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ABSTRACT: Two new cytotoxic adjacent bis-tetrahydrofuranic acetogenins, molvizarin and motrilin, 
have been isolatedfrom the cytotoxic p&uanolic extract of Annona cherimolia seek. Their structures were 
established on the basis of ZD-NMR spectroscopic techniques. While molvizarin (1) belongs to the very 
rare type of C35 bis-tetrahydrofiranic acetogenins, nwtrilin (2) is the first example of a C-29 hydroxylated 
acetogerdn. 

INTRODUCTION 

Annona cherimolia (Annonaceae) is a tree native of tropical South America (Peru),2 now cultivated for its 

edible fruits (“cherimoya”) in a small pseudo-tropical area in the south of Spain: the “cherimoyo-vale”; this is a 

region with a moderated climate (10 to 28 “C), located between the Sierra Nevada and the Mediterranean coast in 

the province of Granada, inside the perimeter limit of the villages: Motril. Molvizar, It&o, Odvar, Jete, La 

Herradura and Almuiiecar. A. cherimolia is used in traditional medicine as an insecticide and parasiticide.3 

Aporphinic alkaloids have been isolated from the seeds4 and one of them, liriodenine, shows notable anti- 

microbial and cytotoxic activities;5 in addition, five bis-tetrahydrofuranic (bis-THF) rlactone acetogenins have 

been obtained: cherimolin, dihydrocherimolin, laherradurin, asimicin and almunequin, which exhibit potent anti- 

microbial and antiparasitic activitie$P~Q 

A new extraction of the A. cherimofia seeds led to the isolation of two novel bis-THF acetogenins 

exhibiting a cytotoxic activity: molvizann (1) and motrilin (2). 
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RESULTS AND DISCUSSION 

Screening of methanolic extract of the seeds of A. cherimolia showed cytotoxic and antiparasitic activities 

against Entamoeba histolytica, Nippostrongylus brasiliensis, Molinema dessetae and Artemia salina .7 The 

cytotoxic methanolic extract was evaporated and the residue redissolved in ethyl acetate. The AcOEt-soluble 

portion was fractionated by flash chromatography. Four bioactive adjacent bis-THF rlactone acetogenins were 

isolated, two of which are new. molvixarin (1) and motrilin (2). The other two beiig the known compounds 

rolliniastatin-2 (3)* and squamocin (4).9 

1: molvimrin 

2: RI= Rz= H, R3= OH: motrilin 

3: RI= OH, R2= R3= H: rolliniastatin-2 

4: RI= R3= H, R2= OH: squamocin 

Molvizarin (1) was obtained in an amorphous form. The molecular formula C&&a07 was determined 

by analysis of the CIMS (m/z 595. MH+), and confiied by the HRMS of its triacetate derivative (la) (MI-I+: 

m/z 721.4863, found; 721.4890. calcd. for C$tHssOtc) indicating that 1 has three hydroxyl groups. The IR 

spectrum of 1 showed characteristic absorptions of a&unsaturated y-lactone (1755 cm-t, GO) and hydroxyl 

groups (3420 cm-l, OH). The protons of 1 were assigned by analysis of the 2D homodecoupling experiment 

(COSY 45, see Table 1). Examination of the tH NMR spectrum shows the typical aspect of the adjacent bis- 

THF rlactone acetogenins, isolated from Annonaceous species. *toJt a) an o&unsaturated ~-methyl y-&tone 

system (CH3-35, H-34 and H-33); b) an ABX system corresponding to the 4-hydroxyl acetogenins clas~~~>t~ 

(H-4 and two H-3); c) two multiplets belonging to six protons on oxygen-beating carbons in an adjacent bis- 

THF moiety with the remaining two hydroxyl groups (H-13, H-14, H-17, H-18, H-21 and H-22); and d) 

multiplets of methylenic resonances and a methyl triplet, belonging to the alkyl chain, typical of the 

acetogeuins. l1 
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Figure 1. l3C NMR data (SO MHz, CDCl3, fi) of molvizarin (1); MS fragment ions of mobkarin. R=H (1) and 

molvizarin triacetate, R=Ac (la) (*). 

