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Identification and synthesis of vesperal, the female sex plicromone
of the longhorn beetle Vesperus xatarti
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Summary to-Odhxaopiperitenone amd B-bvdroavisopiperitenone (for which the tivial momes vesperal sl vespemil e
propasead) were identitied nsing varions BIMS yor MRN8 CIIS daca and GO-Fouriet transtorm indvared obtained fiom
the fetinle-specitic semionchomicals of the longhorm heetle Vesporns vatarts, Their stnetnee wis confitimed b s nthesisovine o
Dicls Mder reaction and appropriate eadation steps. e rade of the fentale sex pheronane o vesperal wis demonstrated,
Comparizon of the HPLC tetention fime of nataral sesperal swith those al svithesized puee ciantioniers revealed that the
vatral componnd has (Se-ateochenisiey,

10-oxaisopips ritenone
xatarti

¢

10-hydroxyisopiperitenone ¢ tass spectrometry 7 phevomone S Cornmbyetdae /0 Viesperas

Résume Identificeation o synthise du vespoeral, In phdromone sexuelle femelle du longicovne Vesperas ataetis Dienax
nowveats monoterpenes, L Hhaxoisopipenienone ot b - wdrosvisopiporitenone (ponn lesgoels les noms teivis de vesperal
et vesperol ant étd attrilines) ont ete ddentibies pac ditferentes teehnigues de speetrometrie de mmsse, micrahivedrogenation o
mfrarouge A transtormee de Lomeect dans bes colleetes dotlinves des fentelles du Tomgicornee Vespeens aataedn Taenr strucime
At condirttee par sunthese Celleccr atilise que péeactios Je Dhiels Adet et des anienaceient s fom tonnels advegqueit- Seale
Factinite pheénomonate dn vesperal o éte mise onevidence: Livcontigiration absoloe (51 Qicvespead e crablie g svutliese
s devix .!II!I'!IIAII"- up(u'lu*\ el cunTpaTing ALY} i”‘ll ' |||'~. |I’ll|‘l‘- |||‘ Fetetition aved |1‘ |Il‘ll\lllil IHIIHH‘].

1-uxuisopiperiténone ¢ 10-hydroxyisopipéritenone /7 specteomistele de smasse / phdévomme / Cornmbyeidae / Vesperns
walarti

Introduct ion v GICSNS Ondy two tetialespecitio componids wiere
Jeteetind ander e aalvtical connditions qeilioesd by s
e o sas chronetagraph linked 1o an edertranit el
sraplue apporatis 20 The rosponse of e de o
tenma to the colime elllueits showed aanbiguonsdy
that these twa femadesspocilie eongpomds were highly
active [Fagatth et al tin preparation)] Thede peale e
peeated resprectively on BEXS colmny at 821 mu ol
S o I redation st i the stevernge deseribed heline,
wre proposed the trivial mone vesperol il tvespeaol?
for s Tw compottuds Bevarse ol e s anmbes ol
availabde e b, detdeation wis congdueted divect Ty
ot el ent ot o mrbome volatiles containing less
Phan 22 pe of o mistore of vespesae anel sespernd (0H:TD)
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the mates ate winged andd inay b attraectosd by lighe the
temiales e tatally npterons and Tive dn thee soil. When
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Viwder CTUNTY NS, dons al /0 186 0L, (A NER T and
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Fig 1. M5 (1)
af Vespe s rafarty females,

spectra of vesperal T major constituent and vesperol 2 minor constituent obtained from the airborne volatiles
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Scheme 1

Fowerosolittion GCVEINS (hg 11 showed ions at ez
Pk vl L 03, 186 (%), 13n (6)0 121 (1), 10~ (3.
RURR DRI [US I Tt B 6 S T T B AT 9w 41 (6).
Sottie of these jons might he inrerpreted as arising
frome Mo alter the loss of COL “CHO or 200 {see
sehenie Tr tins indieating the possible presence of 2
carbon s pinehicding anaddelvde) and the ocourrenee of
ApPTOinent poak at iy 2 X2 was retnbniseent of terpeties
alevone ) or isopiperitenone (b) tvpe (MW 150) 3.
Pheion ar m2s 108 conld, however, Tikely result fron:
A hYdike strneture after o MeLafferry rearrangement
iedizeed by the aldehivde and for nejshibotring ketone,
Huteresolution GC-EINS HICASHFIent s aasigtiod s
weleoular formuke Ty Hy000 (found m/z 16082, cal-
culated for CyoH oo my LO-LUSATY In agreement with
the above assumptions. Futthermore, GO-FTIR showed
strnse absorptions af 689 and 1657 em -t indicating

