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- Using cytotoxicity as a bioassay guide led lo the isolation of a new aclive 

acetogenin from the seed of *. Murisolin. l. is the first example of a 

mono-tetrahydrofuran-y-lactone acelogenin with only three hydroxyl groups. Its suucture 

was chmcterised by mass SpectromeVy and2D homonuclear and h e m u c l e a r  correlations 

nmr spectroscopy. The relative stereocherni~&~ of four of its six chiral centers was 

eslablished by I ~ - n m r  comparative spectral studies between the murisolin triacetaa and 

some bislctrahydmfuran acelogenin acetales. 

Annona muriciua (Annonaceae) is a fruit tree originating fmm cenual America. It is cultivated for its fruit (corossol. 

guanabana, soursop) in tropical and subtropical areas. The crude methanolic exmct of seeds was biologically polenl in 

brine shrimp tcsll and "crown gall ~ m o r " ?  Through fractionaling with solvenu (petroleum ether, methylcnc chloride 

and methanol) monitored by bioassay, followed by several steps of purification of the active extracl @etrolcum ether) 

involving column and thin layer chromatographies, led lo muris0lin.L a new acelogcnin. Murisolin is the third 

rcprescnlative of mono-teuahydrofuranic fatty y-lactone after annonacin from &na densicoma3 and goniothalamicin 

frorn Foniotholamus ~i-.~ ~ur i so l in  is cytotoxic to different cell culture systems (E.D.50 < 10.l p g h l  in 

VERO and E.D.50 < 10-3 pglml in KB) and to brine shrimp (D.L.50= 2 ppm). Several bioaclive bisleuahydroluran- 

y-lactone acetogenins5-" have also been isolated exclusively from the Annonaceae species and recently annonacinone; 

isolalcd frorn Annona densicm,18 and bullalalicin isolated from -,I9 have been described. 

Murisolin, 1, was isolated Crom petroleum ether extract of the seeds of Annona m w .  It has been obwined in an 

amorphous swtc. The molecular formula, C35Ha06 has been determined by high resolution mass spectromelry (MH+: 

581.4702), and confirmed by mass specvometry of its acetate derivative. 



l i e  I .  l ~ l - ~ m r .  400 MHz Bmker (CDC13) of murisolin, t R= H. and rnurisolio uiaccwie, 2 R= Ac (in 
parcnthesis). Coupling constants (1. Hz): J34-35= 7: 133-34' 1.6: 13a-33 <I: 13b.33 <I; 13a.3b= 15: 

J3,4= 8; 13b4'3; 132.31' 7. (a) : multiple1 signal for 2 %  6 1.48-1.65. 
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The presence o l  lhree hydroxyl groups in murisolin, 1. was suggested by the formation of a uiacewa. 2. This was 

supported in the i n f d  specmum o f 1  by a prominent hydroxyl absorption at 3425 cm-I: and h e  urbonyl absorption 

at 1740 cm-I suggested an a$-unsaturated y-lactone, which was confmcd by the positive response to Kcdde's 

r ~ a g e n l . ~ - I ~  The initial IH and 13~-nmr spectra of 1 (Figures 1 and 2) were similar lo previous mono-lemhydrofunn 

acetogcnins.3A The assignment of the l ~ - n m r  rpecuum of 1 was based on ihe IH-IH COSY .The I3c-nmr spccuum 

was assigned through the SPIN EcHO~O experiment and 2D lH-I3C correlation. The 400 MHz l ~ - n m r  speclrum o i l  

(analysis of the IH-IH COSY specmum), showedrcsonanas at 6 7.19 (d. IH), 5.03 (dq. IH) and 1.39 (d. 3H) amibutcd 

lo H-33, H-34 and CH3-35 of an a~-~nsa tmted~ lac tone? - '~  five protons on urbons bearing oxygcns at 6 3.76 (m, 

3H) and 3.38 (m. 2H); an ABX system a t 6  3.76.2.48 and 2.36. characteristic of the presence of an hydroxyl group at 

C-4 as in asimicinI0 and other a ~ e t o g e n i n s . ~ . ~ . ~ ~ . ~ ~ - ~ 9  The position of this hydroxyl group is confirmed by (he 

presence of an allylic coupling, in IH-IH correlation, between H-33 (67.19) and H-3a.3b (6 2.48 and 2.36). A long 

alkyl chain was indicated by a triplet signal a t 6  0.84 (CH3-32) coupled wilh a broad intense signal at 6 1.24 which 

iuclf was also coupled with muluplel signals al 6 1.26-1.4,. Finaliy. two multiple1 resonances at 6 1.63 and 1.95 

(CH2-17 and CH2-18) coupled with the multiple1 at 6 3.76 (Figure 1). These assignments were confirmed in the 

