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Abstract-The known compounds maytansine and sitosterol-/3-c@uxside as well as the new triterpenes maytenfoliol 
and maytenfolic acid were isolated as antileukemic agents from Maytenus diwrsifoliu. Other triterpenes isolated 
included the new maytensifolin-A and -B as well as the known friedelin, canophyllal, &amyrin, canophyllol, 
pachysonol, 29hydroxyfriedelan-3sne and Mhydroxyfriedelar&one. 

INTRODUaON 

The spinescent shrub Mopenus diuersifoliu (Gray) Hou 
[ = Gytruwsporia diuersifolia (Gray) Maxim.] is known as 
‘Pak-Tiong (Pei-Chung)’ or “Txu-Lou-Shih’ [2,3] in 
Taiwan. In the course of a continuing search for potential 
plant antitumour agents, the methanolic extract of the 
stem of a hitherto uninvestigated M. diversifolia was 
found to show significant inhibitory activity in vivo 
against the P-388 lymphocytic leukemia growth in BDFi 
mide (T/C = 180%) at 50 mg/kg/day.IP.$ Preliminary 
reports described the isolation of maytansine as the most 
active component of this extract [S] as well as the 
structural determination of the additional new anti- 
leukemic triterpenes maytenfoliol (1) and maytenfolic 
acid (2) [6], and a novel hydroperoxy-nortriterpene 
maytensifolin-A [7]. The present report fully describes 
the isolation and structural elucidation of the triterpenes 
as well as the companion compounds which include the 
new maytensifolind (4) and the known friedelin (S), 
canophyllal (a), &amyrin (7), canophyllol (S), pachysonol 
(9) 29hydroxyfriedelan+one (10) and 3CL 
hydroxyfriedelan-3-one (11) and fl-sitosterol-/I-D- 
glucoside. 

RESULTS AND DISCUSSION 

The active methanolic extract of the ground air-dried 
stems of M. diuersifolh were dissolved in methanol-water 
(3 : 1) and extracted successively with hexane and chloro- 

*Part 73 in the series ‘Antitumour Agents”. For Part 72 see 
ref. [I]. 

t Author to whom correspondma should be addressed. 
*In uiw (in P-388 lymphocytic leukemia in BDF, mice) and in 

vitro (in KB cell culture) assays were carried out by Dr. Y. C. 
Chcng and Mr. M. Fisher, Cancer Research Center, and by 
Dr. I. H. Hall, Division of Medicinal Chemistry and Natural 
Products by a literature method [4]. 

form. Chromatography of the chloroform extract resulted 
in the isolation of the active principles maytansine 
(0.0000374 “/ T/C = 228 % at 6.25 mg/kg/day in P-388) 
[S. 83, maytenfoliol (1, 0.00165 %, EDGE = 4.56 pgg/ml in 
KB, T/C = 120% at 10 mg/kg/day in P-388) [6], mayten- 
folic acid (2,0.00114 %, T/C = 148 % at 6.25 mg/kg/day 
in P-388) [6] and 8-sitosterol-B-D-glucoside (0.00121%. 
T/C = 132% at 0.25 mg/kg/day in P-388) [9] together 
with maytensifolin-A (3,0.00013 %) [7j. maytensifolin-B 
(4, 0.00142%) [lo], friedelin (5, 0.00144%) [ll], cano- 
phyllal(6,O.OOC08 %) 1123, /.I-amyrin (7,0.00124%) [13], 
canophyllol (g 0.00263 %) [ 123, pachysonol(9,0.00046 %) 
[lo], 29-hydroxyfriedelan&one (IO, 0.00013 %) [ 14 
3&hydroxyfriedelan-3-one (11, 0.00085 %) i 