that the two oxveens were involved in (distinet) conjti-
gated carbonyl gronps

Catalytic (Pd/C in pentene) micro-hydrogenntion
(couditions preserving the carbonyls) lod to st least
three GE sepaeable diasterenisomers oxhibiting: (i) the
same EL spectrung with ons at m/z 150 (2), 140 (58).
125 (27 112 (35). LI (I8), 97 (23). K3 (28). 69
(F8E53 {10, Y {0d) and (R and (i) identical
CUNH)MS spectea (ons at gz 186 (M + NH ) 7).
16D T MH L Tou). 161 ([(MH - Ho O %0 3) wnd 140 (6)),
These data thus assignied to vesperal two earbon - carban
double bonds (of CIMS)Y and fnally the structure of
i-oxvisopiperitenone if taking into acconnt the EIMS
ious of the hvdrogenated derivatives at iz 111/69
(o-cleavage on either side of the ketone) wnd 112
i McLatfertv (ML) rearrangeent also generated from
the cvelic ketone).



This conelusion wax confirmed by tae fow-collision
energy CAD spectrim of don m/z 82 formed nuder
EIMS source conditions. This spectrunt (daughter jons
at /s 67 (L5). 5l (100}, 12 (U.5). 36 (23) and 28
(1.3)) was found to be identical to that of the sae ton
senerated fron supiperitenone but difered signitceantiv
in iou ratio from that issuing from carvone,

Vesperal

CIHNHDGC-AS of vesperol gave ions in the upper part
of the spectrum at /2 (%) 184 {20}, 167 (100) and
149 (25) which could correspond to [AI + XHy]*. MH*
and [MH?Y H20} respectively. Under CIEND3)MS,
iows at m/z 189 eg AL + NDyJ* and 169 eg (MD]™
were obtained confivmmg the molecular weight as 166
and further indicating (one supplementary mass shift
through H-D exchange) the prescuce of oue mobile
livdrogen (ie. hydroxyl sroup).

Low-resolution GC-EIMS (fig 1) showed jous at wifz:
166 (1). 148 (12). 138 (6). 137 (10). 108 (12). 81 (24), 82
{100). 54 {20). Some of these tous might be interpreted
as arising from M7 after the loss of HaO and rotro
Diels- Alder reaction as for vesperal {see scheme 2). Fi-
nally these data thus assigned to vesperol the strueture
of 1-hydroxyisapiperitenone (CraH 0o, MW = 166).

Synthesis of (1)-10-oxoisopiperitenone 1 and
{£)-10-hydroxyisopiperitenone 2

Diels: Alder reaction of 3-ethyl-l-acetoxybutadiene 3
[4} with vnone 6 prepared frotn diol 4 :5] by standard

ITBRDPSCL,
imdazale, DME ra.

v Retro - Xy o
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w148 -—— — Rl
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HOCH; m/s 82 m/z 84
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Scheme 2

procedures gave, in one step, compound 7 as o single
dinstorcoisomer (efs stereacheinistyyv, Jy ¢ = 2 Hz) with
the correet carban skeleton and appropiate fnetional-
ities for conversion to (£3-1 and (=)-2 (scheme 3).

Wittig reaction on 7 with the yvlide of methyl-
triphenvlphosphonium bromide furnished 8. Deprotec-
tion of the acetate and tert-butvldiphenylsilyl groups
were performed at the smne time with LIAIH, in ether
at room temperature. Carelul Dess-Martin [6] oxida-
tion of diol 9a vielded (£)-10-oxolsopiperitenone L. The
primary v droxy group was first fastly oxidized by the
trincetoxyperiodinane. The oxidation of the secondary
allvlic aleohol was mote difficult due to the intermediary
hemiketal system, Reduetion of 1 with NaBH) at low
reniperature (— 40 7C) followed by hyvelrolysis at the
sanie temperature with acetone gave {(£)-10-hydroxy-
isopiperitenone 2 in moderate viek] (30%) accompanied
i degradation products.
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Ul ~pre treseaple b ol G0 rerenrion tiimes iof
Ve et ive” el bvdrogenated compomndst obrned
P Borkr <ldes ceaturnd ied svutheticd being identieal
b e inalby assien to vesperal the streture of 10-
corenieritenone Uoandd too vesperal the stoncture of
[-livd roxyvisopiperitonone 2.

