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Abstract—Sitosterol and the following terpenic compounds have been isolated from the bark of Podocarpus lam-
bertius: 3B-hydroxytotarol, 4f-carboxynortotarol. and macrophyllic and lambertic acids. The leaves yielded sit-
osterol, stigmastan-38,5x-diol-6-one, isopimaric acid, phyllocladene, isophyllocladene, 8,9-abieten-15-o0l and 17-

isophyllocladenol.

INTRODUCTION

Podocarpus lambertius, commonly known as pin-
heiro bravo [1], 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, 48-carboxynortotarol (1) [3-8] and macro-
phyllic acid (2) [7,9,10], while the remaining sub-
stances C,oH30,0, and C,oH,30; required full
structural analysis.

OH

HOC
(1 (2)

HO,C

The IR spectrum of the compound C;,H;3,0;
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 650 and 696
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 [11]. The pre-
sence of an isopropyl group on the benzene ring
[1-31 ppm{d, 3,J 7Hz, Me), 1:33(d, 3, J 7 Hz, Me),
328 (m, 1, CH)] and its vicinality to the hydroxy
function was indicated by the deuteriopyridine
shift (1-67—Me, 1'71—Me, 3-:50—CH). 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 sec-hydroxy group adjacent to
a quaternary carbon center. The high-field pos-
ition of the oxymethine indicated its equatorial
nature [12,13]. The strong deuteriopyridine shift
exerted not only on the oxymethine (3:28 — 3-50
ppm) but also on two methyl singlets (0-87 — 1-14,
1-05— 1-32 ppm) and only a minor shift (Ad 0-11
ppm) on the remaining methyl singlet suggested a
3B-hydroxytotarol (3) relationship. The diol 3
had been reported as a product of borohydride
reduction [14] of the naturally occurring 3-totaro-
lone [15] and its M'S was recorded [14]. 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 C,,H,;,0,
product showed the compound to be 3f-hydroxy-
totarol (3).

R
(3) (4a) R =H
(4b) R =COzH

The C,,H,30; substance, herewith named lam-
bertic acid, showed IR absorption bands charac-
teristic of hydroxy. carboxy and arenc units. Its
PMR spectrum in CDCl; solution revealed two
aromatic hydrogen singlets at 6:39 and 6:79 ppm
which shifted to 7-21 and 7-08 ppm in deuteriopyri-
.dine [11], indicative of a 2.4.5-trialkylated phenol
moiety. The presence ol an isopropyl group was
shown by two methyl doublets at 1-:20 (/ 7 Hz) and
1:222 ppm (J 7 Hz) and a methine septet at 3-:06 ppm
(J 7 Hz) and its ortho relationship with the pheno-
lic hydroxy group indicated by the deuteriopyri-
dine shift (1-35. 1:36 and 3:64 ppm. respectively).
These facts suggested that lambertic acid posscssed
an environment surrounding the aromatic ring
reminiscent of ferruginol (4). Besides the methyl
groups of the isopropyl function two methyl
singlets (1-08 and 1-28 ppm) appeared in the PMR
spectrum and were displaced to a single peak at
1:38 ppm in deuteriopyridine. On the basis of a fer-
ruginol skeleton this implies the replacement of
onc of the C(4) or C(10) methyl groups by a car-
boxy function and, more specifically. the introduc-
tion of a carboxy group spatially proximate to
both remaining methyl groups. ie. a 4f-carboxy
function [17]. The identity of the MS frag-
mentation pattern of the non-aromatic portion of
lambertic acid with that of 4f-carboxynortotarol
(1) showed the new compound to be 13-isopropyi-
podocarpic acid (=4ff-carboxynorferruginol) (4)
(18]

