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NORDITERPENE DILACTONES FROM PODOCARPUS SPECIES 

She It$* and Mitsubki Kodama -- -- - - - ------ 
Department of Chemistry, Tohoku University, Aromaki Aoba, Sendai, Japan 

Chemistry o f  biological ly act ive norditerpene dilactones 

isolated from Podocarpus species are discussed with emphasis 

on the relationship between their structures and rpectrorcopic 

and other physical properties as well as their biological activities. 

Also brief ly discussed are tetranorditerpene dilactones isolated 

from a mould. 

Introduction 

The genus Podocarpus (Podocarpoceae) includes 80 species and i s  distributed i n  

tropical and subtropical area of eastern Asia and southern hemisphere. Some o f  the 

species have been the subject of rather extensive chemical investigation i n  Australia, 

Japan and New Zealand because of their urefulnerr as the bui lding material. As the 

result, various types of compounds, such as lignanr, terpenoidr and steroids, have 

been isolated and their structures determined. Diterpenoids isolated are hydrocarbons, 

phenols, or carboxylic acid which belong to the carbon skeletons of podocarpane, iso- 

pimarane, friedoisopimarane, abietane, totarane and 13a- and 13P-kaurane. Some 



representative examples follow. 

O H  

C 0 2 H  

podocarpic ac id 
(podocarpane) 

C 0 2 H  

isopimaric acid 
(isopimarane) 

rimuene 
(friedoisopimarane) 

. . . . 
ferruginol totarol (+)-kaurene 
(abietane) (totarane) (kaurane) 

Many of these compounds have been isolated only or at least mainly from species 

i n  Podocarpaceae and may have taxonomical significance. However, more characteristic 

constituents i n  this genus are the C compounds o f  dimeric totarane skeleton, although 
40 

1 2 
only two compounds, podototarin and macrophyllic acid , are presently known. 

$& / R 

podototorin: R=CH? - 
macrophyll i c  acid: R=  C O O H  
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Another feature o f  taxonomical interest in this genus was uncovered by recent studies: 

The presence of hardly-soluble norditerpene diloctoner, structures of which are closely 

related each other. By the end of 1974, 25 such compounds have been isolated. In 

addition to the chemical interest, this group of compounds became rather popular 

because many of these compounds exhibit important biological activities. The object 

of the present review i s  t o  summerize our knowledge on the chemistry o f  these lactones, 

especially spectroscopic properties, in order t o  help the future investigations i n  the 

field. 

General Structural Features 

A l l  of the 25 known lactones have the basic r ing system shown below o f  the 

Names of the lactones, their melting points, structures and plant sources are listed i n  

Tables I, II and Ill. 

The structural features common to the whole group i s  that they have 1 )  the 

degraded r ing C of totarane carbon skeleton to unsaturated 6 -lactone, 2) a Y-lactone 

between C carbon and the @-oriented hydroxyl group at C 3) two tertiary methyl 19 6'  

groups, a-methyl at C and @-methyl ot C and 4) extensively oxidized carbocyclic 4 10' 

rings A ond B with hydroxyl, epoxy and/or olefinic groups. So that a l l  of these d i -  

lactones have 19 carbons at largest and up to 9 oxygen atoms in the molecule. 



Table I. Structure of the Lactanes in Subgroup A and their Sources 

compound 
No. names 

1 sellowin C 
3 - 

4 
2 nagilactone A 

3 nagilactone C 
4 - 

4_ nagilactone D 
4 

5 hallactone A 
5 

6 nagilactone B 
4 

w 

7 inumaki- - 
lactone E 

6 

305O nag, mac 
5. 

nag, nub 
2900 re,, niv, 
d. 

hal, mac 

265-6' nag 
d. 

266-8' hol 
d. 

258-61° nag 
d. 

220-5' mac 

*I d: with decomposition, s: with sublimation 

*2 sel=P. sellowii Klotzsch, nag= P. nagi Zoll. ef Moritzi, mac=P. macrophyllus - -  - - - 

D. Don, ha\=  P. hal l i i  Kirk, nub= P. nubigena Lindley, niv= P. nivalir Hook - - - - -- 
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Table II. Structure of the Lactones i n  Subgroup B and their Sources 

compound R 
No. names m.p.*l sources*2 1 2 3 7 8 14 15 16 17 

8 compound 8 
7 

.., sel, lam H H H -0- -H H Me Me 

9 nagilactone E' 295' nag H H O H  -0- PH H Me Me 

podolide 
9 

296-8' gra H A -0- PH H Me Me 

IJ inumaki- 
10 

251 -3Od. mac -0- O H  -0- PH H Me O H  
loctone A 

. 3  
12 sellowin B 316-7Od. 

