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Abstract-The structure of atractyligenin C&&s04, the norditerpenoidic aglycone of atractylo&ie 
C30H,.,01&K2 has been substantiated as Ia 7% absolute configuration shown in fa provea it to be 
a derivative of (-)kaurene. 

PREVIOUS research1 on atractyligenin C19H2s04, the aglycone of atractyloside 
C30H140t6SZKZ, a toxic glucoside contained in the root of Atractyh gummifera L., 
had only resulted in the assignment of a partial structure to this diterpenoid. 

The position of the two secondary OH groups was still uncertain, and the stereo- 
chemistry of this substance required elucidation. Further investigations partially 
summarized in recent short papers** 3 and details now reported on the NMR and ORD 

1 T. Ajello, F. Piozzi, A. Quilico and V. Sprio. Guzz. Cirim. Ital. 93, 867 (1963) and bibliography 
therein reported. 

2 F. Piozzi, A. Quilico, T. Ajello. V. Sprio and A. Melera, Tetrahe&on L.etters 1829 (1965). 
3 F. Piozzi, A. Quilico, R Mondelli, T. Ajello. V. Sprio and A. Mekra, La Chimiua e l’habstnia, 

Miho 48,371 (1966). 
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measurements as well as new chemical evidence have resulted in the complete elucida- 
tion of the structure and absolute configuration of atractyligenin, as shown in formula Ia. 

HO 

CH3 

HO 

OH 

&OOR 

IaR=H 

lb R=Me 

kOOR 

Ila R=H 

Ilb R=Me 

The NMR spectra of atractyligenin methyl ester (Ib) and hyafroatractyligenin methyl 
ester (IIb) confirm the presence in both substances of a single tertiary Me group; the 
NMR spectrum of IIb shows in addition a secondary Me group arising from the hydro- 

\ 
genation of the exocyclic methylene of Ib. The two protons of ,C=CH2 appear as 

two fairly broad signals at 5.08 8 and 5.24 6, at lower fields than normally found for the 
exocyclic methylene of tetracyclic &penes of the phyllocladene and kaurene type, all 
of which give broadened signals at about 4.70-4.80 6.405 

In the NMR spectra of Ia and IIb a multiple signal arising from the proton 
\ 
,CZ-&OH appears. This is formed by a triplet of triplets, indicating that this proton 

is axial and is coupled with two axial protons and two equatorial protons located on 
two adjacent carbon atoms. There is only one position in the atractyligenin and hydro- 
atractyligenin skeleton that fulfills this requirement, that is position C-2; we can, 
therefore, conclude that one of the secondary OH groups is placed at C-2, and that its 
configuration is equatorial. Chemical evidence later discussed in this paper contirms 
this assignation. 

The proton of the second ;CH-OH group appears as a slightly broadened singlet 

in the NMR spectrum of Ib and as a doublet in that of IIb. This fact, together with the 
shift of the signal towards higher fields which can be observed for IIb, indicates that 

the second OH group of Ib is located in the neighbourhood of the zC=CH, double 

bond, presumably at C-l 5. This conclusion is strongly supported by the W spectrum 
of diketo-atractyligenin methyl ester (III), which exhibits the characteristic absorption 
of a,&unsaturated ketones (A, 234 rnp; c=7700). In its NMR spectrum the two 

protons of the exocyclic methylene appear as two triplets centered at 5.53 and 5.98 8 
with J= 1 c/s due to the coupling with the allylic proton at C-13 and to geminal coupling. 
The strong downfield shift is attributable to the deshielding effect of the neighbouring 
keto group at C-15. 

4 L. H. Briggs, B. F. Cain, R. C. Cambie. B. R. Davis, P. S. Rutledge and J. K. Wilmshurst, J. Chem. 
Sot. 1345 (1963). 

s G. Hugel, L. Lads, J. M. Mellor, D. W. Theobald and G. Our&on, Bull. Sot. Chim. 2882,2888 
(196s). 
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Hydroxylation of the double bond of diketo-atractyligenin methyl ester (III) 
affords the diketo-dial (IV). Oxidation of atractyligenin (Ia) with performic acid 
followed by alkaline hydrolysis yields the tetrol (V) already described. The presence in 

bOOCH, &OCH, 

III IV 

HO 

V of three vicinal hydroxyls at C-l 5, G16 and C-l 7, is demonstrated by the consump 
tion of two molecules of periodic acid on oxidation with this reagent. The C-4 carbon 
atom bearing the carboxy group of atractyligenin is secondary in accordance with the 
following reactions. Chromic acid oxidation of hydroatractyligenin (Ha) followed by 
esterification with CH2N2, as well as direct oxidation of its methyl ester (IIb), gives 
diketo-hydroatructyligenin methyl ester (VIb);6 Huang-Minlon reduction of VIb affords 
atructylanic acid (VIIa) which on reduction with LAH gives 19-hyciroxy-atractyfme 
(VIIIa). The NMR spectrum of the ucefyZ derivative (VIIIb) shows an eight signals 
pattern at 3*40-4*20 6 due to the AB part of an ABX system arising from the two 

Vla R=H 
VIb R= Me 

Vlla R=H 
VlIb R=Me 

&OR 

VIffa R=H 
VlIlb R=Ac 

6 This product was also formed on catalytic hydrogenation of diketoatractyligenin methyl ester (III) 
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oxymethylene protons at C-19 coupled with the proton at C-4 and VIIIb, therefore, 

has an ~CH-CH~OA~ group. 

The pK MCS value of atractylanic acid (VIIa) is 7.53 which is close to that expected 
for an equatorial secondary carboxy group at C-4.7 Since the NMR spectra of atractyl- 
igenin methyl ester (Ib) and hydroatractyligenin methyl ester (IIb) show signals for an 
equatorial proton at c-4, it must be concluded that, during the drastic conditions 
required by the Huang-Minlon reduction, the original axial wboxy group has epimer- 
ized to equatorial. This is con&med by the fact that on prolonged refluxing with KOH 
in ethylene glycol both atractyligenin (Ia) and hydroatractyligenin (IIa) are converted 
into the corresponding Cepiatractyligenin (IXa) and 4-epihydroatractyligenin (Xa) 

containing an equatorial carboxy group. 

