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The Structures of Podolactones A and B, Inhibitors of Expansion and 
Division of Plant Cells 

By M. N. GALBRAITH and D. H. S. HORX 
(Division of A$filied Chemistry, C.S.I.R.O., Box 4331, G.P.O., Melbottme, Austvalia) 

and JENNETH M. SASSE and I>. ADAMSON 
(School of Biological Sciences, Macquarie Univevsity , Sydney, A ustra1ii.c) 

Stlmmury Podolactones A and B, which strongly inhibit 
expansion and mitosis of plant cells, are shown to be 
norditerpene dilactones with structures (I) and (11). 

system described by Adamson et aZ.l Further fractionation 
afforded two compounds, podolactones A and B, with activi- 
ties equal to or greater than that of abscisic acid in the above 
system. We now suggest structures (I) and (11) respectively 
for these lactones. 

Molecular formulae were established by microanalysis : 
podolactone A, (m.p. 291--293", decornp.), C,,H220, and 

A PARTIALLY purified extract of the bark of Podocarpus 
species (cf. P. ner i i fo l im)  from Northern Queensland was 
found to inhibit strongly cell expansion in the pea-segment 
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podolactone B, (m.p. 272-275”, decomp.) C1gH22Og. Both 
compounds have U.V. absorption (ethanol) at 218nm ( E  
12,500) and i.r. bands (KBr) near 1715 and 1640cm-1, 
suggesting the presence of an $-unsaturated %lactone, while 
bands near 1775 and 3500cm-l indicate y-lactone and 
hydroxy-groups. 

These data are closely similar to those for inumakil- 
actone (111) [Amax 220 nm ( E  l l , O O O ) ,  Vmax 3460, 1760, 1705, 
and 1640 cm-11, a bisnorditerpenoid dilactone isolated2 
recently from Podocarpus macroPhyllus D. Don. The n.m.r. 
data (Table) further confirm the similarity, and indicate that 

Chemical shifts (6) and coupling constants (Hz )  of proton resonances” 

Podolactone A Podolcatone B Inumakilacetone2 
1 -H 3.23(4*5) 3.59(4) 3.62 (4) 
2-H 3-36 (4.5,1,2) 3-46(4,6) 3-51 (4’6) 
SIX-H 2-17(2,15) 4.59(6) 4% 65 (6) 

5-H 1 -7 7 (5) 2*06(5) 2*13(5.5) 
6-H 5*07(5, < 1) 4*99(5, < 1) 5.08b 
7-H 5 . q  < 1) 5.23( < 1) 5.08b 
11-H 6-1 1 6.69 6-73 
14-H 4-97 5.05 4.72 

3 /3-H 1*70( 1,15) - - 

16-H 4*25( 11.5) 4.17 (1 2) I 

4*48(11*5) 4*45( 12) - 
1?-H, 1.80 1-78 1 *56 ( 1 6-H3) 
18-H 1.45 1.53 1.53 
20-H3 1.41 1.34 1.40 

* In [2H,]pyridine. 
b Chemical shifts and coupling constants unclear due to 

overlapping. The diacetate shows Js.e  5.0, J6,9 1.5 Hz. 

podolactone B and inumakilactone differ only in the nature 
of their side-chains. The side-chain structure of podo- 
lactone B follows from the presence of a pair of doublets 
(broadened by coupling with hydroxyl) centred at  8 4-17 and 
6 4.45 ( J  12 Hz), attributed to the methylene protons of a 
primary alcohol, and a three-proton methyl singlet a t  81.78. 
A sharp one-proton singlet at 85.05 is assigned to the 14- 
hydrogen. 

The structure (11) was confirmed by acetylation of podol- 
actone I3 to the 3,16-diacetate (IV), selective hydrolysis to 
the 3-acetate (V), and oxidation of (V) with sodium meta- 
periodate in aqueous ethanol, which afforded a methyl 
ketone, m.p. 210-213’ (decomp.), Amax 219 nm ( E  10,500), 
Vmax 1778,1740,1725, and 1645 cm-1. The properties of the 
latter agreed with those reported2 for the compound (VI) 
obtained from inumakilactone 3-acetate by oxidation (m.p. 
215-218” decomp., vmax 1780, 1742, 1722 and 1642 cm-l). 
The n.m.r. data for the methyl ketone in deuteriochloroform 
and deuteriopyridine were in complete agreement with the 
values given2 for (VI). 

Podolactone A has one oxygen less than podolactone B 
and on acetylation forms a monoacetate (m.p. 271-275O, 
Vmax 3500, 1780, 1730, 1715, 1640, and 126Ocm-l, three- 
proton singlet a t  8 1.93). From n.m.r. spectra podofactone 

A has no hydroxy-group at C-3. In  the spectrum of A the 
C-3 protons appear as a pair of doublets (J  15 Hz) with each 
proton weakly coupled to 2-H. The small coupling con- 
stants J2,3a and J2,3p obtained for A are in accord with 
values calculated from measurements made with Dreiding 
models, and using the modified Karplus constants suggested3 
for use with the protons adjacent to an epoxide group. The 
spectra of podolactones A and B are otherwise closely 
similar and podolactone A can be assigned structure (I). 
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The mass spectra of the podolactones do not show mole- 
cular ion peaks. The base peak in the spectrum of podol- 
actone A a t  m / e  304 (M-74) is ascribed to the product of a 
McLaff erty rearrangement4 involving the 7 , 8-epoxide, with 
loss of the side-chain (VII) . The spectrum of podolactone B 
shows a corresponding peak a t  m / e  320. 

The podolactones strongly inhibited growth of hook and 
apical segments of pea stems at  a concentration of 2.5 x 
1 0 - 5 ~ .  After 24hr. growth the increase in weight of hook 
segments as a percentage of control [= 100 f 11% (mean 
deviation)] in the presence of podolactones A and B was 
25 and 29%, respectively. No such activity has been 
reported for inumakilactone, but nagilactone CJ5 a lactone of 
related structure isolated6 from P. elatus R.Br. showed 
inhibitory activity a t  1-0 x 1 0 - 5 ~  (increase in weight 56%). 
In the presence of ( j-)-abscisic acid (2 x l O - 5 ~ )  the increase 
was 53%. Podolactone A also acted as an inhibitor of cell 
divison in the Jerusalem artichoke system.ly7 Freshly cut 
slices treated with auxin, cytokinin, and calcium chloride 
showed a mitotic frequency of 5.7% after 37 hr. and 7.0% 
after 50hr. Addition of podolactone A (2-5 x 1 0 b ~ )  
prevented mitosis until 50 hr., when the mitotic frequency 
was only 2.4%. 
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