
Phykxhemtsrry, Vol 23, No IO, pp 2251-2255, 1984 
Prmted m Great Bntam 

3-0X0-FRIEDELAN-20a-OIC ACID FROM GYMNOSPORIA EMARGINATA 

003 l-9422/84 $3 00 + 0 00 
Q 1984 Pergamon Press Ltd 

PARIMI ATCHUTA RAMAIAH, (MRs) PARIMI UMA DEVI, FELIX FROLOW and DAVID LAVIE 

Department of Orgamc Chemistry, The Welvnann Institute of Science, Rehovot, Israel 

(Recewd 5 December 1983) 

Key Word Index-Gymnospona emargmata, Celastraceae, /I-amyrm, D A-frwdo-oleananes, frtedelm, 3-0x0- 
fwdelan-20cr-olc actd, maytenomc acid, polpunomc acid, sitosterol 

Abstract-3-Oxo-fnedelan-20x-olc acid, named as maytenomc (polpunomc) acid, has been isolated along wnh 
fi-amyrm and srtosterol from Gymnosporra emurgrnata ‘H and 13C NMR signals have been assigned for the structure 
X-ray analysis of the single crystal confirmed that the carboxyhc acid 1s a-oriented at C-20 and the D/E rings of this 
D A-fnedo-oleanane are m chan-chan conformation “C NMR data of the present compound also enabled the 
assignment of the C-2Oa- and B-methyl carbons m frledehn 

INTRODUCTION 

Gymnospor~a emurgmta Laws [l] (Celastraceae) 1s a 
thorny shrub with pale leaves, and frequently bearing 
flowers, which 1s available m the area of Nuzvld (Andhra 
Pradesh, India) The plant 1s called ‘Danti’ m the local 
language (Telugu) and 1s used occasionally for fencmg 
Tincture extracts of the bark are used m local medicme 
Several Gymnosporu species have been reported for their 
medrcmal properties and chemical constituents [2, 31 
Recently, a chemical exammatlon of this plant from Sn 
Lanka revealed the presence of 3-oxo-lup-20(29)-en-30-al 
and two of its derwatlves [3] The present chermcal study 
of this plant, which was collected from the Nuzvld area, 
yielded a tnterpene acrd, 3-oxo-fnedelan-2Oa-olc acid, 
named maytenomc (polpunomc) acid (2a) [4, 51 along 
with j?-amynn and snosterol Maytenomc acid (2a), mp 
262”, [alo- 32” (MeOH) was first reported [4] from 
Maytenus senegalensrs (Celastraceae) The stereochem- 
istry of the carboxyhc acid at C-20 was not settled, and 
based on mass spectral fragmentation data, its onentatlon 
was proposed as syn with the 27-Me Further, it was found 
that the extracts and fractions from the plant had 
reproducible activity agamst the 9 KB carcmoma of the 
nasopharynx m cell cultures, as well as the L-1210 
leukenna and PS leukemia tumor systems in mice [4] 
Later this compound was also isolated [S] from the roots 
of Plenckla polpuneu (Hlppocrateaceae) and named pol- 
punomc acid, mp 275-276, which was reported to show 
antlbactenal and antlmnotic activity The stereochemistry 
of the carboxyhc acid at C-20 was desc&ed as being a by 
subjecting its 3-hydroxy-29-carboxyhc acid methyl ester 
to the fnedelane-oleanane rearrangement to obtain the 
l&29-lactone [5] 

Recently, the structure of maytenfohol, a D A-fnedo- 
oleanane (17/?,20B-dlhydroxymethyl-3-oxo-friedelan) 
was established by X-ray and its antlleukemlc activity was 
reported In this case the rings AC are m chair forms, 
whereas m the CIS fused D/E rings,, ring E 1s close to a boat 
form while rmg D 1s twisted from a boat towards a 
stretched 1,3-dlplanar form [6] It was also shown earlier 
by X-ray studies for D A-fnedo-oleananes, that the A-C 
rings are m chair forms and the cu-fused D/E rings may 

be either m the folded chan-chan [7,8] or m the stretched 
boat-boat [9-121 conformations It was suggested by 
‘H NMR studies using LIS and INDOR techniques that 
the czs fused D/E rings of fnedelm (1) m solution assume a 
boat-boat conformation [ 131 “C NMR LIS values for a 
few D A-fnedo-oleananes in solution had been recently 
de-bed as supporting a boat-boat rather than a 
chair-chair conformation for the CIS fused D and E rings 
Cl41 

