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Abstract-Sitosterol and the following terpenic compounds have been isolated from the bark of Podocarpus lam- 
hrrtius: 3a-hydroxytotarol, 4h-carboxynortotarol. and macrophyllic and lambertic acids. The leaves yielded sit- 
osterol, stigmastan-3/?,5r-dial-6-one. isopimaric acid, phyllocladene, isophyllocladene, 8,9-abieten-15-01 and 17- 
isophyllocladenol 

INTRODUCTION 

Podocarpus lamhertius, commonly known as pin- 
heiro bravo [I], is one of two Brazilian species of 
the genus Podocarpus and a tree widely distributed 
throughout southern Brazil. In continuation of our 
chemical studies of podocarps [2] an investigation 
of the terpenic constituents of P. lambertius bark 
and leaves was undertaken. 

RESULTS AND DISCUSSION 

Three bark constituents were identified as sitos- 
terol, 4/?-carboxynortotarol (1) [3-S] and macro- 
phyllic acid (2) [7,9, lo], while the remaining sub- 
stances CZoH,,O, and CZ0HZ803 required full 
structural analysis. 

(1) (2) 

The IR spectrum of the compound C20H3002 
revealed an aromatic ring and hydroxy groups and 
the facile transformation into a diacetate con- 

* Present address: Department of Chemistry, Rice Univer- 
sity, Houston, Texas 77001, U.S.A. 

firmed the presence of two hydroxy functions. The 
PMR spectrum of the diol in CDCl, showed two 
aromatic one-proton doublets at 6.50 and 6.96 
ppm with J-values of 9 Hz each, which moved to 
7.05 and 7.15 ppm in deuteriopyridine, indicating 
two vicinal aromatic hydrogens one of which was 
ortho to a phenolic hydroxy group [l 11. The pre- 
sence of an isopropyl group on the benzene ring 
Cl.3 1 ppm (d, 3, J 7 Hz, Me), 1.33 (d, 3, J 7 Hz, Me), 
3.28 (m, 1, CH)] and its vicinality to the hydroxy 
function was indicated by the deuteriopyridine 
shift ( 1.67-Me, 1.71-Me, 3.5hCH). These 
observations indicated a totarol skeleton or its 
biogenetically less likely 11 -isopropyl- 12-hydroxy 
isomer. The PMR spectrum exhibited also a one- 
proton doublet of doublets at 3.28 ppm (J 10, 7 
Hz), indicative of a set-hydroxy group adjacent to 
a quaternary carbon center. The high-field pos- 
ition of the oxymethine indicated its equatorial 
nature [ 12,131. The strong deuteriopyridine shift 
exerted not only on the oxymethine (3.284 3.50 
ppm) but also on two methyl singlets (0.87-+ 1.14, 
1.05+ 1.32 ppm) and only a minor shift (A6 011 
ppm) on the remaining methyl singlet suggested a 
3b-hydroxytotarol (3) relationship. The diol 3 
had been reported as a product of borohydride 
reduction [ 141 of the naturally occurring 3-totaro- 
lone [ 151 and its MS was recorded [ 141. Compari- 
son of the highly characteristic fragmentation pat- 
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tern and the other physical properties of an auth- 

entic specimen [16] with those of the C2,)H3~,02 
product showed the compound to be 3/Ghqdroxq.- 
totarol (3). 

(40) R =H 

(ah) R = CO,ti 

The C2,,H,,03 substance. herewith named latn- 
bet-tic acid, showed IR absorption bands charac- 
tcristic of hydroxq. cat-boxy and arctic units. Its 
PMR spectrum in CDCI, solution rcvealud t\\o 
arotnatic hydrogen singlets at 6.59 and 6.79 pptn 
which shifted to 7.21 and 7.0X ppm in dcuteriop>ri- 