13~.nmr spectrum (Figure 2). The SPIN E C H O ~ O  specmum distinguished four methin? signals at S 82.7 (2C). 78.1 

(IC). 74.2 (2C) and 70.0 (IC) associated with o x y g e n ~ ~ d  carbons. The analysis of the 2D I H - I ~ c  heteronuclcar 

correlation specua furlher indicated that the pmlon-34 at S 5.03 is coupled lo laclone methine carbon at 6 78.1; the 

signal at 6 70.0 coupled lo muhiplet at 6 3.76. is attributed lo ihc oxygen-bearing carbon c.4:I0 and the resonances at 6 

82.7 and 74.2 coupled to multiplets at 63.76 and 3.38. respectively, indicated that the hydroxyl groups on C-15 and 

'2-20 and the levahydrofuran oxygen bearing carbons C-16 and C-19 are equivalent scls Figure 2). The downlicld shift. 

in the IH-nmr of the murisolin LriacetaL 2 (Figure 1) of the signals for H-4 (6 3.76 lo 6 5.1 1) and H-15.20 (6 3.38 to 

6 4.85). suppomd these assignmenu. 

The presence o l e  hydroxyl group in position 4 was definitely c~lfirmed by the conversion of murisolin 1 lo the isomer 

34-0x0 saturated y-lactonc, isomurisolin. 3 (see Figure 3).16.18 

Figure 3. Conversion of murisolin. 1, to isomurisolin, 

35 

a) KOHR-C,HoOH 

b) HCI 



The ms fragmentation pattern of 1 (Figure 4). supported the presence of a single tetrahydrofuran moiety and three 

hydroxyl groups. The positions of the hydroxyl groups beta to the y-laclone (C-4) and alpha to the terrahydrofuran ring 

(C-I5 and C-20) wereconfirmed by the cleavage of h e  C-4IC-5, C-15K-16 and C-19K-7.0 bonds. 

Figure 4. Ms fragment ions of 1. 

~ n n o n a c i n , ~  goniothalamicin4 and murisolin, l, were found to possess a single : tetrahydrofuran ring ; md contain only 

35 carbons (bistetrahydrofuran y-lactones contain characteristically 37  carbon^^-'^.'^). However, annonacin and 

goniothalamicin are lewahydroxy isomer smcmes  (molecular weight 596)?.4 while murisolin (molecular weight 580) 

is the first uihydmxylated acetogenin with single tetrahydrofm system. 

Rcccnlly. Hoye deduced the relative configuration of bisterrahydrofuran-y-lactone by comparing the I ~ - n m r  signals of 

acetate derivatives with those of bis-tetrahydrofuran '"dibutylated diacetate" m ~ d e l s . ~ ~ . ~ ~  Although murisolin. 1, is 

mono-tcuahydrofuranic, the chemical shifts in l ~ - n m r  of murisolin triacetate, 2, of the chiral centers on the 

tctrahydrofuran system and its two adjacent acetoxy bearing carbons showed similar shifts as dibutylated diacewte 

bis-tetrahydrofumn rhreo, rram, eryrhro, trans, rhreo or rhreo, trans, rhreo, trans. rhreoF2 as well as asimicin acetate 

(rhreo, rrans, rhreo, rrans, r h r e ~ ) . ~ '  This suggested that the configuration of 2 is probably rhreo. rrans, rhreo (Figure 5). 

The 'H and 13c-nmr shifts for murisolm hacctate, 2 and murisolin, 1. are very similar to those of asimicin triacctatc 

and asimicin, but are different to those of rolliniastatin 1 oiacetate and rolliniastatin 1; these observations suggested that 

1 is also pseudosymmcuical about the midpoint of the terrahydrofuran system.121n addition, the identical shifts of 

C-15lC-20 and C-16lC-19 for murisolin and the corresponding carbon pairs for asimicin supponed this configuration 

(F1gwe 5). 
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Ficure 5. IH and I 3 c  Nmr assignments and relative stereochemistry of mlliniastalin 1,12.21 a ~ i m i c i n e ' ~  and - 
murisolin, 1. 
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EXPERIMENTAL 

General Experimenlal Procedures. Optical mtation determinations were made on a Schmidt-Haensch Polarvonic 

I. Uv specva were recorded using a Unicam 1800 specfrophotometer. Ir spectra were obtained using a Perkin-Elmer 257. 

The IH and I3c-nmr spectra (tetramethylsilane as reference standard in deuteriochloroform solution) were obtained with 

a Bruker AM-400 spcclrophotometer. Eims and cims (CHq and NH3) were performed on a Nermag-Sidar. 

