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Abstract—Acid hydrolysis of the saponins from the stem bark of Guaracum officinale yielded the new sapogenin 35,20&-
dihydroxy-30-norolean-12-en-28-oic acid and the artifacts 38-hydroxy-30-norolean-12,19-dien-28-oic acid and its
methyl ester Larreagenin, sitosterol and oleanolic acid were also 1solated

INTRODUCTION

Guaiacum officinale L 1s an evergreen tree which 1s
cultivated for ornamental purposes Its wood 1s used as for
the preparation of a diuretic diaphoretic, sudorific, sialag-
ogue and a mouth wash [1]

Earher investigations on the sapogenins of this plant
have led to the isolatton of a compound named as
guatagenin [2] which was later identified [3] as oleanohc
acid

In this paper we wish to report the 1solation of three
new triterpenes (1, 2 and 3) besides larreagenin A (4) from
the acid hydrolysis product of the saponins of G officinale
The last named sapogenin was first 1solated from Larrea
dwaricata [4], a plant belonging to the same fanuly
(Zygophyllaceae) Oleanolic acid and sitosterol were also
1solated

RESULTS AND DISCUSSION

The crude sapogenins obtamed from the alcoholic
extract of the bark of the plant were hydrolysed with
hydrochloric acid in methanol-water The crude sapo-
genin mixture thus obtained was chromatographed on a
silica gel column to yseld the pure sapogenins

Hexane-benzene (65 35) eluted compound 3, mp
220-222°, [a]p, + 10 72° (CHCl,) which had the formula
C30H4603 Its UV spectrum in methanol showed only
end absorption at 209 nm, thus excluding the possibility
of conjugated double bonds The IR spectrum (KBr)
revealed the presence of hydroxyl (3420 cm™!) and ester
(1720cm™!) groups and tri-substituted double bond(s)
(829 cm ') 1n the compound The presence of a carbo-
methoxy group was also indicated by the 'H NMR
spectrum of the compound which showed a three proton
singlet at 83 63 Thus 3 appeared to be the methyl ester of
anortriterpenicacid The 'H NMR spectrum also showed
singlets for six tertiary methyl groups at 60 77-1 60 The
multiplet at 325 was assigned to H-3 and H-18 The
spectrum showed two olefinic protons signals at 5 12 (br s)
and 540 (¢, J = 375 Hz), the latter was assigned to H-12
which 1s encountered in the triterpenes of the oleanene
and ursene series

On acetylation with acetic anhydnide and pyridine a
monoacetate (3a) (mp 190-193°) was obtained, the IR

spectrum of which showed no hydroxyl absorption
The 'HNMR spectrum revealed a double doublet
(Joe = 100 Hz, J,, = 75 Hz) due to H-3 The spectrum
also showed a broad singlet at 43 32 which was assigned
to H-188 The downfield shuft of this signal as compared
to methyl oleanolate (62 86) [5] 1s apparently due to 1ts
allyhc posttion to the addition double bond at C-19 In the
'H NMR spectrum of 3, this signal was overlapped by the
H-3 signal

The mass spectra of 3 and 3a lend support to the
proposed structure Besides the molecular peaks at m/z
454 and 496 respectively, strong peaks due to retro-
Diels—Alder fragmentation [6] at m/z 246 and 207 were
observed in 3, the former peak 1s also present in 3a Both 3
and 3a showed a base peak at m/z 233 (C,;H,,0,) to
which structure 6 1s proposed Fragment 6 1s apparently
formed through a hydrogen transfer and rearrangement
from the 1on 5§ The formation of ions of type § 1s
commonly observed i A'2-oleanenes and ursene deriva-
tives [6] The high intensity of this ton 1in 3 and 3a 1s
apparently due to the presence of a double bond at C-19,
increasing the stability of the 1on 6 The mass spectrum
also showed that the double bond in ring E was not
present between C-20 and C-21 because 1n that case retro-
Diels—-Alder fragmentation of this ring would give rise to
an [M—68]" peak [6] which was not present in the
spectra of 3 and 3a

