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Abstract: Synthetic (+)-aristoteline (2) was transformed into (-)-alloaristoteline (1) in 4 steps 

with an overall yield of 86 %. This successful biomimetic interconversion established the 

previously unknown absolute configuration of this unusual natural product which contains an 
inverted indole moiety. The first intermediate along this route turned out to be identical with 

natural (-)-serratoline (S), and a rearrangement product thereof corresponded to (+)-aristotelone 
(6), an alkaloid that has been isolated by others from Arisrotelia chilensis in 1976. Our 

investigations unambiguously confirmed the tentative structure of this metabolite, which is 
endowed with a spiro[4.4]nonane-3-oxindole sub-unit. 

In 1988 an isomer of aristoteline (2) 2 was isolated from A. austrakzsica and assigned structure 3 3 (Scheme I) 
and named ‘epi-1 1-aristoteline’. As was correctly pointed out by Saxton 4, this skeleton would be extremely 
strained and we subsequently postulated that this metabolite in fact possesses structure 1 and should be renamed 

‘alloaristoteline’ 5. This hypothesis was corroborated recently through a total synthesis of racemic 1 1. 
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What the biogenetic origin of alloaristoteline (1) is concerned, at least two alternatives for the formation 
of the unprecedented, inverted indole sub-unit, formally derived from 2-indolyl-2-ethylamine, can be taken into 

consideration: one possibility would invoke a 1,2migration of the C(3)-C(10) bond (Scheme I, path B) 
following protonation of (+)-aristoserratenine (4), an alkaloid that has been isolated from A.serrata 6, and which 

is believed to be a key intermediate in the biogenetic transformation of tetracyclic precursors into the pentacyclic 
metabolite aristoteline (2) 7. However, the alternative process A should be preferred for electronic reasons * and 
it is not surprising that up to now all in vitro-cyclizations of 4, as well as of the corresponding tetracyclic 
precursors thereof, invariably furnished only aristoteline (2), but no alloaristoteline (1) 9. Whether Aristotelia 

plants contain an enzyme that catalyzes pathway B is not known, and at present this question can not easily be 
addressed experimentally. 

As an alternative, the route depicted in Scheme 2 can be envisaged for a possible biotransformation of 
(+)-2 into alloaristoteline (1) lo. Significantly, the first two intermediates in this reaction sequence, namely (-)- 
serratoline (5) 11 and (+)-aristotelone (6) 12, have been isolated from A. serrutu and A. chilensis, respectively. 
To check the feasibility of this scheme and to determine the previously unknown absolute configuration of 
alloaristoteline (l), it was decided to mimic this transformation in virro. 

Oxidation of synthetically prepared (+)-aristoteline (2) 13 with m-chloroperbenzoic acid l4 under acidic 
conditions l5 proceeded with remarkably high diastereoselectivity and furnished (-)-serratoline (5) 16 in nearly 
quantitative yield. 

Scheme 2 
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Reagents: a) 1. m-ohloroperbenzoic acid, CF3CooH, cH2clz, Ih at - 40” c; 2. Me&L 

14: 1 
(+I-7 

UV: 284, 254, 217 

UV: 282, 253, 219 

b) (H3P04)n, EtOH, 24 h reflux. C) NaBH4, dioxane/H& d) HCI, 30 min. 50” C. 
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Next, the transformation of synthetic (-)-serratoline (5) into (+)-aristotelone (6) was investigated. This 
rearrangement step has been effected by Stoermer and Heathcock 14 under basic conditions in 90% yield. We 
had decided before to employ the acidic treatment (5% H2SO4) described by Bick and coworker lib who 
claimed to have obtained a compound in 60% yield, which they tentatively identified as (+)-aristotelone (6) 17. 

The most salient spectroscopic feature of their preparation was the appearance of signal at 0.57 ppm (s, 3H) in 
the 1H-NMR spectrum, which they assigned to the methyl group C(20). When repeating this experiment we 

found that under the reported conditions two isomeric compounds are formed, the minor component (510% 
yield) being undoubtedly identical with the product obtained by the Australian group. However, the 
spectroscopic data of this compound is clearly not consistent with structure 6, but rather is very reminiscent of 

the properties reported for (-)-tasmanine (8) 7. Therefore, we assume that the structure of our minor product is 

represented by formula 7 (3-epi-tasmanine). 