13 inumaki- - 11 
295Od. 

lactone B 

14 sellowin A 29a0d. 

12 podoloctone 291-3Od. 

16 podolactone 8'' 272-5Od. 

17 the lactone - l3 259-60' 

@ podoloctone cI4 288-90°d. 

19 p o d o l a c t o n e ~ ' ~  261-bod. - 
20 hallactone B 325-30°d. 

*I d: with decomposition 

sel, ha1 -0- 

mac, ner -0- 

sel, ha1 -0- 

ner -0- 

ner -0 - 

sal -0- 

ner -0 - 

ner A 

hal, sel -0- 

-0- 

O H  -0- 

H -0- 

H -0- 

O H  -0- 

H H H  

H -0- 

H -0- 

H -0- 

CH2=C H 

CH2=C H 

- 
0H,CH3 CH20H 

0H,CH3 CH20H 

0H,CH3 CH20H 

H,CH3 C 0 2 M e  

OH, CH3 CH2SOMe 

0H,CH3 CH2SOMe 

0H,CH3 CH2S02Me 

*2 sel= P. re l lowi i  Klotzsch, lam= P. lombertii Klotzsch, nag= P. nagi Zo l l .  et Moritzi, - -  - - -  

gra= P. gracilior, mat= P. macrophyllus D. Don, ha1 = P. ha l l i i  Kirk, - - - 
ner=P. - neriifolius D. Don, sal=P. ralignus D. Don - -  



Table Ill. Structure o f  the Lactones i n  Subgroup C and their Sources 

compound R 
N o  names m.p. *I s o ~ r c e s * ~  1 2 3 15 16 

21 nagiloctone F - 225-6' nag, sel H CH3 
mac, lam 

ponalactoneA l5 266-9Od. nak -0- OH H CH3 

23 podolactone E - l6 
261-2' ner -0- CH2=C 

nnbilactone A l 7  288-90' nub -0- OH H ~ H ~  

*1 d: with decomposition 

*2 nag=P. nagi Zoll.  et Moritzi, mac=P. macrophyllus D. Don, - -  - 
sel=P. sellowii Klotzsch, lam=P. lambertii Klotzsch, nak=P. nokaii Hay, - -  - 
nub=c. nubigena Lindley, ner=P. - neriifolius D. Don 

These dilactones con conveniently be classified in three subgroups depending on 

the part structure in 6-loctone part: i) A with a-pyrone (Table I), i i)  8 with dihydro- 

a-pyrone (Table II) and i i i )  C having dihydroa-pyrone with heteroonnularly extended 

unsaturation (Table I l l) .  Although corbocycles in there compounds ore generally exten- 

sively oxygenated, o few common features are noted. In group A with only two 

exceptions, C has P-hydroxyl group and ring A has at least one hydroxyl group. The 
7 

presence of lo,2a-oxido ring with 3P-hydroxyl group observed in this group i s  also 

common in the subgroups B and C. The more characteristic feature in the rubgroup B 

i s  almost ubiquitous appearance of 7a,80-oxido linkoge and occurrence of la,2a-oxido 
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linkage. Only in this group o double bond appears in ring A. Where CI4 i s  tetra- 

valent (subgroup B and C), HI4 has invariably P-configuration. A large variety of 

the ride chain at CI4 i s  found, although they are biogenetically related to isopropyl 

group in totarol: In subgroup A, isopropyl group i s  intact with two exceptions, while 

in groupsB and C, oxidation occurs frequently at C and CI6, and in several cases 
15 

one of the isopropyl methyls i s  missing to result in o vinyl or ethyl group. Only 

25 
1 1  

exception for this classification is inumakilactone C, , which posseses P,Y-unsaturated 

a-hydroxy- S-lactone system. In a few cases, these compounds (IJ, 2_2) hove 

6,15 
been isolated as 0-P-glucoside . 

Spectroscopic Properties 

The rather common general substitution pattern makes the structural investigation 

easy when the spectra of new compounds were compared with those already reported. 