Biological activity

Lhe biolocieal wetivies of {20-1 wwd (2)-2 was wea-
~red by peconding the electronitennographibe tEAGH re-
~potiees ob ale antennae to lnereasing doses of recemie
vespueral el vesperor 70 The results showed the high
sen=tviry of inades to these componnds, with responses
ot ditberen from tho=e obrained with o natural exreaet
oA temede solariles. Fleld-rrapping exporitienis were
cotelnered i Banyals {Franzey from december 1996 10
fobrmary 1997 nsing, raceie vesperal and vespero] as
bt The resules shiowed thar vesperal ar the dose of
Fang eanighe 126 wale Beotles {103 traps wheteas ves-
prrolar the same dose caeht only 7 male beetles, [his
tesidr dletinitely established the e of vesperal as the
fenade sex pheromone of Vesperas ratarti,. We did not
fitcl ana biological role for vesperol, assuing it conld
Brevady oo intermediate in the biosvathesis of vesperal.,
fowilh be published witho orher biolegical data. in a sih-
secuuent paper, Further work 1511 progress to study the
tractiveness of sunthetie ciantiomets of vesperal.

Absolite configuration assignment of vesperal

One vy to expueditionsly sleterine the stereochem-
stey ok pheromones 1=t oltain cnat iomerie resalin
Dot oo chivad clivomatossaphic cobipgn The assizn-

ur it~ ot the peaks v be carvied it with so-

Honration of the nataral produet s determined by
comparison of s retention tioe under the same condi-
tionls. Separation of raceinic l-oxolsopiperitenone was
achieved by HPLC on a exclobond T™ column (3-cvelo-
Jdextrin, HxOQ/ MeOH s5:15, L mL/min, N = 256 mn,
retention titne 28.9 awd 3001 min). The uatural san-
ple give onlv one peak correspunding to the peak
of shorter retention time, demounstrating that  Vespe-
rus ratarti utilizes enantiomeric pore sex pheromone.
(RI- and ($)-10-oxoisopiperitenone were prepared from
diol 9a in hve steps. Formation of the diasterso-
isoweric mixture of (5)-(+)-O-methvimandelic ester
fi-lowed by Dess Martin oxidation of the mixture of
allvlic aleoiol 10 and 11 furnished 12 and 13 which
were separated by preparative HPLC (pBondapak ™
Cls HQ/CHCN (79:25). or Zorhax ™ Sil. dichloro-
methane/ sopropanol/water (100:5:0.3)). Products 12
and 13 were separatly hvdrogenated in MeOH with
Pd/C (108 with subsegoent saturation of the double
bonds atd abstraction of the ester moiery to vield opri-
cally active menthone 3! (scheme 1), By correlation of
optically active menthone from 12 with known (25.5R)-
C J-menthone obtained by bvdrosenation of cownmer-
claly available (5R)-(=)-pulevone (GC on Lipodex™
capillary colwnn), it is possible to assign the stereo-
chentisery s (25) for 12 aud (2R) for 13,

With 153-12 and (2/7)-13 in our hawls, we trans-
formed separately these compowds via o reduction
oxidarion  sequence i (5)-(+ - l0-oxoisapiperitenone
4L and (R)-{ 1-10-oxoisapiperitenone
s = —3003) (sehieme 5). We noticed that reduction
of 12 ar 13 save a diastereolsoiueric mixture (G605
of diol 92 uxd 9b. Synthetic (5)- 10-oxoisopiperitenone
Ladd the same metention time as the patural ssanple of
vespetal o acchiical HPLC colunmin Tt follows that the
steteovhe sty of the <o plicrotsone Toas te (85 vog-

tapy =
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Conclusion

We identiliod two pew monoterpenes ({83 1005000
pettenone pvesperal) st i-hvdroxyisopiperitenone
(vespetolt) s sennochenivals for Vesporas raturt and
detonstrated the role of phetomous o vesperal This
contitms e high diversity ol stouctwes of known
made and female pheroniones i the Cerambyeidae 8
t=theme 6 The use of e ses pherotone of Vespr-
raes rofactt oy pave e way for the development of o
practical and elleetive pest masagement systen for this
st