*oqr--j-.(---j-~~ H@jp+----o~ 
COOR 

IXaR=H XaR=H 

1Xb R=Me Xb R=Me 

Ho@T o~.---lo~’ 

XI Xlla R=H 

XlIb R=Me 

Reduction of 4-epihydroatractyligenin methyl ester (Xb) with LAH gives Cepi- 
hydroatractyltriol (XI) ; chromic acid oxidation in acetone of Xa produces a Cepidiketo- 
hydroatractyligenin @Ha) which, on Huang-Minlon reduction, gives the same 
atractylanic acid (VIIa) mentioned above. 

The reciprocal position and the stereochemical relationships of the two substituents 
of ring A in atractyligenin are further demonstrated by the catalytic reduction (PtO,) 
of diketohydroatractyligenin methyl ester (VIb), which yields 15-ketohydroatractyE 
igenin methyl ester (XIII). The OH group of XIII resulting from the reduction of the 
ketonic function of C-2 is now axial, as appears from the analysis of NMR data reported 
in the Experimental. 

Moreover, on passing XIII over alumina, y-Zactone (XIV) is obtained, which 
obviously can be formed only if the OH at C-2 and the carbomethoxy group at C-4 are 
both axial. 

Further information on the structure and stereochemistry of atractyligenin has been 
provided by the study of its bromo derivatives. Oxidation of 2-acetyJ-atractyligenin 

1 C. Paacual and W. Simon, Helv. Chim. Acta 47,683 (1964). 
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methyl ester dibromide (XVb) with Jones’ reagent affords 2-acetyl-15-ketoatractyligenin 
methyl esrer dibromti (XVI) which exhibits a positive Cotton effect. Treatment of 
XVa with zinc dust and alkali yields tioatractyligenin (XVIIa), whereas dehydro- 
halogenation of the former with ethanolic KOH gives 16-bromoatractyligenin (XVIIIa) 

AcO 

dOOR 

xv 

which, by further action of zinc and alkali, is also converted into isoatractyligenin 
(XVIIa). Both these substances contain an oxetane ring, as demonstrated by the 
characteristic absorption bands of their IR spectra (bands at about 1200 and 960 cm-l) 
and the analysis of their NMR spectra (Experimental). 

Isoatractyligenin methyl ester (XVIIb) and 16-bromoisoatractyligenin methyl ester 

kOOCH3 

XVI 

&OOR 

XVIla R=H R’=H 
XVIlb R=Me R’=H 
XVllc R=H R’=Ac 
XVlld R=Me R’=Ac 

kOOR 

XVlIIa R=H R’=H 
XVIIlb R= Me R’=H 
XVIIIc R=H R’=Ac 
XVIIId R=Me R’=Ac 

34 
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(XVIIIb) on chromic acid oxidation of the hydroxyl groups at C-2 produce the corre- 
sponding monoketones XIXb and XX), both of which exhibit strongly negative Cotton 
effects ([a13e9= - 1910” and [a]siO= - 1370” respectively). This indicates an antipodal 
trans-junction for rings A and B of atractyligenin, with lOa-Me and 5&H as in 
(-)kaurene. 

XlXa R=H 
XlXb R=Me 

H,CO 

dOOCH, 

XXI 

Atractyligenin, therefore, has the absolute configuration of (-)kaurene. This is 
urther corroborated by the negative Cotton effect of the monoketone at Cl5 (XIII) 

and the positive Cotton effect of the norketone @XI) formed on ozonolysis of atractyl- 
igenin methyl ester-dimethyl ether, indicating a /3@on@uration for Cl5 and C-16. 
The con&uration of the secondary OH group at Cl5 results from the study of the 
triols obtained by reduction of the carboxylic function of atractyligenin (Ia) and 
hydroatractyligenin (IIa). Hydroutractylitriol (XXIIa), formed on reduction with 
LAH of IIa, has the 2&OH group equatorial; in the NMR spectrum of its triacetute 
(XXIIb) the proton at Cl5 appears as a doublet centered at 460 8 with J=3*5 c/s. 
Reduction with LAH of diketohydroatractyligenin methyl ester (VIb) affords a stereo- 
hydroatructylitriol (XXIIIa) in which the OH group at C-2 is a-axial; the NMR spec- 
trum of its triucetute (XXIIIb) shows the proton at G15 as a doublet centered at 4.75 8 
with J= 11 c/s, This increment of the coupling constant is accompanied by a strong 
shift towards higher fields of the signal of the secondary Me group at C-16, indicating 
that in XXIIIa the configuration of the OH at C-15 is inverted in respect to XXIIa. 
Since it is known* that the LAH reduction of a C-15 keto group in the (-)kaurene 
series always produces a 15p-OH, it can be inferred that the C-15 OH present in 
atractyligenin has the a-configuration. 

The configuration 15a-OH is also supported by the relatively high stability of 
utructylitriol (XXIV) towards acidic reagents: it is known that only the (-)kaurene 
derivatives with 15/?-OH readily undergo the allylic rearrangement yielding the ketone 
at C-15, whereas derivatives with 15a-OH do not rearrange. Actually, atractyltriol 
(XXIV) resists the action of methanolic HCl and no ketonic compound could be 

8 L. H. Briggs, R. C. Cambie and P. S. Rutledge, J. C/tern. Sot. 5374 (1963); C. Djerassi, C. R Smith 
A. E. Lippmann, S. K. Figdor and J. Herran., J. Amer. Chem. Sue. 77,4801(1955). 
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detected among the scanty by-products of the reaction. Reduction with LAH of diketo- 
atractyligenin methyl ester (III) affords stereoatractyltriol (XXV) possessing 2a-OH 
and 15gOH configuration, converted by hydrogenation into stereohydroatractyltriol 
(XXIIIa). On treatment with methanolic HCl stereoatractylitriol (XXV) yields 
154etodioZ (XXVI) (IR band at 1735 cm-i, CO in five-membered ring) which exhibits 
a negative Cotton effect. 

XXlla R=H 
XXlIb R=Ac 

XXIIIa R=H 
XXlIlb R=Ac 

HO 

CH~OH 

XXIV 

The configuration of 15a-OH has, therefore, been determined and atractyligenin is 
assigned the absolute configuration shown in Ia. 