An exhaustive study of the MS fragmentation of
tricyclic, aromatic diterpencs of ring A and B low
oxidation level has shown that two primary frag-
mentation patterns involve the production of M *-
43 and M7-15 ions (S and 6, respectively) and that
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the latter undergoes further cextensive  frag-
mentation [19.20]. MS analvsis of podocarpic acid
(7a). dehydroabictic acid (7b) 1 and 4b revealed
that the introduction of a carboxyl group at C(4)
suppresses the M 7-43 peak and produces alternate
fragmentation modes of the M "-15 jon. ¢.g. the
formation of ion 8. Thus the MS indicate the pos-
iion of the carboxy group. The previously
observed enhancement of the intensity of the M ™ -
15 peak (e.g. 6) in the case of the p-hydroxybenzyl
cation [19] strikingly differentiated between the
aromatic substitution pattern of acids 1 and 4b.
P
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The constituents of the leaves of P. lambertius
consisted of sitosterol. phyllocladene (9a). isophyl-
locladene (9b), isopimaric acid (10) and substances
CooHL 00 CHy 0 and CooH L, 040 The known
compounds were identiticd by comparison with
authentic specimens. while the last three com-
pounds necessitated structural determinations.

The IR spectrum of the ¢, H,,0O compound
showed hydroxyl absorption bands and its PMR
spectrum five methyl singlets at 081 (:87. 0-89,
132 and 1-32 ppm and no signal downficld of 24
ppm. The deshielded position of two mcthyl sig-
nals and their deuteriopyridine shilt (149 ppm)
[11] as well as the detection of a fragment of
43-0181 mass units. corresponding to an acetvl won,
in the high-resolution MS revealed the presence of
a dimethylearbinol unit. 1t it be assumed that the
compound is a diterpenic alcohol. its molecular
formula and methyl group content requires it to be
tricyclic and to contain a tetrasubstituted double
bond. Unfortunately the paucity of material left
the analysis incomplete and in light of the above
data and biogenetic reasoning structure 11 is sug-

gested.
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(9a) A|3 an
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The C,4H ;3,0 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 417
ppm, which was shifted to 4:43 ppm in deuterio-
pyridine [11], and an olefinic hydrogen singlet at
5-63 ppm with a deuteriopyridine shift of 5-83 ppm
[11]. These facts are accommodated most readily
by a 2,3-dialkylallyl alcohol moiety. Three methyl
groups appeared at 0-74, 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 C,4HcO; 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 CsHN 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 acetyl group had no
effect on any methyl groups but deshielded the 3-oxymethine
by 0:23 ppm in conformity with the presence of a Sx-hydroxy
group oriented 1,3-diaxially toward the 3x-hydrogen. Oxi-
dation of the natural product with chromic acid in CsHN
gave a hydroxydione (m.p. 251 253) whose facile, acid-in-
duced dehydration with formation of a conjugated enedione

(continued-- p. 246)
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cyclic, saturated keto groups. Its PMR spectrum
revealed six methyl signals whose chemical shifts
and multiplicitics were indicative of a stigmastane
skeleton. One of the oxygens reflected a sec-hyd-
roxy group in view of a 395 ppm oxymethine
PMR multiplet which was shifted to 503 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 sec-hydroxy function and of a tert-hydroxy
unit. The ORD spectrum of the C,oH;,O5 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 « to the car-
bonyl group. Hf it be assumed that the compound
is an all-trans 3-hydroxysteroid, the facts accumu-
lated thus far supported a 3.5-dihydroxy-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 ficld position and far
too complex multiplicity for an x-ketooxymethine
moiety. The two remaining structures could be dif-
ferentiated by PMR 1n pyridine [11]. 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 sec-hydroxy func-
tion. The oxymethine multiplet, whose shape (e.g.
W, , = 16 Hz) was highly reminiscent of 3f-hyd-
roxysteroids, shifted 0-73 ppm downfield in pyri-
dine solution. This was in sharp contrast to the Aé
values of 0-25, 0-24, 0-26 and 0-16 ppm for 3$-hyd-
roxy-5qx 3fi-hydroxy-5f. 3x-hydroxy-5x and 3a-
hydroxy-58 steroids, respectively, and reflected the
proximity of the rert-hydroxy group to the 3x-hy-
drogen and the cffect of both hydroxy functions
complexed by pyridine acting on this hydrogen.
This structural relationship is satisfied only by a
3p.5z-dihydroxy-6-keto system.

