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Annonacin, a novel, biologically active polyketide from Annona densicoma 
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Summary. A new linear polyketide,  A n n o n a c i n  (I), has  been isolated f rom active extracts  o f  the  s t emba rk  ofAnnona densicorna Mart .  
A n n o n a c i n  (I) is h ighly  cytotoxic  and  is active in an  assay  designed to detect  ant imi to t ic  agents .  The  s t ruc ture  o f  (I) was  de te rmined  
by analysis  o f  spectroscopic  data.  
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In  pre l iminary  screening,  extracts  o f  Annona densicoma Mart .  
(Annonaceae )  were highly  cytotoxic  to KB  cells ( h u m a n  naso-  
pha ryngea l  ca rc inoma)  and  P388 cells (mouse  leukemia)  in vitro, 
and  gave an  active response  in the  a s t r o c y t o m a  reversal  assay  ~-5. 
A large scale e thano l  ext rac t ion o f  s t e m b a r k  f rom Annona densi- 
coma followed by solvent  par t i t ioning,  c h r o m a t o g r a p h y  on  
silica and  C-18 phase  bonded  silica, and  prepara t ive  thinlayer  
c h r o m a t o g r a p h y  on  RP-2  silica yielded a low melt ing,  waxy  
solid which  was active in several  cell cu!tur  e sys tems  (1 x 10 -3 
gg /ml  in KB,  1 x 10 -s gg /ml  in P388 and  51% reversal  in the  
a s t r o c y t o m a  assay).  

The  molecu la r  weight  o f  I was de te rmined  to be 596 by bo th  
field desorp t ion  (FD)  and  fast  a t o m  b o m b a r d m e n t  (FAB)  m a s s  
spect rometry .  Chemica l  ioniza t ion m a s s  spectra  o f  bo th  the  tri- 
methyls i lyl  (TMS) (III), ob ta ined  f rom react ing I with bis(tri- 
methyls i ly l )acetamide in pyridine,  and  acetyl derivative (II), ob- 
ta ined f rom react ing wi th  acetic anhydr ide  in pyridine,  exhibi ted 
large M H  § ions for the  t e t r a -TMS derivat ive and  tetracetate,  
sugges t ing  tha t  i h ad  four  hydroxyl  groups .  Exact  mas s  mea-  
su remen t s  on  the MH-CH~- and  M H §  ions showed 
tha t  under iva t ized  I had  an  e lementa l  compos i t i on  o f  C35H640 7. 
The  infrared spec t rum con ta ined  p r o m i n e n t  abso rp t ion  at  3440 

Table 1.13C NM R (50 MHz, CDC13) of (I) and 1H NMR (470 MHz, CDCI3) of (1) and tetraacetate (ll). All signals are given in ppm down field from 

reference TMS 

13 C IH(I) IH(II) 

1 174.6 
2 131.1 

3a 22.-38 # 2.38 dddd J3a-3b = 14 Hz, J3a 4 = 8 Hz, J3a 4OH = 1 Hz, J3a-33 = 0.5 Hz 2.48 m 
3b 22 38 # 2.51 dddd J3a-3b = 14 Hz, J3b~ = 3.4 Hz, J3bmOH = 0.5 Hz, J3b-33 = 0.5 Hz 2.52 m 
4 71.6 3.81 tt J3 4 = 8 Hz, J4-5 = 4.5 Hz 5.06 tt J3m = 8 Hz, J4-5 = 4.7 Hz 
5-9 29.5 # * * 

10 69.8 3.56 m 4.82 Am 

11-14 29.5 # * * 

15 73.9A 3.38 dt J~5 16 = 11.6 Hz, J14-1s = 5.8 Hz 4.82 � 9  

16 82.611 3.77 dt J 15 t6 = 11.6 Hz, Ji6-i7 = 6.9 Hz 3.94 11m 
17-18 22--38 # 1.67 m and 1.97 m 

19 82.711 3.77 dt J19 20 = 11.6 Hz, J18-]9 = 6.9 Hz 3.94 11m 

20 74.1 A 3.38 dt J]940 = ll.6 Hz, J20 21 = 5.8 Hz 4.82 Am 
21-31 29.5 # * * 

32 14.1 0.85 t J32 31 = 6.9 Hz 0.85 t J31 32 = 7.0 Hz 
33 151.8 7.16 d J33 34 = 1.4 Hz, J33 3 = 0.5 Hz 7.06 d J33-34 = 1.4 Hz 

34 77.9 5.04 qd J3443 = 1.4 Hz, J34-35 = 6.8 Hz 4.98 qd J33 34 = 1.4 Hz, J34-35 = 6.4 Hz 
35 19.0 1.40 d J34-35 = 6.8 Hz 1.37 d J34-3s = 6.6 Hz 

~ ,  0 ,  �9 may be interchanged within the group. # 23 methylene signals occur between 6 22 and 38, with considerable overlap, at approximately the 
following positions: 22.6(1), 25.5 (3), 28.7 (2 or 3), 29.5 (many), 31.8 (1), 33.3 (3), 37.2 (2). * Signals lie within the methylene envelop at c~ 1.2-1.7. 

