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Abmtrac-Two new scsquitcrpcttoids of the picrotoxinin group have been isolated from Toxiwdendrm 
capense Thumb. Their constihttion and absolute stcreochemistty have beco elucidati by correlating 
them to capcnicin. 

IN PREVIOUS papers, ’ it was shown that the alcoholic extract of the fruits of Toxico- 
dendrum cupense Thumb. (Hyaenanche globosa Lamb.) contains many sesquiter- 
penoids with structural characters similar to those of the amaroids of the picrotoxinin’ 
type. This paper is concerned with the structural elucidation of two new compounds 
of H. globosa, pretoxin and lambicin, and their correlation with compounds of known 
structure and absolute configuration. 

Pretoxin (I). Elementary analysis and mass spectral data indicated the formula 
C,,H,,Os for pretoxin. It did not exhibit any W absorption maximum; the IR 
spectrum showed bands for OH groups (3450 cm-‘), y-lactones (1750 and 1772 cm- ‘) 
and a methylenic double bond (1654 and 908 cm-‘). The NMR spectrum of I was 
similar to that of capenicin’” (IV) which therefore made many structural features of its 
molecule obvious; it showed, among others, the signals of an isopropenyl group 

(2.12 6, 3H, broad singlet, CI&--C==; 4.98 6, 2H, broad multiplet, CI&==C-), a 
tertiary Me group (193 6,3H, singlet), C-2 proton (4.98 6, broad singlet), C-3 proton 
(5.36 S, multiplet), C-4 and C-5 protons (350 and 3.75 S, multiple@, C-11 and C-12 
protons (443 6, lH, doublet and 4.26 6, H-I, doublet, J = 3 c/s) and C-14 protons 
(4.63 S, H-I., double doublet, .I = 13 c/s, and J’ = 5 c/s; 2.97 S, H-I, double doublet, 
J = 13 c/s, J’ = 8 c/s). This NMR spectrum, when compared with that of capenicin 
(IV) and tutinlC (III), was in accordance with the partial structure (II) for pretoxin. 

Catalytic hydrogenation of pretoxin (I) with Adams catalyst yielded dihydro- 
pretoxin (V), C19Hz608, whose IR spectrum lacked the bands attributable to the 
methylenic double bond, whereas its NMR spectrum showed resonances for an 

isopropyl group (2.3 6, multiplet, H-CC: 1.16 S, doublet and @82 S, doublet J = 6 

c/s CHJ 4! 
\ 

-CH,). 
On treatment with acetic anhydride and pyridine, pretoxin (I) afforded diacetoxy- 

pretoxin 0% %H2aO10, in the IR spectrum of which an OH absorption band 
at 3490 cm-’ was still present. After the same treatment, tutin and cape&in, both 
having two OH groups at C-2 and C-6, yielded only a monoacetate at C-2; it was 
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therefore reasonable to assume that a further secondary alcoholic function should 
be present in pretoxin, besides those at C-2 and C-6. This assumption was confirmed 
by the examination of the NMR spectrum of VI., where the approximate downfield 
shifts of 1 ppm of the C-2 proton and of the signal present at about 4.6 6 in pretoxin 
were noted. 

Oxidation of V with Jones reagent gave the diketone (VII), C,,H,,O,, which 
showed an UV absorption band at 256 mp (E = 2945) in neutral medium and at 
283 mp (E = 24,900) in O-1 N KOH-MeOH. The positive test of VII with FeCl,, 
the bathochromic shift in basic medium and its IR spectral feaiures (absorption at 
1718 and 1652 cm- ‘), were in accordance with the behaviour of gdicarbonyl com- 
pounds, thus confirming the presence of two secondary alooholic functions in the 
structure of I. Comparison of the NMR spectrum of VII with that of dihydropretoxin 
(V) indicated that the secondary Me group in V at 1.53 6 (J = 6 c/s) was present in VII 
as a singlet at 2.49 6. Furthermore, in the NMR spectrum of I, the C-14 protons were 
coupled with one vicinal proton. This, together with the characteristic behaviour of 
diketone (VII), indicated that pretoxin was similar to dendrotoxin3 (VIII), thus 
establishing structure I for this compound. 

