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Abtrsd-Euryoponol, isolated from the resin of Equps j?oribw&r, haa ban shown to be 
34-hydroxy-!kxofphilanc. 

THE isolation of euryopsonol, GH,Oa, m.p. 23&231”, from the unsaponifIable 
fraction of the resin of Ew;vop~@riti (Compositae) has been described,r and 
euryopsonol was shown to be doubly unsaturated, to contain a ketonic and an 
alcoholic group but the nature of the third oxygen atom remained unknown. Later 
supplies of plant failed to give more mat&al and work was discontinued. The 
investigation has been renewed and evidence for the compkte stereochemical structure 
of euryopsonol is now presented. 

A closely related compound euryopsol, GH,O,, m.p. 173-174”, has been found 
to accompany europsonol. The content of europsonol is highest in the plant during 
midsummer and that of euryopsol during the autumn. They are readily separated 
by chromatography on alumina. 

Of the three oxygen atoms in euryopsonol one could be attributed to an OH 
group (hx 3640 cm-i) and one to a conjugated ketone (*mu 1670 cm-r and & 
280 rnp (log E 4.16)). The third was probably present as a furan (rmu 1540, 1130, 
1080 and 880 cm-i) even though euryopsonol gave no colour with Ehrlich’s reagent 
(pdimethylaminobenzaldehyde in HCl). This assignment is supported by its NMR 
spectrum; a Me signal on a furan ring at 7.98 T (J = 1.2 c/s) and one proton on a 
furan ring at 2.57 T (J -- 1-l c/s). 

On catalytic hydrogenation in ethanol over Pd-C, euryopsonol consumed two 
moles of hydrogen to give an oily product, while with Adam’s catalyst in ethanol or 
acetic acid hydrogenolysis occurred. Dehydrogenation of the LAH reduction product 
of euryopsonol gave a small amount of an undefined substituted naphthalene. 

Oxidation with chromic acid in acetone afforded dehydroeuryopsonol (II) whose 
IR spectrum showed maxima at 1670 cm-l (conjugated ketone), 1540 and 870 cm-r 
(furan ring) and a new band at 1720 cm-l (&membered ketone). Since the W 
absorption band at 280 rnp in euryopsonol was unchanged on oxidation to II the new 
keto group in dehydroeuryopsonol cannot lo at G. 

Dehydroeuryopsonol gave a positive Zimmermann test (negative with euryop 
sonol) and formed a monofurfurylidene derivative, indicating that an unhindered 
methylene group is adjacent to the newly formed keto group. Dehydroeuryopsonol 
formed a monooxime and a monothioketal. The thioketal showed only the band at 
1670 cm’-’ due to the conjugated keto group; the band at 1720 cm-l in II had dis- 
appeared showing that it was the newly formed ketone which had reacted. Desulphur- 
ixation of the thioketal afforded deoxydehydroeuryopsonol (III), kindly shown by 

a D. H. S. Horn, J. R NUM and D. E A. Rivet&J. S. Afrku~~ Chum. hr. 7.22 (19544). 
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Prof. Herout to possess an IR spectrum identical with that of 9sxofuranoeremophiL 
ant.*** Presumably they isolated the racemate from Perusites species since their 
material was optically inactive, whereas that obtained from euryopsonol had [a], 
-20". The identity of III proves that the conjugated keto group in euryopsonol is 
at C-9; the W spectrum euryopsonol had already suggested this position since 
9sxofuranoeremophilanes show &,x 28&282 rnp and 6-oxofuranoeremophilanes 
Lx 269 rnp.’ The base peak, m/e .y 122, in the mass spectrum of euryopsonol due 
to the carbonyl fragment IV supports the assignment of the CO group at C-9. De- 
hydroeuryopsonol is not a ,%diketone because its UV spectrum is unchanged on 
addition of alkali and it gives no colour in ethanolic ferric chloride solution. Accord- 
ingly the other keto group cannot be at C-l. Since dehydroeuryolsonol, m.p. 217-218”. 
is clearly different from 29_dioxofuranoeremophilane,~ m.p. 149”. the new keto group 
cannot be at C-2 and only C-3 remains. 

