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Abstract-The woods of 10 species of the Podocarpaceae have variously yielded 12 phenolic diterpenoids. 
These include the FiJian members Dacrydium nidulum, Decwssocarpus uulenszs, Podocarpus nerufolius and Dacrycarpus 
zmbricatus, as well as Podocarpus gracihor, P polystachus, P. syloestrls, P. gmdloldes, Dacrydium comosum and D. 
falcforme. 

Four members of the Podocarpaceae, viz. Dacrydium 
nidulum, Decussocarpus uitienszs, Podocarpus neriifolius 
and Dacrycarpus imbricatus, constitute a valuable but 
diminishing timber resource in FiJi. Woods from these 
species have different uses which partially reflect then 
differing durabthtres. The presence of podocarptc acid 
[12-hydroxypodocarpa-8,11,13-trien-19-oic acid (la)] in 
high concentration in the heartshakes of the wood of 
Dacrydrum nidulum has been invoked to explain the high 
resistance of the timber to fungal attack [l, 23. In order to 
assess the importance of the presence of phenolic diter- 
penoids on the durability of such timbers we have 
examined extracts of the woods for such compounds. 

In addition to the Fijian species, extracts of the woods 
of Podocarpus gracllior (natural habitat: Central and East 
Africa), P. polystachus (Malaysia, Phillippmes), P. syl- 
uestrrs (New Caledonia), P. gnidioides (New Caledonia), 
Dacrydlum comosum (Malaysia) and D falciforme 
(Borneo, Philhppmes) have also been examined for the 
presence of phenolic dtterpenoids. Apart from the iso- 
lation of podocarpic acid from the heartshakes of 
Dacrydium mdulum [l, 21 previous work on these spectes 
has been confined to the leaves [3,4] and bark [S, 61 of 
Podocarpus nerzlfolius, the leaves [7] and wood [8] of P. 
gractlror, and the leaves [9] and bark [lo] of P. poly- 
stachus. Results from the current work are presented m 
Table 1. In general, compounds were isolated by CC 
and/or prep. TLC and, where possible, were identtfied by 
comparison (UV, IR, mmp, TLC) with authentic samples, 
or by conversion to a known acetate. Of the compounds 
listed, podocarpic acid (la), totarol(2a) and its derivatives 
Z(c-e) are widely distributed m members of the 
Podocarpaceae [ll]. Lamberttc acid (lb) has previously 
been isolated from Podocarpus lambertu [12] whtle 
sempervirol (4b) has hitherto only been obtained from 
members of the Cupressaceae [ 131. Pododacric acid (lc) 
has been found m Podocarpus dacrydiordes [14] and P. 

*Part LXV m the series “Chemistry of the Podocarpaceae” 
For Part LXIV see Gamble, R C , Hayward, R. C., Palmer, B D , 
Robertson, J. D, Rutledge, P S. and Woodgate, P D (1982) 
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totara [ 151 but totaryl acetate, 2b, and the monoacetate, 
Id, of pododacrtc acid have not previously been obtained 
as natural products. Identtficatton of the latter compound 
followed from the similarity of its ‘HNMR [16] and 
13C NMR spectra with those of pododacric acid and was 
confirmed by conversion to the triacetate, le. ‘%NMR 
assignments for acetate Id and some other compounds 
were greatly facthtated by applrcation of the 90-t-rso-t 
multtphctty recogmtion sequence developed by Le Cocq 
and Lallemand [17] Although implementation of 
sequences of this type normally requires the use of a 
programmable pulser unit, we have achieved the required 
tlmmgs on a Jeol FX60 instrument, equipped with a non- 
programmable PG-10 pulser unit, by usmg the standard 
inversion recovery sequence 90-t-l 80, and mtroducmg the 
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Phenohc dtterpenotds of some podocarps 1165 

additional delay between the final 180” pulse and FID C-17), 1197 (d,C-11), 127 1 &C-12), 1283 (d,C-14), 1333 (s,C- 
acquisttton by extending the delay (or deadttme) period in 8), 147 0 (s, C-9), 148 4 (s, C-12) 169 7 (s, ArOCOMe), 170 8 [s, 

the acqutsttron routme. (OCOMe),], 183 6 (s, C-19) 

Of the four FiJian woods, Dacrydrum nidulum 1s un- 
iquejy rich m the fungtstatrc podocarptc acid and, m this 
respect, shows a resemblance to D cupressrnum [lS]. At 

least some degree of fungrstatic effect would be expected 
from related drterpenotds; Table 2 summarizes the ap- 
proximate content of phenohc diterpenotds m the FiJian 
woods sampled and lists then durability to fungal attack 
when used as timbers. Undoubtedly, factors other than 
the occurrence of phenohc drterpenoids are involved m 
such a complex phenomenon as fungal attack on timber. 
Nevertheless, the data m Table 2 suggest a wider applica- 
bthty among members of the Podocarpaceae that a high 
phenohc drterpenord content implies durability agamst 
fungal attack. 

