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Abstract—The resulis of GC-MS, Py-GC-MS and spectroscopic (solid stat= 'C NMR) studies of the
structure and composition of two resinites, viz. Highgate Copalite and Glessite, which have been previously
described as *'fossil elemi” are described. GC-M analyses of Highgate Copalite establish that this resinite
15 composed of a simple mixture of ditzrpenocid resin acids and ri-alkyl materials, Based on companison
of these data with similar data obtained by analysis’ of modern rosin, it is concludad that this resinite is
most probably derived from the resin of an undetermined species of pine. In order to accommodate
resinites of this general character, it is proposed that an additional class, viz: Class V, be added to the
classification system for resinites which we have previously propossd (Anderson er al., 1992). Py-GC-MS
analysis of Glessire establish that thiz material is a typical Class Ia resinite closely related to Sucefmite
(*normal®™ or “typical™ Baltic Amber). it is concluded that the previously assigned structurzl character

of these two resiniles is open (o guestion.

Key words—resinite, Succinite, Glessite, Highgate Copalite, classification, GC-MS, Py-GC-MS

INTRODUCTION

Fossil organic products derived from the resins of
higher plants are both widespread and abundant in
the geosphere. These materials are generally referred
1o by their common name, amber, but for scientific
purposes are more correctly deseribed by their geo-
logic or petrographic name as resinites. In a recent
publication (Anderson er af, 1992), we have
suggested that the majority of resinites fall into one
of a small number of discrete classes, and have
described a classification system, based on structural
characteristics, for the differentiation and nomencla-
ture of these materials. As part of efforts undertaken
ta establish this classification system, we have charac-
terized 2 significant number of resinite samples ob-
tained from sediments of various kinds and ages,
from all over the globe. A number of resinites which
had previously been described as “fossil elemi”
(Frondel, 1967a,b) were deliberately included in
these analyses, since these resinites were considered to
fepresent a distinct and unique form of fossil resin.
Hence, elucidation and confirmation of details of
their organic molecular structures was considered to
be an important research objective.

Elemi are resins derived from various planis of
the Bursergorae (especially Protium, Canarium, and

—

For Pari 11 of series, see Anderson ef al. (1992) Org
Geochem, 18, §29-841,

tTo whom all correspondence should be addressed : at
Amoca Off Company, Mail Station H-9, Bldg. 700, P.O.
Box 3011, Maperville, IL 60566-T011, U.5.A.

Bursera). These materials are generally rich in -
and f-amyrin and related pentacyclic triterpenocids
based cn the ursane and oleanane (and euphane)
carbon skeletons (Permet, 1972) (see structures
illustrated in Scheme 1). On the basis of X-ray
diffraction data, Frondel (19672, b) concluded that
a number of resinites, including those with which
this report is concerned, contained or were based
on structures related to z-zmyrin, and hence rep-
resented fossil analogues of this type of modem
resin, For the purposes of the present study, samples
of three resinitzs characterized by Frondel (1967a, b)
were obtained from the collection of the Smith-
sonian Institute, and have been subjected to modern
chromatographic and spectroscopic analyses. The
results obtained from the analyses of two of thess,
viz. Highgate Copalite and Glessite, are deseribed
herein. Results of analyses of the third sample,
Guayaguilite, will be described in a subsequent
report. :

Highgate Copalite, which was first described in
the scientific literaturs by Thomson (1813) and
subszquently by Johnston (1839) (these are the earli-
est reports of which the authors are aware), is found
in Eocene strata, largely clays, in the Highgate
Hill area of London (U.K.). Glessite is an often
“milky" resinite which co-occurs with succinite in
Miocene(?) (so called “blue earth™) strata in the
eastern baltic and other areas of Europe. Sample
reference numbers, elemental compositions and other
detzils of the samples described herein are given in
Table 1.
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Highgate Copalite and Glessire structure and composition 1031

Table 3. MS dala and corresponding struclural assignments for methyl esters of components Highgare Copalite and modern Pimur Rosin
M5 data and assignments