In fact, apart from a few compounds investigated at early stage, many structure eluci- 

dations relied heavily on the previous work. The following spectral data w i l l  help the 

future study in this field. 

UV Spectra 

Only chromophor giving UV maximum originates from ring C. As shown in Table 

IV, each subgroup is easily recognizable; subgroup A by X MeOH 300-305 nm (c 5200- 
max 

5600) and its bathochromic shift in alkaline solution (A NaOH-MeOH 370 nm), subgroup 
max 



B by Amax 217-221 nm (a 7300-13500), subgroup C by Amax 257-263 nm (e 12000- 

15000) and 25 by no maximum. 

Table IV. UV Maxima of Lactones 

Subgroup Cpd No. ARoH nm (e)  Subgroup Cpd No. 
max 

AROH 
max nm ( e )  

IR Spectra 

The most characteristic features common in the IR spectra 5; the lactones are 1) 

very strong carbonyl bands due to Y-lactone (at 1760-1780 cm-I) and 6-loctone (at 

1700-1730 cm-I), and 2) a weak band due to C=C conjugated with C=O (at 1610- 

1650 cm-I). The latter two bands range, respectively, at 1685-1740 cm-I and 1620- 

1640 cm-I for subgroup A, at 1705-1733 cm-I and 1640-1650 ern-1 for subgroup 0, and 

at 1700-1720 cm-I and 1608-1643 cm-I for subgroup C. In addition to there corbonyl 

bands, strong absorptions commonly or often observed are naturally due to the C - 0  and 

OH stretching vibrations. Although shift of y-lactone carbonyl frequency upon the 

acetylation of 3P-OH was claimed to indicate the hydrogen bonding and therefore the 

4b 4b 98 10 
cis orientation o f  the two groups (for 3, , and ), this shift has to be taken 

4a as an evidence with caution, because other compounds with no hydroxyl at C-3, (2 
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12 
and, t o  some extent ), exhibit similar shifts. 1R data seem rather deviated and 

much can not be treated as a whole without further systematic study. 

NMR Spectra 

Nmr spectra of these dilactones are in principle quite informative and therefore o f  

great diagnostic value for this type of lactones, as almost a l l  carbon atoms are differ- 

ently substituted. However, many of these dilactones have poor solubility so that the 

choice of the solvent i s  l imited to pyridine or DMSO, and even i f  there solvents are 

employed some o f  the signals can not be analysed directly. Both problems can however 

be overcome by converting them to  the appropriate derivatives. In most cases, simple 

acetylation suffices. The resulted acetates are soluble i n  most organic solvents so that 

overlapped signals in a solvent can be separated by the use of another or a mixed 

solvent to al low analysis. 

Spectra thus obtained are usually spread over the range of 6 1.00 ppm and 6 

7.00 ppm and well  separated from each other so that i t  i s  not d i f f icu l t  to perform 

nmdr experiments. I t  i s  even possible nowadays to figure out the structure by simple 

inspection as the substitution pattern i n  these dilactones are well recognized. Struc- 

tural studies on many members isolated later actually depended largely on the nmr 

4 
assignment of those investigated earlier; thus spectra of nagilactones ( 2 , 3 , 2  ) and 

10 
inumakilactones (y!' 1_3 ! served as the reference i n  many cases. 

Nmr spectra o f  these dilactones are conveniently classified following the struc- 

tural types. Tables V, VI  and VII carry a l l  reported valued for original lactones 

and/or their ocetates. In the following discussion chemical shifts are referred to the 

pyridine solution i n  which the spectra of most of the natural lactones were measured. 

Nmr spectra clearly exhibit  two r inglet methyls i n  a l l  cases. The CZ0 methyl 



Table V. NMR Spectra of Lactones (Subgroup A) 

Compd No. Solv. HI H2 H3 H5 H6 H7 H1l H15 H16 H17 Mel8 Me 20 

2 
C- 

DMSO 3.79t 1.78d 4.90dd 5.15d 6.48s 3.21m 1.16d 1.18d 1.27s 1.20s 
(6) (6) ( '~~10) (10) (6) (6) 



Table VI. NMR Spectra o f  Lactoner (Subgroup 6) (numbering i s  same as in Table V) 

Cpd No. 