6~~0~ &OH 

XXV XXVI 

Concerning the configuration of the secondary Me group at C-16 of hydroatractyl- 
igenin and its derivatives, TLC of IIb and VPC of diketohydroatractyligenin methyl 
ester (VIb) indicate that both products are mixtures of two epimers in the approximate 
ratios 80-85 % to 20-15 %. Attempts to isolate the pure epimers by fractional crystal- 
lization or gas chromatography were unsuccessful, although appreciable enrichment 
of one form was observed. Since alkaline treatment of diketohydroatractyligenin 
(Via) results in a strong enrichment (up to 60 “/o) in the originally less abundant epimer, 
this should represent the thermodynamically more stable 16a-CHs epimer; conse- 
quently, the 16fl-CHs conliguration should be assigned to the more abundant epimer. 9 

The allylic character of the OH group at Cl5 in atractyligenin and its derivatives is 
confIrmed by the partial hydrogenolysis which accompanies the reduction with sodium 

9 Catalytic hydrogenation of (-)kaurene givers mainly (-)kaurane with 16ph40 c4~1@uration.4 
Many derivatives of (-)kaumc present the same bebaviour. 
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and ethanol of atractylitriol (XXIV) and atractyligenin methyl ester (Ib). Chromato- 
graphic separation over silica gel of the reaction mixture resulting from the reduction 
of Ib or XXIV affords atructylendiof (XXVII) which contains an endocyclic double 
bond, and is easily converted by catalytic hydrogenation into atractykzndiol (XXVIII). 

CHJ 

HO 

LH~OH 

XXVII 

CH3 

HO 

~H~OH 

XXVIII 

The chemical evidence in support of a C-2 OH group in atractyligenin involves 
bromination of 2-ketoisoatractyligenin methyl ester (XIXb) followed by dehydro- 
halogenation with collidine yielding a product which has the spectrochemical behaviour 
of an a,Sunsaturated ketone and a$-unsaturated ester (XXIX). Its IR spectrum 
shows bands at 1682 cm-i (a&unsaturated ketone) and 1720 cm-l (c&unsaturated 
ester), and its UV spectrum has two maxima at 236 ml_c (E= 7700) and 206 rnp 
(E= 14,000), respectively, the former disappearing after reduction with NaBH+ 
Reduction of XXIX over C-Pd regenerates 2-ketoisoatractyligenin methyl ester f,XIXb). 

o*w2 R,o~(---j2B’ 
3 LOOR 

XXIX XXXaR=H R’=H 
XXXb R=H R’=Ac 
XXXc R=Me R’=Ac 

The oxetane ring of isoatractyligenin (XVIIa) and related compounds (XVIIIa, 
XIXa and XX), probably has the #&n&uration adopted in formula (XVIIa). This 
assignation is based on the assumption that in atractyligenin dibromide monoacetate 
(XVa) the bromo methyl group at C-16 has a ~-configuration*0 and nucleophilic attack 
at C-15 by the -CH2Br at C-16 would lead to structure XVII. 

Treatment of atractyligenin (Ia) with bromine and alkali gives, as stated, a mono- 
bromo derivative (XXXa); as shown by the NMR spectrum of its monoacetate methyl 
ester (XXXc) (Experimental), this compound contains an epoxide ring. Taking into 
account the fact that in the parent compound Ia the OH group at C- 15 has the a-con- 
figuration, it is likely that the epoxide ring formed by nucleophilic attack at C-16 has 
the aa-cotiguration, as shown in formula XXXa. By prolonged refluxing with zinc 
dust and KOH the epoxybromo derivative (XXXa) regenerates atractyligenin (Ia). 

lo Addition reactions on the C-16-C-17 double bond of (-)kaurene backbone are believed to take 
place from the less hindered a-side. 
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EXPERIMENTAL PART 

M.ps determined in capillary tubes are corrected. IR and UV spectra were recorded on spectro- 
photometers Perk&Elmer Infracord 137 (nujol mull) resp. Beckman DK-2 (EtOH soln). NMR 
spectra were recorded on Varian HR-60, A-68 and HR-100 spectrometers, in CDCls soln with TMS 
as internal standard: the chemical shifts are given in 8 units from TMS and are taken to be positive in 
the direction of decreasing magnetic field. 

[a],, measurements were performed in EtOH soln on Perkin-Elmer 141 polarimeter. ORD deter- 
minations were recorded at the Institute of Organic Chemistry, University of Rome (by the courtesy of 
Prof. L. Panizzi) and at the Research Laboratories Lepetit, Milan (by the courtesy of Dr. G. G. Gallo) 
on Rudolph spectropolarimeters. 

TLC was run on chromatoplates of silica gel G Merck. For preparative chromatography on 
column, silica gel Merck (co.08 mm) and neutral aluminium oxide Woehn were employed. 

Atractyligenin methyl ester (lb) 

Atractyligenin (Ia), m.p. 189” (pseudo m.p. N 154”). [a]o = - 146”, when treated with CH2N2 gave 
a methyl ester m.p. 158”-159” (beautiful plates from cyclohexane-AcOEt 3: 1). IR spectrum: 3600 and 

3300 cm-i (OH), 1725 cm-i (COOR), 1664 cm-i (c=c), 907 cm-1 @=CI-I2). NMR spectrum (at 

100 MC): s. at 0.92 8 (t-Me), s. at 3.68 8 (COOCHs), broad signal at 3.86 8 (C-15 proton), broad signals 
at 271 8 (allylic proton on G13) and 2.66 8 (equatorial proton on C-4), triplet of triplets at 4.23 8 

(Ju-ax= 10 c/s, J,,,, =4 c/s: axial proton on C-2), two broad signals at 5.08 and 5.24 8 (exocyclic 
methylene on C-16). 

Hydroatractyligenin methyl ester (IIb) 

This was prepared1 by catalytic hydrogenation of lb on Pd-C or by CHzNr treatment of Ha, m.p. 
236”-237”, [alo= -95”. The amorphous, uncrystallizable methyl ester was a mixture of 168-Me and 
16a-Me epimers in the approximate ratio 8085% to 15-20x. IR spectrum: 3350 cm-1 (OH), 
1730 cm-i (COOR). NMR spectrum (at 100 MC): s. at 090 8 (t-Me), d. at 1.14 8 (J=7-5 c/s: set-Me), 
triplet of doublets at 266 8 (J,,= 5 c/s. J,,,, =2 c/s: equatorial proton on C-4), broad doublet at 
3.25 8 (J = 3.5 c/s: C-15 proton), triplet of triplets at 4.25 8 (J,,,= 10 c/s, J,,, =4 c/s: axial proton on 
C-2): by double irradiation at 2.16 8 this last signal changes into a triplet with J= 10 c/s. 

