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Summarx: B-Senepoxide 2, Tingtanoxide lo, and their diene precursors 7 and 8 were isolated -- 

from U7XZriU fWr?&Zea (Annonaceae). Their structures and absolute configurations were deduced 

using spectroscopy and chemical correlations with compounds of known stereostructures. 

Recent work 2'3 has revealed that plants in the l&aria genus are a rich source of 

cyclohexene epoxides and derivatives thereof. Interestingly, until 1979 only three compounds, 

ie. Crotepoxide l_, 
4 

Senepoxide 2, 
5 
and Pipoxide 3a6 had been isolated from nature, and thus - 

represent only a small class of plant metabolites. Subsequent isolation of zeylena 43 provided - 

further insight into the biogenesis7 of these compounds, with the suggestion that 4 is formed - 

from an enzyme catalysed 2+4 cycle-addition reaction of the hypothetical diene intermediate 5. 
3 

- 

Since then, our work on Uvaria purpurea has led to the discovery of the first of such an 

intermediate, the "missing link", diene 68 - and we now wish to report the isolation of further 

diene intermediates 2 and 8 together with their epoxidised products, @-Senepoxide 9' and - 

Tingtanoxide lo, from Uvaria ferruginea, or "Tingtang" as the plant is known in northeastern 

Thailand. 

1 z 2 a,R=H 

b, R= COC% 

Hexane extraction of the dried roots of Uvaria ferruginea (collected from northeastern 

Thailand) afforded, after purification by column chromatography (silica gel, ethyl acetate: 

hexane = 1:5) followed by PLC (silica gel, benzene), 1, 8, 2, and 10 in 0.005, 0.006, 0.05, and - 

0.08% purified yields respectively. 
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Ph 

9 z. 

Structural similarities between 

topic data. 
10 

The NMR spectrum of 1 

4 R’=COCH3, R2zCOph 

!!! 

the two dienes 1 and 8 were apparent from 

[[a]? -233' (c 0.38, CHC13); - IR (CHC13) 

their spectros- 
-1 

1730, 1740 cm ; 

x zzy 264 nm (E 6,470)] showed the presence of two acetates (6 2.03, 2.05, singlets), one benzoyl 

(6 7.32-8.13, m) and a two proton singlet (6 4.89) for the C-7 methylene group, while the 

spectrum of 5 [[a]:-2980 (5 0.37, CHC13); 
-1 

IR (CHC13) 1720, 1740 cm ; hz;p 264 (t 7,OSO)j 

indicated the presence of one acetate (6 2.02, s), two benzoyls (6 7.30-8.11, m) and a methylene 

at 6 4.91. Evidence for the relative stereochemistry at C-2 and C-3 in 7 and 8 was also obtained -- 

from their NMR spectra, with 7 displaying the signals of H-2 and H-3 at 6 5.78 (d, J=6 Hz) and 

5.45 (dd, J=6 and 3.5 Hz) and 8 displaying the corresponding signals at 6 6.08 (d, J=6.5 Hz) and 

5.76 (dd, J=6.5 and 3.5 Hz), which indicated a trans- relationship at C-2 and C-3 for both 

compounds. The Mass Spectra (EI) of 1 and 8 were very similar in pattern and also very 

informative. 

228 (M+ 

The diene I showed a mass ion, m/e at 330 (6%) and the ions 270 CM+ -CH3COOH, 20%), 

-CH3COOH -CH3C0, lOO%), 210 (M+ -2xCH3COOH, 15%), and 208 (M+ -PhCOOH, 10%) were detected 

Similarly the diene 8 with the mass ion of 392 (0.5%) gave the following fragment ions: 332 (M+ - 

CH3COOH, lo%), 270 (M+ -PhCOOH, 7%), 228 (M+ -PhCOOH -CH3C0, lOO%), and 148 (M+ -2xPhCOOH, 14%). 

At this stage, although the trans- relative stereochemistry at C-2 and C-3 in both 1 and Shad 

been deduced, their absolute stereostructures as well as the positions of the -OCOCH3 and -0COPh 

groups in 8 were not yet secured. These were subsequently proved unambiguously by chemical 

correlations which will be discussed later. 

