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MATERIALS AND METHODS
Soil samples were taken in the autumn of 2008 from Pessade forest,  located on the north-
eastern side of Sancy Massif (volcanic French Massif Central) in the Lake Aydat catchment, 
ca. 25 km SW Clermont Ferrand and mainly constituted by spruces and pines.

Samples were extracted using Accelerated Solvent Extraction (Dionex ASE 200) with 
DCM:MeOH (9:1) and separated into neutral, acidic and polar compounds by flash chromato-
graphy on aminopropyl-bonded silica. The neutral fraction was separated into five fractions 
(aliphatics, aromatics, ethers, ketones and alcohols) on silica gel column with solvent of 
increasing polarity before be analysed by GC-MS.

INTRODUCTION
The evolution of landscapes through time constitutes a challenge for both archaeologists and paleoenvironmentalists. For example, human deforestation 
(for cultivation and building) strongly affected the shape of continental surfaces with supposed impacts on the global carbon cycle of which the timing and 
extent remains controversial.
Molecular biomarkers detected in soils can provide clue information on the past local vegetation, and thus on past land uses. In addition, if these biomar-
kers are transferred from soils to sedimentary archives, they can be used to reconstruct the evolution of ecosystems through time. Higher plant pentacyclic 
triterpenes are commonly associated with angiosperms and are increasingly used in environmental reconstructions. Due to their wide diversity of structures, 
functions and configurations, they constitute valuable chemotaxonomic targets, considering that a restricted number of organisms are able to synthesize 
specific structures. For example, pentacyclic triterpene methyl ethers can be related to Gramineae [1], [2] whereas triterpenyl acetates are mainly produced 
by Asteraceae [3]. Both reflect the development of open vegetation, either under the influence of climate or due to human activities.
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RESULTS
Neutral lipids are mainly composed by n-alkanes, sterols, stanones, stenones, 
diterpenes and diterpenols. A series of 11 original compounds were detected in the 
ketone and alcohol fractions.

DISTRIBUTION OF METHOXY-SERRATENES IN PLANTS

3α,21α-dimethoxyserrat-14-ene ( 2 )

21β-methoxyserrat-14-en-3-one ( 4 )
3β,21β-dimethoxyserrat-14-ene ( 3 )

14β,15β-epoxy-3β-methoxyserratan-21β-ol
14β,15β-epoxy-3α-methoxyserratan-21β-ol
14β,15β-epoxy-3β-methoxyserratan-21-one

13α,14α-epoxy-3β-methoxyserratan-21β-ol
13α,14α-epoxy-21α-methoxyserratan-3-one

Piceanonol B
Piceanonol A

Jezananal A and B

21α-methoxyserrat-14-en-3-one ( 6 )
3α-methoxyserrat-14-en-21-one ( 5 )

3β (or 3α)-methoxyserrat-14-en-21-yl acetate ( 7 )
21α-methoxyserrat-14-en-3α-ol ( 8 )
3α-methoxyserrat-14-en-21β-ol ( 9 )
3β-methoxyserrat-14-en-21β-ol ( 10 )
3β-methoxyserrat-14-en-21α-ol ( 11 )

21α-methoxyserrat-13-en-3,15-dione ( 12 )
3α,21β-dimethoxyserrat-14-ene
3β,21β-dimethoxyserrat-14-ene

3α-methoxyserrat-14-en-21-yl formate
3β-methoxyserrat-13-en-21-one
3β-methoxyserrat-14-en-21-one

21α-methoxyserrat-13-en-3-one ( 1 )

21β-methoxyserrat-14-en-3β-ol
3α-methoxyserrat-14-en-21β-ol
3α-methoxyserrat-14-en-21α-ol

21-acetoxy-3β-methoxyserrat-14-en-21α-ol
3α-methoxy-21b-hydroxyserrat-14-en-16-one

3α-methoxyserrat-14-ene-21α,30-diol
3β-methoxyserrat-14-ene-21α,29-diol
3β-methoxyserrat-14-ene-21β,29-diol

29-hydroxy-3β-methoxyserrat-14-en-21-one
3β-methoxyserrat-14-ene-21α,30-diol

29-nor-3β-methoxyserrat-14-en-21-one
29-nor-3α-methoxyserrat-14-en-21-one

21-oxo-3β-methoxyserrat-14-en-29-al
21α-hydroxy-3β-methoxyserrat-14-en-29-al
21α-hydroxy-3β-methoxyserrat-14-en-30-al