Plant material. Seeds of A. were collected m Cayenne in French Guiana. A voucher specimen is deposited 

in the herbaria of the Ccnvc ORSTOM of Cayenne under reference HJ 2395. 

nioassays. The extracts were evaluated for lethality to brine shrimp larvae Anemia (I) and for inhibition of 

"crown gall lumor" on powto discs (2). Cytotoxicity was evaluated at the Laboraloire de Virologie-lmmunologie. 

Chjtenay-Malabry using standard protocols for KB (human nasopharyngeal carcinoma cell) and VERO (monkey 

epithelialoid renal cell). 

Extraction and isolation of murisolin, L The pulverized seeds of A, ((860 g) were extracted in Soxhlct 

(23 h) successively with petroleum ether (3 I), dichloromethane (3 1) and methanol (3 1). The active pevoleum ether 

extract was partially evaporated. The concentrated extract was filtrated to give 2.1 g of a white precipiute (A) and a 

filtr~le; this filtrate was evaporated to give 175 g of oil, which was extracted with methanol. The merhanolic solution 



was concenmted lo give 8.3 g of solid exmct (B). A and B give positive response Io sQunsatwated y-lactone reagenu. 

1.5 g of A werc furlher separated by column chromatography on ilc silica gel (60H. Mcrck 7736). Elution wilh 

CH2C12/AcOEl (4:6) gave murisolin. 1, (80 mg) in the firs1 Fractions. 1 was obtained in amorphous state. Rf 0.38 

(CH2CI2/AcOEI/McOH 20:70:5); [ a l ~  + 14.8' (c= 0.1. MeOH); uv Zmax, EtOH. nm (log E): 212 (3.87); ir v max 

(film): 3425,2910,2840, 1740, 1470,1315.1195,1115. 1070,1M5.P55,845,730.715 cm-I; hrms. mh: (MH+): 

581.4702 (found), 581.4780 (CalcdXor C35H640d; cims (NHx), mh: 598 (M + NH4)+, 581 (MH+); cims (CH4), 

mh: 581 (MH'), 563 (MH - H20)+, 545 (MH - 2H20)+, 527 (MH - 3H20)+, see Figure 4: l ~ - n m r  (400 MHz) and 

l3c-nrnr (100 MHz), seeFigures 1 and 2. 

Murisolin triacetste, 1 2 0  mg of 1 was Oissolved in 0.1 ml of anhydrous pyridine and the mixturc was stirred 

overnight wilh 0.4 ml of acetic anhydride at room templure. 2 was quantitatively obtained as an oil. C41H7009; u v 

max (film): 2920.2850, 1740. 1730. 1455. 1370. 1240. 1070. 1025.720 cm-l; cims (CHq), mlz: 707 (MH+). 647 

(MH - AcOH)+. 587 (MH - 2 AcOH)+. 527 (MH - 3 AcOH)+, 465 (C-l91C-20 cleavage.), 405. 345. 31 1 (C-15IC-16 

cleavagc), 269,251, 141; ~H-NI I~  (400 MHz) and 13~-nmr (100 MHz)), see Figures 1 and 2. 

Isomurisolin, Murisolin, 1(19 mg) was treated with 2% KOH in I-BuOH (1.8 ml) at room temperalure for 24 h: 

the solution was acidified with 10 % HCI, and panitioned between CH2C1f120. The major product (45 %) in organic 

exvact is lhe 34-0x0 stunted y-lactonc. & CJ5H6406; irv max (film): 3450.2910, 2840. 1765, 1715, 1470. 1415. 

1355, 1305, 1270, 1190, 1070,965,755,720 cm-l; cims (CHq), mlz: 581 (MH+), 563 (MH - H20)+, 545 (MH - 

2H20)+. 381 (C-19lC-20 cleavage). 363, 345.311 (C-15lC-16 cleavage). 293. 199. 141; 'H-nmr, CDC13. 6: 0.85 

(3H, 1, I= 7 Hz, CH3- 32), 1.25-1.45 (42H. m. H- 5-14 and H- 21-31). 1.98, 1.66 (4H. 2m, H- 17 and H- 18). 1.98 

(IH. m, H- 3b). 2.20 (3H, s, CHJ- 35). 2.52 (IH, m. H- 3a), 2.62 (IH. m. H- 33a). 3.03 (ZH, m, H- 2 and H- 33b). 

3.39 (2H. m, H- 15 and H- 20), 3.78 (2H, m, H- 16 and H- 19), 4.37 (lH, m. H- 4); I3c-nmr, CDC13. 6: 205.6 (C- 

34). 178.3 (C-I), 82.6 (C- 16 and C- 19). 79.3 (C- 4). 74.0 (C- 15 and C- 20). 43.8 (C-33). 36.6 (C-2). 35.5-25.2 (C-3. 

C- 5-14 and C- 21-29). 31.9 (C-30), 30.0 (C-35). 22.6 (C-31). 14.1 (C-32). 
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