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Abstract-Eight new and seven known labdane diterpenes were identified in the oleoresin of Artrucuritr cooki 

INTRODUCTION 

IN PURSUING our chemical study of oleoresins produced by conifers belonging to the Arau- 
curia genus, l-3 we examined the oleoresin exuded from the trunk of A. cooki. This paper 
describes the isolation from this resin of a number of bi- and tri-cyclic diterpenes with lab- 
dane, abietane and isopimarane skeletons. Some of them have been found in nature for 
the first time. 

RESULTS 

Fresh oleoresin, collected at the end of summer, was treated with cold ether. A rather 
large ether-insoluble polymeric fraction was removed by filtration. Evaporation of the eth- 
ereal solution then gave a viscous clear yellow oil which was separated into an acid frac- 
tion (66%) and a neutral fraction (34%). 

TAHL~ I. PR~PFRTIES OF ACWIC IXTERPENH 

Compounds* m.p. [aID Ref. 

7,13-Abietadien-1%oic acid 
(abietic acid) 

(la) 170-172” - 109” 4 

Methyl 15-hydroxy-8(17), E-13-labdadien-19-oate 
(methyl isocupressate) 

@a) oil f50 5 

Methyl 138-hydroxy-8(17), 14-labdadien-19-oate 
Methyl 13/j’-hydroxy-8, 14-labdadien-19-oate 
15-Acetoxy-8(17), E-13-labdadien-19-oic acid 
(acetyl-isocupressic acid) 

(3a) 
(da) 
(2b) 

oil +57” - 

oil +140” - 
oil +49” 2 

13fi-Acetoxy-8(17), 14-labdadien-19-oic acid (3b) oil + 57”. - 

* Nomenclature is according to J. W. Rowe (Forest Prod. Lab., Madison-Wisconsin), private communication. 

Chromatographic separation of the acid components led to the compounds listed in 
Table 1. 

Abietic acid (la) and the already known isocupressic acid (characterized as methyl ester 
* Part 1V in the series “Diterpenoids of the Araucariaceae”. For Part II1 see Ref. 3. After the completion of 

this work, the compounds (3a) and (4a) were described by Carman rt al. ” in a study of the oleoresin from Agathis 

rohusta. 

’ CAPUTO, R. and MANGONI, L. (1974) Phytochemistry 13,467. 
* CAPUTO. R.. DOVINOLA. V. and MANGO%. L. (1974) Phytochemistry 13, 475. 
’ CAPUTO, R., MANOONI, L. and MONACO, P. (1974) GULZ. Chim. Itul. 
4 RIJZICKA, L., STERNBACH. L. and JEGER, 0. (1941) Helu. Chim. Acta 24, 504. 
’ MANGONI. L. and BELARDINI. M. (1964) Gazz. Chim. Ital. 94, 1108. 
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(2a)) and acetyl-isocuprcssic acid (2b) were identified on the basis of the spectral properties 
and were then shown to be identical with authentic samples. T\vo further hbdroxy-acids, 
obtained as a mixture. were csterificd lvith ethereal CH,N? and then isolated as methyl 
esters (3a) and (4a) bq AgNO, silica chromatograph). 

I OR' OH 

CH,OR’ 

(1 a) R = C02H (2a) R = CO,Me; R’= H (3a) R = C02Me; R’= H (4a) R = Cope 

(lb) R=CHO (2b) R =COOH; R’=COMe (3b) R=COzH; R’=COMe (46) R = CHO 

(1~) R =CH20H (2~) R =CH,OH; R’=H (3~) R = CHO; R’= H (4~) R = CH*OH 

(3d) R = CH20H; R’= H 
(3e) R=COZH; R’=H 

((ia) R = CH20H (6 al R= CHO; I?’ = CH20H 

(6 b) R = COpMe (6 b) R = CHzOH; R’ = CO+le 

(6~) R=CO;Me; R’ = CH20H 

(6 d) R = CHzOH; R’ = CH20H 

(6 e) R = CH20Ac; R’ = CO&e 

The hydroxy ester (3a) showed IR and NMR spectra superimposable to those of methyl 
cupressate’ but had a higher optical rotation. Reduction of3a with LiAIH, led to the crystal- 
line I3-epitorulosol(3d) m.p. 1 14 -I 15 . [z],, +42.3 thus proving that the hydroxyester (3a) 
is the epimer of methyl cupressate with the C, 3S configuration. 

