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Ati The stcrcochcmlsrry of alracrylsnlc ad parrlcularl) at C-9. IS confirmed by a pan~rl synrhcsls 

from 7.18.dlhydroxykaurcnolldc 

ATRAC-IYLIC~NIS has been assigned the kauranoid stereochemistry (I).’ At the outset 
of this work there was no link between atractyligcnin and another member of the 
tctracyclic diterpcncs. Such a link would be of value since the stereochemical evidence 
for atractyligcnin whilst cka.rIy defining an antipodal A/B ring fusion and a & 
oriented ring D, is kss secure with respect to C-9. Indeed the main evidence for the 
kauranoid &-relationship of ring D and the C-9 hydrogen atom is the negative 
Cotton effect of a C- 15 ketone. However C-l 5-ketones in both the ( + ~phyllocladene 
and ( - )-kaurene series (where ring D is &oriented) show’ negative Cotton effects. 
Although a 9fl-hydrogen atom and lOa-methyl group are more reasonable on 
biogenetic grounds, a correlation with the kaurenolides which arc of proven stero- 
chemistry at C-9.’ seemed dcsirabk. 

Atractylanic acid (II) has been formulated’ as (-)-19-norkauran-184c acid. It 
was derived from atractyligcnin by a sequence which precluded epimerization at any 
of the ring junctions and was assigned an equatorial carboxyl group at CQ. We now 
describe its partial synthesis from 7: 18dibydroxykaurcnolide (III)’ utilizing a 
similar route to that described earlier’ for the preparation of (- )-kaur-l&n-194c 
acid from 7-hydroxykaurenolide. 

Hydrogenation of the kaurcnolide gave the corresponding dihydro derivative. 
Oxidation with chromium trioxide which was accompanied by decarboxylation. led 
lo the 18-nor-7-ketokauranolide (IV).’ This was accompanied by a compound. 
C,,H,,O,. The IR spectrum [v_ 3210, 1753 and 1710 cm-‘] enabled the oxygen 
functions to be accounted for as hydroxyl, y-lactonc and ketone. The presence of a 
primary alcohol in this product was established by the NMR spectrum which 
showed a 2-proton resonance at T 6.35. Hence it was assigned structure V. The keto- 
acid VI (R = H) was also isolated as its more stable methyl ester VI (R = Me). 
Hydrogenolysis of the keto-Iactone IV with calcium in liquid ammonia followed by 
methylation with diazomctbanc gave the ketouter VII. Tbe identity of the 5:6 
coupling constant (J = 60 c/s) with that of other kaurenolides of known stereo- 
chemistry’ implied that the lactont IV retained the diaxial 19 + 6a-lactonc ring. 
On tbc other hand the ester VII is formulated as the equatorial isomer since it was 
not epimerized by base.’ Epimerization presumably occurred under the strongly 
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basic hydrogenolysis conditions. Wolff-Kishner reduction of the 7-ketone, although 
capricious, gave the required carboxylic acid II which was identical with a sample 
of atractylanic acid generously provided by Professor Piozzi and thus confirming 
the stereochemistry of atractyligenin at C-9. 

(-)-Kaur-16+n-194~ acid was required for biosynthetic work. In view of the 
capricious nature of the Wolff-Kishner reduction an alternative method of removing 
the 7-oxygen function was attempted. The 7-keto-acid VIII was prepared as before. 
It was reduced with sodium borohydridc to form the 7a-alcohol IX. This is assigncd 
the a-stereochemistry by analogy with the reduction of the related kaurenolides* in 
which attack of the reagent occurs from the less hindered Brace of the molccuk. 
Furthermore this isomer was isolated as a by-product from the calcium in liquid 
ammonia hydrogenolysis of the parent kcto-lactone. These reduction conditions 
would be expected to give the more stable equatorial epimer. It differed from the 
bisomer which has been isolated from an Echinocystis extract’ 
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Conversion to the toluenc-psulphonatc with tolucncpsulphonyl chloride in 
pyridine was slow. However vigorous reduction of the product with LAH gave an 
unsaturated alcohol. Its NMR spectrum included resonances assigned to the 
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t&al mtthylcne (I 5.16) and a pair of doublets (I 4.17 and 460; J = 10 c/s) 
assigned to a 6 : 7-okfin. It also contained a 2-proton hydroxymcthyl resonance at 
T 6.32. Hence the structure X was assigned to the alcohol. Elimination of the tosylatc 
rather than reduction had occurred in its formation. 

EXPERIMENTAL 

GcnmldctAiLaredcs&bedinpnl.‘” 

Oxidation of 7.18-dihydroxykawanolidc’ 

The ksurrsolidc (I.47 g) in MODC (30 ml) wu trutcd with tbc 8N 00, reagent (2 ml) for 2 hr. McOH 

was dded the soln c;onantrmti diluted with water (100 ml) UXI refluxd for 20 min. Tbc product v~s 

recovered in A&Et md scpuated into tidic (022g) uxJ neutral (I.l9g) fractions with NaHCOsq. 