.dine [I I]. indicaticc of a I.-1.S-tt-ialk~latod phenol 
moiety. The prcsencc of an isopropyl group was 

shown by two methyl doublets at I.20 (.I 7 HI) and 
I.22 ppm (J 7 H7) and a methinc scptei at 3% pprn 
(J 7 H7) and its orflzo relationship with the phcno- 
lit hydroxl group indicated by tho douteriop)ri- 
dine shift I 1.35. I.35 and 3.64 pptn. rcspcctively). 
These facts suggested that latnbcrtic acid possessed 
an environment surrounding the aromatic ring 
reminiscent of ferruginol (4). Besides the mcth>l 
groups of the isopropyl function t\vo tncth)l 
singlets (IO.3 and 1.2X ppm) appeared in the PMR 
spectrum and were displaced to a single punk at 
1.38 pptn in deuteriopyridinc. On the basis of a fcr- 
ruginol skeleton this implies the rcplacotncnt 01” 
one of the C(4) or C( IO) methyl groups b) ;I car- 
boxy function and, more speciticallq. Ihi: introduc- 
tion of a carboxy group spatially proxitnatc to 
both remaining tncthyl groups. i.e. a l/i-carbox~ 

function [ 171. The idcntitl of the MS frag- 
mentation pattern of the non-aromatic portion of 
lambertic acid with that of 4/1-carboa> nortotarol 
(1) showed the new compound to bc I%isopropyl- 
podocarpic acid ( = 4P-carbox\,norferr~tgi~l~~l) (4) 
Cl0 

An exhaustive study of the MS fragtncntntion of 
tricyclic, aromatic diterpcncs of ring A and B low 
oxidation level has shown that two primary frag- 
mentation patterns involve the productiotl of M ’ - 
43 and M ~ - 15 ions (5 and 6, respccti\zl! ) and that 

the latter undcrgocs further cxtensivc frag- 
mcntation [ lc).N]. MS analysis ofpodocarpic acid 
(7;~). dehydroabictic acid (71~). 1 atid 413 rc~~alcd 
that the introduction of ;I carbox!1 group at (‘(4) 

~~tpprcsscs the M -4 peak aid products altcrnutc 
fragnientntion tnodcs of the hl - 15 ion. c.g. tlic 
fortnation of ion 8. Thus the MS indicate the pos- 
ition of the L’;I~~oY> group. The prcGusl> 
obserlcd enhancement of t.1~ itltcnsit! of the M - 
I ?J peak (e.g. 6) in the cast of the i’-h~drox!hcn/~l 
cation [19] strikingly difYercntiatat bet\\ccn the 
aromatic substitution puttcrn of acids 1 atid 413. 

(5) 7 16) 
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(7a)R=CO,H, R’:Me, R”=H,Y:OH (8) 

( 7b i R = Me, R’= C02H, R’= j-Pr, Y = H 

The constituents of the lcavcs 01‘ P. Irrrr~hor.tit~\ 
consisted of <itoWrol. ph~~llocladctie (9a). isoph! I- 
locladctic (91~). isopim:tric acid (10) and suhstanccs 

(‘,,,k(.~,O. ( ‘;(,l43?0 alld C‘,<,H <,,C),. TllC kllc~\~ 11 

cotlipo~ttids wet-c idcntiticd h! compari\oti with 
autlictitic spt:ciniens. 11 bile the 1251 tlirec co111- 

pounds nccchsitatcd structural dctL’rminuliona. 
The IR spectrum of the (‘l,,t-l,,O cctmpound 

showed h~drox~l absorption bands and its PMR 
spectrum li\-c mctli!l sitiglcts at 0.81. O,S7. I).#. 
I.31 and 1.37 ppt11 and 110 slgllal do\\~nlicld of 24 
pptn. The dcsliicldcd position or 1no tiictli!l xig- 
nals and tlicir dcutcriop! ridinc 4hift ( 149 ppm) 
11 I 1.1 as ncll 2s tlic tlctcctic~n 01‘ :t fi-ayticnt 01 
33411 X 1 tttass utiith. col-rcspnttding to 311 accthl ion. 
in the high-rcscllutiontti~~tl MS rc\~~~led the prcscncc 01 
2 ditnctli~lc:tri~inol unit. If it bc assutiicd that tlic 
compound is ;I ditcrpctiic alcohol. it\ molccul:tt 
Ihrmula and tncthyl group content rccluire~ it to bc 
triccclic and Lo contain ;i tctrasuhstituted double 
bot;d. I ~nfortuti;ttcl! the paucit\, of matc‘ri:tl Icli 
the atial><is inconiplctc and in ii&t of rhc ;I~O\LI 
data and biogctietic reasoning slructurc I I is sug- 
&W;tcd. 
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(9a.) A'3 i’71 
(9b) A-(14) 

kO,H 

(10) 