9-Ac ,- 

10 - 
11 - 
I 1  -Ac - 2 

12 - 

Solv. H2 3 H5 H6 H7 H1l H14 H15 H16 H17 Me 18 M e 2 ~  

CDCI3 5.00m 1.94d 4.96dd 3.98d 5.98s 4.46d 
(3.5) (1.5,3.5) (1.5) (3.5) 

CDCI3 1.84d 4.95dd 3.94d 5.99s 
(4.4) (4.4,1.6) (1.6) 

(2, 15.5) 

Py-d 3.63d 3.51dd 4.67d 2.16d 5. ]Odd 3.95d 6.78s 5.39d 5.3-6.0 1.51s 1.41s 
(4) (4,6.5) (6.5) (5.2) ( I .  2, (1 .2) (6.5) 

5.2) - 



Table VI. NMR Spectra of Lactones (Subgroup B) (continued) 

Cpd. No. Solv. H1 Hz H3 H5 H6 H7 1 H14 H16 H17 Mel8 Mezo others 

17 Py-d 3.08d 3.30m - 1.61d 4.86m 1.5-1.9 5.68d 4.23dd 1 .25d 1.40s 1.24s 3.60 
(1.9) (5.3) (2.5) (2.4, (7) (CO2Me) 

11.5) 

'2 Py-d5 3.2661 3.37m 2.21dd 1.80d 5.03dd 5.23d 6.19s 4.83s 3.39d 1.85s 1.43s 1.39s 2.66 
(4) (4,2, 1) (2,75) (5) (51 .2 )  (1. 2) (14.0) (SOMe) 

1.73dd 3.76d 
(1,151 (14.0) 

9 Py-d5 5.88d 5.75m 2.03brs 2.05d 5.06dd 5.25d 6.19s 4.89s 3.40d 1.86s 1.29s 1.15s 2.67 
(10.5) (10.5, (2H) (5) (5,1.3) (1.3) (1 3.5) (SOMe) 

3.5, 1) 3.76d 
(1 3.5) 



Table VII. NMR Spectra of Lactones (Subgroup C and lnumakilactone C) (numbering i s  same as in Table V) 

Cpd No. Solv. 
H3 H5 H6 H7 H1l H14 H16 HI7 Mel8 Mezo others 

21 - CDCI3 1.93d 5.04td 6.18dt 5.74d 4.85q 
(4.5) (2-4.5, (2,2, (2) (2) 

4.5) 4.5) 

22 DMSO 3.54d 3.43dd 4.43d 2.19d 5.07dt 6.28dt 6.14d 4.95 2.32 0.96d 1.17d 1.19s 1.46s 

2.5) 6.5) 

2_3 Py-d 3.69d 3.56dd 4.69d 2.11d 5.06m 6.24m 6.51d 5.56* 6.09* 5.48* 1.47s 1.52s 
(4.5) (4.5,6) (6) (5.5) (5.5,4,(4,1.8,(1.8) (7.6, (7.6, (0.6,10.6,1.3) 

1 1.7) 2) 0.6, 10.6, 5.53* 
0 
0 
-4 

0.7) 17.3) (0.7,17.3,1.3) 

1 2 - A c  Py-d 3.46 3.46 5.42d 2.12d 4.85 6.09 6.10d 5.24 3. 15d,q 1.38d 5 
1.53s 1.13s 3.66 

(5.1) (5) ddd ( I .  5) br. d (7,3.9) (7) (C02Me) 
(5,4,0.3) (6) 

2 - A c 4  CDC13 3.52d 3.45dd 5.47m 2.10d 4.89 6.23 6.17d 5.29 5.17m 1.34d 1.56s 1.17s 
(4) (4,6) (5) ddd ddd (1.7) ddd (6.2) 

(5,l. 7, ( I .  7, % 
(1.7, 2 

5) 1.7,5) 1.7,4) 
* computer analysis 

z 
2 
2 
.z 
2 
P 



signal usually appears at higher field than the C methyl. Other signals invariably 
18 

present at higher f ield (1.8-2. 1 ppm) i s  due to H (d, Jgt6=-5 HZ). Although protons 
5 

on ring A are unidentified in most unsubstituted cases, H and H are recognizable at 
I 2 

S 3.2-3.7 ppm(JIr2=c4 Hz) when an a-oxido linkage i s  formed between C1 and C 
2 '  

Another oxido proton H in subgroup B appears as a characteristic nallowly-spaced 
7 

doublet (Jgt7= <1.5 Hz) at somewhat lower f ield than HI and H 2  The carbinyl 

proton signal H is in the same region (J --6 Hz) but can be distinguished by its 
3 2,3- 

acetylation shift. Another carbinyl proton H in the subgroup A appears in lower f ield 
7 