Stereochemistry of the hydroxyl group 

Brown and Deck* have recently shown that lithium trimethoxyaluminohydride is 
an excellent reagent for the stereospecific reduction of cyclic ketones to the less stable 
alcohol. When dehydroeuryopsonol was reduced in this way and the 9-OH group 
in the crude product oxidized to a ketone with manganese dioxide in refluxing benxene, 
epieuryopsonol (V), m.p. 216217”. was obtained; no euryopsonol was formed. The 

’ L. Novotnj, V. Hcrout and F. S&m. Terruhfro~ Lcrrers 697 (1961). 
’ L. Novotn~. J. Jizh, V. Huout and F. S&m, Co/f. Czech. Ckm. Gmtm. 27.1393 (1962). 
4 L. Novotnf, Ch. Tabatiorh-Wlotzka, V. Herout and F. S&m. Coil. Czech. Chmt Corn 29, 

1922 (1964). 
’ H. C. Brown and H. R. Deck. /. Am. Ckm. Sot. 87.5620 (l%S). 
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absolute configuration of furanoeremophilane is known.’ Euryopsonol is 31t- 
(equatorial) hydroxy-9-oxofuranoeremophilane (I) and epieuryopsonol is 3B_(axial) 
hydroxy-9-oxofuranoeremophilane (V) from the following evidence: 
(1) From its method of formation from dehydroeuryopsonol the hydrogen atom at 

C-3 in epieuryopsonol would be expected to be sterically less hindered than that 
in euryopsonol. 

(2) Epieuryopsonol is recovered unchanged under the mild conditions (pyridinc and 
acetic anhydride at room temp) used to prepare euryopsonol acetate. This is 
due to steric interaction between the OH group and the 1%Me group. 

(3) The downfield position of the C-3 proton multiplet of euryopsonol as well as the 
magnitude of its displacement (A7 = -1-26 ppm) on acctylation confirms that 
the OH group is attached to this carbon atom. Its upfield position (7 650) 
reahive to that (7 6.08) of the same proton in epieuryopsonol suggests that these 
protons are axial and equatorial respectively. In euryopsonol and its acetate this 
mcthinc proton is responsible for the triplet (J = 10.8 c,‘s) broadened by secondary 
splitting (J -7 4.8 c/s) into a sextet. Assuming a chair configuration of the cyclo- 
hexane ring6 these triplets arc due to two large diaxial and a smaller axial-equatorial 
vicinal coupling, similar to that observed in androsWen-11 a-ol-3,20dione,7 
indicating that the 14Me group is in the equatorial positi0n.O In the other possible 
chair conformation the 14Me group is axial. If it is assumed that vicinal coupling 
constants have the same sign, the Karplus relationship predicts that the couplings 
of the 3-axial proton of euryopsonol will be significantly larger than the relatively 
small d&equatorial and two axial-equatorial couplings of the 3-equatorial proton 
of epieuryopsonol. The observed widths of the 3-proton signal in turyopsonol 
(25 c/s) and cpicuryopsonol (6-O c/s) are consistent with these considerations. 
The downfield shift (A7 = -0.lW.25) of the 15Me group in epieuryopsonol 

relative to that in euryopsonol (7 9.18) and dehydroeuryopsonol (7 9.24) shows that 
there is 1,3-diaxial interaction between the OH group and the 15Me group in cpieury- 
opsonol, confirming that these compounds exist in the “steriod-like” conformation.“*e 

The mcthylene protons at C-6 in I, II and V are magnetically non-equivalent and 
give rise to a quartet with the anticipated coupling constants (J r= 15&16*0). 

The NMR spectra of some of the furano-compounds obtained are summarized 
in Table 1. 

The acid fraction from the saponfication of the resin has been shown* to contain 
anisic, isobutyric, angelic and tiglic acids. In common with related compounds, e.g. 
furanopetasin! albopetasin: euryopsonol is almost certainly present in the plant as 
the angclatc although we have not yet succeeded in isolating the ester from the 
unsaponified resin. 

Two further sesquitcrpenoids containing the furanoeremophilane skeleton, 
furanoligularenone1° from the roots of Liguluriu species (Compositae) and warburgirP 

’ L.. Novotn~. J. Jizba, V. Hcrout. F. S&m, L. H. Zalkow, S. Hu and C. Djcmui, Te~mhdron 
19, 1101 (1%3). 

’ N. S. Bhacca and D. H. Williams. Applicorbns of NMR Sjxctroscopy In Organic C7wwd.rfry p. 82. 
Hot&n-Day. San FnmcGco (1964). 

’ H. Ishii. T. Tozyo and H. Minato. Tm&mfrom 21,2- (1965). 
* L. Novotn)i. V. Hcrout and F. Sam. Coil. Czech. Gem. Comm. 29, 2189 (1964). 