Compound
AT J16(12), 284 (12), 257 (4}, 256 (4), 188 (10), IET (54), 147 (14), 144 {100, 134 (22), 133 (30), 130(18), 123 (22), 119(10),
1 L17024), 109 (18}, 105 (16), 101 (50), 95(12), DI(10), 92 (38), 21(38), BI(14), 79 (10), 63 (12), 67(12), 55(24), 43(30),
41 (1),
Methyl 28 {2'{m -isopropylphenyl}-ethyl-}1 5,32 -d imethylcyclohexanecarboxylale®
B } 6 (10), 284 (36), 269 (4), 256 (6), 192 (18), 18T (12, 14T (16), 146 (100), 134 (10), 133 (44), 131 (22), 123 (14), 117 {24),

ILI(1G) 109 (22), 105 (14), 101 (12), 95(18), 92 (18), @I {30y, BI{12), &2 (12), a7 (12}, 59010), 55(22), 43 (18), 41 (30).
- Methyl 2ﬂ-|1'[m-impmpy!phnﬂ}-ﬂhyl}lﬁ.3,|'.’f-d1'm-=1hylcyrlnhuanm.rbmylal:'
C‘ Ala(14), 301 (12), 257 (14), 24) (B), IB1(B), 180(16). 133(14), 122(12), 21 (100, 107 (10),
' 67(12), 35(16), 41 (18).
! Methyl pimaratet
A 316(24), 301 (28), 257(20), 241 (16). 181 (16). 180 (10), 133 (16), 121 (100), 109 (10), 107 (22), 105 (26), 03 (24), 91 (20),
| Bl (12), 79200, 55 (20), 41 [24).
Methyl sandaracopimaratet
E A16(66), 301 (1000, 257 .(8). 241 (68), 213(16), 185 (20}, 159 (14), 149 (22), I8 (22), 133(14), 117(12), 107 (14), 106 (16),
105(18), 93(12), 91 (1B, T5.(8), 7T(10), 55(10), 43(22), 41 (24).
Methyl palusiratet

105 {16, 91 (22}, 79 (20),

E 316(30), 301 (14), 287 (16), 257 (48), 256 (48), 241 (100), 227 (14), 201 (20), 187 (30), 173 (14), 145 (14), 133 (22), 131 (18),
121 (36), 119 (38), 109 (24), 107 (24), 105 (45), 91 (3500, 81(32), 79 (48), 67 (28), 55(48), 41 [38).
Methyl isopimaratet

G J14(14), 299 (16), 240 (20), 239 (100}, 197 (6), 173(6), 141 (8), 43(14), 41 (10).
Methyl dehydroabictatet

H 316 (80), 301 (8), 273 (14), 257 (32), 256 (100), 241 (64), 213 (38), 185 (28), 136 (22), 131 (30), 121(50), 108 {40), 93 (24).
91 (40), 79 (24), 67 (18), 55(28), 41 (34}, 41 (42).
Meéthyl abictatet

', 302 (26), 297 (14), 238 (20), 237 (100), 18] (10}, 170 (6), 155(8), 141 (10), 109 (22), 41'(8).
Methyl B,11,13,15-abietatetracnoatet

i 330 (14), 312 (28), 253 (6), 238 (200, 237 (100), 195(22), 162 (14), 141 (&), 91 {6), 43012), 41 (14).

Meihyl Lhydroxydehydroabietate ;

5 330(22), 316(22), 315(100), 255 (80), 237 (30), 197(12), 162 (10), 59 (22), 43 (58).

