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Two new sesterterpenés2, have been isolated from the lichiegprocaulon microscopicum.

In addition to classic chromatography methods,qaidi-liquid chromatography technique,
namely centrifugal partition chromatography (CPCaswapplied for the purification of
compound2. Thestructures were determined by analyses of masdrepexiry and 1D and
2D NMR data. Relative configuration of the isolatsmmpounds was assigned on the basis of
2D NOESY experiments. The two compounds possesgeapentacyclic carbon skeleton

specific to lichen metabolism, quite unusual intbgetal kingdom.
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Introduction. - Naturally occurring sesterterpenes were first entened less than
Sixty years ago and new sesterterpenes are cdystistovered from natural sources. With
21 major carbon frameworks, the chemical diversitysesterterpenes is surprising [1-4].
Considering their large range of polarity featusmlation and purification require various
adsorbents and eluents through column chromatograpd thin layer chromatography [5].
Mainly found in marine organisms and fungi, lichesr® also able to biosynthetize such
metabolites. Only one sesterterpene; retigerand; has been described in two lichen species
belonging to the Genukobaria [6]. Leprocaulon microscopicum (Vill.) Gams (syn.L.
quisquiliare) is a common lichen, formerly included #®ereocaulon genus, despite its
primary thallus which possesses a great simildoitthat ofLepraria genus. Then, because of
different chemistry and lacking of reproductive saixstructured,.eprocaulon genus has been
related to imperfect lichens. Recently, thanks tmletular phylogenetic analyses,
Leprocaulon genus have been recognized in a new family, Lepiaceae, and order,
Leprocaulales [7]. The highly complex chemistrywhovariable combination of usnic acid,
atranorin, rangiformic acid, zeorin and unidentfgubstances [8]. Our previous study on the
chemical composition of. microscopicum from French Limousin, shows the abundance of
dibenzofuran derivatives including (-)-usnic adig)-isousnic acid, (-)-placodiolic acid and
(-)-9-O-methylplacodiolic acid [9]. In our continuing stdf minor non aromatic secondary
metabolites froni. microscopicum, we describe for the first time in this Genus, ig@ation
and structure elucidation of compourid®, two new sesterterpenoid derivatives. In addition
to their common purification methods often time-sming with also sample loss on solid
support, we applied a liquid-liquid chromatographgamely Centrifugal Partition

Chromatography (CPC) for the purification of compada.



Results and Discussion. -The dried lichenL. microscopicum was extracted
successively with acetone and an agueous methanture yielding two extracts. The
acetone extract was subjected to centrifugatioar@ifig a yellow precipitate as well as a
residual acetonic fraction. The yellow precipitatéorded (—)-usnic acid [9] and a triterpene
which was identified as zeorin on the basis of nsestral data and by comparison of their

'H and™*C NMR spectral data with literature values [10].

The residual acetonic fraction was then submitteduiccessive MPLC and preparative TLC
on silica gel of the apolar fraction yielding conypd 1. In order to optimize the purification

of the complex fractions of the extract, Fr. 4 Heeen submitted to centrifugal partition
chromatography. Indeed, CPC allows the use of a wahge of biphasic systems and
fractionation to be carried out, in the same expent, in normal-phase mode followed by a
reversed-phase mode (or vice-versa) called duaknjad]. Hence after selection of the
appropriate biphasic systems (Arizona system Y H#piAc/MeOH/HO 19:1:19:1) and

operating conditions (rotor speed 1500 rpm; flove & mL/min, dual mode descending then

ascending modes), the dibenzofuran placodiolic asidiell as compourilwere isolated.

The hydromethanolic extract was subjected to solpantition, column chromatography on
Sephadex LH-20, reversed phase MPLC and preparati@to afford compoun@. Their
structures have been elucidated by 1D and 2D NMRtspscopy (COSY, NOESY, HSQC,

HMBC).