Experimental se-tion

Ertractiun purtfeation

Camlitions of valatile collections: wlatiles emirted fram
Latclies of 612 field-coblectod temates. trapped for 3 nights
at 15 C on 200 my of Hu1n-h:a1k"‘-'.’ {Supeleol with an
Airflow of o0 ml min and eluted with Lol CHLCL

Mala sex pheromone ol
Xylotrechus chinensis and
Xylotrechus pyrrhoderis [8al

female sex pheromone of
Migdolus fryanus {8b)

Male sex pheromeha ol
Anaglyptus sublasciatus [8c)

oH
Mala sex pharomone of J e
Pyrrhidium sanguingum
andHyiotrupes bajulusg [8d] H

B

Sehemie 6, Strnctines of sox pheromaones of Coermnbycidae.

This proceduie mve twa extraets o 70 nned 100 fe-
niade/ngght Zegquin. Hie exirets were voeritvaged wder o
pentle stream of N to U0, el kept ot 240 gt
.

Speetruseopie s wients on aratwral prodieeds
GOWMS raiedtions: Nerimag, [ 10-10¢ Linked to 0 Varian

TAUD G 90 o« 02 aun il WOOTT DRSNS, B
S C at 100 C/min. helinm as carvier gis al G sl
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OUMSYN o liecess Nenmng RAG10 triple apsadrapolke
st v aboae G0 conditions, 70 eV collision energy
and Nt T o0 Toer

PR AR A S AN b o resperals Fianntigan MVT-05-0)

oo e U032 aun i WOOT BPX-50 80 O (2 munj

o BHE C w10 70 /i, carrier gas heljum at Bopsi

Cihoer messurements Joe for fons e/ 136 Hound m 7/

FA6G.0ST2 cale for CsT a0 i/ 2 136.088%) and 135 {found

s PR cale for CUH O gn) 2 TAS.051HD were in

aupeetnent with onr as~ipmnents,

CO-FTTIR comditions TS 15N Digilab dircet deposition
et fiee [racer

st chiereal procedure s

Mhlting points are recardied o a0 Bochi 510 and are un-
corrected. NI data [UHE 300 M 00 750 MUz) are
recotded on o VARIAN Gemini 300 wnstonmen . AL NATR
~pretricare recortded in demteriochloroform (CDCL) . Chen-
wal shifts are reportett in & ppmrelative to CHCL (CDCT
is internal relerence: 727 ppen for THOTT pp for YOy
Coupling conwstants () are given in hertz (Hz. Madtiplie-
s e peeotihal s pamelery o Gdoudder s Nriplety. o
tquadruplery m (maltiplet) and br (hroad), Iy the 0O XAR
speetva the svinhols =" d' 17 and f represemt 001, 2 and 3
attached protons. Mass spectia (X5) were abtained on a
Nerotag RIO-THC linked to o Varian 4300 GO, lenization
wirs obtiined cither e electronic impaet (1) or chemieal
ranizntiom With amnopia (CLONH b Moss spectrad data are
reported as o/ s Infoared spectra (I were obitained on o
Perkin-Flmer B 600 ar Perkin- Floer 397 instimment . us-
g v ither NaC T salt plites (thin filny o NaCloells (i the
spectlied solvent) and are teported in terms of frogquends
al ibsorption (s em ™ P Optical rotations were epsared
s Perkin-Elner 2110 polarimeter in o Ladpg ool AN peee
Dot were mondored by tn-baves chromaagrapdn (110
carved ot o Nk Bt Sa0 g prevoated silicngr] bofs
Sl plates Vispalizarmn was acvomphi=hed witls UV Tehe
s 5 ethanolbi phosphoroolybehie aowd solatun o
oty colanen Dollowas] labing sete gard an bevelop
e nts Letrabvd ot CTHE 3 agd dhet by L et b bt
sere distiled oo ol benzopbe none hicblononet e
POH O ) and duoethyilormanide LD from calerm I

ik Pnadiomen tesolition of sentlivte vosponsl wae
achiesed o HPLC calamng with chiral stabiomiry phie
TCvelobaml U exvelondestring ol prepara e HIEC o
vedume coBondapak N C TS g, ey T s non, W