Diketoatractyligenii methyl ester (III) 

Thiswasprepared’ by Jones’oxidationofatractyligeninmethylester: m.p. 159”-16@“, [aID= -216”, 
after chromatography on AlzOs act. 1 (eluent hexane-AcOEt 9: 1) and crystallization from MeOH. 
IR spectrum: 1735 cm-i (Cs-ring CO), 1715 cm-i (COOR and C&ng CO), 1650 cm-i (C==C), 

876 cm-i (>wH& UV spectrum: h,, 234 mp, c=7700 (a-monosubstituted a,@nsaturated 

ketone).11 NMR spectrum (at 100 MC): s. at 0.98 8 (t-Me), signal at 2.75 8 (allylic proton on C-13), 
two triplets at 5.33 and 5.98 8 (J= 1 c/s: exocyclic methylene protons, coupled with C-13 allylic proton 
and strongly deshielded by the C-15 keto group). 

0~0~ Hydroxylation of diketoatractyligenin methyl ester 

Diketo-diol IV. Diketoatractyligenin methyl ester (mg 310) was dissolved in 100 ml anhyd. ether, 
then 0s04 (250 mg) and pyridine (1 ml) were added and formation of a brown ppt. was observed. After 
24 hr, 25 ml EtOH and a soln of Na2S205 (2 g) in water (12 ml) was added, and the mixture xefluxed 4 hr 
on a water bath. The ethereal layer was separated and yielded a solid residue which was chromato- 
graphed on AlzOs act. 2; fractions eluted with AcOEt were neglected, fractions eiuted with AcOEt- 
MeOH (4: 1) gave rosettes of white needles, m.p. 191” (from cyclohexaneAcOEt). On TLC (eluent 
AcOEt-MeOH, 99: 1) a singlespot, R,=O.30. (Found: C, 6554; H, 7.73. C~,JHZ~OS requires: C, 65.91; 
H, 7.74x.) IR spectrum: 3400 and 3330 cm-1 (OH), 1740 cm-1 (Cs-ring CO), 1715 cm-i (COOR and 
C&ng CO). 

11 Compare the UV values given by K. Wiesner, R. Armstrong, M. F. Bartlett and J. A. Edwards, 
J. Amer. Gem. Sot. 76,6068 (1954). for an identical structure in garryine. 
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Tetrol V 

This was prepared by performic acid oxidation of the diacetyl derivative of atractyligenin and 
subsequent hydrolysis at 0” with aqueous K0H.i Almost the same yield of tetrol was obtained by 
analogous treatment of atractyligenin. When subjected to periodic acid oxidation, V requires 1.85 
moles HIO&mnakfehyde was evolved (identified as 2,4-dinitrophenylhydre, m.p. 166” also when 
mixed with sure specimen). 

Diketoh$roatractyligenin (VW 

In 100 ml of hot acetone, 1 g hydroatractyligenin was dissolved, Jones’ reagent was added till a 
yellow colour persisted (about 2 ml) and the soln was poured into 500 ml water. Ether extraction 
afforded a vitreous residue which crystallized from AcGEt and after drying in vacua resulted in white, 
hard prisms, m.p. 236”, [a],,= -160”. (Found: C, 71.98; H, 8.21. Cl&IzaOI requires: C, 71.67; 
H, 8.23 %.) IR spectrum: 1740 cm-l (&ring CO), 1715 cm-l (CQOH and C&ng CO). By treatment 
with CI-IzNz, the methyl ester (VIb) was obtained as crystals (from EtOH) m.p. 185”-186”, no 
depression when mixed with the product obtained by analogous oxidation of hydroatractyligenin 
methyl eater; IR spectra, [aIn, R,on TLC were identical. 

Diketohydroatractylfgenin methyl ester (VIb) 

This was prepared by Jones’ oxidation of hydroatractyligenin methyl ester;* [a]u varied from - 155” 
to - 163” according to samples, as the product was a mixture of 168-Me and 16a-Me epimers, the m.p. 
also varied from 179”-180” to 190°-192”. NMR spectrum (at 60 MC): s. at 0.95 8 (t-Me), d. at 1.10 8 
(J=7*5 c/s: set-Me), s. at 368 8 (COGCHr). Analytical gas chromatography (W&ens Aerograph 
HyFI A-600 instrument, flame ionization detector; 5’ x t’ column packed with 20 % SE-30 on Chromo- 
sorbW60/80,temp2200,carrierga9N~1~2atm):twopeaksaftcr22’l5’and24’30”~~=l~l) inthe 
ratio 15-25 % to 75-85 Y0 according to the samples. 

Basic equilibration of duretohydroatractyligenin (Via) 

A sample of Via was methylated by CHrNr to VIb: GLC indicated the OccurrtIlce of two epimers, 
16a-Me (14’%) and 16/3-Me (86%). Another sample of the same Via (mg 500) and KOH (2 g) was 
dissolved in 20 ml EtOH and refluxed for 12 hr; the soln was evaporated to dryness under red. press., 
the residue taken up in water and the sohr acidified. The resulting product was methylated with CH2N2 
and subjected to GLC yielding 16a-Me (62%) and 168-Me (38 %) epimers; tier crystallization from 
EtOH, m.p. 193”-195”; GLC revealed no appreciable change in the ratio of the two epimcrs. 

Atractykznic acid (VIIa) 

This was prepared by Huang-Minlon reduction of VIb* and after crystallization from AcQEt had 
m.p. 205”-206”. [a]n = -67”. pK&s determinationir. Found, 7.53; talc. 7.69 for a sec. equatorial 
carboxy group on C4. With CHrNr the acid afforded a tnethylester (VIIb) as gmuy crystals, m.p. 60”. 
NMR spectrum (at 60 MC): d. at 090 8 (-Me), 8. at 0.95 8 (t-Me), s. at 3.65 8 (CClOCHr), no signal 
at 266 8 for the equatorial proton on C-4. Analytical gas chromatography (see under diketohydro- 
atractyligenin methyl ester, same conditions except temp 250”): two peaks after 25’ 20’ and 27’ 
(Trt=1.07)intheratio80%to20%. 