29 50-29.21 
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3534-241 
4379 283, 

In the 1% NMR spectrum of 1. the multiplicities of the carbon atoms were determined by SPIN ECHO 

correlated spectroscopy.14 The 2D t H-t3C heteronuclear correlation spectrum was carried out to obtain the 

relationship between the carbon atoms and their respective protons (see Table 1). The carbon resonances 

corresponding to Chydroxylated c+msaturated y-methyl y&tone moiety (Figure l), are very similar to the 

“4,15,24-trihydroxylated bis-THF acetogenins type”, for example, asimicin,12 rolliniastatin-1 15 and 

rolliniastatin-2 (3).g However, the remaining methine signals associated with oxygen bearing carbon atoms (in 

the bis-THF a,a’-dihydroxylated system), coupled to typical proton multiplets at 6 3.84 and 6 3.37, are very 

similar to those of rolliniastatin-2 (3)8, squamocin (4) (=annonin I) 9.11 and desacetyluvaricinle (relative 

configuration: three-truns-rhreo-nuns-etythro 17); but am different to those of asimicin 12 (relative configuration: 

threo-trans-three-tramthreo 17) and rolliniastatin-1 (relative configuration: three-cis-three-cis-three 15*17). In 

addition, the typical downfield shift, in the 1H NMR of molvizarin acetate (la), of the geminal protons to the 

acetoxyl groups, as well as the resonances of two acetates adjacent to bis-THF system (S 2.075 and 6 2.045). 

suggest17 that the relative configuration for 1 at these six chiral centers is: threo-tram-threo-trans-erythro. 

The MS fragmentations and the molecular formula of 1 (Figure 1) showed that molvizarin is an unusual 

C35 bis-THF acetogenin (bis-THF ylactone acetogenins contain usually ($7 carbon atoms 11); neoannonin is 

the only other example that belongs to this class. 18 The position of the adjacent bis-THF rings was confirmed by 

the cleavage at the a-positions of THF moieties: m/z 283 (base peak, C-l 3/C- 14), m/z 353 (C-17/C- 18) and mlz 

423 (C-21/C-22) and corresponding losses of Hz0 (Figure 1). Thus, molvizarin (1) is the first C35 bis-THF p 

lactone acetogenin with three hydroxyl groups in positions 4, 13 and 22. 
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Table 1. 1H NMR, 1H -1H COSY 45 and tH -13C heteronuclear correlation spectra of 1. 

___________________________________________________________________________________________~_~~~~~~~~~~~~~~~~~~~~~~~-- 

H 6 (a) Coupling in COSY-45 spectra Coupling in lH-13C spectra 
(multiplicity SPIN ECHO) 

2 
z 
6 
7-10 
11 
12 

:: 
1516 

:;: 
19,20 

9: 
23 
24 
25-29 
30 
31 
32 

:: 
35 

2.50 ddd 
2.35 dd 
3.84 m 
1.46 m 
1.36 m 
1.25 m 
1.36 m 
1.36 m 
3.37 m 
3.84 m 
1.96,1.62 m 
3.84 m 
3.84 m 
1.96,1.62 m 
3.84 m 
3.84 m 
1.36 m 
1.36 m 
1.25 m 
1.25 m 
1.25 m 
0.86 t 
7.16 d 
5.04& 
1.42 d 

H-3b (2.35), H-4 (3.84). H-33 (7.16) 
H-3a (2.50), H-4 (3.84) 
H-3a (2.50), H-3b (2.35), H-5 (1.46) 
H-4 (3.84) 

H-12 (1.36), H-14 (3.84) 
H-13 (3.37), H-15,16 (1.96, 1.62) 
H-14 (3.84), H-17 (3.84) 
H-15,16 (1.96, 1.62) 
H-19,20 (1.96, 1.62) 
H-18 (3.84), H-21 (3.84) 
H-19,20 (1.96, 1.62) 
H-23 (1.36) 
H-22 (3.84) 

H-31 (1.25) 
H-34 (5&l), H-3a (2.50) 
H-33 (7.16), CH3-35 (1.42) 
H-34 (5.04) 

33.12 (CH2) 

is.;; iEH&) 

37:25 (CH2) 
25.94 (CH2) 
29.50-29.21 (CH2) 
25.47 (CH2) 
33.00 (CH$ 
74.02 (0 
83.18 (CHj 
28.87, 28.30 (CH2) 
82.44 (CI-R 

77.87 (&I)’ 
18.97 (CH3) 

(a): J 3a-3b =: 16Hz; J 3a-4 = 3m J 3b-4 = ~Hz J 3a_33 C 1IIz; J 32_31= 7Hz. J 33-34 = 1.5%. J 34-35 I 7Hz 