T e ST e Zothend Y™ S o, 200 4 {ooano Faan

feontere tesodutiom of mentioe was pcehpevd o a0 - ho.
et cagntlary cotumn (L fen ™™ B
® /-l "v“lth]!lhpinur‘ﬂw/ql,.;“l‘!m! RV TEERTYPR

oo =tirved ~olntym ot 5 TV g W0 i L bensene woas
achifed DX Gy KT v E D noady The veaetaon nas e
st strredat voom terperatin e tor A0 i s Tl e
sl lwis washed with et aond e combsied organie Eaeers
veaporated inder vedaced pressiare Ple reapdue wos putidiesl
bn 1haeh chiomatographin an by el MO Cuchode e
SRS oo 2 8T o addid e 1o wealress oal 1o
W bt ddeliade (2w 6T prinds o Faao) el s
ekt o was andded o e s liaenesiiny «ilorn e
b mbs T mmal, B3 solition m FHEE The reactum
e ture was stitped e 00 C foe bl dilinned sl [N S IRTTN |
auenched with water Ve Aot piiase was acnhithod witl
HOTGO N Camd e tiaeted with B 0ad The combine] AT
Lavers were swoashed wath L, vt Y I B TN IRTT
eted vl rediv e pressure Phe s mide prodoacy was e
selvedb diehlorouwethanme (12l aned Dhoss Marto e

sittbeetoss penochmane s U g T 8 oy s ] o e

solution. The jeacting mixture was stirted at room temper-
avure for 30 min. poured into a stirred =aturated agqueous
solutjon {\’n;S;(’J;,. 12 ml). (X(IH('L’;, 12 mlL). The aque-
ous fver was extracted with dichlorometiome (3 ~ 30 mlL).
the vombined organic lavers dried (MgSO,) and the solvent
evaporated under reduced pressure. The residue was puri-
fied by flash chromatography {AcOEt /evelohexane {5:95) to
:'\rO[-.]tjr_vrlnllo):nnﬂ (10:O0) to gmive 163 g (T1%) of 6 as a
slightly vellow oil.

IR (geat. cin™'): 30500 3030, 3000, 2930, 2920, 2850,

1 710, 16890, 1600,

'HONMR (300 MHz. CDCL) @ (ppr) = 7.7-7.2 {m. 10H).
GGA (dd. J = 106 Hz. J = 175 Hz. 1H). 6.27 (dd.
J =151z, J =175 Bz, 11D 570 odd. J = 15 Ha
J =106 Hz, TH). .35 (s, 2H) 10 (s 0.

BOONMR 075 MHz, CDCLy # (ppm) = 1980 (57, i335.9
() 1327 5). ALY (d). 1300 (d). 12900 (1) 1274
()L BO.0 (0), 2008 (7). T3 57,

Capiflary GO analvsis (BPNS 0242w id = 25 w110
300 CO 10 Croming. retention time 1119 min.

FLAMS ez 70 267 (1 (A28 26K (3N, 247 ()
R RIS R AT VR RSV AL R R TR N SO CERTR ) S B S S
{210

o (1Rt GR%-6-{ 2 tert-Butyldiphenyisdil jory)-
acctyl} - A-methyle yolobe r-2-enyl acetate 7
A misture of G 013 2. 39 aunol) and 313 (1.0 £ 79 mmol)
w henene (16 L) wis heated for 8 b 30 min at reffux amd
vvernight al roott temperature amder argon. The solvent
wis pemoved ndet reducad pressure and the erude product
wis purilied by Hosh chramatogtaphy (AcOR cvelohexane
(3 495%) to ActHovelohexame {HEH)) ta give 1.OY g (6057)
of T ax a colourliss ml
I et o Yo 405 ddA Sk 29u
[ LE I B O SR TT T F O et §]