;;y 

Maytenfoliol (1, CseHseOs) was a triterpene alcohol of 
the friedelin type bearing one secondary and five tertiary 
methyl groups and three protons a to a six-membered ring 
ketone [v17OOcn1-~ and 6212.94(s)] (Table 1). The pres- 
ence of two primary hydroxyl groups was confirmed by 
the formation of diacetate 
62.06 and 2.09 (each 3H, s) I 

la; Cs,Hs,Os; v 1724 cm- ; 
. A characteristic peak at m/z 

273 arising from the cleavage of C-13-C-18 and C-14-C 
15 bonds in addition to a base peak at m/z 427 resulting 
from loss of an angular CHsOH group (e.g. CHsOH-C- 
17) as seen in a typical friedelin [ 163 fragmentation 
pattern (Scheme l), led to the conclusion that one of the 
CHIOH groups was located at C-17 and the other was at 
C-20. Further evidence for the assignment of the CHsOH 
group at C- 17 was obtained by reduction of maytenfoliol 
ditosylate (16) to a 3/I-hydroxy monotosylate (lc), which 
was found to be identical with the reduction product of 
canophyllol monotosylate derived from canophyllol (8) 
under similar conditions. The stereochemistry at C-20 was 
unambiguously elucidated by single-crystal X-ray analysis 
as reported before 163. 

Maytenfolic acid (2, &,H,aOs) contained a carboxylic 
acid and two hydroxyl groups, seven tertiary methyl 
moieties and a trisubstituted double bond, indicating the 
presence of an olean-12ene system [ 11. These data, when 
considered in conjunction with the occurrence of a pair of 
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1 R’=R’=CHIOH,R’=0,R4=Me 

la R’ = R* = CH,UAc, R3 = 0, R4 = Me 

lb R’ = R’ = CH,OTs, R3 = 0, R’ = he 

8~ R’ = R* = Me, R’ = CH,OTs, R3 = B- OH,a - H 
5 R’=R’=R’=~,R3=0 

6 R’=R*=he,R2=CH0,R3=0 

8 R’=R4=Me,R’=CH,0H,R3=0 

10 R’ = CH*OH. R’ = R’ = Me, R3 = 0 

It R’ = R’ = Me, R3 = 0, R’ = CHIOH 

0 

2 R’ =COOH,R’ =OH 

7 R’ =Me,R’=H 

diagnostically important mass spectai peaks (m/z 264 and 
207) (Scheme 1) associated with a retro-Dieb-Alder frag- 
mentation in triterpene ring-C of members of the A”$?- 
amyrin class [ 181, led to the conclusion that 2 was a new 
member of the olean- 1 Z-en-z-oic acid series having a C- 
17- or C-ZGcarboxy-group and with one of the two 
secondary hydroxyl groups located adjacent to a carbon 
atom bearing two hydrogen atoms in ring D or E. The 
group was assigned at a site y to the proxy-function 
because upon acetylation of 2 with acetic anhydride in 
pyridine at room temperature, it formed unexpectedly a 
monoacetyl y-lactone [%, C31H*801; ~1720 and 
1762 cm-‘;62.05 (3H,s, OAc-3,4.48 (lH,dd,J = 6.0and 
10.0 Hz, H-3) and 4.14 (lH, d, .I = 5.0 Hz, H-22)]. Acid 
treatment of 2 with sulphuric acid in ethanol under reflux 
for 2 hr yielded a 3-hydroxy-y-atone [2b; C30H160~; 
m/z 246 and 207 (Scheme 1)] which was further converted 
into its pbromobenzoate (Zc, C3,b90,Br) and acetate. 

l Unpubtisbui data of Professor A. T. McPhaiI, Paul N. Gross 
Chemical Laboratory, Duke University, Durham, NC 27706, 
U.S.A. 

28 R=OAc 

:p ;::o_Q-B, 

The acetate was identical to the monoacetyl-y&tone (2a) 
obtained from acetylation of 2 as mentioned above. 
Further confirmation of the structure and stereochemis- 
tries of 2 and 2b* were achieved by single-crystal X-ray 
analyses as described previously [6 . It is noteworthy that 
immediately after our first report i 61 on 2. Chang et ol. 
[193 reported the isolation of abruslactone-A as a new 
triterpene sapogenin from the roots and vines of Abrus 
precutohs. Abrusiactone-A is structurally identical to 2b. 
However, since abruslactone-A was obtained by acid 
hydrolysis of a methanolic extract with dilute sulphuric 
acid in aqueous methanol [19,20], it might be an artifact 
of 2b. 