The molecular formula of motrilin (2). CJ7H660r, was deduced from analysis of the CIMS of 2 (m/z 

623, MH+), as well as that of motrilin acetate (2a) (m/r 749, MH+) and confiied by HRMS of its 2,35- 

dihydrogenated derivative (2b) (MH+ m/z 625.5012, found; 625.5042, calcd. for Cs7&&). The structure of 

the bis-THF acetogenin, 2, was elucidated by two dimensional NMR spectroscopy: lH-1H COSY 45 and IH- 

13C! (see Table 2 and Figure 2). The proton resonance at 6 2.26 (2I-I) attributed to H-3, coupled with the carbon 

signal at 6 25.05, has been attributed to acetogenins not hydroxylated in position 4.9.12 The IH and 13C NMR 

shifts of the bis-THF a,a’-dihydroxylated system for 2, are very similar to those of molvizatin (l), 

rolliniastatin-2 (3) and squamocin (4); all these structures showed rhreo-rrans-rhreo-trans-eryrhro relative 

configuration. 2 presents a multiplet (1I-I) at 6 3.55 coupled with a methine carbon signal at 6 71.65, 

characteristic of a hydroxyl group in the alkyl chain, while this is also observed for squamocin (=annonin I) (4) 

&IC-OH in position 28: S 3.52 / 6 71.61), *%l* this system is absent from molvizarin (1) and rolliniastatin-2 (3). 

The only difference in 13C NMR between motrilin (2) and squamocin (4) concerns the chemical shifts of CH2- 

26 (6 25.53 for 2, and 6 21.96 for 4), and its neighbouring carbon atoms (see Figure 3); the uptield shift in the 

C-26 of 4 is due to the two g-effects of the hydroxyl-methine carbon atoms 24 and 28. 
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Figure 2. l%I! NMR data (SO MHz. CDC13.S) of motrilin (2); MS fragment ions of motrilin, R=H (2). motrilin 

triacetate. R=Ac (Za) (*) and 2.35dihydromotrilin, R=H (2b) (**). 

431.. 
291,. 411’ 

2954 W71 435c 

28.86.28.31 28.31.24.50 

L 

535*+ 5530. 
5334- 551 J 

365 [257] + 239 
407. [341], 281’ 
367,. 239** 

Figure 3.13C NMR (50 MHz, CDC13.S) of the terminal dihydroxyalkyl chain of squamocin (4). 

71.39 71.61 

The chemical shifts obtained for 2 are consistent with the hydroxyl group placed in position 29 (Figure 2). 

This hypothesis is confiied by the presence in CIMS of 2 and 2b, of a cleavage between C-29 and C-30 

(Figure 2). These results lead us to propose the structure 2 for motrilin, a bis-THF rlactone acetogenin with 

three hydroxyl groups in positions 15,24 and 29, and a relative configuration threo-tramthreo-tramerythro of 

the bis-THF a,a’-dihydroxylated system. 

Up to now the bioactive bis-THF y-lactone acetogenins have been isolated exclusively from Annonaceous 

species.” Molvizarin (l), motrilin (2), rolliniastatin-2 (3) and squamocin (4) isolated from A. cherimolia 

seeds, are aihydroxylated acetogenins with cytotoxic activities on KEt and VERO cell culture systems (E.D. 50: 

10-S to IO-5 pg/ml in KB, human nasopharyngeal carcinoma cell, and E.D. 50: 10-Z to IO-3 &ml in VERO, 

monkey epithelialoid renal cell)t9*m and to brine shrimp larvae (Artemia safina ).7 
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Table 2.tH NMB, 1H -tH COSY 45 and tH -1% heteronuclear correlation spectra of 2. 

H 8 (a) Coupling in COSY-45 spectra Coupling in lH-13C spectra 
(multiplicity SPIN ECHO) 

3 
4 
5-12 
13 
14 
15 
16 
17,18 

;; 
21,22 
23 

z 
26 
27 
28 

:z 
31 
32 

:: 
35 

2.26 t 
1.52 m 
1.26 m 
1.36 m 
1.38 m 
3.38 m 
3.85 m 
1.95,1.65 m 
3.94 m 
3.94 m 
1.95,1.65 m 
3.85 m 
3.88 m 
1.38 m 
1.34 m 
1.34 m 
1.45 m 
3.55 m 
1.45 m 
1.34 m 
1.26 m 
1.32 m 
0.89 t 
6.97 d 
4.98 dq 
1.41 d 