2910 IR0,

HONAEC 400 AT O & gy 77 7 4 (e 1001
CORICRETIVN U3 RORRCR DANE PP Y L EON IOCL Y SO IS 7 He 2il
d0%inl ) I § 200l iy 2 b T e T
[ L I e T E A B P 1 |

OONMEBOTY MHe GO pps 2um 0 12 1 Ton
T2 09 AT e BT e LA ) 12T
TUIS N L ATt B A I A T TSt LT (PPt N el C A
Joh gk a0 g T IR (U

e (T LNt bh;‘{ oty i“!-i,in:‘q;:':,’.-phr repdnaleyd fn”,-_f’.

ree PhogfY e e rid o e hyteyedober Foe ﬁa;j’ aiefate W
Toa = T8 70 wilution of wet v Bophensyiphosplioniam bro
mbde (LD g 3 wamelr e THE (10wl andet argon was
addod drvapvse Buba (8 5 @l 3wl 21 A sobution m
bevamed The salution ol phosplsiiumm ylsde was ativred Jor
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LS s 2HY)L 235 (wdl o= 126 el J o= 203 Hal b,
21-1.7 [m, 1H), 190 (s, 3H), 173 (s, 580 10T (s, U,
PCONAR (TH MHz, CRCLY & (ppin) = 1706 (7). TIRS
O LS D) L6 (0 TELT (8. 12y W)L 12vT
() 1106 (d') TI0LT (L), 676 (1), 663 (N 40 (Y,
3L (V) 26.9 (). 23,6 (q). 221 (q). 21.2 (=), 19,9 ().

e (I1R*. 65%)-0-[1-{Hydrarymethyi jethenyl]-d-methyi-
cycioher-2-rn-1-r! 9a

To a 0 °C solution of LiAIH,; (0,17 g, 2.1 mmol) in Et;0

{20 mb) was added dropwise a solution of T {096 g

2.1 mmol) in Et20 (20 mL). The teaction mixture was

stirred at room temperature for 1 h. guenched with wa-

ter {017 mL)., XaOH (153%) (0.17 mL). water {0.501 ml.)

and stirred for 1 b The resultant mixture was fltercd and

the solvent removed under reduced pressure. The residuce
was purified by flash chromatography {AcOE fevelobhexane

{1:90) 1o AcOEt/eveiohexare (60010)) to give 263 my

(74%4) of 92 as a white solid. \Mp 11-16 °C.

IR {ueat. rm‘x): 3350, 3010, 2960, 2930, 2950, 2900,
2860, 2320, 1670, 1645,

YHONMR (00 MHz, CDCLY & {ppm) = 564 (. 1H)L
324 (hs, 1)L 02 bl UL LI gl 31D, 2228 (ud
J o= 126 Ha, J = 2.3 Heo 1L 2015 (my JIHDL 178
(= JH)

A NAMR (T MUz, UDCL)Y & (ppm) = 19T (s7), 130N ('),
P25 (0, 114.7 ¢0), 6008 (U7) 6858 (), BLT (') 310
(4 205 (g 200 ()

Copilary G aoalvsos (BPX-50 002 mmoid < 25w 120
J00 °C 10 7C /). retention time 142 min.

EENMS my s (V0 103 (1) 1a0 (3 (M B0 16 (1), 135
(T, U232 04). 108 (1%, 106 {0, 54 (30, U1 (10). 81 {100,
R2(T) T a6 (L S i) sy T

