 
strength of 2 35 Tesld (25 2 MHz for carbon) Ca 1000&50000 

scans were obtamed with a 1 set delay and I msec contact time 

each Spmnmg speeds of 3 to 3 5 KHz were mamtamed to 

mmmnze Interference from spmnmg sldebands Dlpolar depha- 
sing time was 50 psec 

E.xrrucrron and Jrattronutwn The resin was extracted with 

CHCIJPMeOH (3 l), concentrated and treated with CH,N, 
dissolved m Et,0 to esterify the free fatty acids The extracts 

were then subJected to TLC ubmg hexane-Et,0 (9 I) dS eluent 

The bands correspondmg to hydrocarbons. esters and ketones 

were scrapped off the TLC plate after vlsuahzatlon with I, 
vapour, and eluted with CH2CI, The fractions cnrlched m 

hydrocarbons (F I) and esters plus ketones (F2) were andlysed by 

CC-MS as well a5 CC-IR (F2 only) 
Chromalo~/ruphl~ antr/~,re.c CC analyses were performed with 

a Carlo Erba 4160 GC instrument eqtupped with a 20m 

x 0 25 mm Ed glass capillary column coated with SE-54 Hy- 

drogen wa\ the carrier gas The temp was programmed from 60 

to 310 at 6 ,‘mm (InJector temp 260 . detector temp 340 1 The 

mJectlon was m the sphtle\s mode (solvent r-octane), keepmg 

spht ,md sweep valves closed for 40 see 
The chromatographlc condltlons for CC-MS were snni- 

lar to those described above except that He was the cdrrler gdS 
The mdSs spectrometer temperatures were transfer oven 300 , 
ion source 200 and multlpller 230. dnd the quadrupole was 

acanned from m’; 40 to 540 at 1 set per decade 

GC-IR 25 m x 0 30 mm I d SE-54 fuuled \&ca column and He 

wab used as carrier gas The temp was programmed from 60 to 

280’ at 6-/mm (InJector. transfer lines and flow cell temp were 
275 ) InJectIon wac m the sphtless mode as described above 

Spectra were collected between 4000 dnd 800 cm ’ at 3 scans 

5ec Spectrdl resolution was X cm 1 
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