Maytensifolin-A (3) formed readily a monoacetate [3a, 
C3,HS00, (m/z 486.3728, EM]‘)] with acetic anhydride 
in pyridine, ~nfi~ng that the mass peak at mjz 426.3497 
(C29H4e02) in 3 was [M-H,O]+. Maytensifoiin-A 
possessed a carbonyl [v1696cm-‘; 6212.875 (s)] and a 
hydroperoxy [v3350 (O-OH), 880 and 883 
(-0-G) cm- ’ moiety; 66.83 (1H. s, O-OH as it disap 
peared uponaddition ofD20andd203.715 (s,quaternary 
carbon bonded to oxygen function)] group. The assign- 
ment of this hydroperoxy group at C-17 of friedelan-f 
one was based on the observation of a diagnostically 



Table I. ‘H NMR spcctd data* for triterpenes isolated from hf. diwrsijblia 

Corn- MC-S, 9, r3* 14 Mc”4,4,8, 14 
pound H-2 H-4 H-3 H-12 Me.4 (ml 20 fm 14,17,20 (20) CH@H-20 CH,OH-I7 Misc. 

1 

zt 

3 

4 

5 

6 

7 

II 

9 

10 

18 

210-250 (m) 2f@-250 (In) 

3.45 (dd; 
6.0,9.5) 

220-250 (m) 22u-250 (?#I] 

220-250 @I) 220-250 (in) 

210-250(m) 2.1@-250 (m) 

3.21 (m) 

220-250 (m) 220-250 (m) 

220-250 (m) 220-250 (m} 

22@-250 (m) 2.20-250 (m) 

0.87 0.72,0.86$ aso, 1 .OO, 
(4 6.0) 1.14, (each 3H, s) 

5.38 (br s) 1.04 1.09, LO9, 1.25. 1.30 
1.3% 1.61 (each 3H, s) 

0.87 (d, 6.0) 0.70.0.89, W2,0.92, 
aw, 1.05 (each 3H, s) 

a88 (d, 6.0) 0.74.a~a91,o.~ 1.05, 
1.29 1.30 (elcb 3H, J) 

0.87 
(d, 6.0) 
0.86 
(d. 6.0) 

5.18 
(C-like. 3.0) 

as7 
(4 6.0) 
0.88 
(d 6.t.I 
0.87 
Id, 6.0) 
as7 
(4 6.0) 

0.720.86,0.94,0.99,1.0@ 
1.04, 1.17 (each 3H, s) 
0.~0.7~0.~,0.9~,0.98, 
1.08 (each 3H, sf 

0.79,0.83,0.87,0.87,0.94, 
o.w, l.O@ 1.13 (each 3H. s) 

0.72.0.87,0.91,~~,0,~, 
1.14 (a&b 3H, 3) 
0.72,0.87,0.97,1.01,1.03, 
l.O& 1.19 (cad 3H, 3) 
0.71,0?840.98,0.99,1.06, 
1.14 (cadt 3w, 8) 
0.72 ass, 1.03,1.03,l.o4, 
1.21 (cacb 3w, s) 

3.30$ 3.35 3,54, 3.63 
(esch lH, d, 10.0) (each lH, d, 10.5) 

4.04 (aa; 4.4 
125, H-22) 
6.83 (s, 
OQH-17) 
208,240 
(each IH, ABd, 
19.0, H-151 

9.44 (s, 
CHQ-17) 

3.62 (s) 

4.02 (t, 
9.9 H-16) 

3.34, 3.42 
(each lH, d, 10.0) 
3.25 (br s) 
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m/z 773 

m/z X7 

m/z 355 (R’ = Me. 

W=O) 

m/z 357 (R’=CH&lH, 

R’= H*) 

mJz 246 m/z 177 

m/z 219 (RI= Me. 