All of the spectroscopic data cited above lead to the
structure methyl 38-hydroxy-30-norolean-12,19-dien-28-
oate for 3 This structure is also supported by the
13C NMR spectral data (Table 1) of compound 3, where
assignments were made on the basis of known chemical
shifts of the B-amyrin series of triterpenes [7] and by
gated spin echo (GASPE) measurement after phase
correction, when primary and tertiary carbon peaks were
upright whereas secondary and quarternary peaks were
inverted

The mother hquors of 3 yielded another compound, mp
137°, [M]" at m/z 414, which was 1dentified as sitosterol
by direct comparison Benzene—chloroform (3 2) eluted a
triterpene, mp 262° [a], —875° On the basis of IR,
'H NMR, '3C NMR and the mass spectra, this com-
pound was identified as larreagenin A (4), which was first
1solated by Habermehl and Moller from Larrea dwaricata
[4] According to these authors, larreagenin A 1s not an
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artefact From the fractions eluted with benzene—chloro-
form (3 7) oleanolic acid, mp 299°, was obtained and 1t
was 1dentified through direct comparison with an authen-
tic sample This compound has already been reported
from this plant as a sapogenin

Compound 2 was eluted from the column by
chloroform—methanol (19 1) After recrystallization from

C—-OR?

+
H,C
COOMe
Me

methanol 1t was obtamed as colourless crystals, mp
215-218°, [o]p 10 54° (MeOH) The molecular formula
was found to be C;oH,,0; through the high resolution
measurements of the molecular peak On treatment of 1ts
methanolic solution with ethereal diazomethane, com-
pound 2 was converted into a compound which was
1dentical 1n all respects with 3 Therefore compound 2 has
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Table 1 '*C NMR chemical shifts of compounds 1a and 3
(measured in CDCl; solution)

Chemical shift Chemical shift
Carbon ————————— Carbon
No 1a 3 No 1a 3
1 3844* 38778 16 2310 2619
2 2715 2727 17 46 50 4563
3 78 94 78 90 18 4357 45 53”
4 38 72* 3847§ 19 46 50 129 249
5 5519 5543 20 7093 129309
6 1829 1831 21 3497t 3240
7 3403t 3345 22 3263 3705
8 3926 3895§ 23 28 08 2814
9 4755 4768 24 1527% 1568
10 3700 3705 25 1554 1568
11 2336 2336 26 16 82 1712
12 12298 12274 27 2520 2310
13 142 64 14232 28 177 65 17797
14 4156 4272 29 2580 2310
15 2756 2752 OMe 5166 5157

*11§|| T These values are interchangeable

the structure 3f-hydroxy-30-norolean-12,19-dien-28-o1c
acld It 1s isomeric to larreic acid [4] from which
larreagenin 1s derived

Compound 1 was also eluted with chloroform-meth-
anol (19 1) After further purification through rechromat-
ography and crystallization, 1t melted at 234-236°, [a],
66 66° (¢ 06, MeOH) The mass spectrum showed a
molecular 1on peak at m/z 458, corresponding to the
formula C,3H 460, Thuscompound 1 differs from 2 only
by the elements of a molecule of water The IR spectrum
(KBr) of 1 showed bands at 3440 (OH), 2920 (CH,), 1695
(CO, acid) and 825cm ™! (tri-substituted double bond)
The UV spectrum had a maximum at 207 nm (end
absorption) On treatment with diazomethane a mono-
methyl ester (1a) was formed The '"H NMR spectrum of 1a
showed singlets due to six methyl groups at 6072127, a
multiplet centred at 3 20 (H-3a), a double doublet at 2 80
(J = 50,13 75 Hz) attributed to H-18 and a triplet at 5 32
(J = 375 Hz, H-12) A singlet at 3 63 was due to COOMe
The fact that this compound showed a signal for only one
carbinylic proton indicated that the other hydroxyl group
was tertiary The mass spectrum of 1 showed peaks due to
the retro-Diels—-Alder fragmentation at m/z 207 and 250,
the latter losing water easily to yield the base peak at m/z
232 This indicated that the second tertiary hydroxyl
group was located at C-20