Compoundl was isolated as crystalline needles and its mtdeciormula was
established asfH4,0 from the HR-ESI-TOF-MS spectrum showing a psenmbbecular ion
at m/z 357.3163, [M-H]. This molecular formula implies five degrees okaturation. The
'H-NMR spectrum ofl (Table 1) showed several multiplets between 1.05 and 1@t p

standing for 24 aliphatic protons as well as tlseeondary methyl signals&H) 0.82 (d,J =



6.2), 0.92 (dJ = 6.2) and 0.96 (d) = 6.3), and three tertiary methyl singlet@t) 0.85 s,
0.96 s and 1.16 s. THEC-NMR and DEPT spectra exhibited 25 signdlab{e 1), including
those of six methyls, eight methylenes, seven meghand four quaternary carbons. Among
the quaternary carbons, two of them were stronglyrdield shifted at(C) 71.3 and(H)
82.2 suggesting the proximity of an oxygen. Thedtlgpsis of the presence of an epoxy
pattern in the structure was formulated but raprélted due to the incompatibility between
the DEPT signals and the molecular formulae. Thus,quaternary carbon &C) 82.2 was
ascribe to be substituted by an hydroxyl group waerthe quaternary carbond€) 71.3
was asssign to be a junction between a tricyclaleskn with a ring strain explaining the
downfield chemical shift. This second hypothesis w&engthened by the observation that
this tricyclic ring pattern belongs to retigeratiee only pentacyclic triquinane sesterterpene
carbon skeleton described in lichdfg. 1). Combination of HSQC, COSY and extensive
HMBC correlation analysis ofl served to delineate its structurBig. 2). The *H-H
correlation (COSY) between two methyl doublet sigratoy 0.82 and 0.92 with a methine
proton até(H) 1.60 - 1.66 (H(19)) are in favor of an isopropyle chamthe structure.
Correlations between protons &H) 0.92 (d,J=6.0, Me(24)) and 0.82 (d=6.2, Me(25))
with carbon at(C) 31.5 indicated the attachment of the isoprapin to the five membered
ring A. Indeed, COSY and HMBC couplings establislied linkages between C(18) and
C(17); C(17) and C(16); C(1) and C(2). The postionthe angular methyl at C(15), Me(23)
and C-3, Me(20) were established regarding the HMBEelations between proton &H)
0.85 (Me(23)) and carbons &tC) 52.8 (C(14)), 42.9 (C(15)), 40.9 (C(16)) and14(C(1)),
and between proton &H) 0.96 (Me-20) and carbons &IC) 46.5 (C(2)), 50.7 (C(3)), 36.1
(C(4)) and 71.3 (C(10)). Finally, the ring junctiorethine signal ai(H) 1.44— 1.51 (H(14)),
displayed COSY couplings with H(18) and H(13) andlBC correlations with C(18)3(C)

46.6) and C(23)¥C) 20.0) and led to the confident assignmentsiegsr A and B. The



HMBC correlations between the methyl group@t) 1.16 (Me(22)) and(C) 82.2 (C(11))
clearly indicated that the methyl and hydroxyl gitbents were attached at the quaternary
C(11) ¢ 82.2) on ring C. This was confirmed by HMBC coatedns betweew(H) 1.16 (s,
Me(22)) andd(C) 71.3 (C(10)). HMBC correlations betweén 0.96 (s, Me(21)) and(C)
58.6 (C(6)) and 42.3 (C(7)) confirm the substitntiof the pentacyclic ring E by a methyl

group at C(7).

The structure of retigeranic acid was previousiialeisshed by Kaneda et al. (1972)
only by X-Ray analysis and confirm by total synikes the racemate [6, 12]. On the basis of
the above results, compoufdvas characterized as retigeran-11-ol reportethifirst time.

It differs from retigeranic acid by the lack of tbarboxylic function and the insaturation at

the C-ring.