Final proof for this was obtained by treatment of both VII and IX (obtained from 
oxidation of pretoxin with Jones reagent), with methanolic hydrogen chloride which 
yielded dihydrocapenicinon’” (X) and capenicinon” (XI) respectively. This re- 
arrangement of a-acyl-y-lactones is known not to affect the stereochemistry of 
C-13.4 This correlation also established the absolute configuration of all the asym- 
metric centres in I, excepting C-17 and C-18. Their configurations were obtained 
through considerations of the coupling constants of the C-14 protons with that on 
C-17, as previously stated3 for dendrotoxin. 

Lumbicin (XII). Elementary analysis and mass spectral data indicated the formula 
Cr8Hz407 for lambicin (XII). It did not exhibit any UV absorption maximum; the 
IR spectrum showed bands for OH groups (3500,332O cm- ‘) y-lactones (1765 cm- ‘) 
and probably a methylenic double bond (1650 cm- ‘). Examination of the NMR 
spectrum of XII substantiated the similarity of this compound to tutin (III): an 

isopropenyl group (2.07 6, 3H, broad singlet, CL13 -C- --; 4.93 6, 2H, multiplet, 

CH,==&--), a tertiary Me group (1.86 6, 3H, singlet), C-11 and C-12 protons (3.58 6, 
doublet, J = 3 c/s; 498 6, doublet, J = 3 c/s), C-3 proton (5.23 6, doublet, J = 4.6 c/s), 
C-4 proton (3.36 6, multiplet), C-5 proton (346 6, doublet, J = 3.5 c/s), C-14 protons 
(2.45 S, multiplet and 40 6, multiplet). The multiplicity of C-14 geminal protons 
showed a vicinal coupling as in pretoxin and dendrotoxin, thus indicating the partial 
structure (XIII) for lambicin. 

Catalytic hydrogenation of XII with Adams catalyst gave dihydrolambicin (XIV) 
as shown by its spectral features, whereas treatment in dioxan solution with Pd/C 
and hydrogen converted lambicin to the isomeric neolambicin (XV): this behaviour 
is characteristic of the compounds of this group. lb The NMR spectrum of neolambicin 
in CDCl,, while lacking the resonances of an isopropenyl group, showed a singlet at 
l-89 6 (6H), attributable to the Me’s of an isopropylidenic group. 

The acetylation of XII with acetic anhydride and pyridine at room temperature 
yielded acetoxylambicin (XVI), CZOHz608, the NMR spectrum of which showed a 
downfield shift of 1 6 for the C-2 proton, thus indicating acetylation at C-2. 
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-CH-G-) b&den the G& =ported bcfon. (Found: C, 5964; H, 650. C&. for C,,H,,G*: c, 61.35; 
H, 686%). 

Those fractions shown to contain XII by TLC as above, were crystallized from EtOAc-n-hcptane: 
mp. M&182”; [u-jr, - 16.7”; MS. (m/e) 334 (hi-H,O), 316,276,161,124,111. (Found: C, 61.41; H, 6.81. 
Calc for C1*HPb07: C, 61.35; H, 686%). 

Catalytic hydrogenaticw c$pretoxtn (I). Prctoxin (100 me) in AcOH (3 ml) was hydrogenated over I’tO, 
(25 mg) until the absorption of H, ceased (20 min) The soln was filtered, evaporated to dryness and the 
residue chromatographed on silica gd with benzene and bcnzcne+.hyl ether a~ clucnta yielding dihydro- 
pretoxin (V, 55 mg from EtOAc-n-hcptane), mp. N&196”; [a],, -5”; Y, 3334 1770 cm-‘. (Found: 
C, 5956; Y 6.85. Calc for C19HzeOI: C, 5998; H, 6690/,). 