In order to confirm the functional groups of the
C,oH ;505 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 3f.5a-dihydroxy-6-cholestanone (13a)
[22] and of its acetyl derivative* The ¢ and J
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values of H(3) and H(7) and of the 18-, 19-, 21-, 26-
and 27-methyl groups of the natural product and
its acetate werce ncarly identical with those of the
corresponding models. This observation suggested
that the new plant product is 3f.5%-dihvdroxy-6-
stigmastanone (13b). As a conscquence, a partial
systhesis from fi-sitosterol was undertaken. Treat-
ment of the latter with formic acid and with hydro-
gen peroxide, followed by hydrolysis with aqucous
base gave a triol whose oxidation with N-bromo-
succinimide [22] vielded 13b. The identity of this
substance with the natural product fully estab-
lished its structure.

(13a) R
(13b) R

m I
-

i

(13)

EXPERIMENTAL

M.ps. were determined on a Reichert micro hot stage and are
uncorrected. ORD measurements were recorded using 1 ¢m
quartz cells. PMR spectra of CDCly solutions {unless otherwise
noted) with internal TMS were recorded on 60 MHz. 100 MHz
and 220 MHz instruments. MS were determined using a direct
inlet svstem. Column chromatography was performed on silica
gel (0-03-0-2 mm) and silica gel G and on neutral, activity 1
Merck alumina and TLC on silica gel G or silica GF 2354,

Extraction and isolation. Podocarpus lambertius Klotzsch
was collected in May in the vicinity of Curitiba in the Brazilian
state of Parana. The dricd. milled bark (6-9 kg) was extracted
x4 with 6 . of refluxing C,H,, each for 24 hr. The cxtract was
evaporated and a hexane solution (1-5 1) of the residual, brown.
viscous oil (§9-4 g) extracted under N, at 20 with x4 of 250
mlof 3%, ag. KOH. Drying of the hexane soln and evaporation
yiclded 19:6 g of neutral oil. The basic soln was acidificd with
N HCl to pH 4 and exhaustively extracted with hexane-E(,O
{L:1). Evaporation of the dried extract gave 359 g of acidic, par-
tially solid residuc.

Chromatography of the neutral oil on silica gel G and elution
with hexanc-Et.O (30:1) vielded 744 mg of solid. long-chain

{continued from -p. 245)

(m.p. 167 168 ) exhibited the f-relationship of the hydroxy
group to the newly formed ketone. Comparison of the PMR
spectra of the hydroxydione and the natural product showed
a Ad valuc of 0:22 ppm for the 19-methyl group. similar to
0-18 ppm for Ao (cholestanone-cholestanol). thus indicative
of the change of a 3f-hvdroxy group into a keto function.
Comparison of the PMR spectra of the hydroxydione in
CsH:N and CDCly solutions [11] revealed strong CsH<N
shifts on Hids) [291 — 3-21 ppm (d, J 16 Hz)] and H(7x)
[2:77 — 306 ppm (. J 13 Hz)]. characteristic of the effect of
a Sz-hydroxy group.