The relative configurations of the stereocenter$ wiere assigned on the basis of 2D
NOESY experimentsHig. 3). The lack of NOE correlation between the Me(268) &1(14)
and between H(12) and H(2) suggesterhas ring junction between rings A and B as well as
rings B and C. Furthermore, it has been assumed ths stereochemistry is
thermodynamically the more stable. [13] The NOHkedaf observed betweed(H) 0.85
(Me(23)),6(H) 1.76 (H(2)) andb(H) 0.96 (Me(20)) suggesting that theorientation methyl
groups Me(23) and Me(20). The NOE effects obsehetsveen the bridgehead protofH)
1.52 — 1.59 (H(6)) and the methyl protorigH) 0.96 (Me(21)) andoy 1.16 (Me(22))
established that the two methyl groups were locetelde opposite face. This observation was
corroborated by NOE interactions between proton&(ldj 1.44— 1.51 (H(14)),6(H) 1.08
(H(12)) ands(H) 1.16 (Me(22)). Consequently, theorientation of the hydroxyl group
bearing by the same carbondaB2.2 (C(11)) thard(H) 1.16 (Me(22)) is established. This
observation is strengthened with the fact that@dwyl bearing carbon is less deshielded by

the adjacent axial hydroxyl than the equatorial fid. The configuration of the isopropyl
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chain is determined following the observation osteong NOE effect betweed(H) 0.92
(Me(24)) andd(H) 1.71 (H(13)). This observation suggested theorientation of the
isopropyl chain.Fig. 2 shows the main NOE correlations after 3D optimaatof the

structure by a theoretically quantum mechanic datmn [15].

The molecular formula of compourlwas established as,4E4,0, by HRESI-MS
(mvVz 397.3081, [M+Na)). This difference of 16 amu clearly indicated fhesence of one
more oxygen atom than ifh. By comparison of both spectra, the disappearaicthe
methylene group at C(4) and the presence of omalsigd(H) 3.83 in the'H NMR spectrum
which correlated in the HSQC spectrum wa{C) 78.1, clearly indicated the presence of a
secondary hydroxyl function. HMBC correlations beémo(H) 3.83 (H(4)) and(C) 46.4
(C(2)) andé(C) 54.3 (C(6)) indicated the position of this aduhal hydroxyl function is
located at C(4) (see Table 1). The presence ofhtftroxyl function on carbon C(4) is
confirmed by its influence on the chemical shifttlié neighborhood carbons C&5(+ 3.2),
C(4) (A5 + 42.0) C-5 A5 + 12.6), C-6 456 — 4.0) and C-20Ap — 8.0). Considering the
biosynthetic fact that compouriwas isolated together with from L. microscopicum and
regarding thed **C and NOEs correlations, the relative configuratidrcompound Z) was
deduced to be the same as in moleduléike in compoundl, the NOE effects observed
betweens(H) 0.84 (Me(23))6(H) 1.83- 1.97 (H(2)) and(H) 0.99 (Me(20)) suggesting that
the methyl groups Me(23) and Me(20) were locatedhentop face of the molecule. Tjie
orientation of the additional hydroxyl OH(4) hashededuced following the observation of a

strong NOE effect between H(4) 8.83) and the bridgehead proton H(121(07).

Vibrational circular dichroism (VCD) experimentaexctrum has been realized on compound
2 in order to determine the absolute configuratiboie to the chiral complexity of the
molecules, theoretical spectra have been estalllishg calculation for only two

diasteroisomers. Unfortunately, no significant elifinces have been observed between the
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two spectra and VCD seems to be inappropriate isidase. Thus, X-ray remains the only
possibility to clearly establish the absolute cguafation as it has been made for retigeranic
acid. Due to the small quantity obtained it was pas$sible to access to the mono-cristal of

compoundl and?2.