Table 2. Exact mass and elemental composition of TMS derivatives 

m/z of fragments Composition • MASS (amu) for homologous fragment A MASS (amu) for homologous fragment 
from derivative III of derivative IV of derivative V 

213.0961 C7HsO3(TMS) I 2 9 

271.2446 CI3H260(TMS)l 0 9 
341.2859 b CI7H3202(TMS)] 0 9 

385.2228 b CI3H1904(TMS)2 2 18 
543.3346 CIsH28Os(TMS)3 2 28 
614.3796 b C22H3506(TMS)3 2 27 

885 a C351716107(TMS)4 2 36 

b a Chemical ionization. The homologous ion is found in the mass spectrum of II. 
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cm -~ consistent with the presence of hydroxyl groups. An IR 
absorption at 1750 cm < and a UV maximum at 207 nm (e 15,390 
in isopropanol) suggested the presence of an c~,fl-unsaturated 
?-lactone. A positive Kedde test supported the presence of this 
functionality. 
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Uvaricin C39H680 7 648 H H OH OAc H 
Uvaricinone C39H660 7 646 H H -O OAc H 
Desacetyluvaricin C37H660 6 606 H H OH OH H 
Rollinicin C37H660 7 622 H H OH OH OH 
Rollinone(2,35-dihydro) C37H660 7 622 H -O OH OH H 
Asimicin C37H660 7 622 OH H OH OH H 

Figure 1. Substitution patterns of known acetogenins. 

The structure of fragment A, which contained the lactone and 
one of the hydroxyl functions, was elucidated by high resolution 
IH N M R  analysis; [7.16 (dt, 1.4 and 0.5 Hz), 5.04 (dq, 1.4 and 
6.8 Hz) and 1.40 (d, 6.8 Hz) ppm], and substantiated by 13C 
N M R  analysis (174.6, 151.8, 131.1, 77.9 and 19.0 ppm). Further  
selective IH-IH decoupling experiments linked H-33, H3a and 3b 
and H-4 and therefore established the presence of fragment A in 
l (see table 1). 

4 3 
~ - - C H i ' - C H - - C H 2 ~ C H 3  

' o/)-- d 
A 

Attempts to chemically cleave 1 by treatment with periodate or 
lead tetraacetate were unsuccessful as were attempts to obtain a 
boronate derivative, indicating the absence of a 1,2 diol system. 
The position of the other three isolated hydroxyl groups was 
disclosed by a one-proton signal at 3.56 ppm (multiplet) and a 
two-proton signal at 3.38 ppm (doublet of triplets, 11.6 and 5.8 
Hz), shifted to 4.82 ppm (multiplet, three protons) upon the 
formation of acetate | I .  This two-proton signal was linked to 
another  two-proton signal at 3.77 ppm (doublet of triplets, 11.6 
and 6.9 Hz). From further comparisons with the IH and 13C 
N M R  data of other known polyketides which have been re- 
ported from other species of Annonaceae ~176 (fig. 1), the struc- 
tures of the fragments B and C could be established. 
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Figure 2. Derivatives of annonacin analyzed by MS. 1I R = Ac 

III R = TMS 
IV R = TMS, 2,33 dihydro 
V R = TMS-d 9 

I--CH2--CH--CH2--~ 
OH 

C 

s4a (2) 
l '  [2) 