The NMR spectrum of the hydroxyester (4a) was identical with that of 3a in the vinyl 
region, but no further olefinic protons were present. Furthermore, it showed a 3-proton 
singlet of a vinyl methyl, thus suggesting that it was the Ax isomer of 3a. Acid rearrangement 
of4a led to the known2 hydroxyester (6~). [zjD + 124 thus proving the assigned structure. 
In this way, chirality at C,, was destroyed; since biogenetic considerations suggested 4a 
having the same C,,S configuration as 3a, this latter was submitted to isomerization with 
lithium in diaminoethane.” In fact, a reasonable yield of the isomer (4a) was obtained. 
Finally, the acetoxyacid (3b) by alkaline hydrolysis gave the acid 3e and b4 LiAlH, 
reduction 1%epitorulosol (3d). 

Our attention was now turned to the neutral fraction of the resin. which after 

chromatography, gave the compounds listed in Table 2. 
All the structures were assigned on the basis of the spectral characteristics and all the 

known substances were compared with authentic samples tither direct11 or through their 
derivatives. The crystalline diol (4~) turned out to be identical in cverq’ respect with the 
LiAIH, reduction product of the above hydrouycster (4a). The hydroxy aldehyde (3~) which 
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TAI~LI 2. PKOPIXTIES ot UI ~~THAI. tmtxm Nt.5 

Compounds m.p. Ref. 

7,13-Abietadien-I &al 
(abietinal) 
8(14), 15-Isopimaradien-18-01 
(sandaracopimaradienol) 
13fi-Hydroxy-8( 17), 14-labdadien-19-a) 
8(17), 14-Labdadiene-13fi, 19-diol 
(I 3-epitorulosol) 
13/3-Hydroxy-8. 14-labdadien-19-al 
8,14-Labdadien-13fl, 19-diol 
15-Hydroxy-8, E-l 3-labdadien-19-al 
Methyl 19-hydroxy-8, E-13-labdadien-15-oate 
8(17), E-13-Labdadiene-15, 19-diol 
(agathadiol) 

(lb) oil 

Pa) oil 

(3c) 
(3d) 

oil 
114-115’ 

(4b) 
(4C) 
@a) 

I?,’ C 

oil 
X9-91 

oil 
oil 

109 110 

-1 16 7 

-7’ 8 

+3ti” 
f42” 9 

f95” 
f76 
+ 68” 
+ 56. - 
+.?3 I 0 

wasspectrallyalmostidenticalwith torulosal” was reduced by LiAlH, to give the crystalline 
13-epitorulosol(3d). Furthermore, structures of hydroxy-aldehydes4b and 6a were assigned 
on the basis of their conversion, by LiAlH, reduction, into the diol(4c) and into the known2 
diol (6d) respectively. Finally, the hydroxy ester (6b) which was characterized as the 
crystalline acetyl derivative (6e) m.p. 58-60”, [r& + 58.4” was transformed by LiAlH, 
reduction into the diol(6d). 

The oleoresins of the Araucaria species so far examined’-3S” show a rather varied 
chemical composition. Diterpenes with labdane (or rearranged labdane)’ skeleton, however, 
are more frequent than those with pimarane or abietane skeletons. Furthermore, labdane 
resins show a marked tendency to polymerize. Such polymers are elsewhere known” to 
consist of large quantities of diterpenes like communic acid and communal, thus increasing 
the actual amounts of labdane materials present in the oleoresin. Thus the oleoresins of 
Araucaria strongly resemble those of Agarhis (also Araucariaceae) and at the same time show 
marked affinities with the resins from most genera of the Cupressaceae. 