fatty alcohols. which were not investigated. and 1419 g of sitos-
terol: m.p. 135-137 - identical with an authentic sample. Chro-
matography of the acidic solid on silica gel G and elution wilh
hexane Et,O (9:1) vielded 128 mg of 3fi-hydroxytotarol (3)
mp. 176 178 1 [213) + 366 (¢ = 002 EtOH); UV 2 2hoH %1
nmiloge 3-27); ]R('\\uol;()H 2500 (m). 3450 (). 3340 s()"()(m)
CC 1650 (w), 1380 (wyem 2 PMR 6 087 103 1117 (5. 30 Me
cach) 1-3t, £33 (d. 3. J 7 Hz i-Px Me cach). 272 [‘Id:[ LJ s
12, 6 Hz. H{7x}]. 297 [cld 1. J 18, 7 Hz, H(7)]. 328 [dd. 1.
J 107 Hzo H{32) ] 328 (. 1L 0= Pl CHYL 630 [d. 1. 9![/ H(12)].
696 [d. 1.J 9 Hz Hit s PMR (d<-pyridine) o ] 14128 132
(s, 3. Mc cuch). 67178 4d. 3.0 7 Hr i-Pr I\M cach). 2-84 [ddd.
[.J 1812, 6 Hz. H(72)]. 310 [}h[ I J 187 Heo HOZPY. 1*1)
(. 2. OCH. i-Pr CH). 705 [ 1. J 9 Hy. H(ll) TAS [d. 1.
9 Hz. Ht12)]: VlSm ¢ 302 (\/I' 287 (l ase) | 302 Moo 272 ’).
269 (287 - H O m* 252-2). 243,227, 215 2 1750 mee 302:2240
(cale. for C (,Hw() 302 2146 [D1 tectate (AL,O CHIN. 20
48 hr): IR (CHCl3) CO 1750 (s5). 1730 (s)cm ' PMR S0-93, 123,
125 (s 30 Me c;\ch). 1224 (d. 6. J 7 Hzo i-Pr Mc:L 2070 2:30 (s,
3. Ac Me cach) 482 [ 1L HQ32)) 678 [do 10 J 9 Hz, HUID).
710 [do 1. J 9 Hzo HODF: MS mie 386 (M7 344
(386 CH,CO. m* 306:5). 329 (344 Moo m* 3148 269
(329 HOAc. nr* 220:5). 175, 43 (basc)]. Elution with hexane
EGO(]] ) gave 323 mg of 4f-carboxynortotarol (1 mup. 178
I8 [2]3Y + 1235 (¢ = 003 EtOH): UV 2RO 281 nm (log
€ 3-35): IR(\JU]UI)()H 3550 im) »4‘()(/11)(() l7()“»(\} C-=C 1380
(wrem™ ' PMR o 107, 1-31 - Me cachy 1F324(d 6.0 7 Ho
i-Pr Mczl 258 [ddd. 1. J 8. 124 (w Hz H(72)]. 293 {dd. 1. J s
7 Hz. H(7P)]. 326 (.\‘cpt, I.J 7Hz i-Pr CHYL 648 [d. 1. J 9 H~.
H(12)]. 696 {d. |. J 9 Hz H(lll] PMR (ds-pyridine) o 1-45.
[-48 (5. 3. Me ulch) [-64. i“’((/ 34 7 Hzoi-Pr Me cach). 290
[ddd. 1, J 18,12, 6 Hz. H(7x) . 314 [dd. 10 J 1807 Hz, H7P) .
350 (sept. 1.0 7T Hy. -Pr CHL 7-()5 [d 1.9 Hre HAD] 713
[d. 1. J 9 Hz. H{12)]: MS mie 316 (M) 301 (316--Me. m*
286:7), 283 (301--H,0, w* 206:1). 255 (301- ‘HCO.H m*
206:0), 213 (255-CyH,. m* 1779), 43 (base); m'e 316: 2018 (calc.
for C,oH,404:316:2038). [Acetate (A, Q. CHN. 20 . d8hr):
m.p. 239 242 0 IR (CHCL) OH 2480 ). 3350 2400 (). ('()
1735 (51 1690 (s5), C=C (380 (wyem ™ ': PMR & 12, 131

N,

(s
Me each). 1:230 125 (d. 3.7 7 Heuo i-Pr Me cach), 2229 (s, 3. \u
Me). 2:66 [ddd. 1. J 18, l” 6 Hoo H(7x)], 295 [dd. 1. J I8, 7 Ho.
H7M . 325 (sepr. 1. J THz i-Pr CH) 673 [ d. 1. ‘) Hz. H{D).

714 d 1 J 9 Hr, H(lH] MS me 358 (M) 3434 36 (base)
(358 CH.CO. w* 2789) 201 (316 Me. m* 286:7). 255
(301---H,O. m* 2160 213 (255 C,H,. o* 177:9)]. Further
clution with hexane EO (1:1) afforded 206 mg of lambertic
acid (db): mp. 232 254 1 [Z]50 + 1205 (¢ 003, EtOH): UV