H-4 (1.52), H-35 (6.97) 
H-3 (2.26). H-5 (1.26) 
H-4 (1.52) 

H-15 (3.38) 
H-14 (1.38). H-16 (3.85) 
H-15 (3.38), H-17,18 (1.95J.65) 
H-16 (3.85). H-19 (3.94) 
H-17.18 (1.95.1.65) 
H-21.22 (1.95,1.65) 
H-20 (3.94). H-23 (3.85) 
H-21,22 (1.95,1.65) 
H-25 (1.38) 
H-24 (3.88) 

H-28 (1.45) 
H-27 (1.34). H-29 (3.55) 
H-28 (1.45), H-30 (1.45) 
H-29 (3.55), H-31 (1.34) 
H-30 (1.45) 

CH334 (0.89) 
H-33 (1.32) 
H-36 (4.98). H-3 (2.26) 
H-35 (6.97). CH3-37 (1.41) 
H-36 (4.98) 

25.05 (CH,) 
27.28 ( CH2) 
29.63-29.05 (CHZ) 
25.23 (CH2) 
33.09 (CH2) 

;z i:!j 
28:86, 28.31 (CI-Ii) 

f:z ::$ 
28:31, 24.50 (CH2) 
82.10 (CH) 
71.27 (CH) 
32.19(CH2) 
25.53 (CH2) 
25.94 (CH2) 
37.36 (CH2) 
71.65 (CI-I) 
37.15(CH2) 
25.53(CH$ 
31.8O(CHz) 
22.53 (CH2) 
13.94 (CH?) 
148.81 (CI?) 
77.33 (CI-I) 
19.09 (CH3) 

(a): J 3-4 = 8Hz. J 3-35 < 1Hz: J 33-34’ 7I-k J 35-36 = 1.5Hz; J 3637 = 7.5Hz 

EXPERIMENTAL 

General Methods. Optical rotations were measured with a Schmidt-Haensch Polartronic I. Uv spectra 
were obtained in BtOH on a Unicam 1800. Ir spectra were tecorded in film on a Perkin-Elmer 257. The *H- and 
13C-NMR spectra (in deuteriochloroform solution) were obtained with a Bruker AC-200 at 200 and 50 MHz, 
respectively. EIMS and CIMS (CIQ and NH3) were performed on a Nermag-Sidar, and HRMS on a Kratos 
MS-80. 

Plant material. The seeds of A.cherirnolia were obtained from fruits collected in December 1989 in 
“cherimoyo-vale”: Granada coast (Spain). A voucher specimen is deposited in the herbarium of the Department 
of Botany, University of Valencia (Spain), under the reference VP 10463. 

Exrraction and isolation. Extraction and fractionation were monitcaed by the brine shrimp test.7 The dried 
and powdered seeds of A. cherimolia (1 kg) were macerated with methanol. The cytotoxic methanolic extract 
was evaporated, and the residue (50 g) was redissolved in ethyl acetate. The bioactive ethyl acetate-soluble 
extract (25 g), fractionated by flash chromatography (elution with CH$12/AcOEt/MeOH 4:14:1), afforded four 
bioactive bis-TI-IF y-lactone acetogenins: molvixarin (100 mg, 1). motrilin (35 mg. 2), rolliniastatin-2 (300 mg, 
3) and squamocin (450 mg, 4). 
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Molvizurin (1). Mp 3638OC; CssHs207; [a]D + 9.7“ (MeOH; c 0.13); W A,,,- EtOH. nm (log e) 215 
(3.83); IR vmu film cm-l : 3420, 2920, 2845. 1755, 1460, 1315, 1195. 1055,950,750; CIMS (NI-I$: m/z: 
612 (M + NI&)+. 595 (MI-I+); CIMS (CII4), m/z: 595 (MH+), 577 (MH - H20)+, 559 (MH - 2 H20)+. 541 
(MH - 3 H20)+. 465,447,423,405.387,353,335,317, 311.283 (100 %), 265,247,241.223, 171, 141, 
see Figure 1; tH NMR: see Table 1; 13C NMR: see Figure 1 and Table 1. 