B-Senepoxide 2, mp. 72-73O C, [[a]: +62O (2 0.55, CHC13); IR (CHC13) 1740 cm-1 broad; 

x f;T 273 (E 1,140), 280 (E 930); MS, 346 (M+, 2.5%), 303 (M+ -CH3C0, 7%), 226 (M+ -2xCH3COOH. 

3%), 122 (PhCOOH, 35%), and 105 (PhCO, lOO%)] displayed a very interesting NMR spectrum. The two 

acetates resonated at 6 2.02 and 2.12, the C-7 methylene protons appeared as an AH system at 6 

4.36 and 4.62 (J=12.5 Hz), and the only benzoyl group showed a multiplet at 6 7.40-8.12. Protons 

attached to C-6, C-5, and C-4 of the cyclohexene-epoxide nucleus appeared at 6 3.57 (dd, J=4, 2 

Hz), 6.07 (ddd, J=lO, 4, 2 Hz), and 5.76 (dt, J=lO, 2 Hz) respectively. However, the most 

informative absorptions in the NMR spectrum of 9 were the resonances of the protons at C-2 - 
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(6 5.68, d, J=8.5 Hz) and C-3 (6 5.52, dt, J=8.5, 2 Hz) whose coupling constant (8.5 Hz) allowed 

assignment 
2,ll 

of the steric -CH2CCOPh group to the a-side of the molecule, hence the epoxide 

ring to the @- side as shown in 9. - 

On the other hand, the NMR spectrum l2 of Tingtanoxide 10 [[a]:" -306O (5 6.31, CHC13); IR - 

(CHC13) 1720, 1740 cm-'; 1;;; 273 (E 1,900), 280 (E 1,400); MS, 408 (M+, 2.5%), 348 (M+ 

-CH3COOH, 2%), 286 (M+ -PhCOOH, l%), 122 (PhCOOH, 12%), 105(PhCO, lOO%)] was almost identical to 

the reported spectrum of Senepoxide 2 5,9 - except for the presence of two benzoyl and only one 

acetyl groups (instead of vice versa). The value of the C-2, C-3 protons' coupling constant 

(2.5 Hz) dictated the o- stereochemistry of the epoxide ring. 
2,ll 

Also, the NMR spectrum of 10 - 

was clearly different from that of Pipoxide acetate 3b [[cl]: +9' (2 4.38, CHC~~)] prepared by - 

direct acetylation of Pipoxide 3a. 
2 

- 

Acetylation (CH3COC1, Et3N, CH2C12, RT., 12 hrl of c-)1,6 Desoxypipoxide 6 of known absolute 

stereochemistry8 (p reviously isolated from Uvuria purpurea) afforded the aromatic product 11 - 

(64%)13 and the diene 8 [27%, Ia]? -285O (2 0.2, CHC~~)] identical in all respects with the 

natural product. Epoxidation (MCPBA, CH2C12, O", 5 hr) of the natural 2 yielded Tingtanoxide 10 

[[cx];7 -221" (c 0.1, CHC13), 17%], Pipoxide acetate 3b (20%), and the 4,5-epoxide 12 (40%). 
14 - 

- - 

Moreover, epcxidation of the qiene 7 under the same reaction conditions gave B-Senepoxide 9 

[ 21%, [c4]i8 +60° (5 0.12, CHC~~)], Senepixide 2 [4%, [a]: -185O (2 0.11, ~~C1~)l.l~ and - 

13 (29%).14 - 

Since the absolute 

results establish not 

the epoxide 10 but also - 

CH2 OCOPh 

b 
0 

OCOPh 

11 

configurations of Senepoxide 2 and Pipoxide 3a are already known these - 

only the positions of the -OCOCH3 and -0COPh groups in the diene 8 and - 

the absolute stereochemistry of the natural products 1, 8, 2, and 10. - 

R 
R’ 

& 

0 

\ 

12, R=COPh 14 a,R=CH$COPh ,R’=H 

13 R=COCHj b,R=H, RkH20UlPh 

The isolation of these four compounds from Uvaria femuginea is particularly interesting 

from the view-point of cyclohexene-epoxide biosynthesis. It has been proposed3 that cyclohexene- 

epoxides arise from epoxidation of diene intermediates (ie. 5 - 81 which, in turn, are products - - 

from the ring opening of arene-oxides 14a or 14b 
3 

- -- The detection of 7 - 10 within the same plant -- 

is therefore of biosynthetic significance since it provides strong evidence for the proposed 

pathway. 
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