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Abstract-Three trlterpenold sapogenins were obtained on enzymatic hydrolysis of a sapomn fraction from the leaves 
of Pittosporum undulatum. On the basis of chemical and spectral evidence they were determined as 22-0-(2- 
methylbutyroyl)- and 22-O-(3,3-dimethylacryloyl)-A,-bamgenol, and 16-0-acetylcamelliagenm A. The first two 
compounds are new natural products. 

INTRODUCITON 

Pittosporum undulatum Vent. has been used as a medicinal 
plant m Australia [ 11. The constituents of the fruits have 
been studied extensively and two monoterpenes [2], 
cyamdin [3] and two triterpenes [4, 53, of which the 
structures were estabhshed later as A,- and R,-barngenol 
[6, 71, have been reported. A saponin mixture obtained 
from the leaves of a related plant P. tohra IS reported to 
possess antibiotic activity [S] and three trlterpenoid 
sapogenms, R,-barrigenol, its 21-0-angelate and 21-0- 
angeloyl-barringtogenol, have been isolated from the 
leaves [9]. 

This paper describes the isolation and structure de- 
termination of three acylated trlterpenold sapogenins 
from the leaves of P. undulatum 

RESULTS AND DISCUSSION 

Hydrolysis of a sapomn mixture, obtained from meth- 
anol extracts of the leaves with a crude hesperidmase, gave 
products which were separated by Si gel CC to give three 
homogeneous compounds, 1-3. 

By taking the elemental analytical and the EIMS data 
mto account, 1 and 2 were assigned, respectively, the 
molecular formulae C35H,,0, and C35H5606. Com- 
pound 1 possesses hydroxyl and ester groups, as shown by 
its IR spectrum, whereas 2 exhibited the IR absorptlons of 
hydroxyl and a&unsaturated ester functions. The 
13CNMR spectra of 1 and 2 both showed two olefimc 
carbon signals (S 124.5 and 144.1 in 1, S 124.5 and 144.2 in 
2) which were in good agreement with those of C-12 and 
C-13 of olean-1Zene derivatives [lo]. On treatment with 
alkali, 1 and 2 gave the same product, A,-barrigenol (4). 
Compounds 1 and 2 were presumed, therefore, to be the 
derivatives of 4, which have, respectively, a C,H&O and 
an a&unsaturated C.+H,CO residue combmed with a 
hydroxyl group of 4. 

The ‘H NMR spectrum of 1 showed a triplet at 6 0.83 
( J = 7 Hz) and the triacetate of 1 (5) showed a doublet at 
6 1.12 (J = 7 Hz), respectively, which resembled signals of 
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the primary methyl and secondary methyl groups of the 2- 
methylbutyroyl function (6). Compound 1 exhiblted, m 
the 13CNMR spectrum,five signals (6 11.8,16.6,27.1,41.6 
and 175.8) Identical with those of 6. The presence of a 3,3- 
dlmethylacryloyl group (7) in 2 was suggested by the 
‘H NMR spectrum of the trlacetate of 2 (8) which showed 
the signals of one olefinic hydrogen (6 5.68, m) and two 
vinylic methyl signals (6 1.89 and 2.15, each br s) which 
were m good agreement with those of 7 [l l] and different 
from those of angeloyl [9] and tlgloyl [12] groups 
(Table 1). 

Therefore, 1 and 2, were considered, respectively, to be 
the 2-methylbutyrate and the 3,3_dlmethylacrylate of 4 

The locatlon of the acyl moiety was determined as 
follows. The EIMS of both 1 and 2 exhlbited the 
characteristic fragment peaks (m/z 366, 348,207 m 1; 364, 
346,207 m 2) due to the retro-Duels-Alder cleavage of the 
olean-12-ene skeleton [13], suggestmg that the acyl 
groups in 1 and 2 were located ma rmg other than rmg A. 
Formation of the trlacetate and not the tetra-acetate from 
both compounds by usual acetylation suggested that the 
C-16 hydroxyl group in 1 and 2 was not acylated [9]. 
Compounds 1 and 2 showed m their ‘H NMR spectra a 
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Table 1 ‘%I and ‘H NMR data of acyl groups 