R’= 0) 

m/z 221 (R’ = CII,OH, 

R*= H,) 

m/z 124 (R =Me) 

m/z 141 (R =CH,Oll) 

Scheme I. Diagnostic mass spectral fragments from triterpenes of Mayfmw dim~s$dia. 

important mass peak at m/z 273 and a base peak at m/r was 17-perhydroxy-28-norfriedelan-3sne which ap 
177 (Scheme l), formed most likely oiu the pathway peared to be the first example of a triterpene bearing a 
described 

P 
reviousiy [?I, which was observed in the 28- hydroperoxy moiety. The complete structure and stereo- 

nor-d”“’ -oIeanenes [18]. The possibility of placing the chemistry of 3 were established ~~uiv~lly by a single- 
hydroperoxy group at C- 18 was ruled out by judging from crystal X-ray analysis as reported before [73. It should be 
its more hindered nature due to a 1Jdiaxial interaction noted that the C-17-C-18 truns-fusion in 3contrasts with 
with the methyl groups at C-14 and C-20. The ready the cis-decalin D/E system usually present in friedelin 
formation of an acetate (3a) at C-l 7 also supported this type triterpenes and allows all of the six-membered rings 
consideration. The foregoing evidence suggested that 3 to adopt chain conformations in a fully extended form, in 

3 R=OOH 

3S R = OOAc 

4 R=O 

9 R=P--OH.a-H 
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which the hydroperoxy group at C-17 is in an axial 
disposition. Thus, the conformation of 3 is a novel 
example different from two kinds of stable conformation 
(S and F) which have &n observed in friedelinclass 
triterpenes [21]. Recently, elaeodendrol was isolated as a 
new nor-triterpene from Elaeodendron glaucwn, and 
established as 17jLhydroxy-2t3-norfriedelan-3-one [22]. 
Elaeodendrol has a normal D/E-& boat and boat 
conformation with a /I-hydroxyl group at C-17. Such a 
difference of conformation between elaeodendrol and 3 is 
very interesting in view of the biosynthesis of nor- 
friedelan type triterpenes. 

Maytensifolin-B (4; C3,,H,,,01) is a pentacyclic triter- 
pene with two carbonyl groups. The ‘HNMR spectrum 
of 4 displayed one secondary methyl, seven tertiary 
methyls and two active methylene groups, one of them 
[S 2.08 and 2.40 (each lH, d, J = 19.0 Hz, H-15)] was 
attached to a quartemary carbon atom. The presence of 
diagnostically important mass peaks at m/z 273,355,219 
and 124 (Scheme 1)], suggested that one of the two 
carbonyl groups adjacent to the foregoing active meth- 
ylenes to be placed either at C-l 5 or C-16 in ring-D. The 
identity of 4 as 16-oxofriedelan-3-one was established by a 
direct comparison of 4 with a product obtained by Jones 
oxidation of 16-hydroxyfriedelan-Ione (9, i.e. pachy- 
sonol), co-occurring in this plant. 16-Oxofriedelan-3-one 
was isolated for the first time from the plant, despite the 
fact that it was previously prepared from pachysonol by 
Kikuchi et al. [lo]. 

Identification of known compounds isolated from M. 
diversgolia was achieved by spectroscopic evidences as 
well as by direct comparison with authentic samples. 
These known compounds include friedelin (S), cano- 
phyllal (a), /I-amyrin (7), canophyllol (S), pachysonol (9), 
29-hydroxyfriedelan-3-one (10) and Whydroxyfriedelan- 
3-one (11). Compound 10 demonstrated physical and 
spectral datacomparable to those of 29-hydroxyfriedelan- 
3-one [14] except for a minor difference in the coupling 
pattern of the hydroxymethylene signal in their ‘H NMR 
spectra, in which 10 had two AB doublets at 63.34 and 
3.42 (each 1 H, J = 10.0 Hz) whereas 29-hydroxyfriedelan 
showed only a singlet at 63.42 (2H) [14]. The former is 
similar to those [S 3.30 and 3.35 (each lH, d, J 
= 10.0 Hz)] observed for maytenfoliol(1) which has a /I- 
hydroxymethylene group at C-20. 

