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Abstract—The triterpenes of the five Lithocarpus species examined comprised members of the friedo- and unrear-
ranged oleanane groups, viz. triedelin, friedelan-3f-ol, taraxerol and B-amyrin. Glutinol was also present, except
in L. harlandi where friedelan-2x,38-diol was found. In addition, three new cycloartane triterpenes, lithocarpolone
{21,24-epoxy-24-hydroxymethyl-cycloartan-3-one), lithocarpdiol (21,24-epoxy-24-hydroxymethyl-cycloartan-34-
ol). and 24-methylenecycloartan-38,21-diol were found in L. polystachya. and their structures determined.

INTRODUCTION
OF THE three genera constituting the Fagaceae in Hong Kong, Quercus’? and Cas-
tanopsis® have already been shown to contain triterpenes of the friedelane, D:B-friedo—
oleanane, ursane, lupane and hopane groups. We now present the results of a complemen-
tary study of five species of the remaining genus, Lithocarpus, and also provide evidence
for the structures of three new triterpenes from L. polystachya.

RESULTS

Allfive Lithocarpus species examined (viz L. cornea, L. glabra, L. hancei, L. harlandi and
L. polystachya) contain friedelin, friedelan-3f-ol, taraxerol (occurring also as the acetate in
L. cornea), and B-amyrin (Table 1). Glutinol was isolated from all species except L. harlandi
which contains instead friedelan-2x,38-diol (pachysandiol-A),* previously reported to
occur only in Pachysandra terminalis.* L. polystachya also yielded three cycloartane triter-
penes (1), (3) and (5), the structures of which were determined.

Two of the triterpenes are closely related ; upon reduction lithocarpolone (1), C3;H;,0;,
(Vmax 1710 cm™ 1) yields lithocarpdiol (3), C3,Hs,04, (no C=0 absorption). These two tri-
terpenes each contains a primary hydroxy group of the type =C—-CH,OH (AB q at 6 34,
J 11 Hzt). and on acetylation yield lithocarponone acetate (2) (AB q at § 41; no OH

* Present address: Government Chemical Laboratories, Hong Kong.

t For full NMR data, see Table 2. Measurements are in CDCl; solutions unless otherwise stated.

Y ARTHUR, H. R., Hul, W. H., Lam, C. N. and Szeto, S. K. (1964) Aust. J. Chem. 17, 697; Hui, W. H., Ho, C.
T. and Yeg, C. W. (1965) Aust. J. Chem. 18, 2043.

2 ARTHUR, H. R, CHENG. K. F., Lau, M. P. and L, K. 1. (1965) Phytochemistry 4, 969.

3 ARTHUR, H. R. and Ko, P. D. S. (1968) Aust. J. Chem. 21, 2583. ARTHUR. H. R. and Ko, P. D. S. (1969) Aust.
J. Chem. 22, 597.

4 Kikucnt, T. and Toyopa, T. (1967) Tetrahedron Letters 3181; SAMSON. A. S., STEVENSON, S. J. and STEVENSON,
R. (1968) J. Chen. Soc. B 2342,
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TABLE 1. YIELDS OF TRITERPINES FROM LEAVES OF Lithocarpus SPLCIES () DRY WEIGHT)

L. cornea L. glubra L. haneci L. harlandi L. polvstachyva

Taraxeryl acetate 0-0005 -
Friedelin 010 0-0003 0-071 0091 0003
Friedelan-3f-ol 0-01 0-0003 0016 0-067 0-001
Glutinol 0-01 0-040 0-001 0017
f-Amyrin 0-003 0-007 0-001 0-002 (003
Taraxerol 0-09 012 0-0004 0-004 (+OS&
Friedelan-22.3/-diol 0-003
Lithocarpolone 0-005
Lithocarpdiol 0001
24-Methyleneeyctoartan-

34.21-diol 0002

absorption) and lithocarpdiol diacetate (4) (AB q at 0 4-1. J 11-:5Hz: [-H multiplet at o
4-6) respectively. Common to both triterpenes is a cyclopropane ring of the type
=>CHCH, -C< (AB g near 0 0-6, J 4 Hz) and an isopropyl group. Evidence for the latter
is derived from NMR decoupling experiments (in C,D,,). Thus lithocarpdiol diacetate (4)
gives rise to two methyl doublets both of which collapse to singlets upon saturation of
a heptet at & 2+4,