(6 5.6-5.7 ppm). Magnetic anisotropy of a-pyrone ring may be responsible to the 

unusual chemical shift. Coupling constant (J -7.5-10 Hz) of this proton i s  larger 
6,7- 

than that of H 
3' 

The Y-lactone proton H in subgroups A and B appears as a quartet at S 5.0-5.2 
6 

ppm; splitting pottern differs depending on the substitution on C 7' 
H6 in subgroup A 

with 7P-OH group has larger coupling constants (J -7-10 Hz) than those (Jgr7= <1.5 
6,7- 

Hz) in subgroup B with 7a,8a-oxido group. H6 in subgroup C usually has an additional 

long-range coupling with H (J=-2 Hz). 
11 

Signal due to HI1 usually appeors at lowest field as a singlet for subgroupsA and 

B and a narrowly-spaced doublet for subgroup C. Its chemical shift also has diagnostic 

value; i t  appears at 6.7-7.3 ppm for subgroup A, and at 6.1-6.7 ppm for subgroup B, 

showing a larger anisotropic effect of a-pyrone in the former group. In subgroup C, 

HI1 appears at 6.1-6.5 ppm, but another low f ield vinyl proton (H ) with three cou- 
7 

pling constants i s  observed. H7 i s  coupled with H T 4  (J=-2 Hz) in addition to H 
6 

(J=-5 Hz) and HI (J=-2 Hz). For inumakilactone C 25, H7 also has couplings with 

Hll (J=1.7 Hz) and HI4 (J=1.7 Hz) in addition to that (J=1.5 Hz) with H6. v iny l ic  
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protons i n  r ing A appears at b 5.7-5.9 ppm, i n  between HI and other protons, and 

can be recognized without much difficulty. 

Signals due to the side-chain protons and H have t o  be analysed separately 
14 

become these are blocked by a quaternary carbon from the rest of proton sequence. 

Analysis i s  however rather straightforward. I t  i s  noted that where isopropyl group is 

present at C14, the methyl signal always appears as two sets of doublet probably due 

to the magnetic non-equivalence. Thus, nmr analysis i s  quite informative in elucidating 

structure o f  these lactones. 

One special feature of nmr used in these studies are nuclear Overhauser effect. 

The effect was observed in derivatives of a l l  types of compounds between 1) H and 
1P 

HI1 (13-25%), 2) H3, and Mel9 (10-17%) and 3) 3P-OH and Me20 (8% i n  DMSO). 

Typical examples in each subgroup are shown. 

AcO AcO 

1 



Chiroptical Properties 

In the present series of investigations, circular dichroism (CD) and optical rotatory 

dispersion (ORD) have been used effectively i n  determining conformation, and relat ive 

and absolute configurations. Strong negative Cotton effect (1'91 
259-263= - l5OOO- -22200 

Or "'262-265 
= -31700--41500) observed i n  subgroups B and C, respectively, suggests 

the conformation shown below of r ing C. ORD has been recorded also on subgroup A: 

275 
Nagilactoner A and B exhibit  positive Cotton effect (I+I~~-I~I . =+3850- +4280) 

4c 
rnm 

1 1  
lnurnakilactone C 25 shows a negative Cotton effect (1Q1225.5=-9350). 

Subgroup B Subgroup C 

The 7,8-oxido-6-one 2_6 derived from Q, showed a negative Cotton effect at 

n -n *  transitionlo, from which absolute configuration of lJ was deduced on the basis 

o f  known general ru le la  on such a-epoxy ketones &.( O A c  @ 
AcO : 0 Ac 

C02Me 
26 O 27 - 

11 
The 1,2-epoxy-3-ones derived from ib, ,541: and exhibited negative 

n-n* Cotton effects -2170- -3210, -2410- -3230). The Cotton 

effect i n  these cases does not follow the "reverse octant rule", probably due to a 

large contribution of the rest o f  the molecule. The [@I values observed are very small. 
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4c The 1-me g7 derived from 2 has a large Cotton effect -4800). 