19-Hy&oxyatracty&me (VIIIa) 

Atractylanic acid (mg 200) was reduced with LAH in ethereal soln. A white product was obtained 
and crystalhzed from aqueous MeOH as silky needles, m.p. 99”. (Found: C, 82.43 ; H, 11.50. &+I320 
requires: C, 82.54; H, 1166%) IR spectrum: 3350 cm-l (OH), no carbonyl band. With pyridine- 
Ac20 the substance gave an oily acetyl derivative (VIIIb), b.p. 180” under 1 mm Hg; IR spectrum: 
1745 cm-i (AcQ, M stretching), 1240 cm-i (Ad>, U stretching), no OH band. NMR spectrum 
(at 60 MC): s. at 0.95 8 (t-Me), d. at 090 8 (J= 5 c/s: set-Me), s. at 1.97 8 (C&COO), eight-lines pattern 
at 340-4~20 8 (AB part of an ABX system: JAB=10 c/s. JAx=6 c/s, Jxx=3*5 c/s: CH-CI&OAc 
group). 

12 By the courtesy of Dr. W. Simon, E.T.H.. Zbrich. 
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4-Epiatractyl&enin (lXa) 

In 100 ml ethylene glycol, 2.5 g atractyligenin methyl ester and 5 g KOH was refluxed for 6 hr and 
the soln then poured into 400 ml water and acidified with HzSO,. The ppt was collected and crystalhxed 
from AcOEt as white needles (2.2 g), m.p. 240”-242”. [&= -74’. (Found: C, 7099; H, 9.00. 
Ci&sO, requires: C, 71.22; H, 8.81%). IR spectrum: 3350 cm-i (OH), 1686 cm-l (COOH), 

1650 cm-i (C&C), 895 cm-i (>C==CI$). 4-Epiatractyligenin was also obtained as a by-product in 

the prep. of atractylitriol by Na-EtOH reduction of atractyligenin methyl ester. By ozonolysis at room 
temp in AcOH soln, 4-epiatractyligenin yielded O-75 moles formaldehyde, collected and weighed as 
2,4-dinitrophenylhydraxone (m.p. 165”, no depression admix.). In EtOH soln on Pd-C, 4-epiatractyli- 
genin absorbed 0.97 moles HZ, and yielded 4-epihyabatractyligenin, m.p. 274”-276”, IR spectra super- 
imposable. With CHrNr 4-epiatractyligenin yielded an oily methyl ester (IKb) which solidified but the 
crystals, m.p. 146”~148”, were very soluble in every solvent; the product was a single substance on TLC 
(A&Et-MeOH 99: 1; R,=O-45). IR spectrum: 3350 cm-l (OH), 1735 cm-i (COOR), 1650 cm-i (sh, 

C%C), 904 cm-i (>G==CI&). NMR spectrum (at 100 MC): s, at 1.00 8 (t-Me), s, at 3.67 8 (COCCI&), 

broad signal at 2.75 8 (allylic proton on G13), broad signal at 3.82 8 (Cl5 proton), unresolved m. at 
3~80-390 8 (axial proton on C-2), two broad signals at 5.08 and 5.22 8 (exocyclic methylene). 

4-EptiyaYroatractyligenin (Xa) 

This was prepared by the procedure described for 4-epiatractyligenin; it crystallixed from A&Et 
with some dilhculty (highest value of m.p. 276”), [aIn= -24)“. (Found: C, 71.01; H, 9.38. Ci9H3cO) 
requires: C, 7077; H, 9.38x.) IR spectrum: 3550 and 3250 cm-t (OH), 1690 cm-l (COOI-I). By 
treatment with CI-IzNz it gave an oily methyl ester (Xb) which hardened into uncrystallixable crusts, 
m.p. 1060-108”. IR spectrum: 3350 cm-i (OH), 1730 cm-i (COOR). NMR spectrum (at 100 MC): 
s. at 0.98 8 (t-Me), d. at l-12 8 (J=7 c/s: -Me), broad doublet at 3.35 8 (J=4 c/s: C-15 proton), 
s. at 3.67 8 (COOCH& unresolved m. at 3.85 8 (axial proton on C-2). 

4-Epihydroatractylitriol (XI) 

This was obtained by LAH reduction of Kb in ethereal soln. The product crystallixed from 
benzene-EtOH as white prisms, m.p. 204”. [&= -11”. (Found: C, 73.85; H, 10.30. Ci9H&s 
requires: C, 73.98; H, 1046x.) IR spectrum: 3250 cm-i (OH). 

4-Epidiketohyciroatractyligenin (XIIa) 

A soln of 1.2 g 4epihydroatractyligenin in 300 ml hot acetone was treated with Jones’ reagent and 
yielded a product which after crystallization (twice) from AcOEt had m.p. 208”-209”, [a],, = - 84”. 
(Found: C, 72.02; H, 8.23. Ct9HzaOd requires: C, 71.67; H, 8.23 %.) IR spectrum: 174Ocm-1 (G-ring 
CC), 1715 cm-t (COOH and C&ng CC). By treatment with CH2N2 the methyl ester (KIIb) was 
obtained, m.p. 138”-139” from EtOH. (Found: C. 72.02; H. 8.41. C2oH2sOd requires: C, 72.26; H, 
8.49 %.) IR spectrum: 1740-1720 cm-i broad (COOR and CO). A sample of the methyl ester (mg 600) 
was subjected to Huang-Minlon reduction (99% hydraxine hydrate, 10 ml; diethylene glycol, 20 ml; 
anhydrous ethanol, 10 ml): atractylanic acid (VlIa) was isolated, mp. 205” and was identical with the 
product obtained by Huang-Minlon reduction of VIb: IR spectra were superimposable, no depression 
at mixed m.p. 