Methy! | 3-hydroxydehydroabictales

L A28 (20), 313 (4), 296(12), 269 (10), 268 (10, 254 (20), 253 (100), 203 (12), 211 (10), 187 (16), 141 (6), 128 (B), 115(8),
- 91 (6), 43(12), 41 (12). -
o Methyl T-keto-dehydroabictatet
Structure assigned on the basis of comparison of experimental MS data with literature data. Note that there is some confusion in the
_“"Tl-lllre_mmnﬂn; the assignment of thess compounds. M5 data reported by Takeda e of, (1968) and Zinkel ef of. {1969) clossly match
the experimental data for compounds A and B. However, Lhe structures assigned by (hese authors have subsequently been revised (Herz
aed Mohanraj, I980). The assignments for compounds A and B given above and illusirated in Scheme | correctly reflect. the reassigned
toctuires of the compounds. for which Takeda et af, (1968) and Zinkel op of (1969) have reported MS data (Herz, 1992, personal
T’m“‘“m”ﬂﬂ}- See discussion in the literature concerning the strueture and stereochemistry of these two compounds (Takeds ef al.,
Bt 0% Zinkel e al, 1969; Herz and Mohanrg, 1980; Soltcs and Diokel, 1069,
Birscry orirmed by comparison and co-clution with authentic standard,
e “"‘W'-::E]'lﬁ}. on the basis of companson of experimental data with data from auihentic standards. (Zinkel, 1991, personal
“aum Lol ]
Other dsignments are based on inlerpretation of experimental MS data,

conclude that this resinite (Settfingite) is ““an esser-
tially unchanged coniferous resin, mast likely of
the sub-genus Diploxylon of the genus Pinus". Based
on this observation, and on the observations de-
scribed above for Highgare Copalite, it is apparent
that these resinites represent a structurally. distinct

i_‘:’k" and FPﬁMr, 1980; Haﬁmﬁt_l'u, 1983) but are
m;"'ﬂ!. during commercial refining for rosin
com, Hetion, Mass spectral data and assignments for
n_alf'-"luﬂdi A-L are given in Table 2, MS data for
'ﬁﬂrrn: Fomponents are not reproduced, but closely
Siruer. o4 19 literature data for these compounds,

\Mctures i i
s f compounds A-L are illustrated in

i be noted at this point that the structure
m&m“:mpusmm! of this resinite place it outside
% IIE: of r-:‘sm:l.r:l structures presently described
‘?ﬂlly prt classification system which we have re-
Shenngy QI;GEM (Anderson er al., 1992). Beck and

i fl"h'o{ 1) haye reported that the infrared
5 obtgj ¢ shectrum of Settlingite, a resinite which

Ones mw' from the locale around Settling
z unhumhcﬂﬂn’d' U.K.) [and which was also
mi\‘.rn ?Fy Frondel (o give a sharp X-ray diffraction
i (th, fondel, 1967b)] is “virtually identical

. : ] of Crude abietic acid”. . These authors
O,

form of resinite, which satisfies the criteria [described
in our previous report (Anderson et al., 1992)] that
only distinct forms of resinite which are known
from more than one site be included in the classifi-
cation system which we have proposed therein,
Therefore, we propose that an additional class ol
resinite, Class V, be added to the classification
system, viz.

CLASS ¥

Basic structural character is non-polymerie diter-

penoid carboxylic acid, (especially based on the ahj-
etane, pimarane and iso-pimarane carbon skeletons).
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1036 Kex B. ANDERSON and R. E. BotTo

Table 4. M5 data from Py-GC-MS analysit of Glessine and Suceinlte (Mintact” diterpenolds)
Compound MS data and assignmenis

n 270 (30), 236 (20, 255 (100), 213 (14), 199 (16), 185 (44), 173 (84), 139 (50), 143 (24), 129 (32), 128 (26), 117 (24), 91 (1),
69 (58). 35 (26), 43 (48), 41 (52),
D:gmd roabietin. (Kitadani er al, 1970; Mills ¢ al, 198485 McLaferty and StaufTer, 1989).

% 302 (32), 287 (48), 257 (100), 255 (80), 241 (12), 225 (14), 187 (40), 175 (45), 161 (42), 145 (34), 133 (30), 131 (54), 119 (52},
107 (58), 105 (74), 95 (44), 93 (44), 91 (80), 81 (52), 79(70), 68 (£0), S5 (63), 45 (86), 41 (80).
Unassigned,

b.'] 316 (24), 301 (30), 274 (10), 257 (34), 24 um}.- 173 (20, 159 (18), 145 (14), 133 (18), 121 (20), 107 (24), 105 (30), 93 (20,
91 (38), B1 (200, 79 (26), 67(20), 55 (28), 41 (44).
Methyl 8,15-lopimaradiene- 18-cate (Zinkel er al,, 1971; Mills ¢t af, 1984/85; McLaferty and Stauffer, 1989),