AcetyMon ofprctoxin 0. Prctoxin (100 me) in pyridine (5 ml) and Ac10 (1 ml) wan heated at loo” for 
3 hr and then left overnight at room temp. Work-up as usual and crystallization from EtOAc-n-hcptane, 
yiddcd diaccioxypretoxb, (VI, 75 mg), which, whgl sublimed, showed: mp. 190-191”; [a]n +31”; Y, 
3490,1780,1730,1652,910 cm-‘. NMR: 60 6 (lH, broad s, H-C&, 5.5 6 (lH, m, H-C,,,,), 2Q and 213 
b (3Y s.. C&CO&). (Found: C 59-01; 9 597. Calc. for CzaH,,O,,: C, 5997; H, m%). 
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Oxidation ofdU~ytropretoxin 0, Dibydropretoxin (2C0 mg) in acetone (60 ml) was treated with an 
excess of Jones reagent and the mixture stirred at 0” for 1 hr. Alter usual work-up and crystallization 
from EtOAc, the &ketone (VII, 150 mg) was obtained: nip. 202-205”; [a]n +2”; v_ 3450, 1776, 1727, 
1718,1652 cm-‘. (Found: C, 60-B; H, 598. Calc for C,,HI,O,: C, 6@31; H, 5.86%). 

Oxidation ofpretoxin (I). h?toxin (200 mg) in acetone (60 ml) was treated with an cxcss of Jones reagent 
and tht mixture stirred at 0” for 1 hr. Crystalhzation of the crude produd from EtOAc-n-heptane yielded 
135 mg of IX: m.p. 139-140”; [a&, -4”; &_ 262 mp (e ~1480)inMeOHand283~(e=20,600)in 
01 N KOH-MeOH; v, (CHQ) 3400,1785.1725,1650,910 cm-‘. (Found: C, 6063; H, 536. Calc for 
C,,H,,Os: C, 6045; H, 5.50%). 

Acidic rearrangement of the diketone (VII) in anhydrous methanol. TEc diketone VII (100 mg) in 053 N 
HCl-MeOH (5 ml). was refluxcd for 30 min. then cooled. diluted with 100 ml EtOAc washed with sat 
NaHCO,aq and evaporated to dryness. The crude residue was dtssolved In benzene and adsorbed on 
a silica gel column (10 g) Fractions of 20 ml were collected using benzene as elutnt Fractions 2-8, crys- 
tal&d from ethyl ether-n-hexanc, yielded 18 mg of dih~rourpcnln’no~~~ (X):“ m.p. 170-172”; [LY&, 
+75”;&253nlp(.sQ 10~00);v_ 3515.17941736, 1712 1664 cm-‘. (Found: C, 61.15; H, 6-22 Gdc. 
for C,,H1.O,: C, 61.21; H, 617%). 

Acidic renrrangement of the diketone (TX) in mhydrous m&anoL The reaction was performed as for VII. 

19ci 
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The crude product was chromatographed on silica gel (8 g) Fractions of 15 ml were collected using CHCl, 
(fr l-7) and CHCI,-MeOH (98:2; fr 8-20) as eluenta Fractions 8-16 were crystallixed from benzene-n- 
heptane yielding 35 mg of capenicinon (XI):” m.p. 212-216”; [a&, +54’; L_ 253 mp (e = 9830); v, 
(CHCI,) 3542, 1787, 1725, 1697, 1642 cm-‘. (Found: C, 6165; Ii, 5.80. MC. for C20H220s: C, 61.53; 
H, 5.68 %). 