EXPERIMENTAL 

Mps are uncorr. ‘H and 13C NMR spectra were recorded at 
250 MHz and 62.89 MHz, respectively. MS were determined at 
70 eV using a direct inlet system. Silica gel (Merk silica gel 60, 
70-230 mesh) was used for CC and precoated silica gel (Merk 
silii gel 60 F-254) for TLC. Detection of components were made 
either by spraying with 1% cC(SO,), or IO% H#O, soln, 
followed by heating or by use of a UV lamp. 

ExLrnchon. The systems of M. diwzsifolia used was from a 
collection made in December 1979 in Mt. Li-Long, Ping-ton8 
Shen. Taiwan. A voucher specimen is available for inspection at 
the Herbarium of the School of Pharmacy, Kaohsiung Medical 
College, Kaohsiung, Taiwan. The ground air-dried stems of the 
plant (9.09 kg) were extracted with MeGH. Removal of solvent 
gave a syrup. Guided by the in uiuo P-388 assay. the syrup (T/C 
= 164% at 25 mg/kg/day) was partitioned between 
MeGH-HxO (3 : 1) and n-hexane. The active aq. MeGH layer was 
conal and extracted further with CHCls. Chromatography of the 
CHCls extract (T/C = 178 % at 12.5 mg/kg/day) on silica gel (8 

x 14Ocm)usingCHCl,-MeGH (19: 1 and then 2: I.collectedat 
I 1 per fraction) as the eluting solvents yielded nine fractions. 
Fraction 1 showing three spots on TLC and was rechromato- 
graphed to give friedelin (5, 131 mg), canophyllal(6,7 mg) and 
maytensifoiin-A (3, 12mg). Fraction 2 gave, upon evapn of 
solvents, crystalline residuea. CC (C,H,-EtOAc) followed by 
recrystallization (C&&-EtOAc) of these residues afforded 
maytensifolin-B (4,129 mg). Pmitication of fraction 4 by HPLC 
(S&car CC-7 special, 3 x 100 cm, C,H,-EtOAc 19: I) yielded the 
following compounds in order of elution: j&my-tin (7, I 13 mg), 
canophyllol (l3, 239 mg), pachysonol (9, 42 mg), 29- 
hydroxyfriedelan-3-one (10, 12 mg) and 30-hydroxyfriedela&- 
one (11.77 mg). Fraction 8 showed antileukemic activity and was 
rechromatographed on silica gel with n-hexane-EtOAc and 
CHCls-MeOH. Further purification of the active fractions by 
HPLC (CHCI,-MeOH) furnished maytenfoliol(1,150 mg) and 
/3-sitosterol-/I-bglucoside (I 10 mg). Maytansine (3.4 mg) was 
isolated from fraction 9 after purification by prep. TLC as 
described before [S]. 

The aq. MeOH layer after the CHQ extraction as mentioned 
above still showed significant antileukemic activity (T/C 
= 150 % at 100 mg/kg/day). CC of this aq. extmct (I 5 g) on silica 
gel with CHCI,-MeOH (9: 1) followed by purification of its 
fmction 4 by HPLC (CHCIs-MeGH, 19: 1) twice led to the 
isolation of maytenfolic acid (2, I04 mg). 