On the other hand, the spectral data of the major component, obtained in 89% yield upon treatment of 5 
with polyphosphoric acid in EtOH, is identical with the values obtained by Stoermer and Heathcock l4 and is 
fully consistent with structure 6. The critical relative configuration at the Spiro center was determined 

unambiguously through nuclear Overhaurer experiments (see Figure). Since an authentic specimen is lacking, a 

thorough comparison of our material with natural aristotelone is presently not possible. However, the difference 
in the melting points of (+)-6 and (-)-11 (see below) amounts to cu. 50’. The (fortunate!) fact that the reported 

melting point for natural aristotelone 17 coincides within experimental error with the one of the higher-melting 
isomer (+)-6 allows the conclusion that the structure of the natural product is indeed represented by this 
formula. 
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Figure. Nuclear Overhauser qeriments with (+)-aristotelone (6) and (-)-2-epi-aristotelone (II). 
(The circled hydrogen atoms were detected in dij-erence nOe experiments, when the respective 
aniline NH was irradiated). 

The formation of 3-epi-tasmanine (7) under acidic conditions can be explained as shown in Scheme 3: 
protonated serratoline (I) is probably in equilibrium with the hydrated form II. The resulting cis-diol can then 
undergo a pinacol type rearrangement to give 7 18. The first step in this sequence is rather unfavored, because 
structural constraints force the cyclohexane ring that undergoes contraction to assume a twist-boat conformation. 

The method of choice for preparing (+)-6 was detected through an investigation of the behaviour of (-)-5 
at it’s melting point: it was found that it decomposes quantitatively into aristotelone under normal pressure (Ar) 
above 190” (TLC- and IH-NMR evidence). Thus, thermal treatment (30 min. at 200“) of neat (-)-5, followed by 
sublimation under high vacuum, furnished analytically pure (+)-6 in virtually quantitative yield. 
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Scheme 3 
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The remaining steps were straightforward: reduction of aristotelone (6) with NaB& in aqueous dioxane 

led to carbinol9 (mixture of diastereoisomers) which was treated in situ with HCl(30 min. at 50” C) to furnish 
(-)-alloaristoteline (1) in 91 % yield. In addition, deoxoaristotelone ((-)-lo), a side product resulting from 

hydrogenolysis of intermediate 9, was isolated in 6 % yield. The spectral data of (-)-1 was identical in all 

respects with the one described for the natural product 3, as well as for synthetic @I)-1 1. The only significant 

difference between synthetic (-)-1 and natural alloaristoteline concerns the optical rotation of this compound: 

Quirion 19 reported a value of cu. 0 (c = 0.4, chlf.), whereas our preparation showed [a]D = - 35 (c =l, chlf.). 

The origin of this deviation not clear; possibly the sample isolated from natural sources was contaminated with 
some strongly dextrorotatory impurity. Interestingly, natural aristolasicone (= 19-oxo-alloaristoteline) 3, the 
only other Aristotelia alkaloid endowed with an inverted indole nucleus 5.20, also shows a negative optical 

rotation ([o]D = - 161 (c = 0.8, chlf.) 19. 

Contrary to aristoteline (2), alloaristoteline (1) is a quite labile compound which decomposes rapidly in 

chloroform solution. This behaviour came to light when 2D NMR experiments were recorded: after 72 hours 

measurement time cross peaks corresponding to signals that were not present in the original sample could be 
detected. TIC- and NMR controls showed that a single new product had been formed which was isolated by 

chromatography. Since the spectral data of this compound is very similar to the one of (+)-aristotelone (6) (see 
Table 1 and 2) and since it is strongly laevorotatory, we believe it to be (-)-2-epi-aristotelone (11) (Scheme 4). 