I* F. Patil, J. M. Lehn. G. Our&on. T. Tanahashi and T. Tanahuhi, Bull. Sot. CMm. R. 3085 (1965). 
I1 C. J. W. Brooks and G. D. Dnffan, C&m. Corn. 393 (1966). 
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TABLE 1. NMR DATA (1) 

Euryopsonol Eutyopsonol acetate Epkuryopaonol Dchydrouuyopsowl 

IEMc 7*98(1.2) 7.98d(1.2) 8.ORl.O) 7.98d(l.O) 
14-Me 8.88d(65) 9.02d(65) 886d(6.5) 894d(65) 
I5-Me 9.18s 9.129 899s 9.24s 
3-OH 8.09s 8.205 
3-OAc 7.91s 
3-H 6*5&n 5.24m 608m 

6-H, 7.37q( 164) 7*35q(16*0) 7.43q(16+)) 7.53q(lS‘o) 
12-H 2.57q(l) 2.57q(l) 2.62q(l) 2.63q(l) 

s -= sing& d - doublet, q L quartet, m - multipkt. The coupling constants (c/s) arc shown 
in parentheses. 

from the heartwood of Wurburgiu ugundemis (Canellaceae), have recently been 
described. 

EXPERIMENTAL 

M.pa are uncorrected. LV spectra were dctetmined in 95 % EtOH. IR spectra and rotations in&f. 
NMR spectra were recorded on a Varian A-60 NMR spcctrophotorncter in CDCl, solns containing 
TMS as internal reference, and IR spectra on a Beckman IR-8 spcctrophotometcr. TLC wcrc run 
on silica gel (Merck’s kicsclgcl G) and the plates sprayed with a 30% soln of chlorosulphonic acid in 
AcOH and heated if necessary at 100” to bring out the spots. Neutral alumina refers to alumina 
(Riedcl-de Hacn) which had been acid-washed, neutralized and activated by heating at 170” for 18 hr. 

Isokrrion of tqupsonol d enryopsol. Eiuyopsj?uoribwdns. N.E.&. was wlkctcd on the farm 
“Sondagsrivkr Hock”, about 25 miks to the west of Graatf-Rcinct, during October 1962 to Novem- 
ber 1964. In a typical experiment. undried stems (16.8 kg) colkctcd during December I%3 were 
steeped in cold aatonc (110 I.) for 2 days. The solvent was removed by flash evaporation and the 
residual aqueous resin extracted with ether (3 I.). The ether soln was washed with water and evag 
orated. The residual gum (400 g) was rcfluxed with 25:: ethanolic KOH (500 ml) for 6 hr. water 
(500 ml) added and the EtOH removed under reduced peas. The &due was extracted with ether 
(8 x 400 ml). the ether soln washed with water (5 x 200 ml), dried (Na$O,). and wnantratcd to 
300 ml whereupon a crystalline solid (12.0 g). m.p. 195-210”. separated. From the intensity of its 
absorption at 280 rnp this material contained about 75% euryopsonol. A soln of the solid (12.0 g) 
in THF (150 ml) was poured onto a column of neutral alumina (325 g) prepared in ether. Four 3tXt ml 
fractions of ether, four 300 ml fractions of 1 :< EtOH in ether and three 300 ml fractions of 5% 
EtOH in ether were wlkcted. 

Fractions l-7 (8.0 g) on recrystallization from bcnunc afforded curyopsonol (5,4g), m.p. 
222-226”. Fractions 8-11 (3.6g). after rccrysta1liration from EtOH, gave curyopsol (2ag), m.p. 
173-174”. Analytically pure euryopsonol crystallizd from EtOH as large almost wlourkss prisms, 
m.p. 2.3&231”, [xl: -36”(c, 1.2). 1,.x 28Omp (c 14600). x=.x 3640,1670,1540,1130,1080.880a-‘. 
(Found: C, 72.6: H, 8.1: M (by mass spcctrornctry), 248. Cak. for Ct,H-0,: C, 72.55; H, 
8.1%; M, 248.) 

Analytically pure euryopsol crystalliti from EtOH as fine colourkss ncuika, m.p. 17&174”. 
[a]: (in EtOH) + 14’ (c, l.l), AID- 220 rnp (c 6800), I- (KBr) 3400,3020,1660,1560,1340,1280, 
1125. 1078, 1050. 1038, 1000, 885ctn-‘. (Found: C, 67.6; H. 8.3; M (by mass spcctromctry), 
266. C,,H,,O, requires: C. 67.65; H. 8.3%; M. 266.) 

Both curyopaonol and ewyopaol gave intense wine-red solno changing to grrur when dissolved in 
Ac.0 containing a few drops of cone H,SO,. 