(11) (12) 

The CZoH,,O substance showed IR absorption 
bands characteristic of hydroxy and olefinic units, 
which were confirmed by the PMR spectrum. The 
latter revealed an oxymethylene singlet at 4.17 
ppm, which was shifted to 4.43 ppm in deuterio- 
pyridine [ 1 11, and an olefinic hydrogen singlet at 
5.63 ppm with a dcuteriopyridine shift of 5.83 ppm 
[l 11. These facts are accommodated most readily 
by a 2.3-dialkylallyl alcohol moiety. Three methyl 
groups appeared at @74. 0.81 and 0.85 ppm and 
were unaffected by deuteriopyridine. Since the 
molecular formula suggested a tetracyclic con- 
figuration, the unusual shielding of one of the 
methyl groups (0.74 ppm) was reminiscent of the 
effect of the nuclear double bond of hibaene and 
isophyllocladene (9b) upon their angular methyl 
groups. Comparison of the chemical shifts of the 
C(4) and C(10) methyl groups of the alcohol with 
the methyl shifts of isophyllocladene showed them 
to be identical. Hence the new alcohol was 17-iso- 
phyllocladenol (12). 

The C19H,,0, product revealed TR absorption 
bands for hydroxyl and acyclic or six-membered 

* The relationship of the individual functional groups to their 
environment was shown also by the products of some simple 
reactions of the natural substance. While treatment of the 
latter with Ac,O and C,H,N gave a monoacetate. acetyla- 
tion under BF, catalysis yielded a diacetate (m.p. 169- 170 ), 
Comparison of the PMR spectra of the two acetates showed 
that the introduction of the second acctyl group had no 
effect on any methyl groups but deshielded the 3-oxymethine 
by 0.23 ppm in conformity with the presence of a 5%-hydroxy 
group oriented I,3-diaxially toward the 3r-hydrogen. Oii- 
dation of the natural product with chromic acid in C,H,N 
gave a hqdroxydione (m.p. 25 I 253 ) whose lkile, acid-in- 
duced dehydration with formation of a conjugated cnedione 

cyclic, saturated keto groups. Its PMR spectrum 
revealed six methyl signals whose chemical shifts 
and multiplicities were indicative of a stigmastane 
skeleton. One of the oxygens reflected a src-hyd- 
roxy group in view of a 3.95 ppm oxymethine 
PMR multiplet which was shifted to 5.03 ppm on 
acetylation of the product. The remaining presence 
of a hydroxy absorption band in the IR spectrum 
of the monoacetate showed the three oxygens of 
the natural compound to be part of a keto group, 
of one sot-hydroxy function and of a tc>rt-hydroxy 
unit. The ORD spectrum of the C79H5003 com- 
pound exhibited a negative Cotton effect at 323 nm 
characteristic of 4-, 6-, 7- and 16-ketocholestanes 
[21]. Base-induced deuteration of the substance 
showed the presence of two hydrogens r to the car- 
bony1 group. If it be assumed that the compound 
is an all-rr.rrns 3-hydroxysteroid, the facts accumu- 
lated thus far supported a 3.5dihydroxy-6-keto or 
3.8-dihydroxy-7-keto structure. The 16-keto sys- 
tem was excluded by the carbonyl group not being 
part of a five-membered ring. while the 4-keto sys- 
tem could be dismissed by the persistence of the 3- 
oxymethine PMR signal even after deuteration 
and by the abnormally high field position and far 
too complex multiplicity for an r-ketooxymethine 
moiety. The two remaining structures could be dif- 
ferentiated by PMR in pyridine [ 111. Comparison 
of the PMR spectra of the natural product in 
CDCl, and pyridine revealed no solvent effect on 
the methyl groups but an extraordinary shift on 
the methine associated with the src-hydroxy func- 
tion. The oxymethine multiplet, whose shape (e.g. 
W 1 2 = 16 Hz) was highly reminiscent of 3/&hyd- 
roxysteroids, shifted 0.73 ppm downfield in pyri- 
dine solution. This was in sharp contrast to the A6 
values of 0.25. 0.24. 0.26 and 0.16 ppm for 3fl-hyd- 
roxy-5%. 3/j-hydroxy-.5P. 3x-hydroxy-5x and 3~ 
hydroxy-5B steroids, respectively, and reflected the 
proximity of the rc>rt-hydroxy group to the 3cc-hy- 
drogen and the effect of both hydroxy functions 
complexed by pyridine acting on this hydrogen. 
This structural relationship is satisfied only by a 
3[).5x-dihydroxy-6-keto system. 