Acetylation of 1a with acetic anhydride—pyridine
yielded the monoacetate (1b), [M]* at m/z 514, as the
matn product, mp 213-215° The IR spectrum (CHCl,) of
this compound showed a broad absorption band at
3467cm™! due to the tertiary hydroxyl group The
'H NMR spectrum had peaks at 33 60 (COOMe) and
204 (OAc)

On the basis of the above spectra, the structure 1 was
suggested for the triterpenord sapogenin It was sup-
ported by the *3C NMR spectrum of 1a (Table 1) which
had signals for a double bond at §12298 (C-12) and
142 64 (C-13) which are close to the values n the A'2-
oleancne series of triterpenoids There were signals for
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two carbon atoms bearing oxygen function at 78 94 (C-3)
and 7093 (C-20) The latter peak was inverted in the
GASPE spectrum indicating that this carbon atom was
quarternary and the hydroxyl group attached to this
carbon atom was tertiary The absolute configuration at
C-20 1s not known

On refluxing compound 1 1n methanolic hydrochloric
acid, 1t was completely converted into a mixture of 2and 3
It appears therefore that compound 1 represents the
genuine sapogenin of G ¢fficinale whereas 2 and 3 are
artefacts formed during acid catalysed hydrolysis of the

saponin Larreagenin A (4) 1s not formed 1n this reaction
and therefore cannot be considered as an artefact derived
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EXPERIMENTAL

Melting points were determined on a Gallenkamp apparatus
and are uncorr 'HNMR (100MHz) and !'3C NMR
(25 15 MHz) spectra were recorded on a Bruker-FT-WP-100 SY
spectrometer in CDCl; using tetramethylsilane as an internal
standard TLC was performed on silica gel plates using the
following solvent systems (a) CsHs-EtOAc (9 1), (b)
CHCl;-MeOH (95 05), (c) CHCl;-MeOH (9 1) Spots were
detected by spraying with ceric sulphate soln in 109, H,SO,
followed by heating

Extraction and separation The powdered stem bark of G
officmale was extracted x 3 with cold MeOH The combined
methanolic extracts were evaporated at red pres to afford a
gummy residue Thas residue was partitioned between EtOAcand
H,0 The EtOAc layer was separated and the aq layer (contain-
ing saponins) was extracted with n-BuOH The n-BuOH layer
was separated and evaporated under red pres to afford crude
saponins

Acid hydrolysis of sapomins The crude saponins (100 g) were
refluxed with methanolic HCl (900 ml MeOH, 100 m! H,0,
150 ml conc HCI) for Shr The MeOH from this reaction
mixture was evaporated and H;O added, whereby a crude ppt of
sapogenins was obtained It was filtered and dried to yield 30 g
sapogenins This sapogenin mixture was chromatographed on a
silica gel column (1 5kg) which was successively eluted with
solvent gradients of increasing polanty in the order of hexane,
CsHg, CHCl; and MeOH Asa result of this chromatography the
following compounds were 1solated

Methyl-3f-hydroxy-30-norolean-12,19-dien-28-oate 3)
Elution with 35% CgHg in hexane afforded a mixture of
compound 3 and sitosterol, which on repeated recrystallization
from MeOH yelded colourless shining crystals of 3, mp
220-222°, [a]p 1072° (¢ 019, CHCl;) UV AMOH 209 nm
IR vKBrem ™! 3420 (OH), 2940 (C-H), 1720 (ester), 1440, 1385,
1245, 1205, 1112, 1036, 1000, 829 (tnisubstituted double bond),
754 'H NMR (CDCl;) 6077,079,091,096,1 01, 1 60 (each 3H,
5,6 x Me), 3 25 (2H, m, H-3 and H-18), 3 63 (3H, s, COOMe), 5 12
(1H, br 5, H-19), 54 (1H, t, J = 375 Hz, H-12), }*C NMR (see
Table 1) MS m/z (rel int) 454 344 [M]"* (Calc for C3H,0;
454 344674) (36), 439 [M —Me]* (2), 436 [M —H,0]" (2), 395
[M —-COOMe]* ), 377 [M —H,0 - COOMe]"* (2), 301 (2),
24616146 [fr a]* (Calc for C,sH,,0,, 246161971) (50),
23315367 [fr 6]* (Calc for C,sH,,0,, 233 154146) (100), 219
(10), 207 [fr b]* (24), 187 14789 [fr a—COOMe]* (Calc for
CiH,,) 187148668, (62), 17313278 (Calc for C,3H,,,
173 133019) (68), 160 (17), 145 (16), 130 (18), 117 (20), 105 (30), 91
(22), 79 (28), 69 (29), 55 (36)