Acetybrion o/ euryopsonol with autic anh~ide-pyidinc. A aoln of curyopsonol (90 mg) in 
AC.0 (4 ml) and pyridine (0.3 ml) was left at room temp for 20 hr. The solvent was removed and the 
residue crystallized from McOH to give euryopsonol r~etate.~ m.p. 197-198” (reported 196198”). 
1 mU 280 rnp (log 4.17) v=,x 1735 and 1675 cm-*. Hydrolysis of this aa&ate with rdluxing ethanolic 
KOH resulted in regeneration of euryopsonol. 

Dehyakqqemkm of curyop.son~l. Euryopeonol(2.0 g) was reduced with cxmsa LAH in THF and 
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the product worked up in the usual way. The resultant oil (1.8 g) was dehydropated with 30% 
P~inaNatm~d~mixturechrompt~pb6donrluminninh~togivefinaUy9mgofa 
trinitrobcnmnc compk m.p. 104S-106”. dcprasad on admixture with the eing compkx 
ofcudaknc, m.p. 111”. (Found: C. 606; H.4.9; N, 1OS. C,,H,,O,N,rcquires: C, @45; H. 4.8; 
N. 1@6’1/,) 
(I.&I 

Decomposition of the compkx on alumina afforded a hydrocarbon whose UV specnum 
228 and 282 rnp (log 6 SO37 and 3.797)) iodkatod that it was a substituted naphthalm. 

Dehydroewyopsonol (II). To a soln of euryopsonol(1~00 g) in dry, puritkd acetone (70 ml) at 
S-l@ was added dmpwisa with stirring 8N chromic acid (1.6 ml) until an o-brown tint pcr- 
sistcd.*s The mixture was kept for 5 min. EtOH (2 ml) and water (100 ml) ad&d and the a&one 
ranoved under reduced prcas. After Raving overnight at S” the dchy&owyopsotd (087 g). m.p. 
21>21P, was filtered off. Recrystallization from McGH and sublimation at lSO”/lO-‘mm afforded 
a pure sampk. np. 224-225”. [al: - 69” (c, l-2). &x 280 m/r (E 14,400), vaax 1720, 1670, 1540. 
1140, 1090. 87Ocm-‘. (Found, C. 73.0. H, 75. C,,H,,O, requires: C. 73.2; H, 7.4%) 

The mono-oximr, prepared by rctluxing dchydroeuryopsonol with hydroxylamine hydrochloride 
and AcGNa in ethanol for 2 hr, crystal&d from aqueous McGH as tine colourkss nadka, m.p. 
199-m. (Found: C. 69.0; H, 7.6. C,,H,,O,N requirea: C, 68.9; H. 7.3x.) 

The fwfwy/ldcN dericdoe was prepared by keeping a soln of furfural(@2 ml), 30% aqueous 
NaOH (@4 ml). dc.hydrouuyopsonol(l2O mg)and EtOH (1s ml) at room tcmp for 5 hr, comntrating 
the soln to 4 ml and leaving overnight at 5“. The yellow crystalline product (11 I mg) was rccrystallimd 
from EtOH, m.p. 212-214.Y. 1,.x 326 and 28s rnp (6 22tNIO and 18500) due to an a,j7,y.&unsaturated 
ketone and an a&unsaturated furfurylidcnc ketone. (Found: C. 73.6; H, 6.2. C&,0, requires: 
C, 74.0; H. 6.2%) 

The mono-rhbktfal was obtained by keeping a mixture of dehydrocuryopsonol(300 mg), A&H 
(8 ml), cthancdithiol (O-S ml) and BF,ctherate (02 ml) at room tcmp for 4S hr. The mixture was 
diluted with water (40 ml). a soh~ of KOH (13 g) in water (25 ml) carefully added with ice-cooling, 
and the resulting ppt (300 mg) colkctcd. The time of reaction was varied and the products obtained 
examined by TLC in AcOEt-benrenc (1: 1). About 40 hr was required for the reaction to bccompktc. 
Recrystallization of the crude product (obtained after rcactioo for 40 hr, uw) mg) from EtGH gave 
the mono-rhbkeraf (230 mg), m.p. 184-186”. A pure sampk was obtaiocd by sublimation at lloO/ 
10 ‘mm, m.p. 186187”. vmaf 1670~~~~. 
63.3; H, 6.9%.) 

(Found: C. 63.S; H. 6.9. C,,H,,O$, requires: C. 