Mass Spectrometry 

Although no systematic study on these dilactones has been appeared, fragmentation 

processes i n  subgroups A, B and C were discussed i n  the courserof the structure eluci- 

dation. In al l  cases, fragmentation seems to occur first at ring C and side chain, and 

then at Y-lactone ring. The proposed fragmentation processes are shown below. 

m/e 3 5  
(base peak) 

0 

O@&$$JH 

podolactone A m/e 304 fl m/e 269.0797 
(base peak) / calcd 269.0813 

I Y  
sellowin B m/e 301.1036 m/e 241.0849 
m/e 330.1075 calcd 301.1076 colcd 241.0864 



OH OH 

m/e 205 

rel lowin C 
19 

m/e 348 
m/e 362 
(base peak) 

X-ray Crystallography 

This powerful method was applied only to a few cases i n  this interesting group of 

compoundr. Configuration of nagilactone A (subgroup A) was established by X-ray 

4c 
analysis o f  its 3,7-diacetate . The compound has its r ing A i n  distorted chair and 

r ing B i n  distorted boat form, while r ing C i s  nearly planer. Y-Lactone ring forms 

a C (5) envelope. The structure elucidation o f  p d o l i d e  (subgroup B) heavily relied 

9 
on this technique . In this compound, the Y-lactone r ing i s  again a C (5) envelope. 

Rings A and B have slightly distorted boat conformatiot?, while the r ing C has slightly 
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distorted pseudochair conformation. X-ray study on podolactone A has also been cor- 

20 
r ied out. 

Chemical Reactions 

Since the physical methods are extensively used i n  structure elucidation, only o 

few chemical transformations have been reported on these dilactones. The functional 

groups i n  these compounds show rather unusual stobility. This may due to the solubility 

problem mentioned earlier and the stereochemical factors. In this section the reactions 

o f  the each functional group are discussed. 

Epoxy Linkages 

Epoxide rings i n  the dilactones have unusual stability toward ocids. Thus, the 

oxide i n  nogilactone C 3 i s  resistant to trif luoroacetic ocid19 However, the similar 

ring in sellowins A and B (3 and 12) war attacked b y  the same acid to give l a -  

hydroxy-2P-trifluoroocetoxy derivative 28!9 lnumakilactone A IJ ir also attacked by 

ocids (HBr, HCI and H2S04), but the products have IP-halo (or hydroxy)-2a-hydroxy 

structure 2_9! Since the r ing A i s  known to exist in twisted boat conformation which 

would al low formal diaxial opening in either case, the positional difference i n  the 

nucleophilic attack may be due to 1) rteric hindrance on P-side where nucleophile 

approaches to the cotionic center, and 2) interaction of 3P-hydroxyi group with 

nucleophile (e.g. hydrogen-bonding) or with C (e.9. decrease of the net charge) 2 
+f 

(Cf. 30). Ring A epoxide in 3 can be removed by reduction with Cr or Zn-Cu, by 



9 
which sellowin C was obtained. 6,7-Epoxide ring in subgroup B resists to the acidic 

6, I 9  
ring opening. 

Y-Lactone 

Both lactone parts in subgroup B can be opened by alkali. To open Y-lactone 

preferentially, sodium carbonate can be used in absolute methanol to result in the 

10,21 
corresponding hydroxy methyl ester 31. 

Although both lactone parts in subgroup B can be cleaved by alkali, S-lactone 

1 opens preferentially, as was witnessed by i r  spectrum (v 1760 cm- ) of pottasium salt 

LL 
of &, and reclores quantitatively upon acidification. 

In subgroup A, interesting reactions were observed for nogilactone A, 2 On 

boroh~dride reduction of its diacetate, 2 ~ i e l d e d  a doubly unsaturated chromophor, 2, 

identical with the one found in subgroup C, the reaction suggestive of the biogenesis 

of the latter group? The reaction performed on nagilactone C 3 yielded 14-epi- 

ponalactone A ! ~  The following reaction mechanism war proposed. 

OAc 
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Chromic ac id oxidation of 2 i s  also abnormal: Though 1P-OH behaves normally, 

4a 
7p-OH i s  resistant to the oxidation and rearranges t o  C 14 position giving 33 . 

Chromic acid monoester 3 was proposed to be the intermediate. 

2 -  - 

Both reactions may be caused by the steric hindrance at C8 and C, of the crucial 

intermediates. 

Side Chain 

l 4 , l 9  
Some standard reactions applied to modify side chain of the dilactones failed. 

The followings are the correlation reactions which lead to the structure elucidation of 

the newly isolated members. 