(a) ‘%I NMR data (C,D,N) 

C-l c-2 c-3 c-4 C-2’ 

DL-2-Methylbutyrlc acid* 1783 414 271 119 171 

Acyl moiety of 1 175 8 41 6 27 I 118 166 

(b) ‘H NMR data (CDCI,) 

Olefimc H Me group 

DL-2-Methylbutyrlc acid* 

Acyl moiety of It 
Acyl moiety of 5 

Angeloyl [9] 

Tlgloyl [ 121 

3,3-Dlmethylacryloyl [ 111 

Acyl moiety of 8 

*Commercial 

tin C,D,N + D,O 

_~ 

5 99 y, .I = 

6 84 m 

565 m 

5 68 m 

2’ --ble H 

Me - C&COOH 
\ Y” 

t t t t 
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4 3 2 I Me 0 
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0 95 (1. J = 7 Hz) 
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0 83 (I, J = 7 Hz) 
112 (tl, J = 7H7) 

183 (hr $1 

1 99 (d. J = 7 Hz) 
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signal of one proton quartet ( J = 6, 12 Hz) at 6 6 13 and 
6 15, respectively, which was attributable to the proton 
next to an acylated hydroxyl group, and the splitting 
pattern suggested that the signals were due to H-22. The 
above data mdlcated that the C-22 hydroxyl group of 4 
was esterlfied both m 1 and 2 Consequently, 1 and 2 are 
22-O-(2-methylbutyroyl)- and 22-O-(3,3-dlmethyl- 
acryloyl)-A,-barrlgenol, respectively 

Compound 3, C32H5205, showed an ester carbonyl 
absorption m the IR and the signals of one acetoxy, one 
oiefinre proton-and- sevefl i&iarji nietkyis ilTthe- 1 t* NMR 

spectrum, suggestmg that 3 was the monoacetate of an 
oleanene derlvatlve Compound 3 was acetylated to give 
the tetra-acetate, 9, and hydrolysed with alkah to provide 
camelhagenm A (10) [ 14, 151 

The ‘H NMR spectrum of the 16-O-acetate* of 10 had 
been reported [16] and the signals due to the proton next 
to the acetoxy group were m good agreement with those of 
3 Thus, 3 IS 16-0-acetyl-camelhagenm A 

There have been reported several kinds of 22-O-acylates 
of 4 [17-191, but 1 and 2 are the first natural products 
obtained in a purestat~~ 

Smce l-3 were isolated following enzymatic hydrolysis 
of a saponm fraction, It 1s assumed that they are not 
artefacts and that m the plant they are combmed with 
sugar moleties to form the respective parent saponms 

*Accordmg to the personal commumcatlon of Professor 
Kltagawa, this compound was obtamed by acid hydrolysis of a 
sapomn frdctlon of Prlmulti japomca 

EXPERIMENTAL 

All mps were uncorr Optical rotations were measured at 
19-21’ usmg a 1 dm cell ‘HNMR spectra were taken dt 

100 MHz m CDCI, soln unless otherwise specified usmg TMS as 

Int standard 13C NMR spectra were recorded at 25 05 MHz m 

C,D,N (TMS as mt standard) employmg the I‘T mode The 
EIMS were run on double focusmg mass spectrometers and were 

recorded electrically with dn accelerating potential of 3 @ 6 5 kV 

and an lomzmg potential of 30-75 eV TLC was carned out on SI 
g&d& iirtfsuivnri-bysiL?m wL?‘tr i;ii CHfi-, M&H- (20. ;-i- dml- 

(b) n-hexdne- EtOAc (3 2) 

Plum matb3val FoIlage from a smgle tree of Ptttosporum 
trndulatum (voucher specimen No 77-070. Biological and 

Chemical Research Institute Herbarmm) wds collected m June nt 
Berowra Heights near Sydney, New South Wales, Austrdha 

