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Preliminary communications (1) have been published by us on the oon- 

etitution of atractyligenin C 
,sH2*04* the aglycone of atractyloside; 

more recently a note (2) covering the results obtained by classical 

chemical work and the relative experimental part has been published. 

We wish now to present the later results obtained by both chemical and 

phyeioo-chemical methods. 

Previous work (1,~) had suggested for this nor-diterpenoidic acid a 

tetracyclic phyllocladena-like structure, carrying a carboxy group at 

C4, an angular methyl group at C 
10’ 

an hexocyclic methylene at C and 
16 

two secondary hydroxy groups in not defined positions. The structure 

of the carbon skeleton was supported by the obtention of many phenant- 

hrenio hydrocarbons (among them retene) by selenium dehydrogenation. 

Ek?B determinations (3) on several derivatives confirm the structure 

proposed for atractyligenin (I) and hydroatractyligenin (II); they al- 

low to place the two hydroxy groups at C2 and C,s respectively (4). 

Atractyligenin (I), m.p. 189', has only one C-CH3 (Kuhn-Roth) and 

one double bond (hydrogenation , perbenzoic acid oxidation), while hy- 

droatractyligenin (II) C,sE3c04, m.p. 237O, has two C-CH3 and no dou- 

ble bond. 

Atractyligenin methylester C2cH3c04 (III), m.p. lW", presents in 
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its NbfR spc~ctrum at 60 MC a singlet at 0.92 6 (tertiary methyl), a sin- 

glet at I.(,8 d (-cooc~3), a slightly broadened signal centered at 3.86 

6 (:C$OH:, a complex multiplet at 4.23 8 (>Cg-OH) and two slightly 

broadened s,ignals at 5.08 resp. 5.24 d (two protons of >C=CH2). 
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Hydroatrsotyligenin methylester C20H3204 (IV), amorphous solid, has 

a singlet a.t 0.90 d (tertiary methyl), a doublet centered at 1.14 5 

(J = obs 
7.5 cpsr secondary methyl), the complex multiplet at 4.25 6 of 

:Cs-OH and a slightly broadened doublet at 3.25 6 (J - 3.5 ops: :C,H- 

-OH). 

A comparison of the spectra of (III) and (IV) shows that upon hydro- 
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genation the >Cg-OH proton shift8 from 3.66 to 3.25 d and that its si- 

gnal ohanges from a broadened singlet into a doublet with J - 3.6 ops. 

This observation suggests that the proton undergoing the shift and the 

double bond must be olosely spaoed and that there is one proton in a 

poeition to the first in (IV). The downfield shift from the usual po- 

sition (4.6-4.6 6) of the >C-CH2 group givee further evidenoe that ita 

protons are not far from the >Cs-OH group. 

The complex multiplet of >C$-OH observed in (III) and (IV) at 4.23 

reap. 4.25 6 (or 5.10 d in the corresponding aoetylderivatives Cg-OAo), 

when irradiated with a strong RF field at 2.16 6 (3),, does simplify 

into a triplet (J - 10 ops), clearly indioating that the proton ori- 

ginating this signal must be axial and that there is one additional axe 

ial proton on eaoh of the two oarbon atoms in a position. This observa- 

tion is of remarkable value beoause it restricts the possible location 

of this proton to Cr, C6 and C ,,. #ME determinations at 100 MO clearly 

resolve this complex multiplet into a triplot of triplets, indioating 

that the proton in question is additionally coupled to tro other pro- 

tons with a typical axial-equatorial coupling constant J - 4 ape (6). 

By neglecting the possibility of a long range coupling with a proton 

in a more remote position of the molecule, one can eliminate C6 and C,, 

as possible looations for this oxygen function which has thus to be 

plaoed in equatorial position at C2 (7). 

Diketo-atraotyligenin methylester Cz0Hz604 (V), m.p. 1S9°-1600, ob; 

tained by Jones' reagent oxidation of (III), has in its UV spectrum 

A 
max 

234 mp(i I 7700), indioati-,o an a,@-unsaturated ketone. Its VKE 

speotrum presents a singlet at 0.98 d (tertiary methyl) and two well 

resolved triplets (J - 1 cps) at 5.33 resp. 5.98 6 for the protons of 

:C-CH2, according to the strong deshielding effect of the neighbouring 

ketogroup and the allylic coupling with C,a at 2.75 5. This aooounts 

unequivocally for the loaation of the second hydroxy group at C ,s. (0). 

Diketo-hydroatraotyligenin methyleater C20H2s04 (VI), m.p. 1oOe, ob- 

tained by chromic acid oxidation of (IV) or by oatalytio hydrogenation 
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of (V), has n< absorption maximum in the W speotrum; lMR spectrum: 

singlet at 0.55 d (tertiary methyl) and doublet at 1.10 & (Jobs- 7.5 

opsr seoondar$ methyl). Upon Huang-Minion reduction (VI) gives an acid 

C,SH5002 (VII), m.p. 205', which by treatment with LiAlH, affords 1% 

-hydroxy-atrac.tylane C,gH520 (VIII), m.p. 99'. Its aoetylderivative 

(IX) shows in the I?ME spectrum the singlet of tertiary methyl at 0.55 

6, the double1 of secondary methyl oentered at 0.90 d(Jobs- 5 cps) and 

an sight linef: pattern at 5.40-4.20 6 due to the bB part of an ABX sys- 

tem (9) ari8ir.g from the two oxymethylene protons at C,g, coupled with 

the proton at C4. The presence of an -0-CH2-CH: group in (IX) proves 

that the oarboxy group in both (II) and (VII) is secondary. This is 

confirmed by the pK* determination (IO) giving 7.55 for (VII), in agre- 

ement with an equatorial seoondary oarboxy group (calo. 7.69). 