i 2865 (16),.271 (15), 211 (R00), 1ST(02), 135120 145012), 143 (12, 131002 D25 (11), 128 (10), 'E‘! (B), T7(11), 41 {10y,
Phenanthrene- | -carboxylic add-!.1.3.#.4:.9,!ﬂ'.lﬂl-ncuhrﬂm-l.-lﬂalrim_ﬂhyl. methyl ester, (Mills ¢f all, 1984/35),
3 : 16 (24), 301 (54), 269 (10}, 25T (18), 241 (1003, 15 (18), 159 (18), 149 (10, 128 (10}, 121 (1o, 119010, ll?ilﬂj.m‘?;]-ﬂ,

105 (26), 91 (20), 81 (22), 79 (14), 59 (12), 55 (18), 41 (22).
Methyl £.15-pimaradiene-18-cale.

32 318 (18], 303 (48), 271 (12), 259 (18), 258 (12}, H.‘rl_'lﬂ}, 129 (8), 187.(22), 1351(14), 133 (12), 121(22), 107 (18), 105 {227,
95(14), 53(12), 91 (200, 81(12), 79 (12), 67 (12}, 55(26), 41 (24).
Methyl 8-pimaren-|B-oale (Zinkel et af, 1971: MeLafferty and Stauffer, 1989).

33 300 (16), 285 (22, 233 (100). 239 (8), 211 (10}, 185 (18), 173(58), 139 (18), 158 (12), 143 (10), 141 (14). 131 (18), 129 (16),
128 (14), 117 (12), B3(8), $5(14), 45(26), 42 (223, 41 (16).
Phenanthrene-1-carboxylic acid-1,2,3,4,41.9,10,10a5¢tahydro-9-ox0-1 4a,7- trimethyl, methyl ester. (Tentative assipn-
menl based on comparison with compound L. Table ). ,

4 Methyl sandaracopimarate—MS data corresponds with data for Compound D, Table 2. Structure illusirated in Scheme |,

13 302 (72), 259 (38), 257 (32), 255 (40). 241 (36), 229 (30), 199 (28), 187 (), 185 (32), 133 (38), 131 {38), 121 (100), 109 (38),
107(32), 103 (36), 95 (46), 93 (36), 51 ($4), 81(38), 79 (38), 35 (44), 45 (46), 43 (45), 41 (50). Unassigned.

Methyl isopimarate—MS daia corresponds with daia for compound F, Table 2. Structure illustrated in Scheme |.

n Methyl palustrate—M3 data corresponds with data for sompoind E, Table 2, Struciure jllustrated in Scheme 1. Probably
comesponds 1o Mills e o, 1584785, Scan w915, 4

Methyl dehydroabietale—MS data corresponds with dala for compound O, Table 2. Structure illusirated in Scheme 1.

kL] 350 (4), 291 (10), 290 (18), 271 (&), 253 (), 215 (63, 221 (&), 180(10), 161 (12); 121 (100), 109 (18), 107(18), 105(14),
93(18), 93 (18), 81 (12). 81 (30), 79.(18), &7 (18), 55 (24), 45 (38).
Unassigned. Possible analogus of Dimethyl dihiydroagathate (@41 below),

P

Mzthyl abictate—MS data corresponds with dita for compaund H, Table 2, Structure fustrated in Scheme 1.
Al M =10, 305 (38). 221 (), 189 (72), 171 (34), 161 (38), 149 (34), 147 (32), 135 (36), 133 (38), 121 (34), 119 (38), 109 (44),
;4;; (38), JIDS(MJ. 98 (32), 95(100), 93 (38), 91 (44), 81(52), 69 (40), 67 (40), $9(58), 35 (64), 45 (62), 41 (43). (Weak
rum,
Unassigned.