Catalytic hy&ogenation of VIb 

15-Ketohydroatractyligenin methyl ester (XIII) andtransformation into y-lactone (XIV). The hydro- 
genation in AcOH soln on PtO2 absorbed 1 mole HZ slowly. The product crystallixed from MeOH: 
m.p. 172”. [(I]~= -200’. NMR spectrum (at 60 MC): s. at 1.20 6 (t-Me), d. at 1.03 8 (J=7 c/s: secMe), 
s. at 3.73 8 (COOCH& m. at 4.10 8 (line width W1,z= 10 c/s: equatorial proton on C-2). ORD: 
negative Cotton effect with [a]~rs= - 1150”. The substance gave a mono acetyl derivative m.p. 106”; 
transformable again into (VIb) by Jones’ oxidation; after LAH reduction stereo-hydroatractylilriol was 
formed. According to these results, the substance has the structure XIII of 15-keto-hydroatractyligenin 
methyl ester. When eluted with benxene through A1203 act. 1. XIII cyclixed yielding quantitatively 
KIV, m.p. 228” (from MeOH). (Found: C. 7560; H. 8.69. C19H2603 requires: C, 7546; H, 8.67%) 
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IR spectrum: 1770 cm-1 (ylactone), 1733 cm-1 (Cs-ring CO). NMR spectrum (at 60 MC): d. at 1.03 8 
(J= 6.5 c/s: -Me), s. at 1.32 S (t-Me), m. at 4.87 8 (equatorial proton on C-2, line width Wi,a= 12 cps), 
no signal for COOCH+ 

2-Acetyl-15-ketoatractyligenin dibromide methyl ester (XVI) 

This was obtained from XVa by Jones’ oxidation of XVbt and the ORD determination gave a 
positive Cotton effect with [c&~= + 1450’. 

Zsoatractyligenin (XVIIa) 

Isoatractyligenin Ci9H2s0* was obtained1 by Zn and alkali treatment of XVa or by analogous 
treatment of XVIIIa, as white crystals from AcOEt, m.p. 232”, [a],,= - 115”. The substance did not 
take up H on catalysts; it contains only one OH and a carboxy group, while the fourth 0 atom forms a 
cyclic ether bond. Zsoatractyligenin methyl ester (XVIIb) is amorphous, uncrystallizable. Zsoatractyli- 
genin monoacetyl derivative (XVIIc) has m.p. 228” (from AcOEt). Zsoatractyfigenin methyl ester mono- 
acetyf derivative (XVIId) has m.p. 151” (from MeOH). The IR spectra reveal the presence of an oxetane 
ring: 1190 and 950 cm-i for XVIIa, 1205 and 975 cm-l for XVIIb, 1185 and 980 cm-i for XVIIc, 
1200 and 965 cm-i for XVIId.13 The NMR spectrum of XVIId at 100 MC: s. at 103 8 (t-Me), s. at 
2.03 8 (CH,COO), s. at 3.71 8 (COOCHs), quartet at 4.77 8 (Jna= 6.2 c/s, JAX= 7.8 c/s; HA proton on 
C-17). quartet at 4.11 8 (JAB=6.2 c/s, Jsx=4-5 c/s: HB proton on C-17), d. at 4.51 8 (Jcx=4-8 c/s: Ho 
proton on C-15), triplet of triplets at 5.38 8 (axial proton on G2). By irradiation at 280 8 of the Hx 
proton on C-16, the quartet at 4.77 8 changed into a d. (JAB= 6.2 c/s), the quartet at 4.11 8 into a d. 
(J-=6.2 c/s), the d. at 4.51 8 into a s. By irradiation of HB at 4.11 8, the quartet of HA at 4.77 8 
changed into a d. (J,,x= 7.8 c/s). 

16-Bromoisoatractyfigenin (XVIIIa) 

This was obtained by treatment of XVa with aqueous-cthanolic KOH as white needles, m.p. 
218”-219” (from chf), [a],,= -98”. IR spectrum: 3400 cm-l (OH), 1700 cm-i (COOH), 1210 and 
971 cm-t (oxetane ring). The substance did not take up H on catalysts. With CHzNz it gave a methyl 
ester (XVIIIb) as white crystalline felt, m.p. 187”-188” (from ethyl ether). IR spectrum: 3300 cm-i 
(OH), 174Ocm-1 (COOR), 1190 and 975cm-1 (oxetane ring). NMR spectrum of XVIIIb at 1OOMc: s. 
at 0.92 8 (t-Me), s. at 3.67 8 (COOCHs), m. at 4.24 8 (axial proton on C-2), triplet of doublets at 
2.67 8 (equatorial proton on C-4), AB quartet at 4.72 and 5.02 8 (J=7*3 c/s: methylenic protons at 
C-17) d. at 4.58 8 (45=1.9 c/s: C-15 proton, long-range coupled with C-13 proton, that must be 
cis to the first). By irradiation at 2.30 8 of C-13 proton, the d. at 4.58 8 simplified into a sharp s. 

16-Bromoisoatractyligenin monoacetyl derivative (XVIIIC) 

This was obtained by pyridin&AczO treatment and had m.p. 229”-230” from MeOH. (Found: 
C, 57.57; H, 6.58; Br, 18.85; CH3C0, 9.78. CZ1H290SBr requires: C, 57.15; H, 6.62; Br, 18.11; 
CHsCO, 9.75x.) IR spectrum: 1735 cm-i (AcO, C=O stretching), 1705 cm-i (COOH), 1240 cm-i 
(AcO, C-O stretching), 1220 and 972 cm-1 (oxetane ring). IdBromoisoatractyl&enin monoacetyl 
derivative methyl ester (XVIIId) had m.p. 123” from ethyl ether. 

Transformation of 16-bromofsoatractyligenin into isoatractyligenin 

Compound XVIIIa (200 mg) and KOH (l-5 g) was dissolved in water (10 ml); Zn dust (600 mg) 
was added portionwise to the boiling soln during 3 hr. After filtering off and washing the excess Zn, 
the soln was acidified and extracted with ether, yielding a white residue which crystallized from AcOEt : 
m.p. 230”, no depression when mixed with isoatractyligenin, IR spectra superimposable. 