In the 100 MO spectrum of (III) two additional protons are observed, 

at 2.71 d (Cl:;-:) and 2.66 6 (C4-g)r the corresponding spectrum of (IV) 

shows only the C4 proton at 2.66 b as a triplet of doublets (J = 
ax-eq 

s.Oops,J = 
eq-w 

2.0 cps): this is indicative of an equatorial proton 

(6, ll), hence the oarbomethoxy group is suggested to be axial. On the 

contrary, this signal is not present in the NMR spectrum of the methyl- 

ester of (VII:l. This discrepancy has been solved as we have demonstra- 

ted that during the Huang-Minion reduction the originally axial oarbo- 

methory group epimerizes into equatorial: under similar conditions (KOH 

in ethyleneglyool or K ethoxyde in ethanol) both (III) and (IV) give 

resp. 4-epi-a+;raotyligenin m.p. 240° (X) and 4-epi-hydroatractyligsnin 

m.p. 276O (XIII. Hence the oarboxy group is axial in (I) and (II), but 

is equatorial in (VII), (X) and (XI). Accordingly, the C4 proton reso- 

nance in the nethylesters of (X) and (XI) is shifted to higher field 

value at 2.4 f, while the C ,3 proton is present at 2.75 6 only in the 

methylester 0:: (X). 

Atractyliganin (I) when treated with bromine in acetic acid solution 

gives dibromo-monoaoetyl-atractyligenin C2,H3005Br2 (XII), m.p. 17se. 

Treatment of (XII) with Zn and aqueous KOH affords isoatractyligenin 



C,aHzeO, (XIII), m.p. 232“) a compound containing no double bond and 

only one hydroxy group, while the fourth oxygen atom ie bonded in a 

oyolic ether bond. Its methyleeter-monoacetate gives an NM5 speotrum 

which by means of double irradiation (5) can be interpreted in terms 

of the partial tentative formula: 
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5 
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0 

In fact the proton HA gives a quartet oentered at 4.77 6 with JbB - 

6.2 cps (12) and J AX 
- 7.8 ops, the proton HB a quartet centered at 

4.11 d with J 
A5 

- 6.2 cps and JhX = 4.8~ cps, and the proton EC appears 

aa a doublet centered at 4.51 6 with J cx 
= 4.85 cps. By double irradia- 

tion one can show that Ha and BB 
are coupled together, as well to an 

additional proton H x centered at 2.80 6. The came experimtint,.when per- 

formed on HC, also locates the Hx proton at 2.80 6. 

By boiling (XII) with aqueous KOH, a C,9H2704Br product is obtained, 

m.p. 2180, to whom structure (XIV) should be attributed; upon treatment 

with KOH and Zn, (XIV) is converted into iaoatraotyligenin (XIII). The 

NN5 speotrum of the methylester of (XIV) shows a doublet (J - 1.9 cps) 

at 4.58 6 (>C,$-0-) and an Ah quartet (J - 7.3 cps) at 4.72 resp. 5.02 

6 due to the methylene group C ,7. The absence of further splitting in 

the resonance of both C ,7 protons places the bromine atom at C,6. By 

double irradiation one can show that the C ,5-H doublet at 4.36 d simp- 

lifies to a singlet when the second RF field is applied at 2.30 6, a 

shift attributable to Hy which is in a position to the newly introduced 

bromine atom:this splitting could be interpreted as a long range coup- 

ling (4J = 2 ops), thus suggesting that HC and $ should be cis to each 

other (13). 

The presence of an oxetane ring in (XIII), (XIV) and derivatives is 
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also supported 
-1 

reap. 97s cm 

No.23 

by two typioal strong bands in their IB spectra at 1190 

(14). 

R 
VII B - COOH XIII B - H 

VIII CHPOH XIV Br 

IX CHzOAo 

Chromio acid oxidation of the methylesters of (XIII) and (XIV) gives 

reap. a monoketone C 20 26 4’ 
H 0 e.p. 168*, and a monoketone Cz0H2,04Br, 

m.p. 207*, whioh show a strongly negative Cotton effeot (reap. [aI,,,- 

- 1910* and [a],,,- - 1570~): that indioatee an antipodal trans-A/B 

junotion with loa-CH3 and Q-H, like in (-)kaurene. 

Ozonolyziz of the methylester-dimethylether of atraotyligenin (XV) 

C22H3404 givws the norketone (XVI) C2,H320S whioh eribits a positive 

Cotton effeot ([a] 350- + ~84~) indicating the Bfi-C,SC,6 configuration. 

Atraotyligenin possesses hence the usual trans-anti-ois baakbone of - 

(-)kaurene and many other tetraoyolio diterpedoids, 

The configuration of the C,S hydroxy group is yet to be completely 

established. However, the fact that both atractyligenin methylaster 

(III) and atraotylitriole C,9H3003 (XVII) (15) do not undergo the ally- 

lit rearrangement to the corresponding C,5-ketones (16), letSOne to 

consider a l?,a-OH xial) configuration as very probable. This is 

also supported by several other results, on which we shall discuss in 

a forthcoming oommunioation. 



Rationalieation of these results would lead to struoture (I) for 

atractyligenin: 

Further researches on the stereochemistry of 

are in progress. 
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