Similarly, if the CIS fused D/E rings of the present 
compounds (2a) and (2b) are m boat-boat conformation, 
the ‘H and 13C NMR signal assignments will be more 
suggestive of a 20/I- rather than the reported 20a-onented 
carboxy group This controversy for the flxatlon of the 
stereochemistry at C-20 has now been clar&d by carrying 
out a single crystal X-ray analysis of compound 2b which 
showed that the CIS fused D/E rings are m chan-chan 
conformation along with A-C rmgs being all m chair 
forms as shown in Fig 1 Now, the ‘H and “C NMR 
signals have been readily assigned for compounds 2a and 
Zb, and this has finally corroborated the assignments of 
the a and /I-methyl carbons at C-20 in frledehn (1) 

RESULTS AND DISCUSSION 

Compound 2a analysed for C3eH4a03, [M] + at m/z 
456, mp 261-262”, [a], - 416” The presence of the SIX 
membered rmg ketone (17OOcm-‘) and the carboxyhc 
acid (3300-2500 broad and 171Ocm-‘) were seen m 
the IR spectrum, as well as the signals, respectively, at 
6213 3 and 1849 m the “C NMR spectra It gave a 
monomethyl ester 2b with dlazomethane, which analysed 
for C31H5003 The methyl ester showed the ester car- 
bony1 (172Ocm- ’ ) m the IR spectrum and a singlet at 
63 64 for the carbomethoxy group in the ‘H NMR 
spectrum 

Analysis of the ‘H NMR spectrum of 2a showed five 
singlets and one doublet (Table l), totally integrating for 
seven methyl groups One of the signals of the methyl 
doublet (60 87, J = 6 Hz) was overlapped by that at 
6088 Upon uradlatlon at the C-4 secondary methyl 
signal, the 4a-H, quartet collapsed to a sharp singlet at 
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Fig 1 Stereoscopx view of maytenomc (polpunomc) acid methyl ester 2b (a) with numbermg, (b) with hydrogens 

62 21 Reciprocal irradiation at this point, resulted m the 
conversion of the C-4 methyl from a doublet to a singlet, 
thereby enabling the assignment of the chemical shifts of 
4a-H,, and the 23/GMe (eq at C-4) groups Since this 
compound (2a) belongs to a D A-fnedo-oleanane series 
of triterpenes, a comparison was made with the ‘H NMR 
spectral values of frledehn (1) [ 151 and the same chemical 
shifts were found for the C-23, C-24 and C-25 methyl 
groups The singlet at 6126, the lowest of the methyl 
reDon, was assigned to that methyl adJacent to the 
carboxyhc acid at C-20, and the signals for the remaining 
C-26, C-27 and C-28 methyls were deduced by using the 
chemical shift differences observed between the acid and 
the ester (Table 1) The C-23 and C-24 methyl groups m 2a 
and 2b were found at the same positions, but the C-25 

R 

1 Me 

2a COOH 

2b COOMe 

methyl group shifted only slightly upfield, by 0 02 ppm 
The signal for the methyl group adJacent to the carboxyhc 
acid moved to 6 1 18 m 2b and this shift of + 0 08 ppm IS 
believed to be due to the absence of the deshleldmg and 
the lowering of the electron withdrawing effect of the acid 
by ester formation The remammg signal positions for the 
C-26, C-27 and C-28 methyl groups were selected by 
comparmg the shifts observed for prs of close values 
between 2a and 2b The best assignments were those for 
the C-27 methyl group 100 for 2a and 0 87 for Zb, the 
difference being + 0 13 ppm Such an effect can be 
attributed to the position of this methyl group which IS 
under the direct influence of the carboxy-group, both 
bang on the same side of the molecule (see Fig 1) The 
remaining pair of signals were for the C-26 and C-28 
methyl groups, the assignment of the latter being deduced 
from its close value to the appropriate methyl group of 
frledehn (1) [15], as well as from a correlation of the 
residual “C-H coupling constant observed m the CMR 
SFORD spectra of 2a and 2b 

One should keep in mind, however, that should the D/E 
rings have been m a boat-boat conformation, then the 
carboxy group would have been /?-oriented at C-20 m 
order to influence the proximate methyl group which 
should then be the C-28 methyl group to account for the 
above shift difference (+ 0 13 ppm) This coqecture 1s 
ruled out as seen from the X-ray structure of 2b 
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Table 2 13C NMR spectral data of compounds 1, 2a and 2b 