Cbror~tograpby of the neutral frxtioo on silia gel md elution with 20% AcOEt-ligbt petroleum gave 

tbc kcto-&one IV (270 mg). Tltir compound vu polymorphic cryrullizing u prians mp. 162-163” or 

needles mp. 206 208’. from A&Et-.ligbt pctroieum Botb form, lowed idcntiul solution apectn (IR 

md NMR). Furtbcr dutioa with 40y0 A&Et-Ii& petroleum pvc tbc hydroxy-lurolorronc V (567 mg) 

which aysullued from xetone light pctrokum u nealles, m.p. 237 2w. (Found: C, 72.8; H. 8-5. 

C,,H,,O, requires: C. 72.3 ; H. 8.5 7.); v_ 3210. 1753. 17lOcm-’ r 934.903 (doublcl. I = 6c!s) 635. 

506 (doublet. J 0 6 c/s)_ 

The aadic fraction wu wtby~rad with crberal CH,N, to gvc tbc methyl esrtr VI (R - Me) which 

cryst~llixd from McOH u prisms, mp. 215”. (Found: C 708; H. 7.8. C,,H,,O, requires: C 700; H. 

79%); vu 1775. 1713(br)cm-‘. 

Ca maul (28) was d&solved in Iq. NH, (3OOml). Tbc kcto-tionc (1.13g) was added & I& soln 

rdluxcd for 4 hr NH,CI (2Og) was ddal and tbc NH, cvqx~ntcd. Water UKI dil HCI were &kd md 

rbc product recovered in AcOEt. Tbc crude acid (I.1 g) was methylrtai with ctbcrcll CH,N,. Tbc mrrhyl 
csfcl VII cryst~llizzd from light pctrokum u naedks, mp. l32-l3Y. (Found: C, 756; H. 93. CI,H,,O, 

rcqulres: C. 75.4; H. 9.5%); v, 1730 (br) cm-’ r 912 902 (I p 6c/s), 64 The ester WIJ recovered 

unchanged after standing with mtl~~~olic N KOH ovcmigbt. 

Tbe methyl ester (3OOmg) in dry diglyme (I2 ml) md N,H,.H,O (2.1 ml) were stood ovcroigbhr at 

room temp. Tbe tcmp ms rai.saJ to l5CP for 5 br and then rdluxd for 3 hr. KOH pellets (2.5 g) were 

tided md the soln beared l t 235’ for 8 hr. Tbc solo was &difkd md tbc product tccovcrcd in A&Et. 

Chromtogrphy on siha gel gave tbc arboxylic ti II (2OOmg) which crysUi& from AcOEt l s 
ncaik~, mp. 190”. (Found: C. 78.8; H. 101. C& for C,,H,,O,: C 786; H, 104%) This abowcd an 

dentical IR wirh a vmpk of atictylmic rid (mp. 194”) providal by Prdasor Piti. Tbc mixed mp. 

was undcprrxscd 
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Tbe methyl ester prepared wttb CH,N, crystalltzed from MeOH as needles, mp. 101’ (ht. 60’) (Found : 

C. 79.2; H. 104. Cak for C,,H,,O,: C 789; H. I&5”/;.) 

Reducrlon o;, flu grro-o&f VIII 

The kcto-acid’ (100 mp) tn MeOH THF (I : I ; 3 ml) was treated wtth NaBH, (100 mg) for 90 min. 

The wln was concentrated. ~adiBed with dil HCI and the product recovered in ether Chromatography 

on silta gel gave the 71-hydroxy-acid IX (70mg) which crystallized from AcOEt light petrokum as 

neda. mp. 238’. (Found: C. 75.75; H. 9.4. Cs,H,,O, requires: C, 754. H. 9.SQ; v_ 3450, 1695. 

885 cm - I. The rolw-pstrlphonnrc prepared with toluenc-prulphonyl chloride crystallized from aceton+ 

light petrokum as needles mp. 15Gl52” ; Y_ 1693. 1602.886 cm- ’ r PIS.9G3. 7.65. 5.77. 532.2.73. 2-24. 

Reducrion o;r the rofuene-p-suljhonatc 

The above tolwne-psulphonatc (260 ml) in ether (100 ml) was heated under rd’lux wrth LAH (750 mg) 

for I2 hr. The soln was cautiously uidifted and the product recovered in ether and chronutognphed on 

silica Elution with 54, AcOEt-light petrokum gave Jusurd.Ibdien-l9-o,1 (X) which crystilizal from 

acetone: ltght petroleum as needles m.p. I-123”. (Found: C, 83 4; H. 109. C,,H,,O raquua: C, 839; 

H. IOSYd; v, 3400.1660.894cm ‘. 
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