Acetylation of compound 3 Compound 3 (20 mg) was treated
with Ac,0 (10 ml) in pyridine (1 ml) at room temp overmight Ice
was added to the reaction mixture and a white ppt was obtained
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The ppt was filtered, washed with H,O and dried It was
crystallized from MeOH yielding colourless needles of
monoacetate ester (3a), mp 190-193°, [a], —1006° (c 02,
CHCl;) IRvEBrem™' 2940, 1729, 1440, 1365, 1243, 829
'H NMR (CDCl;) 4080 (3H, s, Me), 085 (6H, s, 2 x Me), 096,
102, 160 (each 3H, s, 3 x Me), 204 (3H, s, OAc), 32 (1H, br s,
H-18), 363 (3H, s, COOMe), 450 (1H, dd, J, = 100Hz,
Joe = 75Hz, H-3),513 (1H, br s, H-19), 540 (1H, ¢, J = 343 Hz,
H-12) MSm/z (rel 1nt) 496 [M]* (32),454 (1), 436 (33), 421 (4),
393 (2),377 (8), 367 (4), 299 (2), 257 (14), 246 (56, fr a),233 (100, fr
6), 218 (18), 201 (26), 190 (58), 187 (58), 173 (60), 160 (14), 149 (18),
130 (18), 119 (20), 105 (20), 95 (28), 89 (38), 69 (57), 57 (95)

Sutosterol This compound was obtained from the mother
liquors of 3 and 1t was purified by repeated recrystallization from
Me,CO as colourless needles, mp 137°, MS m/z 414 It was
identical (TLC, IR, mmp) with an authentic sample of sitosterol
(E Merck, Darmstadt) and punfied further through repeated
crystatlizations

Larreagemin A (4) The substance eluted with CsHg—CHCl,
(3 2) was purified by repeated recrystallization from MeOH,
whereby fine needles were obtained, mp 262°, [a], ~875° (¢
016, CHCl;) This compound was 1dentified as larreagenin A
through direct comparison of 1ts spectra with those of larreagenin
A[4] '3C NMR (CDCl,) 81521,1535,1607,17 73,25 09,27 90
(methyls), 18 06, 20 51, 24 94, 2574, 26 71, 2702, 3101, 3272,
3459, 37 29, 38 60 (methylenes), 50 10 (C-9), 5508 (C-5), 78 50
(C-3) (methynes), 37 12, 38 68, 40 81, 41 90, 4279 (C-17), 8081
(C-20), 123 29 (C-13), 139 51 (C-18), 175 78 (C-28) (quarternary
carbons) MS m/z (rel 1nt) 440 [M]* (16), 438 (20), 422 (42), 407
(8), 395 (36), 379 (8), 369 (6), 327 (2), 287 (8), 245 (14), 232 (70), 220
(54), 219 (48), 207 (52), 203 (88), 190 (100), 175 (82), 159 (46), 119
(68), 105 (84), 95 (59), 81 (73), 73 (76), 54 (90)

Oleanolic acid From the CgHg~CHCI, (3 7) eluate, oleanolic
acid was obtained and purified by repeated recrystallization from
MeOH, mp 299° MSm/z 454[M]" ThelR,'H NMR and mass
spectra were 1dentical with those of an authentic sample

3B-Hydroxy-30-norolean-12,19-dien-28-01c acid (2) Elution
with CHCl;-MeOH (19 1) gave a mixture of 2 and 1 which was
rechromatographed on silica gel (60 PF, 5, + 366) with a gradient
of hexane-EtOAc (EtOAc 10-20 %) yielding 2 which was further
purified by recrystalization from MeOH as microcrystalline
powder, mp 215-218°, [«]p, 10 54° (c 02, MeOH) MS m/z 440
Treatment of its methanolic soln with CH, N, in Et,O yielded the
methyl ester, mp 220-222°, which was identical with compound 3
by TLC, IR, 'H NMR and mass spectra