Carbon l* 2a 2b Carbon 1* 2a 2b 

1 22 3 223 223 17 300 302 302 
2 415 415 415 18 428 443 446 
3 2130 2133 2130 19 354 29 5 292 
4 58 2 58 3 58 2 20 281 405 406 
5 42 1 42 1 421 21 328 29 5 296 
6 413 414 413 22 392 36 7 366 
7 182 183 182 23 68 68 68 
8 53 1 507 504 24 146 146 146 
9 374 37 5 375 25 179 18 1 175 
10 59 5 599 596 26 186 184 185 
11 356 35 3 352 27 203 163 16 1 
12 305 303 305 28 32 1 318 319 
13 38 3t 39 2t 39 3t 29 318 1849 1793 
14 397t 393t 394t 30 350 315 319 
15 324 302 300 COOCHJ - - 515 
16 360 362 362 

*Values are taken from refs [14, 16 and 181 wzth appropriate alterations 
tValues are Interchangeable vertically 

The mass spectrum of compound 2a showed the 
characteristic fragmentations for frledelane triterpenes 
[21,22], and these are gven m the Experunental section 
From Cutha cassznozdes [23] 208-hydroxymethyl 
frledehn had been isolated and from its acetate an X-ray 
structure analysis has been carried out It was found that 
the CIS fused D and E rings are in twist and perfect boat 
forms, respectively It can be assumed therefore that the 
corresponding /?-oriented acid may be m the same confor- 
mation This conformation 1s quite different for this area 
of the molecule than our 2Ooz-axially oriented carboxy 
ester of friedelm which has a chair-chair conformatton 

(Fig 1) 
The present results show that the Gymnosporza enzar- 

gznata bark zs a new source for the blologcally active 
compound maytenomc (polpunomc) acid (2a) whose 
structure 1s unequivocally established 

EXPERIMENTAL 

Gymnosporza emargmata plant material was collected 5 km 
south-west of Nuzvid, Indza Mps were measured on a 
Fischer-Johns apparatus and are uncorr IR spectra were re- 
corded on a Perkm-Elmer 467 grating spectrophotometer 
‘H NMR and “C NMR spectra (broad band and SFORD) were 
determined wzth Bruker WH270 (270 MHz) and WH90 (operat- 
mg at 2263 MHz) instruments, respectively, for CDCIs solns 
with TMS as Internal standard Analytical TLC was carried out 
usmg chroznatoplates (50 x 75 mm, szhca gel Fzs4) TLC plates 
were monztored under UV lamp and also by spraying with 5 % 
cone H,SO, m MeOH and heated to 120” MS were deterznmed 
under the dzrectzon of Dr Z Zaretskzz, and mzcroanalyses were 
carrzed out by Mr R Heller of this Institute X-ray smglecrystal 
analysis was made usmg three-dzmenszonal Intensity data, col- 
lected on a computer controlled Enraf-Nomus (CAD-4 dzf- 
fractometer [~(CU-KB) = 15405 A] by 0-20 technique (0 < 70”) 
at room temp 

Examznatzon of leaves zsolatlon of j?-amyrzn The azr dried 
leaves (05 kg) were powdered and successzvely extracted zn a 
Soxhlet with hexane (3 1) and MeOH (31) The former was coned 
under red pres to gzve a green gummy residue (30 g) out of which 

5 g were taken and crystalhzed several times from hot MeOH to 
yield 4g of colourless needle shaped crystals, single pznk spot 
upon TLC, R, 042 (hexane_EtOAc, 4 l), zt gave a poszhve 
Lzeberznann-Burchard test (pmk colour for trzterpenes, mp 
194196”, [a&, + 86 7” (c 0 93, CHC&) which was zdent&d as /I- 
aznyrzn (ht [24] mp 197”) It gave a monoacetate wzth Ac10 and 
pyrzdme at room temp, crystalhzed from hexane, mp 240”, [aID 
+ 81 2” (c 0 81,CHCl,) Oxidatzon with CrOB in pyrzdzne yzelded 
the 3-monoketone crystalhzed from MeOH, mp 171-172”, [aID 
+ 106 4” (c 0 43, CHCl, [ht [24] mp 177-178”) The mp, [aID, 
IR, ‘H NMR and MS data of the parent compound, zts acetate 
and the 3-keto denvatzve are m complete agreement with p- 
amynn and zts correspondzng derzvatwes [24-261 Also the 
13C NMR data of the compound and zts acetate were found 
zdentzcal wzth the reported values [27] for b-amyrzn and zts 
acetate 