This structure proposal was corroborated through nOe experiments (see Figure). Presumably, alloaristoteline 
(1) is oxidized by 302 to 3-epi-allosarratoline (12), which rearranges in situ to (-)-11. 

Scheme 4 
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Table I. 13C-NMR values (100 MHz, CDCl3, ppm from TMS, assignmenrs corroborated through IH /13C-COSY specwoscopy). 

5 6 7 8 a) 10 11 

2 129.5 190.2 78.5 181.0 183.9 77.5 78.7 

3 119.7 83.9 202.3 61.6 62.6 37.0 206.5 

4 126.1 141.1 121.8 136.3 131.6 128.0 120.5 

5 120.1 122.2 124.3 124.1 126.4 124.4 124.5 

6 118.8 125.9 118.3 121.8 121.5 117.8 117.9 

7 120.6 129.5 136.9 127.4 127.5 127.2 136.7 

8 110.6 120.5 111.3 108.9 108.8 108.3 111.2 

9 136.6 152.6 159.8 140.1 141.1 150.1 160.8 

10 30.9 42.9 46.0 43.8 44.4 54.2 45.5 

11 50.7 52.5 52.8 54.0 53.4 51.6 52.1 

13 53.5 54.2 53.1 53.3 53.6 52.9 53.6 

14 35.5 35.6 35.6 35.3 36.0 35.9 35.8 

15 28.2 26.3 23.1 24.0 23.8 23.4 23.2 

16 40.1 44.0 45.5 44.0 41.4 43.7 41.2 

17 33.7 41.5 49.0 49.1 48.0 45.1 46.4 

18 36.2 28.1 28.5 30.2 32.2 30.5 31.8 

19 25.6 24.3 25.0 25.6 25.9 25.0 25.4 

20 26.1 23.6 19.3 20.7 19.7 19.9 19.7 

21 27.7 27.5 27.2 21.2 21.6 21.3 27.3 

22 29.0 29.2 30.0 29.9 30.5 30.3 30.3 

a) Values taken from a synthetic sample of (-)-8 23, deviation from the reported data of natural (-)-8 at most 0.4 ppm. Some of the 

original assignments 7 have been revised. 

Table 2. IH-NMR chemical shifr values (400 MHz, CDCl3. ppm from TMS). 

5 6 7 8 10 11 

5 7.61 7.38 7.55 7.12 7.39 7.04 1.5 1 
6 7.03 7.19 6.76 6.79 6.99 6.63 6.7 1 
7 7.08 7.32 7.40 7.16 1.17 6.97 7.37 

8 7.28 7.54 6.77 6.80 6.81 6.49 6.17 

lOex0 3.19 1.52 2.29 2.41 2.55 2.38 2.47 

%ndo 2.52 2.57 2.11 2.12 1.76 1.87 1.62 

11 3.55 3.60 3.69 3.80 3.76 3.58 3.68 

14 1.40 1.55 1.32 1.31 1.31 1.32 1.32 

1%2nri 2.03 2.03 1.66 1.63 1.56 1.66 1.54 

15,yn 2.07 1.99 2.15 2.18 2.10 2.10 2.03 

16 1.62 1.55 1.58 1.99 2.53 1.56 2.36 

l&do 2.05 3.02 2.83 2.99 3.03 2.16 2.69 

18~x0 2.05 1.39 0.91 0.95 0.75 1.21 1.20 

%mdo 1.88 2.05 1.99 2.07 1.94 1.93 1.95 

19,* 1.72 1.79 1.56 1.59 1.53 1.62 1.60 

20 1.65 1.57 0.91 0.57 0.88 0.99 0.83 

21 1.29 1.35 1.17 1.20 1.20 1.15 1.19 

22 1.07 1.29 1.15 1.17 1.14 1.08 1.11 

I 
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Data of (+)-3-epi-Tasmanine ((+)-7): 

M.p.: 242.5-243” (normal pressure; subl. at ca. 150’ under high vacuum) [Lit: 217-218” (MeOH) lib]. 