Isolutton ofthe x~pomn mixture Fresh material wds extracted 

successively \*tth n-hexdne and MeOH The MeOH extrdctlves 

were pdrtltloned between EtOAc n-BuOH (2 I) dnd H,O The 

H,O layer was extracted with n-BuOH and the extracts evap- 

orated m tacuo to gl\e d sapomn mixture (18 Og) 

c’nq mutIc h?u’rcn’).>lr o@‘te wpurw~ mlxturr Th~cctu&sapumtr 
(1 8g) m 02 M KHZPO, (450ml) was Incubated with a crude 

hesperldmase (1 1 g) at 37. for 2 days dnd the products extracted 

wtth EtOAc The extracts showmg two maJor spots (R, 0 37.0 19) 
m TLC (solvent u) were evaporated and chromatographed on SI 

gel (eluant, CHCI,-MeOH, 100 1 + 50 1) to give two fractions 

(fraction 1, R, 0 37, fraction 2, R, 0 19) Fraction 1 showed two 

spots (R, 0 39.0 35) m TLC usmg solvent h and It was subjected 

to prep TLC (soltent h) to afforded two homogeneous com- 
pounds, 1 (37 mg. R, 0 39) and 2 (25 mg, R, 0 35) Fraction 2 was 
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crystalhzed from n-hexane-EtOAc to yield 3 (40 mg) (R: 0 19 m 
solvent a; 0 18 m solvent b). 

Compound 1 Colourless plates (from CHC13-Me2CO), mp 
225-228 °, [0t]D + 31 7 ° (MeOH, c 1 7) IR VKmaexr cm - 1 3400 (OH), 
1700 (ester); ElMS m/z 5744247 (M ÷, calcd for CasHssO6 
574 4233), 366, 348, 207, 1H NMR (C5DsN + D20) 5 0 99, 1 14, 
1 24 and 1 26 (3H each, s, Me x 4), 1 08 (6H, s, Me x 2), 1 86 (3H, s, 
H-27), 0.83 (3H, t, J = 7 Hz, Me of acyl group), 3 46 (1H, t, J 
= 8 Hz, H-3), 3 58 and 3 80 (1H each, d, J = 10 Hz, H2-28), 4.26 
(IH, d, J = 4Hz, H-15),4 50 (lH, d , J  = 4 Hz, H-16), 5 56 (1H, m, 
H-12),6 13 (1H, q ,J  = 6, 12 Hz, H-22), IaCNMR 6 11 8 (q, M e o f  
acyl group), 16.6 (q, Me of acyl group), 27.1 (t, ~CH 2- of  acyl 
group), 41 6 (d, ~ H -  of acyl group), 124 5 (d, C-12), 144 1 (s, 
C-13), 1758 (s, RCOO-)  (Found' C, 7139, H, 989 
CasHsaO6 'H20 requires C, 70.91, H, 1020~o.) 

Trmcetate (5) of 1 Compound 1 was acetylated with 
Ac20-pyndme at room temp for 1 day to gwe 5, colourtess 
prtsms (from MeOH), mp 235-237 ° IR v CCl, cm-1 3500 (OH), 

m a x  

1730 (ester), ElMS m/z 700 [M]+; I H N M R  6084, 087, 0.93, 
0.96, 099 and 1.02 (3H each, s, Me x 6), 1.53 (3H, s, H-27), 1 12 
(3H, d, J = 7 Hz, Me ofacyl group), 2.05, 2 07 and 2 10 (3H each, 
s, OAc x 3), 3 73 and 3 92 (1H each, d, J = 11 Hz, H2-28), 4 20 
(IH, d, J = 4 H z ,  H-16),449 (1H, t , J  = 8Hz, H-3),5 13 (IH, d , J  
= 4Hz, H-15), 5.28 (1H, q, J = 6, 12Hz, H-22), 5.45 (IH, m, H- 
12) 