Ta
xo

di
ac

ea
e

Ju
ng

er
m

an
ni

ac
ea

e

A
st

er
ac

ea
e

N
ec

ke
ra

ce
ae

C
at

ha
ya

Ta
iw

an
a

N
ar

di
a

H
om

og
yn

es

H
om

al
ia

ab
ie

s

gl
eh

ni

je
zo

ne
ns

is
 (a

ja
en

si
s)

ob
av

at
a

si
tc

he
ns

is

ar
m

an
di

i

ba
nk

si
an

a 

co
nt

or
ta

la
m

be
rti

an
a

lu
ch

ue
ns

is
 

m
on

te
lic

a 

pa
lu

st
ris

st
ro

bu
s

sy
lv

es
tri

s

ta
ed

a

ta
iw

an
en

si
s

ar
gy

ro
ph

yl
la

flo
us

ia
na

sc
al

ar
is

al
pi

na

tri
ch

om
an

oi
de

s

X
X

X X X X
X
X X X X X X X

X

X X X X
X X X X X X X

X X X X
X

X
X

X
X

X X X X X X X X X X
X X X

X X
X

X X
X
X

X
X

X
X X
X
X X X

X
X
X
X

X X
X
X
X
X
X
X

Pinaceae

Picea Pinus

Bibliographic inventory of distribution of methoxy-serratenes in plants is 
summurized in the following tab :

Serratane compounds are biosynthesized by many plants such as 
pines, spruces, ferns and club mosses.
Methoxy-serratenes are mainly biosynthesized by spruces and pines. 

CONCLUSION
Methoxy-serratenes constitute novel tracers of conifers that are far more specific than classical diterpenoids. In addition, considering their lower volatility, they 
are likely to be preserved in lacustrine archives, although their resistance to early diagenetic processes remains to be documented. If resistant, there are likely 
to provide crucial information on the evolution of pine and spruce forests over decadal to millennial timescales. 

Concentrations range from 1 
to 20 μg/g of soil.

56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Time (min)

1
3

4
5

6

7

OAc

O

OMe

O

O

Ketones fraction

56 58 60 62 64 66 68 70 72 74
Time (min)

OTMS

OMe

OTMS

MeO

O

OMe

O

OTMS

MeO

8

10
11

11

Alcohols fraction

2
MeO

OMe

MeO

MeO

MeO

OMe

OMe

O

OMe

?

?

?

?

?

?
?

?
?

?

KKettoonees f fraacctioon

AAlcohhoo frals f acctioon

203

189

221

454

407284 422 439379

O

?

91

147

133

119105

161

79

MeO

271

5

189

203

423

391 481
513255 279 438269 496

528406

OTMS

OMe

?

91

147

133

119107

161

79

73 8

189

423

438

528513
221

284

241 269
255 391

406 496481

316

OTMS

?

91

147

133

119

105

16179

73

MeO

11

203

407

187

422221
439

379
454

91

148

133

119

105

161

79

1

407

422

201187

439

271

300

454
257 285

O

OMe

379

?

91

147

133

119

105

161

79

4

189

20391
221107 119

79

133147
161

175
423 483391 498262

438269 451
284 466406316

7OAc

?
MeO

423

438

189

221

284
241 513 528269

255
391

406316

OTMS

91

147

133

119
105

161
79

73 MeO

10

189

221 455423

438 470284

241
269255 391

316 406301

OMe

?

91

147
133

119
105

161

79

MeO

3

407

422

439
201187

271

300
454

379
285

257
389

O

OMe

?

91

147133

119

107

161

79

6

OTMS

189

423 438

221

528
284 513

241 269 391255

406316

91

147

133

119
105

161

79

73

MeO

9

287

468315

250203

187

439
436

421

453408

O

OMe

O

?

91

145

135

121

107

161

81

12

189

10591
79

119
221

147
133

161 455

438

470
391234 423

255 284

269 406
316

2

?

OMe

MeO

187

coelution

285

300

O

OMe

?

Unsaturated pentacyclic triterpenes 
Seven membered ring C
   -> serratane structure
A methoxy group 
Additional oxygenated groups 
   ->methoxy, 
   ->acetoxy, 
   -> ketone, 
   -> alcohol. 