Exammatron of bark The an drzed bark (1 kg) was powdered 
and extracted wzth CHCIJ (31) zn a Soxhlet The extract was 
coned under vacuum to a brown syrup and &solved m hexane 
(400ml) Slowly a pale brown coloured substance separated 
whzch was collected by filtration Concn of the mother lzquors 
provided additional substance A total of 6g was obtazned, 
showmg three maJor spots on TLC (hexane-EtOAc, 4 1) The 
mixture was adsorbed on silica gel (20 g) and fractionated over a 
chromatography column (6 x 9Ocm), packed wzth s&a gel 
(250 g) and eluted with solvent mzxtures of hexane and EtOAc m 
the followmg proportzons 9 1,8 2,6 4 and 50 ml fractzons were 
collected by TLC monztormg 

The hexane fractions gave ody substances of no further 
interest Some of the hexane-EtOAc (9 1) fractions gave a smgle 
compound whzch crystalhzed from MeOH (yield 6OOmg), mp 
194-196”, whzch was zdentzfied as ,%amynn by comparzng with 
the sample isolated from the above leaf extract The latter 
fractions from hexan+EtOAc (9 l), afforded the second com- 
pound whzch crystallzzed from MeOH (yzeld 2OOmg), mp 
13&137”, [aID - 35” (CHCla), which was ldentlfied as sltosterol 
when compared with an authentic sample, and also through its 
acetate znznp, TLC (R, 0 27, hexane_EtOAc, 4 1, green spot), IR, 
‘H NMR [28] and “C NMR [29] spectra The fractions from 
hexane-EtOAc (8 2), afforded the thzrd compound 2a (400mg) 

3-Oxo-frredelan-2@x-carboxylzc aczd (2a) Mp 261-262 
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(MeOH), [aID -416” (C 15, CHCl& TLC R, 048 (hexan* 
EtOAc, 3 2, pmk spot), IR V~~I cm-’ 3300,250Q 294,28@, 
2680,l’llOand 1700 MS (LR) m/z (rel mt ) 456 (95 6) [Ml+,441 
(337)[M-CH,]+,410(162)[M-HCOOH]+,395(115)[M 
-HCOOH -CHI]+, 371 (194) [M -85 (C5H90, cleavage of 
rmgA+H)]+,302(14)[M-154(C9H1~02,cleavageofnngsD, 
E)]+, 273 (100) [M- 183 (CllH1902, cleavage of rmgs D,E 
+H)]+, 250 (81) [M -206 (CIIHzIO, cleavage of rmgs 
A,B,C)]+, 235 (47) CM-221 (CISHfsO, cleavage of nngs 
A,B,C+H)]+,221(26)[cleavageofnngsA,B,C+H]+,155(90) 
[C91-11502, cleavage of nngs D, E + H] + MS (HR) m/z (rel mt ) 
4413325 (10 7) [C29H*503] +, 410 3514 (6 3) [&Hd60] +, 
273 2214 (52 8) [&,Hz90]+, 250 1928 (26 3) [C~6H2602] +, 
235 1691 (146) [C,sH1B02]+, 155 1062 (773) [C9HIsOI]+, 
1090999 (1000) [CsH13]+ (Found C, 7884, H, 1061 
C&H4s03 reqmres C, 78 89, H, 10 59 %, MW 456 7 ) 

3-Oxo-jrtedelan-20a-carboxymethyl ester (2b) Compound 2a 
(100 mg) dissolved m Et,0 (100 ml) was cooled to 0” and an ice 
cooled Et,0 soln of CHzNz was added After 24 hr m the cold, 
the reaction nuxture was worked up by the usual procedure and 
pun&d by passmg through a small chromatograpluc column 
packed with silica gel Methyl ester 2b crystalhzed from EtOH, 
mp 225226”, TLC R, 0 71 (hexane_EtOAc, 3 2), pmk coloured 
spot, [aID - 35” (c 10, CHQ), IRvgC’3 cm-’ 2940, 2860, 
1720and 1700 (Found C, 78 94, H, 10 68 Cs,Hs,,03 reqmres C, 
79 09, H, 10 62x, MW 470 7 ) Crystal data. orthorhomblc 
a = 6 801 (l), b = 16 108 (2), c = 24658 (3) A, space group 
P2,2,21, and Z = 4 The structure was solved by dnect methods 
and refined usmg 2737 unique reflections with F+ > 30 (F,) The 
nonhydrogen atoms were treated wth amsotroplc temperature 
factors All hydrogens were found from a difference Fourier map 
and refined wrlthout constramts (C-H bonds ranged between 120 
and 0 82 A) with overall isotropic temperature factor (U = 0 08 
AZ) Block diagonal least-squares refinement converged to R 
= 0 04 The final difference Founer map revealed only randomly 
dlstnbuted electron density (maximum peak of 0 3 eA - ‘) 
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