?@ (H2S02Me 
MCPBA - .;o OH 

! 0 

podolactone C hollactane B 2 



Biogenesis 

The unique and common carbon skeletons observed in this group of dilactones are 

interesting also from the biogenetic point of view. It  i s  clear that the carbon skel- 

etons are derived from totarol or totarol carboxylic acid, which appear in Podocarpus 

as congenorr. The formation of r ing C for subgroup A was suggested by Hayashi, et - 
4a 

al as shown below. - 

Totarol - 
3_5 

Hydroxylation of totarol and subsequent meta-pyrocatechase type fission would lead to 

the diketo carboxylic acid from which a-pyrone would form by further oxidative 

decarboxylation. This scheme can be extended a l i t t le further to explain the bio- 

genesis of the other subgroups. 

Hayashi's conversion of nagiloctone A diacetate (borohydride reduction ond 

4a 
chromic acid oxidation) to nagilactone F derivative 2 described earlier constitutes 

15 the correlation of subgroup A with C, although the reduction afforded 14-epi product. 

An epoxidation of the double bond in subgroup B from less-hindered side would result 

in the formation of epoxy a@-unsaturated 6-loctone, the characteristic part structure in 

subgroup B. Thus, in nature, these compounds can be envisaged to form in the order 

of subgroups A, C and B. In accord with this hypothesis, modification of the side 

chain occurs more extensively following the same order. 

Biological Activities 

Podocarpus mocrophyllur has long been known in Japan for its termite resistance. 
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Recent i n ~ e s t i g a t i o n ~ ~  disclosed that the termiticidol act ivi ty i s  entirely due to 

inumakilactone A and another unidentified compound o f  similar structure, the former 

being more active. Their activities appear very slowly (7 days after administrotion). 

P. nagi i s  easily attacked by termite. This may be due to the abundance o f  mannose - - 
and galactose in the wood?4a Nagilactane C, haliactoner A and B, podalactones A, C 

4d, 5,24b 
and E, and sellowin A are known to  be toxic to housefly larvae. 

Podolide lg i s  the first dilactone reported to have anti-tumor act iv i ty  in v ivo - -- 
against P-388 leukemia i n  mice and cytotoxici ty i n  vitro towards cells derived from -- 

9 
both human carcinoma o f  nasopharynx (KB) and P-388 murine leukemia. Recent study 

also revealed a strong cytotaxici ty and antileukemia act ivi ty o f  nagiloctones, 3, &,k 

and 2?5 A l l  of them exhibited the IC values of I O - ~ ~ M  against the cel l  
50 

culture o f  the former cells, 4 and Q being somewhat stronger. 3 and 9 are effective 

toward P-388 murine leukemia (effective dose: 20mg/kg/day). 

By far the more popular biological effect of the dilactones i s  the growth inhibi- 

12 
tory act ivi ty. After the first recognition of strong act ivi ty on podolactones , many 

of the members have been found to show strong inhibition o f  expansion and mitosis of 

plant cells. Systematic studies 
26,27 

revealed the evaluation o f  their act ivi t ies 

(Table VIII). 

As shown i n  Table ViiI, inhibitory effect o f  loctones agrees eoch other fair ly 

wel l  i n  two systems examined. Although act iv i ty  is quite different from a lactone to 

another, there appears not much difference i n  act iv i ty  between eoch subgroups. More 

characteristic feature i s  that the fewer the oxygen functions i n  the side chain, the 

stronger the activity; thus nagiloctones D and F &, z) ,  inumakilactone B (Q), and 

podolactone E (Q), are the most act ive compounds. 23 is st i l l  active (82% of 



Compd. No. 

Subgroup A 

Subgroup B 

Subgroup C 

22 
2 

Table VIII. Inhibitory Activity of Lactoner 

26 * I  
Hook segment 

27 
Avena coleoptile segment 

% of control growth at conc. of lactoner (XIO-~M) 
for 50% growth inhibition*2 

I O - ~ M  1 0 - 5 ~  IAA: 0.3 ppm IAA; 0.03 pprn 

38 0 

102 (at ~XIO-~M) inactive inactive 

*1 Etiolated dwarf peas 

*2 Competitive inhibition in indoleacetic acid (1AA)-induced elongation 
at given IAA concentrations 
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control growth) at IO-'M in hook segment test, which i s  said t o  be less sensitive than 

that with etiolated Avena coleoptile sections. More act ive compounds have the 1,2- 

epoxide ring. Although some of the simple derivatives such as acetates o f  11, 12 and 