Conclusion. - These results complete the chemical composdafdn microscopicum
and the chemotaxonomic data available on the licHeorin has previously been isolated
from Lecanora muralis and were already identified ineprocaulon microscopicum only by
TLC [16]. This work described for the first timeetipresence of sesterterpenoids in this genus
and gave the complete NMR assignments of thesgeratie derivatives. Sesterterpenes (C25)
are the rarest of the terpenoid classes of secpmdetabolites isolated from terrestrial fungi,
marine organisms and more occasionnaly from inskker plants or lichen [2]. The carbon
framework of known sesterterpenes shows Retigeranid was the only sesterterpenes
reported in lichens and was isolated frbaobaria retigera [6, 17-18]. A possible pathway for
the biosynthesis df is suggested iRig. 4. As classically observed in terpenoid family, #es
derivatives resulted from a series of cyclisatideps from precursor geranylfarnesyl
pyrophosphate (GFPP) led to transient intermedipags[B] and [C] [19]. Fusaproliferin,
isolated fromFusarium proliferatum, was identified as an intermediate in the biosgtith
pathway of lichen sesterterpenes, and results thmroxidation followed by esterification of
the intermediate [A] [20]. Oxidation of intermediafC] may led either to the previously

known retigeranic acid or to compouhdia another oxidation of the ethylenic double bond.

To conclude, two new sesterterpenes (C25), retigétaol (1) and 4-hydroxy-
retigeran-11-ol %), together with a known triterpene zeorin, wekdated from the lichenh.
microscopicum from Limousin. In addition to classic chromatodrgpmethods, centrifugal
partition chromatography was successfully appleethe purification of 4-hydroxyretigeran-

11-ol @) and compound? has been obtained with a good repeatability anbeter
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purification rate. The new structures have beewrrdaehed by extensive 1D and 2D NMR
spectroscopic analysis and HRESIMS. The NMR assgmsn of this quite unusual

pentacyclic skeleton have been provided here ®fitht time.
Experimental Part

General Experimental Procedures. *H NMR and*C NMR were recorded at 400 and 100
MHz respectively, on a Bruker NMR spectrometerngsCDCk (TMS as internal standard).
High resolution mass spectrometric measurementsfact mass determination (HRMS)
were performed on a MICROMASS ZabspecTOF spectremfer chemical ionization at
Centre Régional de Mesures Physiques de I'Ouedst Wwhs performed on precoated silica
gel aluminium sheets (Kieselgel 665§ 0.20 mm, Merck). Chromatographic separation was
performed using column chromatography on silica6g# (35-70 um, Merck) silica gel RP-
18 (15-25 um, Merck) and Sephadex LH2gel (Sigma-Aldrich). MPLC was carried out
using the Buchi pump model C-605, C-615. CPC weropmed at room temperature on a
CPC® C 50 Kromaton Technologies apparatus using a mde of 800 cells for a 57 mL
total volume, solvents were pumped by a HPLC pu@hfdom Kontron Instruments. Sample
was introduced into the CPC column via 6-port medjressure injection valve Upchurch
Scientific. Fractions of 2 mL were collected by @nrtollector MC30 (K6hler Technische

Produkte).

Lichen Material. Leprocaulon microscopicum (Vill.) Gams ex D. Hawksw (syn. df. nanum

(Ach.) Nyl. Ex Lamy) was collected on rocks alomg tVienne River in Limoges center (N
45°48'4408”, E 1°30°'4121"), in December 2009 amas identified by Pr. Botineau (Lab.
Botanic, University of Limoges). A voucher sampt_{L14) was deposited in Laboratory of

Pharmacognosy, Faculté de Pharmacie, Universiténdeges, France.