e (4 )6 1-Formyle theugl ) domethyte yelaber 2o d
atie 1 ({4 ) 10-akmsapperih Hane J
T a0 °C solution of B (HO o wmg. 12 mmolb i
dichivromethane (25 ml) was carelully added Desec Mgt
reagent [l (hincetoxypetiodinane) (13 g0 270 mmal) b
1 b 30 min yuder argon Uhe reaction mixture wiss shizied
Al BSU o 2 hoand at rowm femiperature fur WG b oaml
peired mto n stirzed saturatal agqueous soiution i Nnes:4h,
245 mb), (NallCO L, 15 sl The agqueons Tiver was exe
teowted with dichloremet hane (1 < 2% ml), the combined o
gonir favers dried (RO amd solvent exaporated wder ve-
dipees] presapie The residue was puritiod Iy lash chromate
graphy (AcUE evelohexcane {H0H) h AcOR evelohesane
(00 1o give TAS g (6N50) of 1 ae o white solul. Mp 24
e
PRO(CUT, em 1) ums, gt 2oy
IO 1A 16T 1T
YHEONME G0 MHe, CDETY & (o) < 000 e HE B
(oo TG0 (s UHL D0 dbs 1D 0 0d 12y
P 4% He LY 205 20 (m, 4100198 (s, 3l
DUCONAIR (T8 MM, CDOLY A fppm) s 10T (7)1
Y T s ) IR s LT R G s ),
(NN S N WIS BT

DOAT . INTUL R

Capiltlany G anabvsas (HPNXCT 082 e ad U5 m BAD
WO 1) O sk retentuan tiane SH b

U1 date were whennal to those of The el peodoet

o (1t L Hydvosgoe gl et agl)- 5
methyloyelohir- 2on-L-one 2 (vesperol )
Fo oa -4 70 sehation of (2)-1 10 g, 807 mmmol) m
methanal (1 mb) wis added NasBH portionwise {3 myg,
007 mmol), The reaction mixture was stisred at {1 ¢
for 1 mm and quenched with acetone. The solntion wis

Thid

witrmed Lo roon temperatare amd solvents cvaporated ane-

der reduced prossure. The residue was porilicd Dy lash

chramatapraphy CAeOR evelobexame {60101 ta give g

(A ol = -2 axoacslighth yellow ol

TEEONMEER (300 Nl CDOTY & ) 0 (e 1YL 506
(s, TH}. .98 (bs. TH) LES (. 2H). 300 (dd. L
o= L8 Hz, J = LLG Hz), 2.68 (bi, 1, J = 64 Ha),
2.40-0.95 (g AL 1O (s, 31D,

BHOONMI (T3 MUz, CDCLY & (ppr) = 20008 (8. 163,38 (<),
168 {s7), 126.6 ('), TLE2 (07) 663 (1), 5080 (d'), 314
(). 278 (). 2040 ('),

Capillary GQC analysis (BPXO0 032 wm id o« 25w, 120
300 ¢, 10 7C Amin). retention &40 min,

AlS data were identical 10 those of the natural praduet.

o (IR, G5)-0-{ 1-]1(25)-2-Arethoay-2-phrenylaceiory)-
methyllethenygly-3-methylegeivhers2oens teol 10 and
(ISR )-G={ 1-[((25 )= 2-nethory- 2 phenglacetory)-
methylfethenyly-demethyleyeloher-2-en-1-0l 11

To a0 °C solution of 8a (0861 g 5.1 mmol) and (8)-()-

methoxyphenylweetic acid (0847 g 5.1 mmol) in CHLCT

10 wml) was added dropavise uneler argon o solution of

dievelohexylearbodiimide (LIS g0 5.0 mmal) in Clen,

(4 ml). The reaction mixture was sthered nt roain temper-

nture vvernight. iltered and the sadia wished with (CHaCly,

The combined organic phnses wepe wished with 1T {03 N),

saturated pgueons solution of sodimm bicarbonnte, bripe nimnd

drived on MOy, The solveat was removed under vedneed
pressure and Hhe vesidae purilied by lash chivomatogephy

(AcOQE /eveinhesane (0G0} 1o give T4 g (879 of aomix-

tove of wiseparabte 10 and 11 s 0 eolourless oil,

VNN (00 AN, CDOLY & () = T3 75 (e Sl
ORI RTIONR 11 PO T S I ATt I AT RSN STV R L B IS R
Y080 (my B LT (s, KIIOR

THOONAR 170 M, CPECLY & {pr) TN TR,
PLESY ('), LS (8], LG D (), TMLO ('), BN (o),
RS T T I PR TR T ok B S W B O FUS R TR T
FLLD (), REG (A, 673 () 670 (1), 002 (), 6]
GUL AT 1 G, 128 UL L6 Q) 0 (00, S (),
2007 (0,06 ()