EXPERIMENTAL 

Decussocarpus vmensts (Seem ) de Laub (Podocarpus vrtiensis 

seem j (FiJIan name dakua S&SalUj The wood (8fk?gjaffordeda 

neutral fraction (6 g) and an actdtc fractton (2 8 g) A portion 

(1 8 g) of the neutral fraction was fracttonated on a Si gel column 

using C,H, as eluant A fraction, R, 0.60 9, was purified by prep 

TLC to give totarol(2a) (60 mg), mp and mmp 127-128” (UV, IR 
and ‘HNMR Identical with those of an authentic sample) A 

fraction, R, 0 2, gave 19-hydroxytotarol (2~) (lOmg), mp and 

mmp 21G-214” (UV, IR and ‘H NMR ldenttcal wtth those of an 
authenttc sample) A portion (2.Og) of the actdtc fraction was 
chromatographed on St gel using Et20-C,H, (4 1) as eluant 

Prep TLC of a fractton, R, 0.5-O 9 gave podocarpic acid (80 mg). 

mp and mmp 189-192” (correct UV and IR) and 4fi-carboxy-19- 

nortotarol(2e) (50mg) as a gum (UV, IR and ‘H NMR identical 

with those of an authentic sample); acetate, mp and mmp 

235-237”. Methylation of 2e and reduction of the product with 

LiAIH, gave 19-hydroxytotarol (correct IR and TLC) 
Mps are uncorr UV EtOH soln IR: CHCI, or CCI, ‘H NMR 

and ‘%NMR CDCI, with TMS as mt reference (phenohc 

peaks exchanged with D,O) MS were determined at 70 or 12 eV 

Extraction and work-up procedures Wood samples were drted, 

finely ground, and extracted (Soxhlet) for 24 hr wrth EtOAc 

(Fman species) or with hexane and then Et,0 Except m the cases 

of a stgmficant hexane extract, the hexane and Et,0 extracts were 

combmed. Prehmmary fracttonattons were made by dry CC on Si 

gel or by flash chromatography on Also, Prep TLC separattons 
were carried out on St gel G The phenohc compounds were 

identified as dark blue bands on a yellow background by spraymg 
plates wrth 0 l’& dtchlorofluorescem m MeOH and vrewmg 
under UV hght Concentrates from the extracts were normally 

dissolved m Et,0 and fractionated with 10 “J NaOH soln to yield 

a ‘neutral’ fraction contammg non-carboxyhc acids and an 

‘actdrc’ fraction contammg carboxyhc acrds 

Podocarpus nernfohus D Don ex Lamb var nerufohus or var 

degeneri N E Grey (Fylan name kuasl) The wood (520 g) gave a 
neutral fraction (1 6g) and an actdic fraction (3 4g) A portion 

(1 Og) of the neutral fraction was separated by prep TLC (C,H,) 

mto totarol(2a) (5 mg) (correct UV, IR and R,) and a gum which 

was acetylated and purified further by prep TLC to afford 

sempervuyl acetate (2~) (lOmg), mp 9&92”, [x]g + 50” (EtOH) 

(lit [13]92-93”,[a]t,+51”)(correctUV,IRand’HNMR[19]), 

‘%NMR S 18 9 (t,C-6), 19 3 (&C-2),21 O(q,COw,21 6(9,C- 

19),230,23 1(2 xq,C-16,C-17),25O(q,C-20),276(d,C-15),299 
(t. C-7), 33 3 (9, C-18), 33 4 (a C-4), 37 8 (s, C-lo), 38 9 (t. C-1),41 6 

(t, C-3) 50 2 (d, C-5). 121 7 (d, C-14) 122 5 (d, C-l l), 133 9 (s, C- 
12), 136 7 (s, C-9), 145 4 (s, C-8), 147 9 (s, C-13) 169.8 (s, COMe) 

MS m/z (rel mt) 328 [Ml+ (25), 313 [M-Me]+ (6), 286 [M 

-C,H,O] + (65) 271 (100) 243 (I), 215 (2), 201 (7), 189 (5), 175 (8) 