42 244 (4, 304 (26), 273 (4), 257 (6), 235 (6), 221 (8), 189 (6), 181 (3), 180 (8), 161 (1 121 (100), 109 (18), 107 (16), 105 (12},
93 (16), 93 (18), 51 (14), 81 (20), 79(16), 69 (14), 67 (18), 53 (18), 55 SEL 4l E;ﬂ B
Dimethyl dihydroagathate (McLafferty and Stauffer, |959),

4 364(10), 24 6), 305 (16), 304 (18), 289 (18), 257 (16), 235 (50), 203 (26), 175 (100), 161 (14), 159 (16), 149 (14), 147 (20},
135 (20), 133 (26), 119 (48), 109 (22), 107 (26), 105 (32), 95 (28). 93 i ; . 67 (18), 59 (34
SRR ) h 105(32), 95 (28), 93 (24), 91(30), £1 (30), 79 (26), 69 (30), 67 (1)

: Damethyl dih}'dmﬂﬂ-a;tuute_{h{ﬂy el al,, 1984/85),

& 346 (12), 303 (24), 304(22), 235 (56), 175 (44), 122 (100), 109 (60), | 95 (4 63 (40), 67 (30).
59 (36), 35(42), 43(26), 41 (42). (Weak -putzumj. PP 1T08, 55421 9 za). 81 (o8), 5
Unassigned. Probably correspoands to Mills e al., I984/8S. Sean #1]50. —

Sjut\ fiz
COyCH,

C0,CH, CO4CH,
26 28 20 30
by 1CH, ail
CO4CH, C0,4CH, 0y CHy : < *co,cH,
81 32 41 42

Scheme 3. Structures of diterpenoids identified in Suecinite and Glessite. MS data ara given in Table 4.
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CONCLUSIONS

It is apparent that our data"lifﬁ l'T'Ih:::::!:‘tEmtl.'.m
with the previously assigned structural chnrn-::tt.r of
Highgate Copalire and  Glessire. Neither of the

~ samples characterized is based on or dmved from:

amyrins or related enmpnunds. nnr is elt!m m any'
way related to elemi resins. Also, neither nf' these
resinites is directly structurally cnmparablc tn lh:
other.

The Highgate Copalite sample, herein dmnbr.d 18
a non-polymeric mixture of diterpenoid resin acids,
(primarily of the abietic. pimaric and iso-pimaric
types), n-alkanoic acids and n-alkanes, and is closely
comparable to modarn rosin. Hence, it may reason-
ably be concluded that Highgate Copalite is derived
from the resin of an undetermined species of pine.
Based on these observations, and also on obser-
vations describad by Beck and Shennan (1991), it may
also be concluded thal resinites comparable in char-
acter to this Highgate Copalite sample, occlr in al
least two deposits, and hence represent a dm'rele
form of fossil resin. Therefore, an additional class has
been added to the classification system for resinites
which we have previously proposed (Anderson e al.,
1952},

The results of Bv—GC-MS analysis of Glessire, n;nd
comparison of these data with the results of similar
analyses of Succinife, uneguivocally establish that
Glessire 15 2 typical Class la resinile (Anderson er al.,
1992) very closely comparable 10 Suceinite, The ex-
tent. of similarity of these resinites is such, that the
validity of continued distinction betwesn them is, on
chemical grounds at least, unjustifed.

Beck and Sheanar (1991) have suggested onithe
basis of infrared: spectroscopic data, thal resinous
materials described as Highgate Copalite which are
held in'a number of collections may be derived from
a number of botanical sources. If so, then our
observations do not necessanily invalidate the resulls
of X-ray diffraction analysis of these resinites de-
scribed by Frondel (1967a,b), since it is at least
conceivable that the samples characterized by Fron-
del and those described hercin may not be directly
comparable [Frondel does not cite sample reference
numbers in either of her reporis (1967a, b). Hence
it is not possible to deliberately obtain sub-samples of
the resinites used in her analyses]. However, given
that neither of the resinites described herein is in any
way comparable, or related to modern elemi resins, it
is clear that the conclusions dc-smbed by Frondel
(1967a, b)' are at Jeast not generally apphcahlc to
these resinites (viz: Highgate Copalite and Glessite).

“Analyses of Guayaguiliie by the authors {Anderson

et al.. unpublished rcsulls]. ‘also conflict with the
conclusion that this resinite is also & “fossil elemi”.
It therefore seems reasonable to suggest that the
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