2-Ketoisoatractyligenin (XIXa) 

Isoatractyligenin (320 mg) was dissolved in acetone (30 ml) and treated with Jones’ reagent (~0.4 
ml) yielding white crystals from the ethereal extract; m.p. 235”-236”, [orIn= - 135”. (Found: C, 72.09; 
H, 8.24. Ci9Hz604 requires: C, 71.67; H, 8.23x.) IR spectrum: 1715-l (COOH and C&rig Co), 
1190 and 965 cm-i (oxetane ring). The methylester (XIXb) was obtained by Cl&N2 treatment and had 

13 G. M. Barrow and S. Searles, J. Amer. Chem. Sot. 75, 1175 (1953); P. Yates and A. G. Sulbo, 
Tetrahedron Letters 485 (1965). 
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been preparedi by Jones’ oxidation of isoatractyligenin methyl ester: m.p. 168”. [aIn= -135”.1* IR 
spectrum: 1725 cm-t broad (COOR and Cd-ring CO), 1190 and 975 cm-t (oxetane ring). ORD: 
negative Cotton effect with [&as= - 1910”. 

2-Keto-16bromoisoatractyligenin methyl ester (XX) 

16Bromoisoatractyligenin methyl ester (300 mg) was dissolved in acetone (20 ml) and oxidized with 
Jones’ reagent. After pouring into 150 ml water, a ppt was formed which crystallized from MeOH as 
fine needles, m.p. 206”-207”. (Found: C, 58.23; H, 6.62; Br, 19.72. Cz0H2&Br requires: C, 58.41; 
H, 6.62; Br, 19.43 %.) IR spectrum: 1739 cm-r (COOR), 1721 cm-l (C&ring CO), 1025 and 977 cm-i 
(oxetane ring). ORD: negative Cotton effect with [a]sie= - 1370”. 

Methyl ester-a%nethyl ether-norketone (XXI) 

As previously described,’ the product shows on ORD determination a positive Cotton effect, with 
[a],ro= + 884“. 

Hycirootractylltriol (XXIIa) 

This was best obtained by LAH reduction of hydroatractyligenin or its methyl ester in ethereal solnl 
and crystallized from benzene-EtOH as white prisms, m.p. 252”, [aIn= - 58”. It formed a triocetyf 
derivative (XXlIb) on treatment with pyridine-Ac*O. This was amorphous, uncrystallimble, as it was 
exceedingly soluble in every solvent, but was purified by chromatography on silica gel (eluent benzene- 
AcOEt 1:3): on TLC (eluent hexane-AcOEt 60:40) single spot, Rr=O64. NMR spectrum of XXIIb 
at 60 MC: s. at 1.05 S (t-Me), d. at l-10 S (J=6-5 c/s: scohle), signals at 2.0-2.1 6 (3 x CH#ZOO), 
complex system at 3.80-4-30 6 (C&OAc on CA), d. at 4.60 6 (J=3*5 c/s: C-15 proton), m. at 5.10 6 
(line width W,,,= 25 c/s: axial proton on C-2). The complex system at 3.80-4.30 6 represents the AR 
part of an ARX system: by irradiation at 2.17 6 of the C4 proton, the pattern changed into a quartet 
with J= 10.5 c/s. The d. at 460 8 was decoupled by irradiation at 2.08 8 of the C-16 proton. 

StereohydroutractylitrioI (XXIIIa) 

This was obtained by LAH reduction of VIb in ethereal soln and crystallized from benzene-EtOH, 
m.p. 242”, [a],,= - 113”. The trkzcetylderivative (XXIIIb), prepared by reaction with A&-pyridine 
was purified by chromatography on silica gel (eluent benzene-AcOEt 1: 3): the substance was oily and 
did not solidify; on TLC (eluent hexant+AcOEt 60:40) single spot, R,=O.62. IR spectrum: no OH 
band, 1724 and 1235 cm-r (AcO, C===O and w stretching). NMR spectrum of XXIIIb at 100 MC: 
d. at 0.82 6 (J=7.5 c/s: set-Me), s. at I.20 6 (t-Me), complex system at 404.6 6 (CHsOAc on C-4), 
d. at 4.75 6 (J= 11 c/s: C-15 proton), m. at 5.10 6 (line width WI,*=9 c/s: equatorial proton on C-2). 

Atractylitriol (XXIV) 

This was best prepared by Na and EtOH reduction of atractyligenin methyl ester.1 The procedure 
was improved as follows: the alkaline soln, in which reduction was performed, was xefluxed 4 hr. then 
evaporated to dryness under reduced press. and treated with water and extracted with ether until the 
whole ppt had been removed. From the aqueous alkaline soln remarkable quantities of 4-epiatractyl- 
igenin were obtained on acidification; from the etheral extract a large residue was obtained: this was 
chromatographed on silica gel (10 g every 100 mg of product; eluent AcOEt. 50 ml fractions): fractions 
6-l 1 gave atractylendiol, while fractions 12-18 yielded pure atractylitrioL The substance was crystal- 
lized from benzene-EtOH as white prisms, m.p. 217”. [a],,= - 101 O;ls on TLC (eluent AcOEt-MeOH 

95:5) &=@22. IR spectrum: 3350 cm-i (OH), 1650 cm-i (G=C). 903 cm-1 (*Hz). The prep. 

of atractylitriol by LAH reduction of atractyligenin or atractyligenin methyl ester must be avoided 
because hydroatractylitriol is chiefly obtained. 

Stereoatractylirriol (XXV) 

The LAH reduction of III (ether-THF 1: 1 soln, 48 hr reflux) yielded a residue from the organic 
layer, which crystallized from benzene-EtOH as hard crystals, m.p. 216”-218”. [a]o = - 103”. (Found: 

14 In the previous communication,i m.p. 148”-149” was reported, that has been raised to 168” by many 
repeated crystallirations. 

*s In the previous communication,* m.p. 199”-200” and au = - 85” were reported. Present measure+ 
ments were performed on samples repeatedly purifkd by chromatography on silica gel. 
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C, 74.69; H, 9.74. C,sHssOs requires: C, 74.47; H, 9*87%.) IR spectrum: 3300-3200 cm-r (OH), 

1660 cm-t (C=C), 892 cm-1 (-3. By catalytic hydrogenation on Pd-C in EtOH soln, the 

substance absorbed 1.02 moles of Hz and yielded stereohydroatructyfitrio2 (XXIIIa), identified by m.p. 
and IR spectrum, both identical with the product obtained by LAH reduction of diketohydroatractyl- 
igenin methyl ester. 

