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Quesnoin (1)

Amber, fossilized tree resin, found at the Oise River area of the Paris basin (France) was dated as being
55 million years old. Quesnoin, a novel unique pure organic compound, was isolated from Oise amber.
IH and!*C NMR spectroscopic analysis indicated an unknown diterpene skeleton, quesnane. The absolute
configurations of the eight chiral centers of quesnoin were determined t& HES48R, 9S 10S, 135,

14R, and 16& by chiral auxiliary R)- and §)-phenylglycine methyl ester derivatization. Quesnoin allowed

us to disclose the tree producer, corresponding to maddgnmenaea oblongifoligFabaceae, a subfamily

of Caesalpiniaceae, one of the oldest angiosperm. The presence of the Amazon rainforést tree,
oblongifolia, indicated that the climate of the Paris basin might have been tropical in the early Eocene
period, 55 million years ago.

Introduction confirmed by the presence of fossil remainsGdndylarthra
(primitive ongulet),Perissodactyldgsmall equidae), andleihar-

A new amber fossil deposit was discovered, in 1997, at the dina (minuscule primate) as the mammalian layer referénce.
Quesnoy locality in the Oise River area of the Paris basin The Oise amber clusters contained more than 300 arthropod
(France). The deposit is exceptionally rich in diversity with flora,  species, which are of great importance for insect evolution $tudy
fauna, and especially amber fossils and by an excellent state of(Figure 1) and angiosperm-like pollens and woody remains
preservatioﬁ:z The earliest Eocene age, about55 million mainly belonging to dicoty|edoﬁ$,6 It is noteworthy that
years ago, of the deposit was assessed by stratigraphy and ondon Clay is also very rich in diverse flora fossils aged the
same (early lower Eocené¥.Generally, it is very difficult to
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T Laboratoire de Chimie des Substances Naturelles, "Musdational
d’Histoire Naturelle.

* UniversitePierre et Marie Curie. (3) Godinot, M.Munchner Geowiss. Abh. (A)987 10, 21-23.
8 Laboratoire d’Entomologie, Misen National d’Histoire Naturelle. (4) Nel, A.; Bourguet, ENeues Jahrb. Geol. Patatol., Monatsh.2006
(1) Nel, A.; De Plog, G.; Meunier, J.-J.; Gheerbrandt, E.; Godinot, M.;  101-115.
Jossang, ALes Amis Musem Natl. d'Histoire Nat.1998 194 24. (5) De Franceschi, D.; Dejax, J.; De Pip&s.C. R. Acad. Sci., Ser. lla:
(2) Nel, A.; De Pldg, G.; Dejax, J.; Dutheil, D.; De Franceschi, D.;  Sci. Terre Planges200Q 330, 227—233.
Gheerbrandt, E.; Godinot, M.; Hervet, S.; Meunier, J.-J.; Aldie Bignot, (6) De Franceschi, D.; De PlgeG. Geodversitas2003 25, 633-647.
G.; Cavagnetto, C.; Gaudant, J.; Hua, S.; Jossang, A.; De Lapparent de (7) Chandler, M. E. JAnn. Magazine Nat. Histor$954 1, 354—358.
Broin, F.; Pozzi, J.-P.; Paicheler, J.-C.; Beuchet, F.; Rage, C.-R. Acad. (8) Collinson, M. E.Fossil Plants of the London Clayhe Paleontologi-
Sci., Ser. lla: Sci. Terre Planes 1999 329 65-72. cal Association: London, 1983.

10.1021/jo701544k CCC: $40.75 © 2008 American Chemical Society
412 J. Org. Chem2008 73, 412-417 Published on Web 12/23/2007



Quesnoin, a Neel Pentacyclic ent-Diterpene ]OCArticle

FIGURE 1. Oise ambers and insect inclusion (Trichoptera) in Oise amber.

i, The main differences observed were that the Oise amber
(Figure 3A) displayed only one major carbonyl signad&it85
as well as a small signal of exocyclic methylene carberG+=
CH,, atd 106 andd 148, whereas the Baltic amber spectrum
¢ (Figure 3B) showed several carbonyl signals centerédla,
0 177, andd 185 and vinyl carbons &t 106,06 110, and) 145.