May&folio1 (1). Mp 290-291”; [aID - 12.8” (c 1.13; CHCIs); 
IRvzcm- ‘:3480,2920,2860,17W, 1449,1383,1042and 1018, 
‘%NMR (CD&): 66.82 (q), 14.70 (q), 18.19 (q), 18.31 (t), 18.65 
(q), 19.13 (q), 22.29 (t), 28.32 (t), 28.60 (q), 29.17 (1). 29.96 (t), 30.20 
(I), 31.11 (I), 31.51 (Q 33.30 (s), 35.15 (s), 35.48 (r), 37.54 (s), 38.39 
(s),38.88(d).39.59(~),41.36(~),41.51 (&42.12(&52.49(d),58.32 
(d), 59.65 (d) 69.02 (t), 73.36 (I) and 212.93 (sk MS m/z 427.3576 
([M -CH10H]*;cakd.forC29)t702427.3576)(100),409 (21), 
3% (4), 287 (4) and 273 (18). Acetate: (la): mp 138-139”; [aD 
- 29.4” (c 0.95; CHCI,); IR #z cm- ‘: 2930, 2865, 1724, 1706, 
1442, 1379.1360, 1281 and 1025; ‘HNMR (250 MHz, CDCl,): 
60.87 (3H, d. I = 6.OHz), 0.72, 0.86. 0.91, 1.02, 1.12, 2.06, 2.09 
(each 3H, s), 2.18-2.45 (3H, m), 3.77, 3.83 (each lH, ABq, J 
==10.5Hx),3.99and4.l8(eachlH.ABq,J=l0.0Hx);MSm/r 
5423971 ([Ml+; cak. for &Hs,O, 5423970). 

Tosykation and reduction ofmaytenfoliol (1). Maytenfoliol (1, 
90mg) in dry pyridine was stirred with ptoluene sulphonic 
chloride (220 mg) at room temp. Usual work-up yielded a 
ditosylate (lb, 100 mg). To 80 mg of lb in dry THF, a suspension 
of LiiH. (18 mg) in THF was added while stirring and the 
mixture refluxed for 6 hr. After excess LiiIH. was eliminated 
with MeOH followed by H1O, the reaction product was 
extracted with Et,0 and purilied by dry CC to give the 3/l- 
hydroxy-28-monotosylate (lc, 20mg). Compound lb: mp 110”; 
1R~~cm~‘:2920.1700, 1595.1445, 1350, 1169.806and662; 
‘H NMR (250 MHz. CD&): 60.86 (3H, d. J = 6.0 HzA 0.67. 
0.70,0.84,0.92, 1.02,245.247 (each 3H, s), 3.46, 3.54 (each lH, 
ABq, I = 9.0 Hz), 3.70, 3.94 (each lH, ABq, I = 10.0 Hz), 7.34 
(2H. d, J = 8.OHz), 7.36 (2H, d. .I = S.OHz), 7.78 (2H, d, J 
= 8.0 Hz) and 7.80 (2H, d, I = 8.0 Hz). Compound lc: mp 
190-191” (decomp.k [aID -3.0” (c O.Sq CHCIs); IR #zcm-*: 
3540, 2915, 1440, 1324, 1162, 920, 835 and 678; ‘HNMR 
(250 MHz, CDCI,): 60.92 (3H, d, J = 6.0 Hz), 0.76, 0.78, 0.81, 
0.91.0.93. 1.02,244 (each 3H, s), 3.71 (lH, br s), 3.88,4.06 (each 
lH, ARq, J = 9.5 Hz), 7.32 (2H. d, I = 7.5 Hz) and 7.78 (2H, d, J 
= 7.5 Hz) 

Maytenforic ncid (2). Mp 281-282”; [alD+34.2” (c 1.29 
C,HJ’QIR p&cm-‘: 3600-3OCQ 3467,1686,1455,1378,1226 
and 101s; “C NMR (pyridined,~ 6 15.81 (q), 16.53 (q), 17.14 (q), 
18.86 (t), 19.89 (Q 21.28 (q), 24.00 (I), 25.42 (q), 26.26 (I), 26.39 (q), 
28.17 (L), 28.75 (q), 33.03 (IA 37.36 (s), 38.72 (I), 39.20 (I), 39.20 (s), 





Triterpenes of Moytenus 485 

Professor T:Kikuchi (Toyama Medical and Pharmaceutical 
University, Japan) for pachysonol, Dr. N. Viswanathan (CIBA 
Research Center, India) for canophyllol, Dr. F. D. Monache 
(Universita Cattolica del S. Cuore) for polpunonic acid, Dr. D. L 
Harris (Department of Chemistry; University of North Carolina 
at Chapel Hill) for NMR spectra and Mr. F. Williams (Research 
Triangle Center for Mass Spectrometry) for the MS data. 
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