Extraction and Isolation. The dried thallus of lichen (110 g) was extractethacetone (1000
mL, 3 times) at room temperature. The acetone extraas concentrated under reduced
pressure to give 6.5 g of a brown gum. The resuftetic was extracted with a hydro-
methanolic mixture (20/80) (400 mL, 2 times) atmotemperature. The acetonic extract was
dissolved in acetone (5 mL) and submitted to ckrmation (3000 tr/min) to give a yellow
precipitate (3.6 g) and a brown residual extrad (. The residual extract was separated on
a silica gel MPLC (90 g, column: 50 x 3 cm)hexane-CHGJ(10:0, 8:2, 0:10, 400 mL, 2600
mL and 1400 mL respectively), 3 mL/min; followed 6HCL-EtOAc (3:3, 3:7, 0:10, 450 mL
each) to yield ten fraction$-{ — F;). Terpenoids compound were identified by TLC (£iO
Toluene/EtOAc, HCOOH 70:20:5 ; Anisaldehyde reapémanks to their pink color after
anisaldehyde sulfuric spray and without any UV apson, only inFa andFg and in the
yellow precipitate. Fr. 2 (12.3 mg) was purified fmgparative TLCr-hexane/EtOAc 9:1) to
yield compoundl (1.2 mg). The yellow precipitate was a combinatadrthe well known
usnic acid and the triterpene zeorin. Small parthef precipitate (300 mg) was purified on
preparative TLC (Toluene/EtOAc/Formic acid 70:20t6)obtain zeorin (150 mg) and (-)-
ushic acid (132 mg). CPC has been conducted on@0fnthe fractionFp. The separation
was performed with a system Hept/EtOAc/MeORIH19:1:19:1 v/viviv, in the isocratic
mode. The rotor was first filled with the upper pbaf the solvent system, as the stationary
phase. The apparatus was rotated at 1500 rpm @&ndpiper mobile phase of the solvent
mixture was then pumped into the inlet of the cotuat a flow rate of 6 mL/min in the
descending modé:p (50 mg) was diluted in a mixture of 1.5 mL of tingper phase and 1.5
mL of the lower phase. It was loaded in the 5 njkcation-loop, and injected in the column in
a “sandwich” mode, i.e. at the same time than thabilm phase. The stationary phase
retention at the end of the separation represet@éelof the column volume (57 mL). Elution

first occurred in the descending mode (reverseglimsde): the rotor was filled with the
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upper apolar phase of the solvent mixture, andptimaped mobile phase is the polar lower
phase. After collecting 40 mL into a flask, the ®hing valve is turned to the ascending
mode and the pumped mobile phase is the upperhiméme. Hence after collecting firstly
40 mL into a flask, we collected in thirty tubesleaontaining 2 mLKp; - Foso). Extrusion
was performed by pumping the upper phase in degsogmdode to eject the totality of the
lower phase out of the rotor. Content of each foactvas then offline monitored by TLC
analysis.Fp, - Fpg andFpi7 - Fp24 were combined to give respectively placodiolicda(26
mg) and compoun@ (2.7 mg). The methanolic extract was concentrated under ezbuc
pressure to give 3.7 g of a brown gum which wasitpared between butanol-9 (6:4) to
afford 700 mg of a butanol-soluble extract. Theraott was subjected to Sephadex LH-20
column (55 x 2 cm) using CEIl,/MeOH (2:1) as eluent to afford twelve fractiofg, (320
mg) was subjected to MPLC on C18 silica gel (505 dm), eluted by MeOH-$D (3:7, 4:6,
5:5, 6:4, 7:3, 8:2, 9:1, 10:0, 100 mL each) to gime fractions Fp; — Fps). The fractionFps
(48 mg) was purified by preparative TLC (Hexane/C#fbrmic acid 50:50:0.3) to give
compound (2.8 mg).

Retigeran-11-ol (1): white translucent needle (CHEI'H and**C-NMR (CDCE): seeTable

1; HRESIMS:m/z 357.3163 (@sH410, calcd 357.3157).

4-Hydroxyretigeran-11-ol (2): white translucent needle (CH{I*H and**C-NMR (CDCE):

seeTable 1; HRESIMS: m/z 397.3081 (6H410,, calcd 397.3082).