ZRON8 nm (log e 349): IR {Nujol) OH ’n(» ) (m). 3250 2500
(m). CO 1695, C=C 1620 (w) 1380 (wycem ™' PMR 8 1OS [-28
(s, 3 \/IL cach) 1:20. 122 (d. 3. J 7 Hzo 7-Pr Me cachy 272 [
2 HATY] 306 (sepr. 4. J 7 Hz -Pr CHOLL 039 s 1 H D)L 679
[ s 1 H( 4] PMR (ds-pyridine) o 135, 1-:36 d. 3. J 7 Hz. i-Pr
Me each) 138 (. 6. Mesh 2292 [ 2 HA(D. 364 (sept. 107
Hz. i-Pr CH), 7-08 [s. 1. H(14] 7-21 [s. 1. HU BT MS mde 316
(M7 base), 301 (316-Mce. i® 286:7). 283 (301-H, Q. n* 266:1).
255 (301-HCOLH. m* 216:0). 213 (235-C3H,. m* 1779): me
316:1957 (cale. for CyH.50;5:0 316:2035). [Acetate (Ac, 0
CHNC200 72 by mep. 182 1184 1R (CHCLL) OH 34000 2400
(), C=O 1750 () 1690 (sk C=C 1620 (w)yem 't PMR 6 111,
1:31 (5. 3. Me cachy 115 I8 (d. 3./ 7 Hz. i-Pr Me cach). 213
[ 20HAD] 227 (5030 Ac Me) 276 (. 1, i-Pr CH). 680 {5
LHU4)]. 692 [s L H{D)]: MS e 358 (M 1), 3430 316 (base)
(358-CHLCOL ™ 278:9). 301 {(316-Me. m* 286:7). 255 (301-H, O,
m* 216:0) 213 (255-CyH,,. m* 1179)]. [ Ad(acetate-phenol) of 4:
HOED 021 H(14) 013, i-Pr Me. 0-04. 0:05: Ad (acctate-phenol)
of 3H(I N 024 H(14) 0- 15, i-Pro Me. 0-05, (+04]. Finally. clution
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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. lambertius leaves were collected as the bark above, dried
and ground in a Wiley mill. The powder {89 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 N, 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 hexane-Et,O (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.
1-40 g of a 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 129, 11a.) Elution with hexanc-Et,O
(50:1) gave 26 mg of a long-chain ketone, 399 g of sitosterol;
mp 135-137°; identical with an authentic specimen;and to [17
mg of an alcohol tentatively assigned structure 11: m.p, 174~
176" [«]}° + 40° (¢ 0-01, CHCl,); IR (Nujol) OH 3450-3100
(wyem™'; PMR § 0-81,0-87, -89 (s, 3, Me each). 1:32(s, 6, Me,);
PMR (ds-pyridine) & 0-80, 0-86, 0-89 (s, 3, Me each), 149 (s, 6.
Me,): MS mfe 290 (M "), 275 (290-Me, m* 260-8), 272 (290-H, 0.
m* 255-1), 257, 232, 217 (232-Me, m* 2029), 41 (base); mje
290-2616 (calc. for C,3H;,0 290-2610). Elution with hexane—
Et,O (4:1) afforded 34 mg of 17-isophyllocladenol (12): m.p.
125-127°; [2J3" + 237° {¢ 0-04. CHCl5}; IR (Nujol) OH 3400~
3150 (m), C=C 1640 (wycm™'; PMR § 0:74, 081, 0:85 (5, 3, Me
each), 417 (s, 2, OCH,), 563 (s, 1, olefinic H); PMR (ds-pyri-
dine) 0:75, 0-80, 0-85 (s, 3, Me each). 443 (s, 2. OCH,), 583 (s,
1, olefinic H); MS m/e 288 (M *, base), 273 (288-Me, m* 2588),
270 (288-H, 0, m* 253-1), 257 (288-CH ;OH. m™* 229-3), 255 (273-
H,O, w* 2382), 245; mfe 2882416 ({(calc for C,,H;,0:
288:2453). Elution with Et,O gave 191 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: 1) yielded 145 mg of isopimaric acid (10); m.p.
162-164": identical with an authentic sample. Elution with hex-
ane-Et,O (i:1) produced 190 mg of 38. 3x-dihydroxy-6-stig-
mastanone (13b); m.p. 246-248>; [2]3> —144° (¢ = 00l,
MeOH); ORD (¢ = 0387, dioxane) &35, — 9407, &5, —
4250°, @y — 1990°, @340 07 Dy, + 42007, Pyyy + 1217,
@310 + 62007 CD (¢ 0387, dioxane) Adysy 0. Aey, g — 1442,
A€zog — 190, Aegpy — 165, Aeyq; — 087, Aey s — 029 UV
ASHCS 301 nm (log € 1-57); IR (Nujol) OH 3490 (m). 3300 (m),
CO 1710 (s)em™ ', PMR 8 0:64, 0-79 (s, 3. Me each), 0-81, 0-82
(d,3,J 6 Hz, Me each), 087 (¢, 3, J 6 Hz. Me). 091 (4. 1. J 7
Hz. Me), 209 [dd. 1. J 13, 5 Hz, H(78)}, 270 [t 1, J 13 Hz,
H(72)], 395 (m, 1. W, 16 Hz, OCH); PMR (ds-pyridine) &
0-65, 096 (s, 3. Me each), 0-86, 0-89 (d. 3, J 6 Hz, Me each), 0-90
(t.3,J 6 Hz, Me), 098 (d, 3. J 7 Hz. Me), 262 [dd. 1. J 13, 5
Hz. H7M]. 313 (¢, 1. J 13 Hz. H(72)]. 468 (m. 1. W, , 16 Hz.
OCH); MS m/fe 446 (M7, base). 428 (446-H,O, w* 4107y 413,
410, 400, 385, 375, 371, 359, 346 (446-CsHO,, m* 267-8), 331
(346-Me. nr* 316:6). mfe 4463723 (cale. for C,4H:,0;:
446:3760). For comparison PMR of 13a: 0:63, 077 (s, 3, Me
each). 081 (4, 6, J 6 Hz, Me,). 0090 (d. 3, J 7 Hz, Me}, 205 [dd,
LJ13.5HzZ HORYL 2750 1L J 13 Hz, H{(70)). 395 (m. LW,
18 Hz); PMR (ds-pyridine) of 13a: 0-62, 093 (s, 3, Me each), -88
(d. 6. J 6 Hz, Me,), 094 (d, 3. J 7 Hz. Me), 2:56 [dd. 1, J 13.
5Hz H(78)). 313 (1. 1. J 13 Hz H(7%)]. 467 (m. 1. W, , 18 Hz,
OCH). [Monoacetate of 13b {(Ac,O/CHN, 20° 72 hr}: mp.
252-254"; IR {CHCl3) OH 3580 (w), 3500-3400 (w), CO 1708 (5)
cm™ ' PMR 6 0-63, 0-81 (s, 3. Me each), 0-84 (d, 6, J 6 Hz, Me,).