Compound 2 Colourless plates (from CHCla-Me2CO), mp 
240-243 °, [ct] D + 24 0 ° (MeOH, c 0 8) KBr - 1 IR vma x cm 3400 (OH), 
1690and 1650 (conjugated ester), EIMS m/z 572 4013 (M+,ealcd 
for CasH560 6 5724076), 364, 346, 207, IH NMR (CsDsN): 
60.99, 1.12, 1 25 and 1 30 (3H each, s, Me x 4), 1 08 (6H, s, Me 
x 2), 1 87 (3H, s, H-27), 1 65 and 2 17 (3H each, br s, Me of  acyl 

gr_cm!:t),. 34.7 (.LH~. t~..l = ~_I:£7,.1:I_-3.)~. 3_ ¢z& aj3d. 3~.7q (.tl:l_ eac, b~.,-£. 
J = 10 Hz, H2-28), 4 26 (IH, d, J = 4 Hz, H-15), 4 51 (1H, m, H- 
L6_),.5_54 (.2L-L.m~.vm~v.lm [d_ol~ a_tzy.l_gr_oup_ am.d_ I:!_- k2.),.6.1_5. (.1_[-[..~ ..l 
= 6, 12Hz, H-22); lsC NMR 5 124 5 (d, C-12), 144.2 (s, C-13) 
(Found. C, 71 20, H, 9 67. C35H5606 H 2 0  requires C, 71.15; H, 
9 90 %.) 

Tnacetate (8) of 2 This was prepared by acetylat~on of  2 m the 
same manner as for 1 Powder (from n-hexane-Me2CO), mp 
145-148 °. IR vcmaCx k cm-  1 3500 (OH), 1740 (ester), E lMS m/z 698 
,F.MO. + q: l INl~.Al~:  fi.O.g.a,.O.8.7,..o.q~.o..q~.o.qqa.od.Lfta.(.~l:t.eac..b~.~. 
Me x 6), 1.53 (3H, s, H-27), 201,205 and 2.10 (3H each, s, OAc 
x 3), 1.89 and 2 15 (3H each, br s, Me ofacyl group), 4 26 (1H, d, J 
= 4 H z ,  H-16), 448 (1H, t, J = 8 H z ,  H-3), 516 (1H, d, 
J = 4 Hz, H-15), 5 30 (IH, m, H-22), 5 44 (1H, m, H-12), 5.68 (1H, 
m, vmyhc H of  acyl group) 

Alkahne hydrolysis of 1 and 2 to give Al-barr;genol (4) 
Compound 1 (or 2) was boded w~th 4 % (w/v) K2COa in MeOH 
for 10 ram, the reacUon m~xture was dduted w~th H20  and 
extracted w~th EtOAc. The orgamc layer was evaporated and the 
residue was crystalhzed from Me2CO to give 4 as colourless 
needles, mp 278-280 °, ['~t]D + 2 7 9  ° (d~oxane, c 07). IRvKma ar 
cm-  1. 3500 and 3400 (OH); ElMS m/z: 490 3617 (M ÷, caled for 
C~0H5oO5 490.3658), 282, 207 It was ~dent~eal with an authenuc 
sample: mmp, IR, ElMS and TLC (solvent a) 

Compound 3. Colourless prisms (from n-hexane-EtOAc), mp 
252-255 °, [~t]D -- 1.9 ° (MeOH, c 1.6) IR v maxKBr cm-  t 3400 (OH), 
1720 (ester); EIMS m/z 516 3826 (M ÷, caled for C~2H5205 . 
516 3815), 308, 207, 1H NMR 5 0 78 (3H, s, Me), 0 94 (12H, s, Me 
x 4), 0.98 (3H, s, Me), 1 34 (3H, s, H-27), 2 10 (3H, s, OAc), 3.20 
(1H, t, J = 8 Hz, H-3), 3.34 and 3 66 (1H each, d, J = 11 Hz, H 2- 
28), 3 93 (1H, q, J = 6, 11 Hz. H-22), 5.30 (1H, m, H-12), 5.70 (IH, 

m, W~/2 = 8 H z ,  H-16) Compound 3 was acetylated with 
Ac20-pyndme at 80 ° for 1 hr to yield the tetra-acetate, 9, as a 
powder (from n-hexane-Me2CO), mp 108 110 °. IR v CCl, ,~m- 1 