. : ; . , The optical activities of dichloromethane extract were opposite
4000 3000 2000 1000 between Oise amberp]Pyo —26° (¢ 1, MeOH), and Baltic
amber, )P +16.6° (c 1, MeOH). Hence, the trees that
produced the Oise amber and the Baltic amber were clearly not
the same.

FIGURE 2. IR spectra in KBr pellet of Oise amber (upper) and Baltic
amber (lower).

amber, which contains numerous ditepene isomers. Here, we
report discovery of quesnoinl), a key unknown organic
compound isolated from Oise amber, which might indicate the
tree producer of the Oise amber.

Results and Discussion

The Oise amber was compared first with Baltic amber, aged
30—-40 million years old, and gymnosperm oridit for

) : . i 19 COOH
geographical neighboring reasons and for the most important 18

reference of European ambers in the Palaeogene period. :
The infrared (IR) spectra (KBr pellet) of the two ambers Quesnoin (1)
differed in the fingerprint regions/(1700-500 cn1?), and the

Oise amber spectrum (Figure 2, upper) showed a large intense . .
band atv 1260 cnl, instead of a characteristic shoulder of PoUnds. The CkCl; extract of the Oise amber afforded a unique

Then, we attempted to isolate some organic marker com-

Baltic amber (Figure 2, lower). isolable pure new compourid which we named quesnoin, by

The major part of exuded tree resin undergoes, via free radical repeated (_;hromatogrzlilph)(/j followed dlby plérifi:al;[/iloréan TLC.
mechanism, intermolecular polymerization and cross-linking to Quesnoin {) crystallize as nee ?S_( HQ N ..)' mp
produce solid-state copal and amBert The minor part con- 177°C, and possessed an optical activity with specific rotation

g 2 -~ .
sists of 16-30% soluble matter in organic solvents and remains [0]o™ +5.3° (c 1, MeOH). The high-resolution electrospray

in a complex mixture of monomers transformed by oxidation, Mass spectrum df presented a protonated molecular ion [M

> .
cyclization, and rearrangement. We made the assumption that H] "~ @tm/z335.2201, corresponding to the molecular formula

the freshly exuded resin should contain the marker compoundsC.ZOH:“OO“’ and the'H and 13C NMR data (Table 1), indicated
produced by the living tree. Then, we investigated the dichloro- six degrees of unsaturfatlon. ThC N.MR spectrum (CD.Q‘)
methane extract of the amber, whereas the amber research Wa§,howed_one carbonyl signal @tLSZ.? in the spcarbon region,
usually, focused on solid polymer by means of solid-st&te accounting for one unsaturation. The a_b_sence of OIH@?“*’O” .
NMR analysis. The liquid-statéC NMR J modulated spectra E'éqg’;‘t‘ﬁbsu‘iggizt‘?igethsﬁ;t;t‘;té'ﬁigsna'”'”9 unsaturations might
(75 MHz, in CDCE; CHz and CH signals were drawn on the : -

upper side and Cyand C on the lower side of the spectra) of __Ne'H NMR, C NMR, and HSQC spectra indicated further

the dichloromethane extract of Oise and Baltic ambers showedthe presence of two methyls, nine methylenes, four methlne_s,
clear differences between the two ambers (Figure 3). and four quaternary carbons. The NMR spectral features, in
which a major part of the proton signals was concentrated in
(9) Langenheim, J. H5cience (Washington, DC, U.8969 163 1157 the aliphatic region, suggest tricyclic diterpene as a basic
11609. structure.
(10) Gough, L. J.; Mills, J. SNature (London, U.K.J1972 239, 527. ThelH—1H COSY spectrum with heavily overlapped proton
H %&%ﬁgﬁg&?@?&ggég%ﬁ;gDégoeh'SCh'agerv A. C.; Langenheim, J. gignals allowed identification of only three spin systems. A
'(12) Gough, L. JChem. Ind.1964 50, 2059-2060. proton atd 4.50 correlated with protons of G5 and CH17,

(13) Thomas, B. RActa Chem. Scand.966 20, 1074-1081. forming the oxygenated propylene fragmeay, @ proton at
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(A) Oise amber (B) Baltic amber
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FIGURE 3. 3C NMR spectra (75 MHz, in CDG) of dichloromethane extract of Oise amber (A) and Baltic amber (B).
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1.92 of CH12 coupled with C.1 correlated with H9, forming
9-substituted propylene fragmebi)(and CH6 presented cross-
peaks with CH7 and CH5, making another 5-substituted
propylene fragmentc (Figure 4).