Coaptflry GO nabusis (U5, 02002 sun dd o 20 m, 100
JOD UL TC i, retention Hie 17 06 min

FYAS an /o (50 208 (1), 180 (6), DR IRy, 2Y (Hau), 10a
(L) 0 LAY, TF Ly, A {0y A0 1y L),

o (IR Gl e s LM ethopys 2 pheaglueetory )
e thglfethengty -demethgiegeiohe e don-boor 13
i (1S 08 )= { 1 ([ 25 )< deaine thowy- 2 pheayduectory)-
methyljetheayl)<atmethpleyelobes- Lens Lone 1
To n A 70 solutlen of HEwd L1 (L E g b0 amnol)
w dichloromethane (80 ml) wan ndded  portionw ue
Dews Martis teagent (6] (rinectosyperiodinnne) (L1105 g,
L& b)) wader negons Phe renction milxore was slrred
At 0070 Tor 2 and poured into a stivred wdinrated agueons
woltion (Nugs Oy KL, (Na OO, RO mb) e agueots
lover wine exteneted with dielioromethane {3« 86mlb), the
:;;:x:!x::zeui e fvers dried (A SO ad solyvent g
Fadased mmeder veduecd gressune, Phe pesidine was pnilied by
Handy chiraniatograpin i AcOR fevelstimonme (A4 Lo mive
G2l (8T of aomixtme of P2 oaned T s on colonrhss ol
A part of thie mxtiie wis separated by puvpmnli\:-- e
(uBondnpak™ ™ CTR D ) emo« TR0, Waters el
K6, HLOZOTE,ON (75200 40 mil.Jenin, A = 25 re-
tention tane 72,2 min (L2} and 7650 min (13} o Forhny '™
Sib 0o, 300 1 G winn. dichloromethinge /CHGON (Thidh),
25 mLning A = 250 nm, etention time 0.8 mib (13) wul
KA1 gmrin (12)) Lo give 5 g of B3 and 60 g of 12 ax colont-

less Oiln
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Noselwtion of 12 60 g 0028 toali i MeO with B O
0l ) was stirred aneder 1w tootn emperat nee
for A b The resubvant salntion was Blterad on Celite il
cvaparated nnder reducod presaire 1o sive quantitatively
ot nre (O ol en flone, somentbone aad §8 - -
e thioss plicc bt seeng
Capliary G0 Gualesis (BN 0042 e vl 25 e 100
SO0 U0 O ming, retention e 4GS i naen-
Hone. 450 o somenthone amd 510 min (8- - -
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o cisaR-ee o Hydvorganethgt e the ngli-gome thyl-
caclodev-2-en-1-0l 9a and (TRGR)-6-[1-{lydrory-
e thghin the ayli-s-methyle yeloher- 2-en-1-of b

These componnds were abitained nsing the saue procedine
as for 9a (LR, 65) and 9b (15, 65) trom 13 (vield = 874,

o (Sio(=-G-f -Formyletie ngl )< d-methyleyefohe r-2-

ci-l-one 1 feespeml)
Toa G °C sohution of 9a (1. G5) and §b (185, 653 (I mg.
053 wmmol) in dichloromethime (2 wl) was added care-
fully a solntion of DessAlartin reagent (6] (trincetoxy-
pretiodinane) (50 mg. 0218 nunol) in dichloromethane (1 mbL)
for 1 b under argon. The reaction mixture was stirved at
3 C for 2 hoand ot room temperature for 21 h and then
poured intao astirred satirated agqueous solation { NasSa0);.
23 mLi (NaHCO L 23 mL). The aqueons laver was extracted
with dichloromethane (3 x 2 mL). the combined organic
lavers drivd (MesSGy)oand the solvent evaporated under re-
duced pressire, The resicdie was purified by fash chromato-
srapte CACORT fovctohexane (10:00) 10 AcOLEt Sovelohiexane
16030 1o give T1mg (GO of {+)-1 as a0 white salid.
e =L e TT ML,

o f0d g - Forargle the et 1 aaoe thigle et -
fan-f-ane 1
This componmd wis obtained using the same procedure as
for i = -1 Froe the mixtore of Qa0 660y and Ob (1L GIGY
tvield = BE
"o 3004 Lo Ls U
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