In order to confirm the functional groups of the 
Cz9H,,,0, product and their positions in the ster- 
oid framework, the spectral properties of the com- 
pound and of its monoacetate were compared with 
those of 3/1.5x-dihydroxy-6-cholestanone (13a) 
[22] and of its acetyl derivative.* The 6 and J 



values of H(3) and H(7) and of the 1%. 19, 21-. 26 
and 27-methyl groups of the natural product and 
its acetate were nearly identical with those of the 
corresponding models. This observation suggested 
that the new plant product is 3P.S~-dih!drox~-(- 
stigmastanonc (1X). As a consequence. a partial 
systhesis from /I’-sitosterol was undertaken. Trcat- 
ment of the latter with formic acid and \vith hjdro- 
gen peroxide. followed 1~) hydrolysis Lvith X~LICOLIS 
base gave a trio1 whose oxidation with N-bromo- 
succinimide [22] yielded 13b. The identity of this 
substance with the natural product full! cstab- 
lished its structure. 

HO+!‘/ 
d 

(13 1 

(130) R = H 

(13b) R = Et 

(n1.p. I67 I68 t exhibited the /j-relationship of the hydrox) 
group to the new 14 formed ketone. Comparxon of the PMR 
spectra of the hqdrosydione and the natural product shoucd 
a A3 vaiuc of 0.27 ppm for the 19-meth~t goup. simrlar to 
0IX ppm for 46 (chotestanonc-choiestanolL thus indxatwe 
oI‘ the change of a 3P-hydrox> group into ;L kcto function. 
Comparwn of the PMR spectra of the hydroxydione in 
C,H,N and CDC‘I, solutions [I I] rcvcaicd strong C‘,HiN 
shil”ts on H(47) (2.91 4 3._ 31 ppm (il, J I6 HI)] and H(7x) 
[?77 -+ 3W) ppm (t. J l? HI)]. characteristic of the cfTcct of 
a 5%-hydrou! group. 

c 3.35): IR ( ULI+I) OH iS50 1,~). :-!lO (iril C‘O 1705 (\I. CCC t ~S?I 
(WI cm ‘: PMR o 1.0:. I..31 (5. i. UC each). I .:1 (A. 6. ./ 7 tI/. 
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with the same solvent mixture yielded 755 mg of macrophyllic 
acid (2); m.p. 234-236’: identical with an authentic sample. 

P. lumhartius leaves were collected as the bark above. dried 
and ground in a Wiley mill. The powder (8.9 kg) was extracted 
in x 7 with 6 1. of refluxing C,H, each for 24 hr. The extract 
was evaporated and a hexane soln (2.5 1.) of the residual. viscous 
brown oil (380 g) extracted under NZ at 20 with x 5 of 500 ml 
of 5”/, aq. KOH. Drying of the hexane soln and evaporation 
yielded 190.2 g of neutral oil. The alkaline soln was brought to 
pH 4 with N HCI. saturated with NaCl and exhaustively 
extracted with hexaneeEtzO (1: 1). After drying and evapo- 
ration 71.7 g of a semi-solid was obtained. 

