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Abstract-—The bark of Pterocarpus santalinus has been found to contain S-amyrone, lupenone, epi-lupeol, lupeol,
sitosterol and a new lupene diol whose constitution has been established as lup-(20)29-en-24,3x-diol.

In an earlier publication [ 1] we described the ses-
quiterpenoids of Pterocarpus santalinus heart-
wood. Investigation of the bark has now led to the
isolation of six triterpenoids.

The light petroleum extract on column chromat-
ography gave f-amyrone, lupenone (1), epi-lupeol
(2), lupeol (3) and sitosterol. The chloroform
extract on similar treatment gave, as major com-
ponent, a new triterpene (4), m.p. 225-6°
C;0H500,. v, indicated hydroxyl(s) (3540 cm™ ')
and exo =CH, (880, 1640 cm ™ !). NMR showed six
tertiary methyls (0 0-88, 091, 093, 1-02, 1-11 and
1-15, 3H each, s), a vinylic methy! (6 1-65, 3H, s),
two hydroxylic protons (& 2:30, 2H, s), two car-
binol methine protons at o 3-45 (1H, d, J 2:5Hz)
and 4-05 (1H, m, W/2 21-0 Hz) and exo =CH, (8
4-50 and 4-65, 1H each, 4, J 1-5 Hz). Catalytic hyd-
rogenation yielded a dihydro derivative. In its
NMR, the exo =CH, and vinylic methy! signals
were replaced by two additional tertiary methyls,
indicating an isopropylidine group in the en-diol
(4). Acetylation of the diol (4) and the dihydrodiol
gave their corresponding diacetates.

All the above data suggested lup-20(29)-en-diol
structure and this was substantiated by the MS of
the diol and its derivatives. The former showed
diagnostically important peaks at 442 (M™), 427
(M-Me), 424 (M-H,0), 409 (M-Me-H,0). 236
(fragment A), 223 (B), 218 (C), 205 (B-H,0), and
189 (D). The peaks as 218 and 189 showed that
rings D and E are the same as in lupeol [2]. The
base peak for the diol (4) and the dihydrodiol

521

appeared at 205 and seems to have arisen by the
loss of water from fragment B (Scheme 2). The
peak at 218 is specially intense in lupene diol and
also persists in the MS of the dihydrodiol indicat-
ing that in the former it has received contribution
from water loss of fragment (A) also (Scheme 1).
The peaks at 218 and 205 showed in the spectrum
of the diacetate (5) also. The fragmentation pattern
further restricted the allocation of the two hyd-
roxyls to rings A/B.

(1) Ry=Hg, Ra= 0 (6) Ry, Rp=_O>>C-(Me)

(2) Ri=Hp Re= <0 (70 R=ZOF Ry =
(3) Ry= Hz, Rp= <" (8) R =R, = on
.-OH -

(4) Ry= Re = <] (9) R=< O R=0
OAc

(8) R,=Rz=<H

The diol (4) was attacked by periodate and
formed an acetonide (6) indicating the presence of
the two hydroxyls on vicinal carbon atoms. This
was also supported by the formation of a dios-
phenol (10, Scheme 2) by CrO;-AcOH oxidation.
In its NMR, one olefinic proton at é 6-32 indicated
the presence of -C(QH)-CH, group in the diol and
thus ruled out the possibility of ring B being hyd-
roxylated. In ring A, the choice of C-2 and C-3
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Scheme |
made from biogenetic considerations was also in triterpene-2.3 diols arc known. z-orientation of

agreement with the observed multiplicity of the
carbinol methine signals of the diol (4) now attri-
butable to the C-3 and C-2 protons respectively.
Partial tosylation of the diol gave a monotosylate
(7). Its NMR had C-3 proton signal of the diol un-
changed indicating it to be 2-tosyloxy, 3-hydroxy
compound. It was unstable and under the condi-
tions of silica gel column chromatography and
prolonged tosylation gave lupenonc (1). This
change involved easy elimination of the tosyloxy
group along with C-3 proton followed by ketoni-
zation of C-3 hydroxyl (Scheme 2) and thus con-
firmed the location of the hydroxyls at C-2 and C-3
as well as the lup-(20)29-ene skeleton of the diol.
A similar change is probably responsible for the
base peak at 205 in the MS of the diol and the
dihydrodiol which is the same as in lupenone [2].