[aID: + 105” (c = 1.19, CHC13) &it.: + 41°(CHC13) lib; +63”(c=O@l MeOH)22]. . . 
UV(EtOH): 282 (3.19), 255 (3.77). 208(sh) (4.50). 

IR (CHCl3): 3440, 172O(sh), 1716, 1702(sh), 1620, 1485,1471, 1388, 1324, 1102, 1012. 

‘H-NMRz 7.18(br.s, 1H); 7.16(ddd, J=7.9,7.3. 1.2, 1H); 7.12&z. J=7.3, 1.2.0.6, 1H); 6.97(ddd. J=7.9,7.6, 1.0, 1H); 

6.8O(dm, J=7.8, 1H); 3.8o(m. IH); 2.99(fdm. J=14.4,5.9, 1H); 2.41(dd. J=14.9,7.1, 1H); 2.18(dq, J=13.5, 3.5. 
1H); 2.12(br.d, J=14.9, lH), 2.07(dm. J=14.4, 1H): 1.99(m, 1H); 1.63(d& J=13.5, 3.5, 1H); 1.59(fdd. J=14.4, 5.8, 
4.5, 1H); 1.31(m, 1H); 1.20(s. 3H); 1.17(s, 3H); 0.95(br.dd. J=14.4, 5.8, 1H); 0.57(s, 3H). 

[Lit. (270 MHz): 7.3-6.8(m, 4H); 3.8(m, 1H); 2.97(m, IH); 2.5-2.25(m, 1H); 2.2-1.5(m 6H); 1.4-1.2(m, 1H); 
l.lS(r. 3H); 1.15(& 3H); 0.57(s, 3H) 22]. 

13C-NMR: 181.0(s), 140.1(s), 136.3(s), 127.4(d), 124.1(d), 121.8(d), 108.9(d), 61.6(s), 54.0(d), 53.3(s), 49.1(s), 44.0(d), 
43.8(t), 35.3(d), 30.2(f), 29.9(q), 27.2(q), 25.6(r), 24.0(f), 20.7(q). 

MS: [Lit.: 310 (50. M+). 295 (22). 174 (55). 173 (24). 164 (lOO), 146 (16). 111 (16). 97 (27) 22]. 

(-)-Alloaristoteline ((-)-1): To a solution of 220 mg (0.709 mmol) of (+)-aristotelone (6) in 8 mi of dioxane was 
added a suspension of 114 mg NaRH4 (Fluka, purum) in 5 ml dioxane / H20 4:l. After stirring at r.t. for 3 h, the same amount of 
reducing agent was added and stirring was continued for further 4 h. Then an additional amount of 145 mg NaRH4, dissolved in 1 ml 
of H20 was added. After a total reaction time of 21 h. 5 ml of cont. HCl were added slowly and the warm mixture was stirred for 5 
min. at cu. 50”. Standard work-up with CHzC12 / cont. aq. NH3 furnished 209 mg of a slightly yellow foam. This crude material 
was chromatographed (benzene / Et20 / Et2NH 80:40:6) to furnish 189.4 mg (0.643 mmol, 91%) of (-)-alloaristoteline ((-)-1) and 
12 mg (6%) of (-)-3-dcsoxoaristotelone ((-)-lo). 

Data of (-)-1: 

M.p.: 219.5” (normal pressure: subl. under high vacuum) (after recrystahization from THF / cyclohexane / Et3N). 

[aID: - 35“ (c =l, CHC13) [Lit.: co. 0’ 19]. 

The UV-, IR-, IH-NMR- and 13C-NMR data of this material agrees within experimental error with the one 
obtained before for racemic (?)-1 1. 

Data of (-)-lo: 

M.p.: 152-153” (normal pressure; subl. at cc. 140’ under high vacuum). 

[aID: - 37.5” (c =l, CHC13). 

W(EtOH): 302 (3.25). 249 (3.85). 205(sh) (4.38). 

IR(CHC13): 3455, 1702(sh), 1699(sh), 1693, 1685(sh), 1487, 1470, :322, 1262. 1149, 1099. 