0-87 (r, 3. J 6 Hz. Me), 0-92 {d. 3. J 7 Hz, Me), 199 (s. 3 Ac Me).
275 [r. 1. J 13 Hz. H(72)]. 503 (m. 1. W, , 16 Hz, OCH); MS
mje 488 (M), 428 (488-HOAc, m* 376°1), 410 (428-H,0, m*
392-7). 385, 375, 367, 359, 346, 331 (346-Me, m* 316:6). For com-
parison PMR of monoacetate of 13a: 0-65, °81 {s. 3, Me ecach),
0-86 (d. 6. J 6 Hz. Me,), 091 (d. 3. J 7 Hz, Me), 2:00 (s, 3, Ac
Me) 2276 [ 1.1 12 Hz. H(72)]. 502 (m. 1. W , 18 Hz, OCH)].
Synthesis of 3f. Sx-dihydrox y-6-stigmastanone (13b). A stirred
suspension of 2-66 g of sitosterol in 27 mi of 90%, HCO,H was
heated at 80" for 12 hr. After cooling, the resultant paste was
treated with 3 ml of 30°, H,0O, 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 conc HCl. diluted with 30 ml of H,O and
filtered. The ppt was dried at 1207 for 12 hr. (While the crude
triol was used in the next reaction. crystallization of a small
sample from hexanc gave stigmastan-3f.5x,6f-triol, m.p. 242-
244"y N-Bromosuccinimide {200 mg) was added to a soln of the
pptin 10 ml of dioxane and 2:5 ml of H,O at 25° and the mix-
ture kept at this temp. for 10 min. It then was cooled in ice.
treated with 5 ml of H,O and filtered. The ppt (700 mg) was
washed with 50°, MeOH and crystallized from MeOH yielding
13b: m.p.. m.m.p. 246-248"; identical with the natural product.
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