HO
(1) Silica gel (4, TsCL/Py (a) CrOs =
Column o° 1nr AOH )/k
Scheme 2.

Partial acetylation of the diol yielded 2-acetoxy,
3-hydroxy compound as shown by its NMR which
had only the C-2 protons signal of the diol shifted
downfield to & 529 (m). On Jones oxidation it
afforded 2-acetoxy. 3-oxo-lupene (9). NMR of the
latter displayed C-2 proton as a quartet of equal
intensities centered at ¢ 563 and involved in diax-
ial (J 13-0 Hz) and axial-equatorial (59 Hz) coup-
ling with C-1 protons. This showed that the C-2
proton was axial and hence the hydroxyl equa-
torial (z) [4,5]. This was also supported by the J ;.
(13 Hz) of C-1 equatorial proton. The axial (z) con-
figuration of C-3 hydroxyl then followed from the
small J value of the C-3 proton signal in the NMR
of the diol and the diacetate [6].

Thus the full structure of the new diol is lup-
(20)29-en-22, 3x-diol (4). Though other epimeric

both the hydroxyls at C-2 and C-3 is rather un-
common and the only other triterpenes with C-10
methyl and belonging to this class are 12-en-28-oic
acids of ursane [7] and oleanane [ 8] series.

EXPERIMENTAL

All m.ps were recorded on Koffler block. NMR spectra were
recorded using TMS as internal reference. Light petrol. refers to
fraction, b.p. 60-80 .

Extraction and isolation. The bark (3 kg) was powdered and
extracted by boiling successively with (1) light petrol.. (2) CHCl,
and (3) EtOH. The light petrol. extract (1) was cone and chroma-
tographed over silica gel. Light petrol. fractions were rechroma-
tographed on Ag ™ /SiO; (10} using the same cluent and the
two compounds that separated cryvstallized from McOH as
needlesm.p. 179 and 172", Both gave + ve LB testand were iden-
tified as f~amyrone (200 mg) and lupenone {300 mﬂ) respectively
by wmpdlls(m with authentic samples (TLC. mup.. IR} Light
pctlol H, (1:1) fractions vielded epi-lupeol (‘(Hm{') that
cr_vsmllizcd from McOH as ncedles mp. and man.p. 210 11
identical with an authentic sample. Light petrol. C.H, (1:9)
cluate yielded lupeol (700 mg) that crystallized from McOH as
needles m.p. and mum.p. 21415, identical with an authentic
sample. C H,, ¢luate gave sitosterol {200 mg) that crystallized
from MeOH as needles m.p. 138 | identical with an authentic
sample. The CHCL extract (2) on chromatography on sifica gel
yielded small quantities of the above compounds. Further clu-
tion with CHCI; gave lupene diol (4, 700 mg): it erystallized
from CHCl5-hexane (1:3)as long necdles, mop. 225-6 1 [(«], +
254 (C 023, CHCLy) (Found: C. 81:9: H. 109. C3,H;,0,
requires C. 81-4: H, 11-47,) v 880, 1640 (=CH ). 1336 (gem.-
dimethyl). 3540 ¢cm ! (()H). NMR (CDCIy) has fully been de-
scribed in the text. MS: mise (7)) 442 (73), 427 (18), 424 (15). 409
(15),236(12).223(79), 218 (60). 205 (100). 203 (47). 189 (75). The
diacetate crystallized from MeOH as needles, mp. 180 . [=], +
420° (C 0-39. CHCly) (Found: C. 77-7; H. 104, C3,H,0,
requm.s C, 775 H, 103" o) et 880, 1645 {=CH,). 1245, 1745
em” b (- O(O’\/lu) NMR (((14 ) X80, 0-83. 100 (9H). [-2§
(s, 6 ter. methyls) 1465 (5. 20-Me). 1-85 and 2-09 (3H 5. cach. 2 %
~-OCOMe), 4-50 and 465 (1H cach, d. J I'5 Hz. 29-H.), 490
(1H, d. J 25 Hz, 3f-H) and 322 (m, W.2 200 Hz, 2 -H). MS:
mye (°5) 526(35), 466 (12), 423 (8). 391 (10), 320 (20). 307 (8). 218
{20), 205 (30). 189 (33). 43 (100).