EXPERIMENTAL 

General experimental procedures have already been described.’ The oleoresin examined was collected from 
only one plant (Botanical garden of the University in Palermo, (Italy). 

Separation of the acid components. The acid extract (22 g) was adsorbed on silica-gel (700 g, HCl washed). Elu- 
tion with petrol containing increasing percentages of Et,0 yielded 21 fractions then collected in four groups on 
the basis of TLC and spectral evidences. 

Ahictic acid (la). The crystalline fractions 3-8 (X.6 g. petrol-Et,O, 19: I) after repeated crystallizations from hex- 
ane yielded abietic acid (la) m.p. 170-172”, [r]o - 109‘ (c 1.2) identical with authentic material. 

Acetoxy acids (2b) and (3b). The oily fractions 9-16 (8.75 g, petrol-Et,O, 9: 1) were rechromatographed on 
silica-gel (250 g, HCl washed). Elution with petrol-Et,0 (19: 1) gave the pure oily 2b (3.2 g), [rlD + 49” (c 1.1) 
compared with an authentic sample. Further elution with petrol-Et,0 (93:7) then gave the oily acetoxy acid 
(3b) (5.4 g), [r& + 56.7” (c 1.7); MW 362 (MS). Alkaline hydrolysis (KOH-MeOH 10%) of 3b gave the hydroxy- 
acid 3e. LiAlH, reduction of 3b gave the crystalline 13-epitorulosol (3d) m.p. and m.m.p. 114-115”. 

~l&o,yla L,,~t(~r,~ (4a) & (3a). The fractions 17-19 (3 g. petrol-EtlO. 7: 3) were treated with excess ethereal 
CHIN2 and then adsorbed on silica-gel impregnated with AgNO, (95 g). Elution with petrol-Et,0 (17:3) yielded 

’ CHIRKOVA, M. A. (1966) Izv. Sib. Otd. Akad. Nauk. SSSR 2, 99. 
8 IRELAND, R. E. and SCHIESS, P. (1963) J. Org. Chem. 28,6. 
9 ROWE, J. W. and SHAFFE, J. W. (1967) Tetrahedron Letters 2528. 

lo ENZELL, C. (1961) Acta Chem. Scund. 15, 1303. 
I1 BRUNS, K. (1968) Tetrahedron 24, 3417. 
l2 Go~~GH. L. J. and MILLS. J. S. (1972) Nat~rrc~ 239, 527. 
I3 CARMAN. R. M.. CRAIG, W. J. and SHAW. 1. M. (1973) Atr.~rr~rliurr J. Clwrf. 26, 209. 
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the pure oily hydroxy ester(4a)(2,4g), [z]~ + 139.X (c 1.X); MW 334(MS)(Fuund: C. 75.27: I-1. 10.32. ( rlHjj02 
requires: C, 75.40; H. 10253;I). \lrnar 3530, 1725 cm- ’ ; 8 4.9 6.1 (3H. ABX’ system. vinyl protons). I.57 (3H. ,s, vmqi. 
Me). 1.29 (3H. s. C,,-Me), I.19 (3H, s. C,,-Me). 0.76 (3H. s. C,,- Me). LAH reduction of 411 gave the crystalline 
dial (4~) m.p. X9-91’. [X),, + 76 (c 1,2). Further elution with petrol-Ft,O (?: I) then gave the second hqdroxj 
ester (3a1 (05 g); [r],, + 5.7 ((, 1.7); IMW 334 (MS) (Found: C. 75.60; H. IOlh. (‘,, H311O3 requires. CT. 75.40: H 
1@2SQ. i’,,, 3540. 1725 cm ‘. NMR spectrum identical with mcth}l cupre.\sate.‘-h pure sample of(3a) rcducca . 
by LiAlH, yielded the crjstallinc J3-epitorulosol(3d) m.p. and m.m.p. 114 115 