‘H-NMR: 7.04(dm, J=7.2, 1H); 6.97&n, J=7.6, 1H); 6.63(td, J=7.4, 1.0, 1H); 6.49(br.d. J=7.6, 1H); 3.58 (ddd. J=6.8,5.7, 
1.1, 1H); 3.11(d, J=15.9, 1H); 2.82(d, J=15.8, 1H); 2.38(dd, 5=15.2,7.2, 1H); 2.16(fd, J=13.7, 5.9, 1H); 2.10(dq, 
J=13.4,3.3, 1H); 1.93(dm. J=14.2, 1H); 1.87(dd, J=15.2, 1.0, 1H); 1.66(df, J=13.4, 3.0, 1H); 1.62(m. 1H); 1.56 
(m, 1H); 1.32(quinf., J=3.2, lH);1.2l(ddf, J=13.3.6.0, 1.4, 1H); 1.15(s, 3H); l.OS(s, 3H); 0.99(d, J=0.7,3H). 

13C-NMR: 15O.l(sJ, 128.0(s), 127.2(d), 124.4(d), 117.8(d), 108.3(d), 77.5(s), 54.2(fJ, 52.9(s), 51.6(d), 45.1(s), 43.7(d), 

37.0(f), 35.9(d), 30.5ffJ, 30.3(q), 27.3(q), 25.0(f), 23.4(f), 19.9(q). 

MS: 296 (21, M+), 281 (7). 167 (20). 166 (100). 158 (10). 130 (14). 84 (14). 58 (29). 

(-)-2-epi-Aristotelone ((-)-11): A solution of 5.3 mg of (-)-1 was kept in 0.6 ml of CDC13 for 72 h at 25”. 
After that time, a 2D NMR spectrum showed cross-peaks originating from signals that were not present in the original sample. 
Chromatography (benzene/Et20/Et3N 80:40:10) furnished 2.9 mg (55 46) of starting material ((-)-1) and 1.1 mg (20 %) of (-)-11: 

M.p.: 177.5-178’ (normal pressure; subl. at 140” under high vacuum); yeIIow crystals. 

[aID: - 183.5” (c = 0.14, CHC13). 

W(EtOH): 404 (3.09). 333 (2.82). 280 (2.92). 234 (4.00). 225 (4.00). 

IR(CHC13): 3455, 1699(sh), 1693, 1620, 1487, 1470, 1322, 1262, 1149, 1099, 1011. 

‘H-NMR: 7.51(dddd, J=7.7, 1.4,0.7,0.6, 1H); 7.37(ddd. J=8.2,7.1,1.4, 1H); 6.77(ddd. 5=8.2.0.8,0.7, 1H); 6.71(&d. 
5=7.7,7.1.0.8. 1H); 5.OO(br.s, 1H); 3.68(t, J=5.6, 1H); 2.69(td, J=12.9,5.5, 1H): 2.47(dd. J=14.3,6.2, 1H); 
2.36(m, HI); ?.03(dq. /=13.6,3.3, 1H): 1.95(ddq. J=14.1,6.2.8. 1H); lkQ(fdd, J=13.7, 5.7,4.0, 1H); 1.62(br.dd. 
J=13.7, 1.7, la); 1.54(dr. J=13.7. 3.0, HI); 1.32(m, 1H); 1.20(m, 1H); 1.19(s. 3H); l.ll(s, 3H); 0.83(d, J=0.6, 
3H). 

13C-NMR: 206.5(s). 160.8(s), 136.7(d), 124.5(d), 120.5(s), 117.9(d), 111.2(d), 78.7(s), 53.6(s), 52.7(d), 46.4fs),45.5(0, 
41.2(d), 35.8(d), 31.8(t), 36.3(q), 27.3(q), 25.4(t). 23.2(t), 19.7(q). 

MS: 310 (80, M+). 308 (lo), 296 (27). 295 (100). 237 (II), 174 (40). 173 (30). 165 (16). 146 (20). 91 (12). 84 (11). 
81 (14), 77 (14). 58 (16). 
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