Lupane-2z.3z-diol. The dlol (4, 75 mg} dissolved in E1OAc (8
mb) was hydrogenated over PtO, for 6 hr. The dihvdrodiol (72
mg). crystallized from MeOH as needles. mp. 255.6°. [«],
~ 14 (C. 048 CHCL,) (Found: €0 808: H. 1220 C,,H;. 0,
requires: C, 81-0; H, 118%) v 3560cm™ ' (OH), NMR
CDCl4, 8): 0-71, 0-81, 0-90. 0-92, 1-05 and 1-10 (s, 6 ter. methyls),
0-75 and 0-85 (3H each. d. J 1-2 Hz, 20-Me); 2:00 {2H. s, 2-OH.
disappeared on D, O shaking), 3-45 (1H. 4. J 2-5 Hz. 3f-H) and
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405 (1H, m, W/2 21-0 Hz, 28 -H) MS: m/e (%) 426 (M *-18, 20),
383 (8). 223 (40), 220 (5). 218 (17). 217 (45), 205 (100), 204 (40),
191 (40). 177 (30), 148 (10). The diacetate crystallized from
MeOH as needles, m.p. 140°, [a], —32° (C 025, CHCl,),
(Found: C, 76:7; H, 11-1. C;,Hs,0, requries: 77-2; H, 10:7%)
yraiel (250, 1759 (<OCOCH ;). NMR (CCl,, 8):0-71, 0:91 (9H),
1-10, 1-30 (s, 6 ter. methyls), 0-75 and 0-86 (3H each, d, J 2-0 Hz,
20-Me), 1-95 and 2-13 (3H each. s, 2 x ~-OCOCH,;), 495 (1H,
d, J2:5Hz, 3 § -H)and 522 (m, W/2 21-0 Hz, 2 § -H).

Lup-20(29)-¢n-2a.3z-acetonide (6). The diol (50 mg) in dry
Me,CO (1 ml) was added to the solution of p-toluenesulphonic
acid (18 mg) in Me,CO (0-5 ml), and kept at room temp. for 1
hr. The acetonide was purified by preparative TLC (neutral
Al, 05, CH,); it crystallized from MeOH as leaflets (40 mg),
m.p. 99%, []p +49-4°(C 092, CHCl,) (Found: C, 82:0; H, 11-2.
C;33Hs,0, requires: C, 82:1; H, 11-29,.) vKBr:880 (=CH,), 858,
1057, 1111, 1160, cm™ ! (acetonide). NMR (CCl,, 8): 075, 8-50,
9:50, 1-00, 1-25 (6H) (s, 6 ter. methyls), 1-40 (6H, s, methyls of
acetonide group), 1-66 (3-H, s, 20-Me), 3-58 (1H, d, J 40 Hz, 3§
H), 400 (m, W/2 {5 Hz, 28-H) and 4-50 and 465 signals as
described for the diacetate (5).