HMBC multi-bond correlation analysis allowed the detection
of one ringB from fragmentc, H9 of fragmentb, and two
quaternary carbons at37.2 and 44.3 with the help of the two
methyl groups. The quaternary carbordat4.3 was correlated
with H9 and Hall of fragmenb and with Ha6 and Ha7 of
fragmentc, thus assigned to C8, connecting two fragmemts
andc (Figure 5). CH at 51.9 of fragmentb was correlated
with H5 and Ha7, forming rin@. CH atd 50.1 of fragment
correlated with two methyl protons, whereas CHda61.9
presented a cross-peak only with methyl protons@f78. Thus,

414 J. Org. Chem.Vol. 73, No. 2, 2008
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FIGURE 8. Absolute configuration of quesnoifR-PGME amide {R)
deduced from chemical shift incrementsé = 0 1S — 6 1R).

CH at ¢ 50.1 of fragmentc was attributed to position 5 and
CH ato 51.9 of fragmenb to position 9, and the methyl at
0.78 was connected to carbon 10 and the methyl &t11 to
carbon 4 of decalin ring8 andB. The correlation of C17 with
H9 allowed the connection of C17 of fragmeatto C8.
Oxygenated CH14 ad 93.1 presented the following cross-
peaks: first with H9 and Hb7, so this carbon was fixed to C8;
second with Hal12, forming rin@; third with oxygenated CH16
proton, indicating the presence of a tetrahydrofuran bBingnd
finally with Hal5, linking the last ringé. The quaternary
hydroxyl carbon ath 77.9 was correlated with Hab12, H14,
Hb15, and H16, taking place at an angular C13 position.
Concerning the chemical shifts of rif, the CH, carbon at
38.3 was correlated with methyl-20 protonsdad.78 and Ha3
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FIGURE 9. Structures and absolute configurationseotlabdane-type compounds: (A) guamaic acid, (B) daniellic acid, and (C) oliveric acid.

TABLE 1. IH and 3C NMR Spectroscopic Data (CDC}) for Quesnoin (1), R)-PGME Amide (1R), and (S)-PGME Amide (1S)

1 1R 1S
(Sc HMBC (H no.) (SH (Sc (SH 5(; 5H

la 38.3 3a20 1.68 m 38.2 1.68m 38.0 1.68 m

1b 0.99m 1.01m 1.01m

2a 17.8 1.57m 17.9 1.55m 17.9 1.53m

2b 0.97 1.01m 1.01m

3a 36 19 1.55m 36.9 1.49m 37.1 1.44m

3b 1.70m 1.74m 1.72m

4 47.2  3b,5,19 47.1 47.2

5 50.1 3a 7ab, 19 20 1.68 m 51.0 1.63m 51.0 1.66 m

6a 206 57b 1.33m 19.9 1.22m 20.0 1.27m

6b 1.08 m 0.93m 1.11m

7a 405 6,514 1.75 40.4 1.65m 40.6 1.75m

7b 1.33m 1.23m 1.30m

8 443 63,739 11 17a 44.2 44.2

9 51.9 1b, 5, 7a, 11b, 123 173 20 1.08 m 51.9 1.07m 52.0 1.10m
10 372 2a5,6a09, 20 37.4 37.4
1lla 179 9,12ab 1.62m 18.0 1.03m 18.0 1.05m
11b 1.05m 1.62m 1.64m
12a 32.4 11, 15a 1.92dm 10.6 32.3 1.93dm 13.1 32.1 1.94dm 13.1
12b 1.47m 1.47m 1.49m
13 77.9 12ab, 14, 15b, 16 78.1 78.1
14 93.1 7b,9 123 154 16 3.38s 92.9 3.32s 92.9 3.35s
15a 46.8 12b, 14, 17ab 1.57m 47.1 1.58 m 47.0 1.59m
15b 1.69m 1.67m 1.68 m
16 77.6 14,17b 450t5.0 775 4.49t5.3 77.5 4.491t5.3
17a 37.2 9, 15a 1.36 m 37.2 1.34m 37.2 1.36 m
17b 1.28m 1.24m 1.27m
18 182.7 3b,5,19 178.0 178.0
19 16.4 3ab,5 1.09s 16.5 1.18s 16.5 1.18s
20 15.7 1,509 0.78 s 15.9 0.80s 15.9 0.82s
NH 6.68d 6.6 6.70d 6.6
CH 56.8 5.51d6.6 56.8 5.50d6.6
COOMe 171.6,52.7 3.70s
Ph 136.8, 127.3, 128.9, 128.5 7-271.38 m

ato 1.55, so assigned to C1. The carbonyl carbon 482.7,

attributed to the C18 carboxylic acid.