Molvizarin zriucetute (la). Treatment of 1 (10 mg) with acetic anhydride/pyridine (rt., overnight) and 
subsequent work-up gave compound la (quantitative yield) as an oil; IR v,, film cm-l : 1755,1730, HRMS, 
m/z : 721.4863 (MH+, found), 721.4890 (calcd. for C4tHbsOte); CIMS (CI-I& m/z: 721 (MH+), 661 (100 %, 
MH - AcOH)+, 601 (MH - 2AcOH)+, 541 (MH - 3AcOI-I)+, 507,465,447,437, 377, 317, 283, 223, see 
Figure 1; tH NMR s: 0.88 (3H, t, J= 7 Hz. CH3-32), 1.25-1.70 (34H. m, H-5 to -12 and H-23 to -31), 1.40 
(3H, d, J= 7 Hz, CHs-35), 1.55.1.95 (8H, 2m, H-15,16 and H-19.20), 2.025 (3H, s, OCOCH3-4), 2.045 
(3H, s, 0CGCH3-22), 2.075 (3H, s, GCOCH3-13), 2.50 (2H, m, H-3), 3.86 and 3.97 (4H, 2m, H-17,18 and 
H-14,21), 4.84 (2H, m, H-13,22), 5.00 (lH, dq, J= 7 Hz, J’= 1.5 Hz, H-34), 5.09 (lH, m, H-4), 7.07 (lH, 
d, J= 1.5 Hz, H-33). 

Motrilin (2). Mp 50-51°C, C3,Hs607; [a]o + 10.8’ (MeOH, c 0.13); UV X,,,, EtOH, nm (log e) 211 
(4.07); IR v,,, film cm-l : 3330, 2910, 2845, 1745, 1320, 1050, 945, 865, 750; CIMS (CHS, m/z: 623 
(MH+). 605 (MI-I - H20)+, 587 (MI-I - 2 H20)+. 569 (MI-I - 3 H20)+, 551.533,435,417.399,365,347,309, 
295 (100 %), 267,239,221, 187,169,151,141, see Figure 2; rH NMR: see Table 2; 1sC NMR: see Figure 2 
and Table 2. 

Motrifin rriacetute (2a). Treatment of 2 (5 mg) with acetic anhydride/pyridine (r.t., overnight) and 
subsequent work-up gave compound 2a (quantitative yield) as an oil; IR vmax film cm-1 : 1745,1730, CIMS 
(CH,), m/z: 749 (MI-I+), 689 (100 %, MH - AcOI-I)+, 629 (MI-I - 2AcOI-I)+, 569 (MH - 3AcOI-I)+; EIMS, m/z: 
551, 533, 477, 417, 407. 347, 281, 221, see Figure 2; lH NMR 6: 0.86 (3H, f, J= 7 Hz, CH3-34), 1.25-1.70 
(38I-I m. H-4 to -14; H-25 to -28; and H-30 to -33), 1.40 (3H, d, J= 6.5 Hz, CH3-37). 1.52,1.95 (8H, 2m, 
H-17,18 and H-21,22). 2.025 (3H, s, GCOCHS-29). 2.040 (3H, s. GCfXH3-24), 2.070 (3H, s, OCOCH,- 
15), 2.25 (2H, I, J= 7.5 Hz, H-3), 3.87 and 3.96 (4H, 2m, H-19,20 and H-16,23), 4.84 (3H, m, H- 
15,24,29), 4.97 (lH, dq,J= 6.5 Hz, J’= 1.2 Hz, H-36), 6.98 (lH, d, J= 1.2 Hz, H-35). 

2,33-Dihydromorrilin (2b). Motrilin (2) (5 mg) was treated in methanolic solution with 10% Pd/C and 
HZ, at room temperature and the atmospheric pressure for 2 hours to afford 2b (quantitative yield); HRMS (CI, 
CHJ, mlz : 625.5012(MH+, found), 625.5042 (calcd. for C3,H6s07); CIMS (CH& m/z: 625 (MH+), 607 
(MH - &O)+, 589 (MI-I - 2H20)+, 571 (MH - 3H@)+, 553,535,437,419,401.367,349,297 (100 %), 239, 
187, 169, 151, 141, see Figure 2; lH NMRa: 0.88 (3H, t,J= 7 Hz, CH3-34), 1.25-1.60 (4OH, m, H-4 to -14; 
H-25 to -28; H-30 to -33; and H-36), 1.41 (3H, d, J= 6.5 Hz, CH3-37), 1.59,1.95 (8H, 2m, H-17.18 and H- 
21,22), 2.40-2.63 (3H m, H-2,3), 3.38 (lH, m. H-15), 3.56 (lH, m, H-29), 3.85 (5H, m, H-16,19,20,23, 
24), 4.46 (lH, m, H-36). 
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