Catalytic hydrogenation of Lunbicin (XII). Lamb& (50 mg) in AcOH (12 ml) was hydrogenated over 
PtOl (20 mg) until the absorption of H2 ceased (20 min). The soln was filtered, evaporated to dryness 
and the residue, crystallizd from EtOAc-n-heptane, yielded 25 mg of XIV: mp. 16Sl70”; [a]o -45”; 
v, (KBr) 3420,1768 cm-‘. (Found: C, 6lQ5; H, 7.58. CaIc. for C,sH,,O,: C, 6l+M; H, TWA). 

Acetylation oj Iambi& (XII). Lambicin (50 mg) in pyridine (2 ml) and Ac10 (5 ml) was kept at room 
temp for 72 hr. Work-up as usual and chromatography on florisil(l.5 g), with EtOAc-n-hexane (1:4, 1: 1, 
4:1), as eluents, yieldal 35 mg of acetoxylambicin (XVI), which was crystallized from EtOAc-n-heptane: 
m.p. 105-115”; [a], -6”; v, 3464 1783, 17% 1640, 1230 cm-‘. NMR (CDCl,): 5.91 6 (lH, broad s, 
HZ&, 2.14 6 (3H, s, C&COO-). (Found: C 6071; H, 682 Calc for C,,HI,Os: C, 6090; H, 6640/0). 

Isomerization o~lambicin (XII) to neolambicin (XV). Lamb& (50 mg) and Pd/C loO/, (25 mg) in dioxan 
(5 ml) were stirred at room temp under a Hz atm for 120 min. The soln was then filtered, evaporated to 
dryness and the residue was chromatographed on silica gel (2 g) using EtOAc-n-hexane (1:4) as eluent. 
The fractions containing neolambicin (XV, 25 mg) were colIected and crystalhxed from EtOAc-n-hexane: 
m.p. 136-146”; [a& +35”; v, (KBr) 3450.1760 cm-‘. (Found: C, 6140; H, 6.96. Calc. for C,sH,,O,: 
C, 61.35; H, 6.86%). 

Mutarototion of Iambicin (XII). Lambicin (10 mg) in dioxan, water, AcOH (94 : 5 : 1; 1 ml) showed [a]u 
- 17.28”. after 15’ -978”, after 20’ -648”. after 60’ + la”, after 150’ +2.16q after 330’ +>40”, after 
24 hr + 5.36”. After neutralization with NaHCOsaq, evaporation and crystallization of the residue from 
EtOAc-n-hexane, (XII) was quantitatively recove&. 

Treatment of Iambicin (XII) with CHCI,. Lamb& (100 mg) in CHCl, (25 ml) was heated under reflux 
for 10 min Examina tion of the reaction mixture by TLC (eluent: EtOAc-n-hexane 7:3) revealed the 
presence of a new less polar compound together with some unchanged starting material (approximate 
ratio 7 : 3). The reaction mixture was chromatographed on silica gel using EtOAc-n-hexane (7 : 3) as eluent. 
The fust fractions eluted lambicin (82 mg) which was only slightly impurt of the least polar compound. 

Ketalization of Iambicin (XII). Lambicin (100 mg) in anhyd MeOH (25 ml) was refluxed for 150 min with 
FeCl, (25 mg). After filtration and evaporation to dryness, the residue was chromatographed on silica 
gd (12 g) eluted with EtOAc-n-hexane (1:4, 1 ml per fraction). Fractions 25-90 contained 35 mg of the 
least polar 0-methylether (XVIII) (TLC EtOAc-n-hexane 7 : 3) which was crystallized from EtOAc-n- 
hexane: mp. 128-130”; [a]u -26”; v, 3450,1779,1653 cm-‘. NMR: 3.41 6 (3H, s, --OCHs). (Found: 
C. 62.33; y 7.30. Calc. for C19H160,: C, 62.28; H, 7.15%). Fractions 91-120, contained a mixture of the 
two epimeric substances; fractions 121-148 eluted the most polar 0-methylether (XVII; 16 mg) which 
was crystallized from EtOAc-n-hexane: m.p. 148-150”; [aID +4”; v, 3450, 1779. 1653 cm-‘. (Found: 
C, 62Gl; H, 715. Calc. for C19Hld07: C, 62.28; H, 7.15%). 