Dacrydmm mdulum de Laub bar mdulum (Fgran name yaka) 
The wood (620 g) afforded an actdtc fraction (40 g) and a neutral 

fraction (3 5g) which contained only traces of phenohc dtter- 

penotds A portion (1 5 g) of the actdtc fraction was fractionated 

on a Sr gel column using Et20-C,H, (4.1) as eluant A fractton, 

R, 0 5-09, gave podocarptc acid (la) (0 6Og), mp and mmp 
1933194” (UV and IR tdenttcal with those of an authenttc 

sample), methyl ester, mp and mmp 211” A fractton, R, 0 3-O 5, 

gave impure pododacric acid (lc) as a gum Acetylatton and prep 

TLC of the product gave a purer sample of pododacrtc acid 

triacetate (le) as a gum (20mg) (correct UV, IR, and ‘H NMR 

[15]) ‘%NMR 6 19 7 (t, C-2, C-6), 209 [q, (OCO@),], 23 1 

(9, C-20), 28 6 (q, C-18) 31 4 (t, C-7), 36 5 (d, C-15) 37 2 (t, C-3), 
38 6 (s, C-lo), 39 0 (t, C-l), 43 8 (s, C-4). 52 3 (d, C-5). 64 4 (t, C-16. 

A portion (0.6Og) of the acidic fraction was separated by 

prep. TLC (Et20C6H6, 4 1) mto (I) impure 4/I-carboxy-19- 

nortotarol(2e), which was purified as the acetate (40mg) (correct 

UV, IR and ‘H NMR), (a) macrophylhc acid (3) (lOmg), mp and 

mmp 2377239” (decomp ) (UV and IR identical with those of an 
authentic sample), and (m) pododacric acid (lc), purrfied as the 

trtacetate, le (10mg) (correct UV, IR and ‘H NMR) 
Dacrycarpus tmbrtcatus (BI de Laub var patulus de Laub 

(Fvlan name amunu) The wood (650g) gave a neutral fraction 
(2 4g) and an acidic fraction (1 1 g) A portion (1 5 g) of the 

neutral fraction was refracttonated on a Si gel column using 

C,H, as eluant A fraction, R, 0 6-O 9, was purified further by 

prep. TLC to yield totarol (2a) (2mg) as a gum (correct UV, IR 

and R,) A portion (1 0 g) of the acidic fractton was fractionated 

further on a St gel column using Et,O-C6H6 (4: 1) as eluant A 

Table 2 Durability of Fijian podocarps 

Species 

Phenohc diterpenes Durability to fungal 

(?,, of dry wt of wood) attackt 

Dacrydlum mdulum 
Podocarpus nerujohs* 
Decussocarpus vttlensls 
Dacrycarpus tmbrxatus 

3 durable 
007 durable 

0.05 moderately durable 

0001 not durable 

*Slightly anomalous data could be attrtbuted to the fact that the extraction 
was carried out on a young tree which may not have developed a full content of 
phenohc dnerpenoids 

+A Alston, Department of Forestry, Suva, personal commumcatron 
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fractton, R, 05-09, ytelded lamberttc actd (lb) (5 mg). mp 

22c225 (unrecrystalhzed) (ht [20] 24&248 , [12] 252-254’). 

(correct IRand ‘HNMR [20]) 13CNMR 61961t,C-2),21 O(f. 
C-6). 224. 22 5 (2 x q. C-16, C-17) 23 0 (\. C-20). 26 1 (d, C-15) 

2X 3 (q/Z-18), 30 7 (t C-7). 37 1 (\,C-10). 37 6 (1, C-l, C-3) 429 (\,C- 
4), 51 9 (d, C-5), Ill 1 (d, C-11). 124X (5. C-S), 125 8 (d. C-14). 

131 5 (s.C-13). 1456 (.\.C-9), 1520 (\.C-t2). 178 3 (\ C-19) MS 

tn/: (rel mt ) 316 [M] - (100). 301 [M-Me] * (9X), 298 (9), 255 
(94). 241 (Is), 199 (18) 157 (29) 147 (30) 

Podocarpus gracthor PtIyer The wood (165 g) gave an Et,0 

extract (3 3 g) whtch was separated mto a neutral fractton (1 4g) 

and an actdtc fractton (1 1 g) Prep TLC of a portton (0 64 g) of 

the neutral fractron gave totarol (2a) (40mg). mp and mmp 
126125 (correct UV and IR). and sugrol (++a) as d gum (2mg) 
whtch was purttied as the acetate. mp and mmp 155--158 (UV 

and IR tdentlcdl wtth those ofan authentrc sample) Prep TLC of 

a portton (05g) of the actdtc fractton gave 4/Gcarboxy-19- 

nortotarol(2e)asagum (7Omg)uhrch wdb purrhedas theacetate. 

mp and mmp 239-24s (correct UV and IR) 