Chromatography of the neutral oil on alumina and elution 
with hexane gave 406 mg of a solid, long-chain hydrocarbon. 
I.40 g ofa solid long-chain fatty alcohol and 147 mg of isophyl- 
locladene (9b) [containing a phyllocladene (9a) impurity] ; m.p. 
102-104”; identical with an authentic sample (PMR analysis 
revealed the presence of I?‘,, Ila.) Elution with hcxanc- Et,0 
(SO: 1) gave 26 mg of a long-chain ketone, 399 g of sitostcrol: 
mp 135. 137”; identical with an authentic specimen; and to 1 I7 
mg of an alcohol tentatively assigned structure 11: m.p. 174-- 
176“; [r]f13 + 40’ (c @Ol. CHCI,); IR (Nujol) OH 3450-3100 
(w)cm- ‘; PMR d@l;l. 0.X7.0.89 (s. 3. Meeach). 1.32is. 6. Me,): 
PMR (do-pyridine) 6 0.80, 0.86, (i.89 (s. 3, Me’each).~ f.49 (.s,-& 
Me?); MS tnje 290(M “), 275(290-Me. ot* 260%). 272 (290..H,O. 
III* 255.1) 257. 232. 217 (232-Me, ~TI* 202,9), 41 (base); ,II!C 
290.2616 (talc. for C20H340 290.2610). Elution with hexane- 
Et10 (4: I) afforded 34 mg of 17-isophyllocladenol (12): m.p. 
125- 127’; [r]b” + 23.7” (c 0.04, CHCI,); IR (Nu~ol) OH 340& 
3150(m), C=C 1640 (w)cm-‘; PMR zj 0.74. 081. 0.85 (s, 3, Me 
each), 4.17 (s. 2, OCH?). 5.63 (s, I, olefinic II); PMR (d,-pyri- 
dine) @75, 0.80, OX5 (s. 3, Me each). 4.43 (s, 2. OCH,). 5.83 (s. 
1, olefinic H); MS ,nir 2X8 (M’ , base). 273 (28%Me. ;,I* 25X.8). 
270 (288-H 30. fij* 253. Ii. 257 (288-CH ,OH. /pi* 229.31.255 (273- 
Hz& ?I?* -23%2), 2451 irl/f‘ 28%24i6 (caic for fZ,)H;IO: 
288.2453). Elution with Et10 gave I.91 g of long-chain alcohols 
which were not investigated. Chromatography of the solid, de- 
rived from the base extraction, on silica gel and elution with 
hexane-Et,0 (50: I) yielded 145 mg of isopimaric acid (10); m.p. 
162-l 64 ‘: identical with an authentic sample. Elution with hex- 
ane Et,0 (1: I) produced 190 ma of 38. Sz-dihvdroxv-6-stie- 
mastanone (13b); m.p. 246-248”; [r$’ -14:4’ (c-= O.Oi, 
MeOH): ORD (c = 0.387. dioxane) */,,.,, - 940 (I,,,,. - 
4250”, &I<, - 1+90’, @30<> 0’. djZXc,‘+ 4200”. QzJJ + i?i7 , 
e2 IO + 6200’: CD (c @3X7, dioxane) A&,,, 0. AC, l x - 1.42, 
i\E 3,,R - 1.90, kE3”, - 1.65, AeZ43 - 0.87, Acllj - 0.29; UV 
Iz,‘IF’J 301 nm (log c 1.57); IR (Nuiol) OH 3490 (m). 3300 (,,I), 
CO 1710 (s) cm- ‘: PMR 6 0.64. 0.79 (s. 3, Me each), 081. 0.82 
(rf. 3. J 6 Hz. Me each). 0.87 (t. 3. J 6 Hz. Me). 0.91 id. I. J 7 
i_Iz, Me), 2.09 [dd, 1. j 13, 5‘Hz. H(7B)], 2.71’jt. 1. j 13 HZ. 
H(7r)]. 3.95 (rn, I, W, 1 16 Hz. OCH); PMR (d,-pyridine) ii 
0.65, 0,96 (s, 3. Me each), 0.86, 0.89 (n. 3, J 6 Hz, Me each), 0.90 
(t. 3. J 6 Hz, Me), 0.98 (d, 3. J 7 Hz. Me). 2.62 [dd, I. J 13. 5 
HI. H(7P)J. 3.13 (I, I. J 13 Hz. H(7r)]. 4-68 (1~. 1. W, I 16 H/. 
OCH): MS ill/r 446 (M’, base). 478 (446-H,O. ft~* 410.7). -III 
410. 400, 385, 375. 371. 359, 346 (446.C,H,O:, m* 267.X). 331 
(346-Me. mu* 316.6); m/(, 446.3723 (talc. for C,,,H,,,O,; 
446.3760). For comparison PMR of 13a: 0.63, 0.77 (s, 3, Me 
each). 0.8 1 (if. 6, J 6 Hr. Me,). 0.90 (d. 3, J 7 Hz. Me), 2.05 [&/, 
I. .I 13. 5 Hz. H(7P)], 2-75 [t. i. J 13 Hz. H(%)]. 3-95 (in. 1. W 1 f 
18 Hz); PMR (d,-ovridine) of 13a: 0.62. 0.93 (s. 3. Me each), 0.88 
(n. 6. j 6 Hz, Meii, 0.94 (rl, 3. J 7 Hz. Me): 256 [tltl. 1, J 13. 
5 HZ. H(7fi)i. 3.13 rr. I. J 13 HZ. H(7r)l. 467 (I?~. 1, W, , I8 HZ. 