NH of both R)-phenylglycine amidelR) and §-amide (9
giving cross-peaks with methyl-19 protons, Hb3 and H5, was presented NOE interactions with Me-19 protons, closely located
to these protons as shown in Figuréi8.NMR analysis (Table

Quesnoin {) was revealed to possess unprecedented tetra-1) to observe the anisotropic effects resulted in a strong upfield
cyclic diterpene linkage with oxabicycl&andE. We propose shielding ofd 0.05 to 0.18 ppm of H6 and H7 finding in the
the name quesnane for this novel tetracyclic skeleton. The magnetic field induced by benzene ring current in quesnoin-
relative configuration was determined further by analysis of (R)-PGME amide {R) (Figure 8), as compared to that @<
NOESY*H—*H dipole—dipole interactions locating the relative  pGME amide {S). H6a,b and H7a,b showed high positive
spatial position of the protons (Figure 6). Me-20 interacted with shifting values Ady = 6 1S — 6 1R) of, respectively+0.05,
Me-19, Hall, Ha6, Ha2, and Hal7. All these protons were Lq 18 10,10, and+0.07. Thus, these protons must be located

situated on one side of the molecular plane. H14 interacted with J, the right side of the PGME-G4CH;19 axis, and H2a and
Hb7, H9, and Hb12, and Hbl was correlated with Hb3, H5, H3a,b displayed negative values &by, respectively—0.02,

;nd H9|. Thlus, tlhese _Ip_)rrlqtonst Wer((ja. Iocatetd o? ano';her side.of_0_05, and—0.02, situated on the left side, as shown in Figure
e molecular plane. This extraordinary structure of quesnoin g * -0 "y o chirality of C4 iS Thus, quesnoin1) was

(2) and the relative configuration were confirmed by X-ray dif- :
. . . : . revealed to possess the absolute configurat@rbg, 8R, 9S,
fraction analysis of a single parallelepiped crystal (Figure 7). 105, 135, 14R, and 16

The absolute configuration of quesnoid) (was further
determined with respect to chiraR)- and §-phenylglycine
methyl ester (PGME) groups introduced into the moleétile.

(14) Yabuuchi, T.; Kusumi, TJ. Org. Chem200Q 65, 397—404.
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FIGURE 10. 3C NMR spectra (75 MHz, in CDG) of dichloromethane extract of fresh resins: (A) courbaril and (B)H. oblongifolia
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ent-Copalyl diphosphate

Then, the chemical pathway to produce quesndinwas
examined (Scheme 1). The conjugated h&as-diene side
chain and the exocyclic vinylXC8 = CH,17) of labdane
compound? in the exuded resin might undergo Diel&lder

Labdane-s-trans-diene

Hypothesis for Chemical Pathway to Produce Quesnoin (1)

13,OH

18 1g COOH

Common Cyclization ofent-Copalyl Diphosphate toent-Kaurene-Type Skeleton

ent-Kaurene

matching the required absolute configuration should be the
precursor of quesnoirt).

However, this type of cyclization has been observed for the
first time among natural product synthesis. In fact, by passing