Podocarpus polystachus R Br The wood (253 g) gave an Et,0 
extract (4 1 gl whtch was separated mto a neutral fractron (1 Og) 

and an actdtc fractton (2 6 g) Prep TLC of d portron (0 6 g) of the 

neutral fraction gave totarol(2a)as a gum (5 mg) (correct UV and 

IR) and 19-oxototarol(2d) (10 mg), mp and mmp 176 179’ (UV 
and IR tdenttcal wtth those ofan authenttc sample) Prep TLC of 

a portron (9 65 g) of the dcldlc fraction gave macrophylhc actd (3) 

(2mg). mp and mmp 23%-240 (correct UV and IR), and 4/1- 

carboxy-19-nortotarol (2e) as a gum (IOmg), whtch was purthed 

as the acetate, mp and mmp 230 235 (correct UV and IR) 

Podocarpus sylvestrts Buchhol; The wood (45Og) gave an 

Et,0 extract (0 28 g) whtch was chromatographed on alummd 

Elutton wtth C,H, Et,0 mtxtures gave. successtvely. totaryl 

acetate (2b), totarol (2a) and 19-oxototarol (2d), each (ca 5 mg) 
tdentdied by UV, IR and TLC compartson wtth authenttc 

samples Elutton wtth Et,0 gave 19-hydroxytotarol (2c), needles 
(from MeOH) (30mg), mp and mmp 229. 230 (correct UV, IR 

and’HNMR) 13CNMR 6153(C-6).191 (C-2),203(C-16,C- 

17) 25 2 (C-20). 27 2 (C-15). 28 1 (C-18), 29 0 (C-7) 37 5 (C-3). 

388(C-1)490(C-5),788(C-19),1144(C-12),1229(C-17).1310 

(C-9), 133 7 (C-8), 142 2 (C-14) 152 1 (C-13) 

Podocarpus gmdtotdes Carr The wood (64g) gave an Et,0 

extract (0 13 g) whtch was chromatographed on alumma Elutton 

wtth C,H,-Et,0 mrxtures gave, successtvely, totaryl acetate (2b). 
totarol (3a), 19-hydroxytotarol (2~) and 19.oxototarol (Zd), each 

(TV 5mg) rdentthed by UV, IR and TLC compartson wtth 
authenttc samples 

Dacrydmm comosum Corner The wood (783 g) gave a hexane 

extract (0 5 g) and an Et,0 extract (1 Og) Prep TLC ofd portton 

(0 36 g) of the hexane extract gave totarol (2a) as a gum (5 mg) 

(correct UV, IR and ‘H NMR) Prep TLC of a portton (0 50 g) of 

the Et,0 extract gave (I) pododacrtc actd (lc) as a gum (20 mg) 
whtch was purthed ds the tnacetate, lc (correct UV IR and 

‘H NMR), and (11) the C-12 monoacetate. Id, of pododacrtc actd 

as a gum (30 mg), UV I ii:” nm 228, 284, IR v mdX cm I 3690. 

3380 hr (OH), 1720 (aryl OAc). 1690 (CO,H). 1180 (OAc). 1120 
(OH), ‘“C NMR [(CD,),CO] 6208 (C-2). 22 I (C-6). 23 6 

(C-20), 290 (C-15, C-lx), 31 9 (C-7). 384 (C-10) 390 (C-l), 
40 2 (C-3). 44 2 (C-4) 46 4 (COMe), 53 5 (C-5) 64 1 (C-16 C-17) 

1135 (C-II), 126O(C-13) 1267(C-8) 1304(C-14). 1482(C-9). 

154 3 (C-12), 178 9 (OCOMe). 206 1 (C-19), MS m,z (rel mt) 

390[M]- t < 1). 348 [M-C,HzO]- (3X). 130 (551.315 (22) 299 

(100). 285 (16). 271 (31). 269 (29) 253 (13). 239 (20). 225 (21). 189 
(24) 149 (98), 131 (67) Acetyldtton gave pododacrtc actd 

trtdcetate mpdnd mmp 15X- 161 (cortect IR and ‘H NMR) MS 

m 2 (ml mt ) 474 [M] + (6). 432 ]M --C 2H10] _ (43) 414 (2). 3X6 

(l),372 (66),330(321.313(68) 312(1(K)) 297 (60).X9(9).251 (58). 
171 (19). 145 (28). 131 (45) 

Dacrydtum falctforme Ptlyt~~ The wood (746g)gave an Et,0 

extract (1 1 g) uhtch was chromdtographed on Al,O, Elutton 

wtth hexdne Et20 (1 1) gdve sug~ol (4a). whtle elutton wtth 

Et,O-MeOH (19 I) gave podocarptc actd (la). edch (c’a 5 mg) 

tdentthed by UV. IR dnd TLC‘ compartson atth duthenttc 

samples 
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