OCH). [k&oacet& of 13b (Ac,O/C;H,N, 20”, 72’hr): m.p. 
752 -254 ; IR (CHCI,) OH 3580 (w), 35Ot33400 (M’), CO 1708 (s) 
cm- ’ : PMR 6 0.63, 0.81 (s, 3. Me each), 0.84 (d. 6, J 6 Hz, Me?). 

0.87 (t, 3. J 6 Hz. Me), 0.92 (d. 3, J 7 Hz, Me), 1.99 (s. 3 AC Me), 
2.75 [r. I. J 13 Hz. H(7r)]. 5.03 (/II. I. W, 2 16 Hz, OCH); MS 
III!<’ 48X (M’ ). 428 (48%HOAc, !)I* 376,1), 410 (428-H20, /II* 
392.7). 3x5, 375. 367, 359, 346, 331 (346-Me. III* 316.6). For com- 
parison PMR of monoacetate of 13a: 0.65. O,XI (s. 3. Me each), 
0.86 (tl. 6. J 6 Hr. Me?). 0.91 (d. 3. J 7 HZ, Me), 2.00 (s, 3. AC 
Me). 2.76 Ft. I. J I?. Hr. H(7x)]. 5.02 (,a. I. W, 2 IX Hz. OCH)]. 

S>,rtfl~c.~iv of3/?. 5~-t/i/l~~d~os!~-6-.~tig,llrr.\rcrrror, (13b). A stirred 
suspension of 3.66 g of sitosterol m 27 ml of 90”” HC02H was 
heated at X0 for 12 hr. After cooling. the resultant paste was 
treated with 3 ml of 30”,, HzOz and shaken at 20’ for 12 hr. 
Boiling H,O (40 ml) was added and the mixture cooled and fil- 
tered. The-ppt was dried and dissolved in 80 ml MeOH. A soln 
of NaOH (3 ml of 20”,,) was added and the mixture boiled for 
10 min. acidified with cone HCI. diluted with 30 ml of H,O and 
filtcrod. The ppt was dried at I20 for I2 hr. (While the crude 
trio1 was used in the next reaction. crystallization of a small 
sample from hexanc gave stigmastan-3/j.5z,6/&triol, m.p. 242 
244’ .) N-Bronlosuccinimide (200 mg) was added to a soln of the 
ppt in 10 ml of dioxane and 2~5 ml of HZ0 at 25’ and the mix- 
ture kept at this temp. for IO min. It then was cooled in ice. 
treated with 5 ml of Hz0 and filtered. The ppt (700 mg) was 
washed with 50”,, MeOH and crystallized from MeOH yielding 
l3b: m.p.. m.m.p. 246 248 : identical with the natural product. 
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