38-20¢-Dihydroxy-30-norolean-12-en-28-o1c acid (1) Com-
pound 1 was eluted from the above column with hexane-
EtOAc (3 1) and punfied by recrystalization from MeOH
as a mucrocrystalline powder, mp 234-236°, [«];, 66 66° (c 06,
MeOH) UV AM<OHpm 207 IR vKBrem™' 3440 (OH), 2920
(C-H), 2870, 1695 (CO, acid), 1468, 1452, 1386, 1308, 1295, 1205,
1120, 1026, 998, 950, 825 (trisubstituted double bond), 742 MS
m/z (rel nt) 458 [M]* (2), 440 [M —-H,0]"* (12), 425 [M
—H,0—Me]* (2), 407 (1), 286 (1), 264 (7), 250 [RDA fr a]*
(24), 232 [a-H,0]"* (100), 219 (6), 207 [RDA fr b]* (32), 187 [fr
a—H,0-COOH]* (84), 173 (15), 160 (10), 140 (16), 132 (16),
119 (18), 107 (18), 95 (18), 80 (19), 69 (23), 55 (22)
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Methylation of 1 A soln of 1 (60 mg) in MeOH was treated
with an ethereal solution of CH;N, at room temp for 10 min
After evaporation of the solvent from reaction mixture, the
methyl ester 1a was crystallized from MeOH as an amorphous
powder (55mg), mp 243-245°, [a]p, 500 (¢ 02, CHCI,)
IR vEBrem ™! 3440 (OH), 2940 (C-H), 1705 (COOMe), 1455,
1205, 1112, 1028, 'H NMR (CDCl,) 6072,078,090,098, 1 14,
127 (each 3H, 5, 6 x Me), 280 (1H, dd, J = 50, 13 75 Hz, H-18),
320(1H, m, H-3),3 63 (3H, s, COOMe), 532 (1H,t,J = 375 Hz,
H-12) MSm/z (rel mt) 472[M]"* (2),454[M —H,0]" (6),439
(3), 412(2), 396 (5), 377 (1), 314 (1), 285 (1), 264 [RDA fr a]* (31),
246 (100), 232 (35), 214 (28), 207 [RDA, fr b]* (30), 187 (80)

Acetylation of 1a Compound 1a was treated with Ac,O and
pyndine at room temp overmight Ice was added to the reaction
muxture, which yielded a white ppt The ppt was filtered, dried and
was purified by prep TLC (solvent CHCl,-MeOH, 9 1) and
crystallized with MeOH as colourless microcrystalline powder
(1b)mp 213-215> IR vGHCL cm ™! 3647 (OH), 2940, 1705, 1275,
1202, 1112, 1030 'H NMR (CDCl,) §074,085,093,1 14,1 25,
127 (each 3H, 5,6 x Me), 204 (3H, 5, OAc),2 8 (1H,dd, J = 13 75,
5 Hz, H-18), 3 60 (3H, s, COOMe), 4 50 (1H, ¢, J = 10 Hz, H-3),
532 (1H,t,J = 375 Hz, H-12) MS m/z (rel 1nt) 514 [M]* (2),
496 [M —H,01" (6), 481 (1), 455 (13), 436 (14), 377 (6), 299 (2),
264 [fr a]* (20), 246 (64), 232 (22), 214 (12), 187 (100), 174 (18),
162 (10), 149 (14), 133 (16), 120 (12), 105 (13), 93 (10)

Dehydration of 1 Compound 1 (10 mg) was refluxed with
methanolic HCI (10 ml MeOH, 1 mi H,0, 1 7ml conc HCI) for
3 hr The MeOH from this reaction mixture was evaporated and
the residue was partitioned between EtOAc and H;O and the
organic layer was separated The solvent was evaporated The
residue, which consisted of two main products, was separated by
prep TLC (CHCl1;-MeOH, 9 1) to yield methyl-38-hydroxy-30-
norolean-12,19-dien-28-oate and 38-hydroxy-30-norolean 12,19-
dien-28 oic acid These were 1dentical with the two products (3
and 2) already described above
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