Oxidation of O-methyl ether (XVII). The O-methyl ether (XVII, 25 mg) in pyridine (07 ml) was stirred 
with CrOS (7 mg) for 36 hr at room temp. After usual work-up the product was chromatographed on 
silica gel (2.5 g) using EtOAc-n-hexane (1:4) as eluent. CrystaIlixation from ethyl ether of the appropriate 
fractions gave the ketone (XIX, 14 mg): mp. 205-209”; [alo +31”; v, 3585, 1805 (sh), 1788, 1714, 1650 
cm- I. (Found: C, 62.70; H, 680. Calc. for CLPH1.07: C, 62.62; H, 664%). 

Oxidation of O-merhyl ether (XVIII). The reaction was performed as for XVII. Crystallization from 
isopropyl ethg gave the ketone (XX, 12 mg): m.p. 176180”; [ab +66”; v, 3585, 1805.1788. 1714,165O 
cm-‘. (Found: C, 62.58; H, 680. Calc for C19H2.07: C, 62.62; H, 664%). 

Oxidation and ketalization of lambkin (XII). Lambicin (70 mg) in acetone (20 ml) was stirred with Jones 
reagent at 0” for 20 min. After usual work-up, the residue (68 mg) was ketalized as previously described. 
The crude mixture of the two epimezs (XIX and XX) was chromatographed on silica gd (6.8 g), eluted with 
EtOAc-n-hexane (1:4, 3 ml per fraction). Fractions 8-12 after crystallization from isopropyl ether gave 
25 mg of XX. Fractions 13-19 contained a mixture of XIX and XX. Fractions 20-24 after crystallization 
from ethyl ether gave XIX (12 mg). 

Oxidation und rearrangement of Iambicin (XII). Lambicin (200 mg) in acetone (58 ml) was treated with 
Jones reagent and worked-up as usual. The residue was chromatographed on lIorisil(l2 mg) using CHCl, 
and CHCI,-EtOAc (9:1) as eluents. Crystallization from EtOH of the appropriate fractions gave XXIII 
(35mg), m.p. 110-112”; [a]o -123”; 1, 228mp(e=4800),268~(e=6900)inMeOHand247mp 
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(8 - 9900) in 0.1 N KOH-MeOH; v, 1795, 1718, 169f 1652, 1630, 905 cm-‘. NMR: 1.76 6 (3H, s, 
C&--C+ 1.86 6 (3H. s, C&CO--), 207 d (3H, s, C&-C=), 3-42 6 (HI, H-C&, dd, I,., = 34 c/s 
and JJ,S = l-3 c/s), 3.62 6 (lH, m, H-C& 396 6 (ZH, s, H-C(,,, and H-C&, 4.80 d (lH, dd, Js,, = 

34cJsandJ,,,- 1.3 c/s, H-C&, 4.55 d and 505 d (lH, broad s, ;C==CHa MS.: the fragmentation 

of the bond between C-12 and C-13 gave rise to the ion at m/e = 99 ([CH,-COCH,CH,<O.]+, base 
peak) and the ion at m/e = 233. (Found: C, 6521; H, 6.15. Calc for ClsH2,,06: C, 65a5; H, 6a7%). 

Acidic rearrangement oftk diketone (IX) in aqueou dioxun The diketone IX (500 rn& in dioxan (50 ml) 
and 2N HCI (100 ml) was refluxed for 15 min. The reaction mixture was poured on 20 g of crushed ice 
and the resulting suspeusion ahhixed to pH 8 with KHCO,. After extraction with EtOAc and evapora- 
tion to dryness, the residue was ketahzed with MeOH and Fe&, yielding a mixture of XIX and XX 
(315 mg) which wcrc separated by chromatography on silica gel, as previously described. 
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