HCI treatment of stereoatractylitriol: 15-KetoaW (XXVI) 

A soln of 50 mg stereoatractylitriol in 10 ml MeOH and 0.5 ml cont. HCl was reflexed for 6 hr and 
then evaporated to dryness under reduced press. On TIC (eluent AcOEt-MeOH 95: 5) the vitreous 
residue showed two strong spots, Rt=O.30 and Rr=0*24: the second one corresponded to that of 
stereoatractylitriol. The residue was chromatographed on silica gel (eluent AcOEt) and fractions 
wrresponding to the first spot were wllected: the product was crystal&d from benmne-EtOH as 
hard druses, m.p. 157”-158”. (Found: C, 74.78; H, 9.81. CisHssOs requires: C, 74.47; H, 9.87x.) 
IR spectrum: 3300 cm-t (OH), 1740 cm-1 (Cs-ring CO). ORD: negative Cotton effect with 
[a]s1,= - 1550”. 

Atractylendiol (XXVII) 

This was obtained as a by-product in the prep. of atractylitriol and was isolated by chromatography 
on silica gel-eluent AcOEt. It crystallixed from benzene-EtOH as thin platelets, m.p. 210”-212”; on 
TLC(eluent AcOEt-MeOH95: 5) R,=@34. (Found: C, 78.28; H, 10.28. CipHsoOsrequires: C, 7857; 
H, 10*41%.). IR spectrum: 3300 cm-1 (OH), 1655 cm-r (0,813 cm-i (trisubstituted double bond). 
NMR spectrum (at 60 Mc, pyridine-deuteroacetone soln): s. at 0.95 8 (t-Me), d. at l-70 6 (J= 1.5 c/s: 
allylic methyl), d. at 3.72 8 (J=7 c/s: CHrOH on C-4), m. at 4.12 8 (axial proton on C2), broad signal, 
Wln=4*5 c/s, at 5.10 8 (vinylic proton on C-15). The substance could also be obtained in good yield 
by treatment of XXIV with Na and EtOH, followed by chromatographic separation from partly 
unreacted atractylitriol. By catalytic hydrogenation (Pd-C, EtOH soln) the substance absorbed 1 mole 
Hr: the product, atructyhandlol (XXVIII), had m.p. 205” (from benzene-EtOH). Found: C, 77.55; 
H, 1094. C19Hs202 requires: C, 78.03; H, 11.03. IR spectrum: 3300 cm-l (OH), no double bond 
band. NMR spectrum (at 60 MC, deuteropyridine soln): s. at 0.97 8 (t-Me), d. at 1.00 6 &c-Me), 
d. at 3.92 8 with J = 6.5 c/s (C&OH on C-4), m. at 4.30 6 (axial proton on G2), no vinylic proton signal. 

Bromination of 2-ketoisoatractyligenin methyl ester (XlXb) and &hy&obromination to the a&m- 
saturated keto-ester (XXDC) 

Compound XIXb (130 mg) was dissolved in 0.8 ml AcOH and added to a soln of 75 mg Br in 0.7 ml 
AcOH; after 20 min the soln was poured into water and extracted with ether. The residue obtained 
(positive Beilstein test) was dissolved in 2 ml wllidine: after 3 min refluxing, boiling was stopped and 
the mixture diluted with water which dissolved the white crystalline ppt. By ethereal extract (washed 
with HCl and water, dried and evaporated) yielded a small quantity of solid which crystallized from 
MeOH as little prisms (10 mg), m.p. 163”. (Found: C, 7294; H, 7.85, C2sH260, requires: C, 72.70; 
H, 7.93%) UV spectrum: h,, 236 mp, c=7700 (B,&disubstituted-cr,8_unsaturated ketone), h,, 
206 mp, 6 = 14,ooO (a$-unsaturated ester) : added with NaBHd, after 24 hr h,, 236 mp has disappeared 
while =a= 206 mp was still present. IR spectrum: 1720 cm-l (+unsaturated ester), 1682 cm-r 
(a,@nsaturated ketone), 1180 and 977 cm-i (oxetane ring). Structure XXIX is therefore attributed to 
the product. A small sample of XXIX gave on hydrogenation with Pd-C in EtOH a product m.p. 
160”-162”, whose UV spectrum had no absorption maxima while its IR spectrum was superimposable 
on that of XIXb. 

Treatment of atractyligenin with alkaline solution of bromine: Epoxybromo derivative (XXXa) 

The procedure described’ was improved by decreasing the quantity of the reagent: to a soln of 
atractyligenin (2 g) and KOH (0.6 g) in water (30 ml), a sohr of 4.5 g KOH and 3 g Br in 25 ml water 
was added. The product was crystalline, CiOHr&Br, m.p. 199”-200”, [aIn= -99”. The substance 
did not react with 0s. On actylation it gave a mono acetyf derivative (XXXb), m.p. 215” from aqueous 
EtOH. (Found: C, 56.55; H, 7.19; Br, 17.13; CH&O, 9.43. ~iH~s0sBrreqnires: C, 57.15; H, 6.62; 
Br, 1811; CH&!O, 9.75 %.) On treatment of XXXb with CHzNr the monoucetylderivotive methyl ester 
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(KXXc) was obtained as soft crusts, m.p. 149”~151”. NMR spectrum of XXKc at 60 MC: s. at @95 8 
(t-Me), s. at 2+0 8 (CH$XO), s. at 368 8 (COOCHr), s. at 284 8 (C-15 proton in cpoxidic ring), AB 
quartet centered at 364 8 (JAB= 11 cps: CH2Br protons). 

Transformation of rhe epoxybromo derivative (XXXa) into atractyligenin 

Compound KXKa (950 mg) and KOH (6 g) were dissolved in ethanol (8 ml) and water (25 ml). 
To the boiling sohr, Zn dust (5 g) was added portionwise during 2 hr and then the sohr was refluxed for 
16 hr, diluted with water, extracted with ether (discarded), acidified and longwise extracted with ether. 
By concentration of the ether layer a product was obtained which was puritied from aqueous EtOH, 
m.p. 188” (pseudo m.p. N 155’) also when mixed with atractyligenin: IR spectra are superimposable. 


