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Over ninety mono- and bis-tetrahydrofuran acetogenins have been isolated from Annonacezre species 

since the discovery by Colet of Uvaricin 1 in 1982. 213 They are characterized by the presence of cis or 

mainly trans disubstituted tetrahydrofumn rings bearing a-hydroxyl groups (which could be acetylated as 

for 1) on the side chain with a relative configuration between the two oxygenated carbons being either three 

or erythro, and a butyrolactone moiety. Most of these compounds display very promising biological 

activities (antitumoml, pesticidal, . ._) which seem to arise at least in the case of annonin4 and bullatacin~ 

from inhibition of mitocIumdrial electron transport at site I (involving NADH-ubiquinone oxido-reductase). 

Although their structures and conformations are not easily determined by NMR due to the presence of 

several similar functionalities (X-Ray analyses have only been mported for two derivative&*7 because of 

their waxy properties), extensive *H and 13C NMR studies by Hoye have pointed out useful chemical shift 

variations to their relative*~t2 and absolute9 configurations. 

1 uvaricin 

As part of a studyto**t on the enantiospecific synthesis of such acetogenins (and analogs) from 

carbohydrates we have prepamd several related bis-tetrahydrofuran diastereoisomeric intermediates which 

may be of interest for conformational analysis under different conditions (solvent, added metal salts) 

hecause key protons are easily observed. The preliminary observations are repormd below. 

We have recently published the synthesis of compounds 4 (r&o-traos-&mo) and 5 (rkeo-cis-three) 

from aldehyde 2, easily derived from diacetone-D-glucose, through epoxidationcyclization of 3-2 
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Based on the same strategy and starting from 3-E, 6 (myth-tram-~), oil, [at]~ -8 (c 1.1, 

CH2C12) and 7 (erythnks-fheu), oil, [a]~ -9 (c 0.5, CH2C12) have now been obtained. These compounds 

all have in common a three configuration between C-4 and C-5 (carbohydrate numbering) because the 5S 

alcohol is the major product of the condensation of a Gtignard reagent with 2. However 10 (Hiram- 

erytbo), oil, [a]~ +2 (c 1.1, CCb> and 11 (fhreo-cis-erythro) oil, [or]~ +3 (c 1, CCb) derived from the 

minor SRalcohol have ken prepared in the Zseries. 

2 z, / 3 \_ 4,R’=H 
5, R’=H 

10, R’=H 11, R’=H 6, R’=H 7, R’=H 
R=%o% 8, R’=Ac 9, R’= AC 

Table l.Chemical shifts of O-C-H protons for compounds 4-7 and 10-11 (CDCl3,2OOhfHz). 

(th: three, er: eqthro) 

4 5 6 7 10 11 

(&-ban+th) (W (kS+aum-&) (eNiF&%) (ii- (al-&-e@ 

H-l 5.92 5.93 5.93 5.35 6.00 5.96 

A6= +O.OI A6= -0.58 A6 = -0.04 

H-2 4.49 4.49 4.50 4.36 4.57 4.52 

A6= 0 AS= -0.14 A6= -0.05 

E-3 4.25 4.20 4.22 4.18 4.39 4.13 

A6= -0.05 A6= -0.04 A6= -0.26 

I-Id 4.07 4.06 4.04 4.01 4.08 3.92 

A6= -0.01 A6= -0.03 A6 = -0.16 

H-5 4.52 4.44 4.45 4.38 4.14 4.10 

A6= -0.08 A6 = -0.07 Ati= -0.W 

H-g 4.32 4.14 4.28 4.12 4.29 4.10 

A6= -0.18 A6= -0.16 A6 = -0.19 

H-9 5. i5 5.25 5.22 5.35 5.21 5.10 

AtS= +O.lO AS= +0.13 A6= -0.11 
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The structures of 4 and 5 have been unambiguously determined by degmdation to an aldehyde 

compared to an authentic racemic sample. to Representative 1~ NMR data for these bis-tetmhydrofuran 

compounds am listed in Table 1. A comparison of NMR data of 4/S and 6/7 allows to identify 6 as the 

erythro-trams-three isomer and 7 as the ery&n+cis-&nso one based on chemical shifts variations of specific 

protons as already noticed8~t2 Particularly the ring methine protons (H-5 and H-8) are expected to be 

more shielded in the cis isomers whatever the other eqthru or tbrco configurations are. Both pairs of 

diitereoisomers exist preferemially as rotamer B (JH++5= 4 Hz) which is favored over rotamer A 

usually observed for bis-tetrahydrofurans with a thrao relationship between the linking carbons13 (C should 

be least stable than B due to an alkyl-alkyl gauche interaction). Such a situation results obviously from 

hydrogen bonding betwen OH (C-3) and the oxygen of the second THF ring (Fig. 1). 

j$+H 4$23 !if$x #J5$?i-@H 
A B C A’ B’ C’ 

~fm I. Staggered conformations of 5s bis-tetrahydrofiuans 4-7 (A, B and C) and of 5R his- 

tetrahydrofkans 10 and 11 (A’, B’ ans C’). 

A large shielding is observed in the case of 7 for H-l (M= -0.58 ppm), associated with a smaller 

one for H-2 (AS= -0.14 ppm}, which may be explained by considering rotamer E for the erythro 

configuration between C-8 and C-9. Only in this case can the benzene ring be located above the plane of 

the carbohydrate moiety and cause anisotropic shielding of H-l and H-2 (Fig. 2). The preference for 

rotamer E over D (F beiig certainly less stable than E) has already be pointed out in the case of er@zv 

isomers with similar acyloxy substituents (Fig. 3). 14 

In order to verify the major contributions of 

rotamers B and E in the case of 7, acetylation to 9 

was carried out (similarly 6 was converted to 8), but 

H-4 and H-5 exhibit similar chemical shifts in both 

series (in CDC13, CD3COCD3 and C&) and theirs 

signals are partJy hindered by the one of H-8. 

Furthermore H-l appears at 6 5.85 ppm both for 8 

and 9 and assuming that rotamer E is still preferred, 

this result is consistent with an inversion of stability 

of rotamers B and A. 

D E F 

Figure 3. Staggered conformations 

of eqthro benxoate 7. nw=2. Conformation of 7 (R=C3H7) 

(Nemesis@, Oxford Molecular) 
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ln the SR series, the already mentioned shielding of H-5 and H-8 in the cis isomer allows to propose 

11 as the crh isomer (see Table I). A higher contribution of rotamer A’ is expected for such erybhn, bis- 

tetmhydrofuranst3 but the observed JR_4,H_5 is higher (7.5 Hz) for 11 than for 10 (4.5 Hz). Such a result 

may be explained by assuming that rotamer C’ (which allows both hydrogen bonding and a stabiliaing 

gauche interaction between the two ring oxygends) is indeed prevailing for 10 but not for 11 

due to steric interaction between the cis side chain and the tiuanose ring. 

In ~Cl~~, III NMR analysis of these ~~~~~~ ~~~~ ins variations of 

afoul depending on their relative ~fig~~s and eventually on ~~1~ hydrqlen 

bonding, the major contribution of rotamem having two oxygens in gauche interaction being worthy of 

note. 
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This may be due to the minimal interaction of the individual dipole moments of the two C-0 bonds 
like in the electrostatic theory of the anomeric effect (See: Penin, C.L.; Armstrong, K-B.; Fabian, 
M.A. 3. Am. Cirem, &c. 1994, 116,715-722 and references cited therein). 
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