concerted cycloaddition initiated by a peroxy radical under high one of the biosynthetic pathways, teatcopalyl diphosphates
pressure and high temperature of geological conditions to form commonly undergo enzymatic cyclization into widely occurring
two rings: C andD'. The C13-C15 bridge head double bond, naturalentkaurene linkages by the action of labdane-related
which must be quite strained, might first be hydrated to loosen diterpene synthasé® It is ratherS-transdiene compounds that
ring D'. Then, the 16-oxy radical bound to C-14 at a favorable are concerned in this process (Scheme 2).
6 position, forming bicyclic tetrahydrofurane rings and E. Fossils of trees exuding a resin were also found in the same
An alternative mechanism would involve a similar intramo- Qijse deposit. The microscopic analysis suggested that the tree
lecular Diels-Alder reaction of a furan derivative with a €8 fossil might correspond to the modern geridaniellia, Cae-
C17 double bond of daniellic acid (Figure 98)and polyalthic  salpiniaceae, angiospefirHowever, our chemical molecular
acid isolated fromPolyalthia fragrans (Anonaceaéf® and work indicated rather the gentdymenaea Caesalpiniaceae.
Eupatorium buniifolium(Asteraceae)>* In fact, isoozic acid Z)162 and guamaic acid (Figure 9A)
However, it seems that the furano-diterpenes are too stablejsolated from theHymenaeaspecies possess the absolute
to undergo further cycloadditiottd Therefore, quesnoinl) configuration 4, 55, 9R, and 1@ that we have confirmed by
might be formed as a byproduct of the polymerization process derivatization to be an amide with auxiliary chiral reagerf®; (
by cycloaddition fromentlabdane diterpene possessirg) 8S, and ©-PGME. Daniellic aciéb?(Figure 9B) and oliveric acid
9S, and 16 configurations. Hence, the isoozic aci@)'¢a

(16) (a) Khoo, S. F.; Oehlschlager, A. C.; OurissonT€trahedrorl973

(15) (a) Haeuser, J.; Lombard, R.; Lederer, F.; Ourissof,egBahedron

1961, 12, 205-214. (b) Gopinath, K. W.; Govindachari, T. R.; Parthasarathy,

P. C.; Viswanathan, Ndelv. Chim. Actal961, 44, 1040-1049. (c) Carreras,
C. R.; Rossomando, P. C.; Giordano, OP8ytochemistryL998 48, 1031
1034. (d) Pelletier, S. W.; Hawley, L. B., Jr.; Gopinath, K. W.Chem.
Soc., Chem. Commuth967, 96—97.
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29, 3379-3388. (b) Cyr, A.; Wilderman, P. R.; Determan, M.; Peters, R.
J.J. Am. Chem. So@007, 129, 6684-6685.

(17) Cunningham, A.; Martin, S. S.; Langenheim, J.Rthytochemistry
1973 12, 633-635.

(18) Haeuser, J.; Hall, S. F.; Oehlschlager, A. C.; Ourisson, G.
Tetrahedron197Q 26, 3461—3465.
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(Figure 9C) isolated froraniellia oliveri possess the absolute referenced to residual CHEdy 7.26 and CDGl 6¢ 77.0. NOESY
configuration &R, 5S, 9R, 10S. Thus, the chiral carbon centers spectra were recorded with a 1.5 s relaxation delay, 500 ms mixing
of quesnoin {) are identical to those of isoozic acid) (of the time, a_md apodization with a shifted sine bell and baseline
genusHymenaeaHymenaea courbariL and Hymenaea ob- ~ Corrections.

longifolia Huber are the representative species of the genus Material. Oise amber were collected in 1997, at the Quesnoy

Hymenaea'ncluding 14 Species from the Viewpoint of chemical IOcality in the Oise River area of the Paris basin (France) and dated
components. by the Amber Group of Musen National d’Histoire Naturelle. A

13C NMR J modulated spectra were recorded with a dichlo- voucher specimen was deposited in the Laboratoire d’Entomologie,

omethane extacto et resn of modbicoutba (P 1458 Natonl dHitore Natrlle sl ambervas provied
—24.7° (¢ 1, CHCl), andH. oblongifolia [o]P20 —22.4 (c 1, y g y

. by Prof. J. Uni ity of Anti ia).
CH,Cl,). The spectrum aof. courbaril showed several carbonyl y Fro Saez (University of Antioquia)