341 (0) | ~ CTH803-TM s 
T ~F.~._I OTMS I 

I (  OTMS LqL" I"12,] 11 t'n3 

271 (0) ~I 385 (2) 
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Figure 3. Diagnostic fragment ions of I l l  and IV. Numbers in parentheses 
indicated mass shifts observed for derivative IV. 
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To elucidate the placement of these subunits along the hydrocar- 
bon chain mass spectral studies were undertaken. Several deriva- 
tives o f l  were prepared and utilized in lieu of the underivatized I 
because their mass spectra were more reproducible. Figure 2 and 
table 2 list these derivatives. The measured exact masses and 
corresponding elemental composition of several key fragments 
and ions listed in table 2 are assigned to specific parts of I in 
figure 3. The ion at m/z 213 in the EI spectrum of III  increased 
by 2 gm in the spectrum of IV, the 2,33-dihydro-derivative 
produced by catalytic hydrogenation of I by 10% Pd/C in 
EtOH, providing further evidence that this fragment contained 
the lactone ring of subunit A, and that bond rupture had oc- 
curred adjacent to the hydroxyl group at C-4. The ion at m/z 
385, which also shifts by 2 pm in the spectrum of IV, indicates 
that a hydroxyl is located at C-10. The number of carbons 
between the two rings is established by the ions at m/z 543 and 
614, both of which contain the unsaturated lactone ring. The 
length of the hydrocarbon chain attached to the tetrahydrofuran 
ring is indicated by the ions at m/z 27t and 341, which do not 
increase by 2 btm in the mass spectrum of IV. Other ions in the 
mass spectrum of the TMS derivative o f l  not listed in table 2, as 
well as in homologous ions observed in the E1 spectra of 11 and 
V, the perdeuteriotrimethylsityl derivative of 1 obtained from 
treating I with bis(perdeuterotrimethylsityl)trifluoracetamide in 
pyridine, support these assignments. 
Annonacin is the first representative of a new class ofC35 polyke- 
tides in contrast to the C34 series previously found in the Anno- 
naceae 6-1~ Also I is the first member of this group with a single 
tetrahydrofuran ring system. Compounds of this type have 
shown significant cytotoxicity and are currently under evalu- 
ation as potential anticancer agents. Annonacin (I) is unique 
among this series in producing a reversal of differentiation of 
ASK (rat brain glioma) cells at sub-cytotoxic doses. This activity 
is associated with agents which bind to tubulin and in turn 
produce antimitosis. Therefore I may represent the first member 
of a new class of antimitotic agents. Further studies are under- 
way on the chemistry and pharmacology of I and related com- 
pounds. 
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Luffariellolide, an anti-inflammatory sesterterpene from the marine sponge Luffariella sp. 
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Summary. Luffariellolide (2) is a sesterterpene from the Palauan sponge Luffariella sp. that has useful anti- inflammatory 
properties. In contrast  with the irreversible action of  manoal ide (1) on phospholipase A2, luffariellolide (2) is a slightly less 
potent  but partially reversible PLA 2 inhibitor. 
Key words. Marine sponge; Lt~fariella sp.; sesterterpene; phospholipase A 2 inhibitor;  anti- inflammatory.  

Manoal ide  (1) is a sesterterpene from the marine sponge 
Luffariella variabilis 3 that  significantly reduces chemically- 
induced inflammation in vivo and irreversibly inhibits the in 
vitro hydrolysis of  phosphotidyl  choline by purified bee 
venom phospholipase A2 (PLA2) 4. Al though manoal ide (1) 
can be obtained in good yield from the natural  source and 
has been synthesized 5, we have nonetheless continued the 
search for related ant i- inflammatory agents, particularly 
those that reversibly inhibit phospholipases. Luffariellolide 
(2), isolated from a Palauan sponge Luffariella sp., is a less 
potent  but partially reversible inhibitor of  bee venom PLA2. 
The hexane extract (15.4% dry weight) of  LuJ]ariella sp. 
(85-027) contained > 90% luffariellolide (2), that was easily 
purified by medium pressure chromatography on a Lobar  
LiChroprep Si 60 column using 20 % ethyl acetate in hexane 

as eluant. Luffariellolide (2) is an optically inactive oil of  
molecular formula C25H380 3. The broad infrared bands at 
3300 and 1760 cm l, l H N M R  signals at ~ 6.01 (br s, 1 H, 
H-25) and 5.85 (br s, 1 H, H-2) and 13C N M R  signals at 
171.9 (s, C-l) ,  117.0 (d, C-2), t69.9 (s, C-3) and 99.5 (d, C-25) 
define the 7-hydroxybutenolide moiety, which has pre- 
viously been encountered in several sponge metabolites 6. The 
2,6, 6-trimethylcyclohexene terminus gave rise to the ex- 
pected 13C N M R  signals at 6 136.9 (s), 126.6 (s), 32.6 (t), 19.4 
(t), 39.5 (t), 34.8 (s), 19.7 (q), 28.5 (2xq) 5. The E-geometry of  
the two trisubstituted olefinic bonds was defined by the 13C 
N M R  signals at 3 16.0 (q) and 15.9 (q) assigned to the olefinic 
methyl groups. The remaining spectral data 7 all support the 
proposed structure for luffariellolide (2) which is a sesterter- 
penoid analog of  hydroxymokupalide,  a hexaprenoid from 