Diosphenol (10): The en-diol (4, 80 mg) in Me,CO (5 ml) was
treated with CrO;-AcOH (30 mg of CrO; in 1 ml of AcOH,
diluted to 4 ml), at 5-10° for 4 hr, diluted with water and
extracted with ether, The residue left on removal of ether was
purified by column chromatography over silica gel. C4H,
cluate gave diosphenol as gummy material (45 mg) which could
not be crystallized; it gave + ve ferric reaction; A1'%": 271 nm
{€ 7590), ALOMKOM: 313 nm (e 6000), ALOHNC 271 am (e 7600).
viitm. 881, 1652 (=CH,), 3548cm™! (OH). NMR (CDCl,, d):
0-80, 0-95 (6H), 1-00 (6H), 1-20 (s, 6 ter. methyls), 1-66, 4-50 and
4-65-signals as described for (5) and 6-32 (1H, s, [-H).

Lup-(20)29 en-2a-tosyloxy. 3a-ol (7). The diol (100 mg) in
CHCI, (1 ml) was treated with a solution of tosyl chioride (70
mg) in pyridine (1 m!) at 0° for [ hr. The product was first chro-
matographed over silica gel column. C H, eluate crystallized
from MeOH as rods, m.p. 170° identical with an authentic
sample of lupenone (50 mg) (TLC, m.p, IR). ChCl, eluate
yielded unchanged diol (10 mg) m.p. 224-6°. In another exper-
iment the partial-tosylation product was subjected to TLC
(silica gel) for purification. The monotosylate did not crystallize,
[2]p +22° (C 0-8, CHCl,) vEBr1175, 1190 (tosyl ester), 1360,
3550cm™ ! (OH). NMR (CCly, 8): 0-80 (6H), 0-82, 0:90, 1-10 (6H)
(s, 6 ter. methyls), 1-65 (3H, 5,20-Me), 250 (3H, s, Me of tosyloxy
group), 3445 (1H, d, J 24 Hz, 3 B -H), 4-50 and 4-65-signals as
described for (5) and 7-5 (5H. m, aromatic protons).

The diol (50 mg) was also treated with tosyl chloride and pyr-
idine at room temp. overnight. Crystallization of the product
from MeOH yielded rods (15 mg), m.p. 171-2°, identical with
authentic lupenone.

Lup-(20)29-en-2x-acetoxy, 3x-ol (8). The diol (100 mg) was
treated with Ac,O/Py at 0° for 1 hr. The monoacetate crystal-
lized from MeOH as colourless needles m.p. 247-8°, [a]p +39°
(C 04, CHCl3). (Found: C 79-4; H, 10-6. C;,H,,0; requires:
C 79-3; H 10:89%;,.) vKBr.882 (=CH,),1258, 1748 (-OCOCHMEe),
3548 cm™~! (OH). NMR (CDCly, 8): 0-82, 091, 1-00 (6H), 1-05,
110 (s, 6 ter. methyls) 166 (3H, s, 20-Me), 2:10 (3H, s,
-OCOCH,;) 345(1H, d, 25 Hz, 3 §-H), 450 and 4-65-signals as
described for the acetate (5)and 529 (1H, m, W/2 20 Hz, 2§ -H).

Lup-20(29)-en-22-acetoxy,3-one (9): The monoacetate (60 mg)
in MeCO, (2 ml) was treated with excess of Jones’ reagent for 1
hr, and the product isolated by extraction with ether. Removal
of ether gave ketol acetate (9) which crystallized from MeOH
as needles, m.p. 255° [a]p +43-3° (C 1-2, CHCl,). vruio': 882
(=CH,), 1258, 1748 (-OCOCMe), 1725 cm™ ! (cyclohexanone).
NMR (CDCl,, d): 0-83, 098, 115 (6H), 1-23, 132 (s, 6 ter.
methyls), 1-67 (3H. s, 20-Me), 2:13 (3H, 5, -OCOCH3;), 229 (1H,
G- J 15,25 $9Hz,J 15 1, 12:5Hz, 18-H), 452 and 4-63 (1H each, d, J
1:5,29-H,) and 5-63 (1H, g, J 5,15 59 Hz, J,4 1, 13-0 Hz, 28-H).
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