: . Isolation of Quesnoin (1).Powdered Oise amber (25 g) was
signals ato 185,6 179, andd 171 (Figure 10A). In contrast, extracted with 3x 100 mL of petroleum ether (yield 0.13 g) and

the spectrum of. pblonglfollapr.es.ented one major carbonyl 5 x 100 mL of CHCl. The CHCl, extracts (6.95 g) were
signal ato 185 (Figure 10B), similar to that of Oise amber ggparated into 24 fractions by chromatography on a silica gel
(Figure 3A). In fact, up to 90% of the constituent of. column, by eluting with CBCl,—MeOH gradients. The combined
oblongifolia was isoozic acid 2). The vinyl carbon signals  factions 19-22 (CH,Cl,/MeOH, 93:7) were submitted to extensive
between) 106 and) 150 were lost by transformation to aliphatic  chromatography. Further purification by TLC (@El,/MeOH, 93:
carbons during polymerization. Hence, we propose that the tree7) was followed by RP-g HPLC eluted by MeOH/LD (60:40)
corresponding to moderkl. oblongifolia Huber, Fabaceae, to afford compound. (65 mg).
subfamily of Caesalpiniaceae, might exude the resin that Quesnoin (1). GoH3004. Needles (CHGH, 30% MeOH), mp
becomes Oise amber. 177 °C. [0]®% +5.3 (¢ 1.0, MeOH). HRESMS:mv/z 335.2201

H. oblongifoliais currently distributed only in the Amazon [M + H]* (335.2222 calcd for §H310,). NMR data (CDCY) see
rainforest!é The presence of the tropical tree corresponding to Table 1 for*H and *3C. ORTEP drawing of X-ray structure:
modernH. oblongifoliain the Paris basin (France) implies that ellipsoids were drawn at the 30% probability level (Figure 7). A
there might have been a hot climate in this region during the CIF file was deposited at the Cambrige Crystallographic Data
early Eocene in agreement with previously described climatic Centre, Structural Database accession number CCDC 628296 (S8

optimum?® Moreover, Eurasian and South American continents S10).

; ; i in-18-R)-PGME Amide (1R). Quesnoin (3.5 mg, 0.01
united to Gondwanaland began to split apart 100 million years _ QUesnoin .
ago, and Eurasia and Africa drifted northward. The region mmol), (®)-phenyliglycine methyl ester (HC) (2.5 mg, 0.013 mmol),

corresponding to modern France could have been found in aPyBOP (6.5 mg, 0.013 mmol), and HOBT (1.7 mg, 0.013 mmol)

. - . . were suspended in dry DMF (5£.), and N-methylmorpholine (4
geographically critical marshy zone belonging to Africa and a uL) was added at 6C with stirring. After 3 h of reaction at room

tropical zone 55 million years af?®and also be covered by  ‘temperature, the mixture was diluted with 5 mL of & and
rain forest extending through North Africa to the Amazon. Our washed with 4% HCI, followed by ¥D. The residue of the extract
finding is in accord with continental drift caused by tectonic  afforded the 188)-PGME amide ofl (1R) (2 mg) by purification
movement® on TLC (CHCIl/MeOH 95:5). p]2% —18 (c 0.2, MeOH).
The diversity of flora and fauna fossils of the Oise deposit HRESMS: m/z 482.2931 [M+ H]* (482.2906 calcd for &H.o
as well as the contemporaneous London Clay may have beenNOs). H and**C NMR (CDCk), see Table 1.
promoted by the climate optimuf.Recently, the analysis of Quesnoin-18-§)-PGME Amide (1S). Quesnoin (3.5 mg,
arctic drilling disclosed that the climate of the North Pole was 0.01 mmol) and §-phenylglycine methyl ester (HCI) (2.5 mg,
also subtropical 55 million years ag®Quesnoin {), a key 0.013 mmol) were treated in the same manner to give 2.5 mg of
organic compound aged 55 million years old and with an 1S [a]*% +37° (¢ 0.2, MeOH). HRESMS:nvz 482.2892 [MH}
unusual novel skeleton, quesnane, allowed us to rank Oise ambef482.2906 calcd for &HaNOs). *H and **C NMR (CDCE), see
as the oldest amber produced by an angiosperm corresponding}—"’lble L

to modernH. oblongifolig which contributes to Earth’s climate ]
history. Acknowledgment. The authors thank Prof. Jairo Saez

(University of Antioquia, Colombia) for the fresh resin samples
of Hymenaeal. Dubost for HRESMS measurements, Dr. A.
Blond of MNHN for recording 2-D NMR spectra, and Lafarge
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Frohlich, F., Schubnel, H. J., Eds.; Muse National d'Histoire Naturelle: NOESY spectrum ofl; crystal structure and analysis &f CIF
Paris, 1999; pp 6669. file for 1-H,0; and Table I. This material is available free of charge
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