2 are st i l l  active, almost a l l  modifications, such as hydrogenation o f  r ing C or 8, 

hydrolysis of 7-lactane (Ll), epimerization of Hlq (g) and other transformations which 

cause change i n  the conformation of ring A, result in a lowering or disappearance o f  

act ivi ty. I t  i s  particularly interesting that nagilactones A..-D (subgroup A) show pro- 

-7 -8 
moting act iv i ty  at lower concentration (10 M -  10 M), while those (2 and 2) belong 

t o  the other subgroups exhibit no such a reversal i n  activity 

Apart from these structure-activity relationship studies, a few other compounds 

ore reported to have the similar growth inhibitory act ivi ty. Those include inumaki- 

6 
lactone A 15-,L-glvcoside, ponalactone A (Q) and its 3 ,L -g l~cos ide '~  and rel lowin A 

3 (!A. 

Tetranorditeipene Dilactones from Acrostalagmus -- 
Although not of plant origin, a few metabolites isolated from unidentified 

Acrostolagmus species hove very close similarity in structure and biological act iv i ty  - 

with the dilactoner already discussed, and therefore are reviewed herein brief ly 

The compounds are called LL-Z1271a and Y and have the structures 36 and 37, 

They exhibit the characteristic spectral feotvres of subgroup C of - Podocarpus dilactoner: 

Uv maximum at 257 nm (a 13500), i r  bands ot 1775-80 cm-I, 1720-30 cm-I and CD 



4 
curve o f  -2.2~10 . Nmr spectra with two singlet methyl signals at 1 .11  ppm 

and 1.38 ppm are reported to be very similar with podocarpic acid derivatives. 

Especially revealing nmr pattern i s  as follows. 

0 
5.76 H J5,6=5.3 Hz 8: H 5.76 J6,,$ ' 6 , ~ ~ ' ~  1.0 Hz Hz 

J7,14=2.0 Hz 
H 5.07 

J7, 1.8 Hz 
0 1.93 

These two compounds were chemically correlated. 33 appears t o  exist as open 

aldehydocarboxylic acid i n  solid state (vKBr 1780, 1680 cm"). 

Biogenetically these compounds are derived from labdane type diterpene as was 

established by a t r o ~ e r e x ~ e r i m e n t ? ~  LL-Z1271p, a possible biogenetic precursor, war 

also i s ~ l a t e d ? ~  Compound 2 exhibits antifungal act iv i ty  both -- in vitro and -- in  v ivo 

27,29 
against several experimental fungal infectionz8 and significant plant growth inhibition. 

JI 
Total synthesis of these compounds has been performed by two groups. 

Concluding Remarks 

In the past 7 years, about o seventh o f  the Podocarpur species distributed on the 

earth has been investigated. In view o f  the uniformity of the carbon skeleton and 

substitution pattern, the future study w i l l  greatly be faci l i tated by the achievement in 

the part. However, continued effort i n  the future may result i n  the isolation o f  new 

members with biological as well  as chemical interest. This effort should also contri- 

bute t o  the taxonomy of this genus. 

Synthetic effort should also be worthwhile, because, excepting those from 

Acrostalagmus, none of these dilactones has been synthesized and the members with 
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simpler functionality is known to have stronger biological activities. Even synthesis of 

some simple analogs may have some practical values. 

A t  the same time, further biological study is certainly needed to evaluate use- 

fulness of this type of natural products and eventually establish their biological func- 

32 
tionr. - 

This review is dedicated to Professor T. Takemoto, Tohoku University, on the 

occasion of his retirement, with our heartful gratitude for his kind collaboration, 

suggestion and discussion in many phases of our natural product studies. in a series 

of our original studies 4b'6r lor ' I '  15'27, we had wonderful experience of collaboration 

with many able people. We take this opportunity to thank especially Professors T. 

Sakan, Y. Hayashi (both at Osaka City University), K. Nakanishi (Columbia University), 

H. Kakisawa (Tokyo Kyoiku University), Drs. T. Takahashi (Government Forest Experi- 

ment Stotion, Tokyo), M. Sunagawa (Tohoku University), M.N. Galbraith (CSIRO, 

Melbourne), J.M. Sasse (Macquarie University, Sydney) and Miss H. Honma (Tohoku 

University) for their stimulating discussion and,& experimental support. 
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