Muhyl isoruprcwcltc~ (2a). The oily fractions 20&21 (I.1 g. petrol-EtzO. 3:7) were trcatcd with excess ethcre:il 
CHzN2 and then chromatographed on silica-gel (32 g). Elution with petrol -FtzO (7:3) gave the pure oily methy) 
isocupressate (2a) (0.95 g), [21r, + 30 (c 1.4) compared with an authentic sample. LiAIH, reduction of 2a gavt 
the crystalline agathadiol (2~) m.p. and m.m.p. 109 -1 LO 

Arid w~~rm~~me~~t of 4a. Pure hydroxy ester (4a) (200 mg) was dissolved in C‘H<.‘J, (50 ml) anti dry gaseour 
WC1 was bubbled into the soln f& 3 hr. The soln was then washed with ZN Na2C0, aq. and the organic Inyer 
evaporated to give the crude 6c (190 mg) which after purification had [%ln + 124 and was identical with nuthen~ 
tic material. 

Isomcrizafio~~ of 3a. Pure hydroxy ester (3a) (200 mg) was added to diaminoethane (IO ml) containing Li 
(300 ~4) and refluxed for 20 hr. Workup of the reaction mixture gate H crude product which after chromatogra- 
phy (slhca-gel- AgNO,; C,H,, Er,O. 9: I) afforded the pure oily (4a) (I 10 mg: 55”*, Y). [rJo + 140 identical with 
authentic material. 

Sepurutron of the rzeutr.ul eomponrnts. The neutral fraction (12.6 g) wab adsorbed on alumina (380 g: grade 111). 
C,H, eluted a less polar fraction (3.5 g) consisting of hydrocarbons (IR. NMR) and whose composition has not 
been yet investigated. Benzene with increasing percentages ofether gave -14 fractions then collected in five groups 
according to TLC and spectral evidences. 

-Jhil,ti~trl (lb) ~r~fi \or~lltrr~~(,/)r)~~~~~/~~~~~~‘,~~~// (Sa). The oil! fractions I 5 (3.5 g. c‘,H, EtzO. 19: I ) were rechroma- 
tographcd on 5Ilica-pcl (IO.5 g. petrol J,t20~ 19: Il. The first 1400 ml eluted ;~bictrnal (lb1 (I 50 mgj. [x 1,) - I 1.5.x 
(c 1.3) whose LAH reduction yielded the corl-esponding alcohol ( Ic) rrln -- 7.14 Further 7500 ml then cluted 

2 not yet Identified Isomcric alcohols of lower MW [I_72 (MS)]. Further clution with i~o() ml more of the same 
eluent gave the crude (5a) (17.50 mgj which was directly acetylated (Ac,O -Pyj. The resulting acetate. after chroma- 
tographic purification, was hjdroly/cd (KOH-MeOH. lo”,) to give the pure 011~ 1511 (1300 mgt. [rJr, - 7 Cc, 

2) identical with a sample specially prepared by LAH reduction of(%). 
H ,~tlro\-!~-~,/drh1~tlrs(Zc)tr~,d(4h)or1~ti~~~t/i~o\-~~-c,\tc,~ (hb). Fractions 0 Y ( I I g. C‘,,H, Et,O. Y: 1 ) were rechromato- 