Dcoxydchydroetuyopwwl. A mixture of the ethykne monothiokaal of dchydrocuryopsonol 
(123 mg) and freshly prepared Rancy Ni (2 g) in McGH-aatonc (1: 1. 18 ml) was rcfluxcd for 9 hr. 
filtered and evaporated. The crystalline residue (87 mg) was chromatographed over neutral l htmma 
(S g) with elution by bcnzno-hcxanc (I : 1) to afford a product (41 mg). which showed one spot., 
R, @70, on TLC in bcnren+AcGEt (3:2). Crystalliration from bcntur-hcxane followed by sub 
limation at 90”/10-‘mm fumishcd &oxy&h_+oewyopsotwf (17mg). m.p. 14Y, [a]: -#p (c. 19). 
a Pax 280 rnlr (F 14800). vpU 1666.1540.1125. lO75,876cm-‘. pOSSeuing the same 1R spectrum as 
9-oxofuranocranophilane. (Found: C, 78.0; H. 8.8. Cak. for C,,H,O,: C, 77.SS; H, 8.97’) 

The 2,44inirrophcny/h~uronc, prepared in diglyme by Shine’s mcthod,r’ crystallixcd from AcGEt 
as tine orange nccdks, m.p. 283” (de& (Found: N. 14.0. C,,H,,O,N, rcquim: N, 13.60/,) 

Epkuryopsonol. A soln of dchydrocuryopsonol (1.50 g. 6.1 mmoks) in dry THF (120 ml) was 
added dropwisc with magnetic stirring at 0” during ( hr to 60 ml of a @28M soln of lithium trimcthoxy- 
aluminohydride (35% excess). prcpamd as d&bed. * The mixture was stirred a further hr at 0” 
and residual hydride decomposed by the slow addition of water (2 ml). Ether (2S0 ml) and sat 
aqueous sodium potassium tartrate (30 ml) were added, the ethereal layer separated and the aqueous 
layer extracted with ether. The combinod ether extracts were dried (Na$iG,) and evaporated to 
afford an oil (150 g), which from the intensity of absorption at 280 rnp contained @l % unchanged 
dehydroeuryopsonol. This oil was refluxcd in bcnrencl~ (250 ml) with active Mn0.r’ (IS g). At 
intervals sampks were removed from the soln and examined by TLC in AcGEt-bcnztne (I : I). The 
spot at R, 0.45 due to cpkuryopsonol was fully developed after rctluxing for 3 hr; the plate shomd 

I9 A. Bowers, T. G. Haball, E. R. H. Jones and A. J. Lenin, /. Chum. Sot. 2549 (1953). 
” A. J. Shine. J. OrR. Glum. 24, 252 (1959). 
I4 0. Mamxra, G. Rosnkranz and F. Sondkimcr, /. Am. Chem. Sot. 75,5930 (1953). 
*‘ J. Attcnburrow, A. F. B. Cameron. J. H. Chapman, R. M. Evans, B. A. Hems, A. B. A. Jansan 

and T. Walker, /. C!rern. Sot. 1094 (1952). 
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no spot at R, 0.39 due to curyopsonol The MnO, WIU filtered off after the soln had been r&xed for 
3 hr and the tiltrate concentrated to 10 ml when colourkss prisms (066 g). m.p. 213-215”. of eplrwy- 
opsonof formed. An analytical sample was rccrystallizd from aqueous EtOH. m.p. 2lbZlP. 
[$,’ -8’ (c, l.l), A,.. 280 (E 14700), I~U 3620. 1670, 1540. 1130, 1085. 863 cm-‘. (Found: C. 
72.5: H. 8+. C,,H,O, rquircs: C, 72.55; H. 8.1”/) 

Reduction of II with LAH and subsequent oxidation with MnO, also furnished epicuryopsonol 
but in much poorer yield. 

The 2,44initrophcnylhydr~wnt, prepared by Shine’s m~thod.~* crystaUiz.ed from AcOEt as fine 
orange nadks, m.p. 302” (da). (Found: C, 59.1; H, 6.0; N. 13.1. C,,H,,O,NI rquira: C, 
58.9; H, 5.65; N, 13.1”/:.) The 2.4dinitrophenylhydrazone of curyopsonol melts at 288.5-289’ 
(dcc).l 

Epicuryopsonol was recovered unchanged on standing overnight at room tcmp in a mixture of 
pyridine and Ac,O but a compound analysing correctly for the aatate could be prepared as followa. 
although on alkaline hydrolysis at room tcmp it failed to r-rate epkuryopsonol. A soln of 
epicuryopsonol (5Omg) in AC,0 (3 ml) and pyridine (Q5 ml) was refluxcd for 2 hr. the solvent 
removed under red& press and the residue sublimed at 13O”/@l mm. Recrystallization from bcn- 
ZC~O&XWC afforded colourkss plates of the 4cet4tc. m.p. 171-172”, Ye.= 1670 and 1725 an-’ and 
no band at 3620 cm-l. (Found: C, 7@25; H, 7.9. C,,H,,O, rquira: C, 7@3; H, 7.6”/“) 
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