- m a x  - 

no OH, 1740 (ester); EIMS m/z 642 I-M] +, 1H NMR 6 0 87 (6H, 
s, Me x 2), 0.91 (3H, s, Me), 0 97 (6H, s, Me x 2), 1 03 (3H, s, Me), 
1 31 (3H, s, H-27), 2.00 (3H, s, OAc), 206 (6H, s, OAc x 2), 2.10 
(3H, s, OAc), 3 71 and 3.88 (IH each, d, J = 11Hz, H2-28), 448 
(1H, q, J = 7, 9Hz, H-3), 5.0-56 (3H, m, H-12, H-16, H-22) 

Alkaline hydrolysis of 3 to give camelhagenm A (10) Compound 
3 was hydrolysed as for 1 The reactmn mixture was diluted with 
H20  and the ppts were collected and crystalhzed from MeOH to 
give 10 as colourless needles, mp 274-276 °, [ct] D + 25 7 ° (MeOH, 
c 0.8). IR v Kma a rcm-  1:3400 (OH); EIMS m/z 474 3726 (M +, caled 
for C3oH5oO4 474 3709), 266, 248, 207 It was identified with an 
authennc sample by mmp, IR, ElMS and TLC (solvent a) 

Acknowledgements--We thank Professor I Kltagawa, Osaka 
Umverslty, for the authentic samples of  A : b a m g e n o l  and 
camelhagenm A, Dr Y. Egawa, Tanabe Pharmaceutical Co,  for 
crude hespendinase, and Mr I Maetanl, Mr A Tanaka and Miss 
K Soeda, Faculty of  Pharmaceutical Sciences, and the members 
of  the Central AnatyUcal Department, Kyushu Umverslty, for 
EIMS, l aCNMR,  I H N M R  and elemehtal analyncal data, 
respectively 

REFERENCES 

1 Malden, J. H (1889)The Useful Natzve Plants of Austraha 
p 199 Sydney 

2 Power, F B. and Tutm, F (1906) J. Chem Soc 89, 1083. 
Co.r~.o:~t.b~. I~ "¢g..a.~.d.~.rJ~.l C (.~9,~9~,.P~.'~.~, ,~/'~ /~..~ W, 
72, 249. 

4 C~Jr~.A. IL l~-L,.1)o.w.,~&.r~ T .W~.kJ;~.J. C a_otLWbj~?~.l) E 
(1955) Chem Ind. 254. 

5 Knight, J. O and White, D E. (1961)Tetrahedron Letters 100 
6 Ernngton, S. G ,  White, D E. and Fuller, M W (1967) 

Tetrahedron Letters 1289 
7 Ito, S ,  Ogmo, T ,  Suglyama, H and Kodama, M (1967) 

Tetrahedron Letters 2289. 

9 Yoshloka, I ,  Hmo, K ,  Matsuda, A. and Kltagawa, I (1972) 
Chem. Pharm Bull. 20, 1499. 

10 Doddrell, D M., Khong, P. W. and Lewis, K G. (1974) 
Tetrahedron Letters 2381 

11. Hdler, K., Lmzer, B., Pfeffer, S., Tokes, L. and Murphy, J 
(1968) Pharmazte 23, 376. 

12. Hayashl, T., Koshiro, C ,  Adachi, T ,  Yoshloka, I. and 
Kltagawa, I (1967) Tetrahedron Letters 2353 

13. Budzlklewlcz, H., Wilson, J M. and Djerassl, C (1963) J Am 
Chem Soc 85, 3688 

14 Ito, S,  Kodama, M. and Konolke, M (1967) Tetrahedron 
Letters 591 

15 Itokawa, H., Sawada, N and Murakaml, T (1967) 
Tetrahedron Letters 597 

16. Kltagawa, I., Yoshlkawa, M and Yoshloka, I (1974) 
Tetrahedron Letters 469 

17. Khong, P. W and Lewis, K G. (1976) Aust. J Chem 29,1351. 
18 Chen, W -H. and Wu, D.-G. (1978) Hua Hsueh Hsueh Pao 36, 

229 
19. Hdler, K ,  Keipert, M., Pfeifer, S., Tokes, L and Maddox, 

M. L. (1970) Pharmaz~e 25, 769 