graphed on silica-gel (32 g). Elution with petrol--Et,0 (17:3: 390 ml) gave the oil) hydroxy-aldehyde (3~) (0.4 g), 
[?I,, -i 36.3’ (c 1.4): MW 304 (MS) (Found: C. 7X.95: H. 10~50. C‘L,,H,IOI requires: c‘. 7X-X9; H. 10~59”,,). \I,,, 
3500. 17(X). 1710 cm- I. (5 97’) (I H. .A. --C‘HO). LiAIH, reduction of3c jieldcd 1.3~epitorulosol (3d) m.p. and m.m.p. 
114 1 I5 Elution with petrol ~JzfLO (41 :9 400 ml) then ga>c the second hldroxq-aldeh)de (4bj (0.32 g). [r]n i- 
95’(c 1.1); MW 304 (MS) (Found: C. 78.76; H, 1072. C,,,H,,O, requires: C. 78.89: H. J059”,~). I’,,,,, i510. 2705. .._ 
1710 cm ‘. h 9.77 (I II. \. -CHO). I-O? (3H. >. C,,,-Me):0.X:-&. \:< , ,-Me). Li:%lH, reductmn of 4b rave the 
crystalline dial (4~) m.p. X9 91 [xl,, f 76 ((, 1.2) identical with the LiAIH, reduction product of 4a. Finally. 
elution with petrol- Et,0 (4: I ; 350 ml) ga)e the crude hqcJrox\-cstcr (6b) (0.21 p) which WBS directly ucetvlated. 
The crude a&ate (6c); after chromatogiaphic purificat&. was crystalline. m.5, 5X 60 (from M&Hl. CT],, f 
5X.3 (c 1.9); MW 376 (MS) (Found: C, 73.32; H 9.61. CZ3HJhOJ requir-es: C, 73.36; H. 9.64”,). \‘mal; 1740. 
172.5 cm-‘. 6 5.71 (1 H, hr. vinyl proton). 4.09 (ZH, (1. J 11.4 HL. -CHZOAc), 3.69 (3H. .,. COOMe), I.57 (6H. 
.sz vinyl Me’s). Alkaline hydrolysis (KOH MeOH. IO”,,) of (6e) and suhscquent treatment of the crude product 
with ethereal C‘H,N? ya\c the pure OIIC hjdr-ok!cstcr (6h). [r),, + 50.2 LtAlH, rcductiotl oC6i-1 !~clded the cl->.\- 
talline dial (6d) mp. I41 I43 _ [r],, + 53 identical with authentic mnter~al. 

~~,~)~o~~,-nlrlr)n,dr, (6a) Fractions IO IS (0.3 p elutcd 1~1th C‘,,H,, Izt~O. 4: I) rcchromatogr~~plicd on silica-gel 
(log petrol Etz0.X:2)gave theo~l! h!drn~?-~lldch\dc(6a)iO,~5 p). 1~~)~) t hX (c. i-4). LiAIH, reduction of6v gave 
the crystalline diol (6dJ m.p. and m.mp. 141 13.3 

Diois (4~) urzrl (3~1). The crystalhne fractions I6 21 (0.6 g, C,,H,- !?t,O. 3: 1) after several crystalhzations from 
hexane~C,H,(7:3)gave thepuredio1(4c)((~4g)m.p. R9_91’.[r], + 76 (c 1.2); MW ?&(MS)(Found: C. 7821; 
H, 11.36. Cz0Hj40z requires: C. 7X,38; H. I 1.1X”,,). llrnsl 35SOcm -‘, (il.54 (3H. s. C,, MC). 0.98 (3H, s. C’,, ~Me). 
0.91 l3H. s. Cro ~Me) identical (m.m.p. X9’) with the LiAlH, reduction product of the hydroxc-ester (421). The 
mother liquors of crystallization of (4~) wet-e rcchromatographed on silica-gel (6 g: eluent petrols Et>O. 7:3) and 
after several crystalhzations from hcxanc--<‘,H, (7:3) yieldsd Ii-cpitorulosol (3d) m.p. i 14 I I5 [rlo + 42.3’ 
(c 1.3) identical with authentic material. 

Aguthndiol (2~,). The crystalline fractions 27-24 (100 mg, C,H,-EtlO. 1 : I ) after repeated crystallinttions frotn 
MeOH gave the pure agathadiol (2~) m.p I09 -1 10 . [XI” + 31 (r, 1.4) identrcal with authentic material. 
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