This work was financially supported by Région oimadusin. We are grateful to Pr. M.
Botineau for lichen identification. The authors apeateful to J-V. Naubron (Spectropole,

Université Aix-Marseille) for VCD measurement amgaretical calculation. We express our
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Supplementary data

Experimental procedures and scans of 1D and 2D NpHRtra of compoundsand2 are
available as Supporting Information.
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Table 1.NMR Spectroscopic Data (400 MHz, CRIlor retigeran-11-olX) and 4-

hydroxyretigeran-11-ol2)

Retigeran-11-011)

4-hydroxyretigeran-11-aR)

Position 5(C) 3(H) 3(C) d(H)
la  40.8(CH) 1.44-1.51 ) 40.8 (CH) 1.49- 1.51 ()
1b 1.14-1.16 (1) 1.11- 1.14 M)
2 46.5 (CH) 1.76d,J = 3.0) 46.4 (CH) 1.83 1.97 M)
3 50.7 (C) - 53.9 (C) -
4a  36.1(CH) 1.20-1.33M) 78.1 (CH)- 3.83 ¢, J=5.6)
4b 1.67-1.70 ()
5a 27.7 (CH) 1.52-1.59 () 40.3 (CH) 1.42 ¢, J=5.9)
5b 1.86—-1.91 ) 1.83-1.97 (m)
6 58.3 (CH) 1.52— 1.59 () 54.3 (CH) 1.55- 1.69 ()
7 42.3 (CH) 1.44 1.51 fn) 41.7 (CH) 1.83- 1.97 )
8a  30.9(CH) 1.44-151m) 28.3 (CH) 1.55- 1.69 M)
8b 1.44— 1.51 (m) 1.83-1.97 M)
9%a 36.1 (CH 1.14-1.16 ) 35.3 (CH) 1.20- 1.38 ()
9b 1.52-1.59 (n) 1.83-1.97 ()
10 71.3(C) - 71.4 (C) -
11 82.2(C) - 81.4 (C) -
12 54.5 (CH) 1.08dd,J=3.2, 1.9) 52.8 (CH) 1.07dd, J = 3.5, 1.8)
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13a
13b
14
15
16a
16b

17

18
19
20
21
22
23
24

25

23.9 (CH)

52.8 (CH)
42.9 (C)

40.9 (CH)

28.3 (CH)

31.5 (CH)
46.6 (CH)
26.7 (CH)
19.7 (CH)
22.3 (CH)
20.0 (CH)
24.1 (CH)

22.4 (CH)

1.71¢J=3.2)
1.20- 1.33 ()
1.44 1.51 ()
1.52—1.59 (n)
0.91- 0.94 (P
1.60- 1.66 ()
1.80- 1.85 ()
1.20-1.33 ()
1.60- 1.66 (M)
0.96 §)

0.96 @, J = 6.3)
1.16 )

0.85 §)

0.92 @,J=6.2)

0.82 ¢, J=6.2)

23.4 (CH)

52.4 (CH)
42.7 (C)

40.6 (CH)

28.3 (CH)

31.4 (CH)
46.5 (CH)
18.7 (CH)
19.8 (ChH)
22.7 (CH)
19.8 (CH)
24.1 (Ch)

22.4 (CH)

1.69- 1.76 ()
1.20-1.38 fn)
1.44-1.48 ()
1.55- 1.69 ()
0.88 ¢, J = 2.6)
1.55- 1.69 ()
1.80-1.83 fn)
1.20- 1.38 ()
1.55-1.69 ()
0.99 )

0.97 ¢,J=6.9)
1.16 )

0.84 6)

0.93 ¢, J=6.4)
0.82 ¢, J=6.4)

°Signal partially obscured.

Fig. 1. Structures of compourddand2 and retigeranic acid.

()R=H
(2) R=OH

21
7

(3) Retigeranic acid
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Fig. 3. The optimized conformation dfand2 calculated with DFT/B3LYP/6-31+G(d,p) and
NOESY key correlations.
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