8
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The remaining oxygen atom in the structure of lithocarpolone (and lithocarpdiol) is
assigned to an ether function of the type >CH.CH,.O.CZ. Thus in the NMR spectra
of lithocarpolone, lithocarpdiol and their respective acetates is a 2-H multiplet at § 3-2-3-9.
For lithocarpolone acetate the signal constitutes the AB part of an ABX system (Table
2) and it simplifies to an AB quartet (J 11-5 Hz) upon double irradiation at § |-7.
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The third triterpene (5), C;,H5,0., also has a cyclopropane ring of the type
>CHCH, }-C < andan isopropyl group. The latter gives rise to two superimposing methyl
doublets detected when the 60 and 100 MHz spectra were compared. Other structural fea-
tures are a terminal methylene (v,,,, 890cm™'; & 4-70, 4-74) and two hydroxy groups. One
hydroxyl is secondary (1-H multiplet at § 3-3 shifting to 46 on acetylation), and the other
is primary and of the typec > CH.CH,.OH (2-H multiplet at § 3-7. becoming on acetyla-
tion AB of ABX at 4 41} (Table 2).

TansLE 2. CHEMICAL SHIFTS® (AND COUPLING CONSTANTS IN H/) OF TRITERPENES OF L. polystachya

24-Meothylene- 23-Mcthylence-
Lithacarpolone  Lithocarpolone Lithocarpdiot areloaran-345.- cyeloartan-3/.21-
Lithocirpolone acetal toslate Lithocarpdiol diectate 21-diok diol diae: tate
h 2y i [R)] 4y 15 (6)
H-3» ~33m 437 392 458
s da = 181 Uax + dyy = 185) (Ut Jyg = 13)
H-19 OR0 JiJ 4 059 Jd0) 4 060 h Q38 d ) 4 03Sd(J). 4 O30 dg 4 VRPN 1]
H-19 ~0-8 mt 078 1 4 ¥ 056400 % AT LS 0364 (J. 4 [ERDITERAST]
H-21 RIS RIXE NI AR Y | < 32m ~ 33wy 330 g0 185 - ~3Tm 394 g (J 1L 55
H-21 I8Im R BRI WA R ~3T7m I¥m RRRETEW AN AR 3 ~37m F224 1L 2Y)
H-25 T ; * : 243 he et + ¥
H-2% X040 1h 394 d (0 115y 394 I25d N 30641115 470 467
H-28 R ETE AR R G154 115 397 I55d 0D +d U ES) 474 473
AcO 210 208 205
209 205
TsO 245 13H)y
LARERUR AT}

TRE LS

% Relative to SiMe,; CDCl; solution.
+ Partially obscured by other peaks.

Biogenetic considerations suggest that the L. polystachya triterpenes, each with 31 car-
bon atoms and a cyclopropane ring, are 24-methylcycloartanes with oxygen functions at
C-3. Confirmation comes from a study of the NMR signals of their methyl groups.>® In

TABLE 3. NMR FREQUENCIES* OF METHYL GROUPS {Hz) OF CYCLOARTANE TRITERPENES

Substituents 25-Met
at C-3 42-Me 4p-Me 140-Me 13~Me (doublets, J 7)
Cycloartenone (9) (3-0x0) 64-5 62 54-5 60
Methyl maniferonate (1) (3-0x0) 65 62 54 59
Mangiferonic acid (11) (3-0x0) 65 62 54 60
Lithocarpolone (1) (3-ox0) 65 62 535 62 50-5, 535
Lithocarpolone acetate (2) (3-0x0) 655 62-5 54 61-5 55, 565
Lithocarpolone tosylate (7) (3-oxo) 655 62 53 585 495, 51°5
Methyl maniferolate (8) f-OH 585 49 54 585
Mangiferolic acid (14) p-OH 58 49 54 58
Lithocarpdiol (3) S-OH 58 435 535 60 51,535
24-Methylenecvcloartan-3f.21-diol (5) f-OH 58 49 55 60 62, 62
(655, 65-5)
Cycloartenyl acetate (12) p-OAc St 54 54 58
Lithocarpdiol diacetate (4) f-OAc 51 535 535 60 55. 565
24-Methylenecyloartan-38.2{-diol
diacetate (6) B-OAc 51 535 55 60 62, 62
(64, 64)

* Relative to SiMe, at 60 MHz but measured also at 100 MHz; CDCl; solution.

+ Data listed only for L. polystachya triterpenes; frequencies in parenthesis refer to C,D,, solution.

> CHEUNG, H. T. and WiLLiaMsoN, D. G. (1969) Tetrahedron 25, 119, and references therein; CHEUNG, H. T..
Strro. ). C.F.and Watsox. T. R. (1973} Aust. J. Chen. 26, 609.

" Crrexa, H Toand YA, T.C(1972) Aust. J. Chen. 28, 2003,
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Table 3. the methyl resonance frequencies of some cycloartane compounds and of the L.
polystachya triterpenes and their derivatives are assigned® and compared. As is expected
for compounds with identical skeletons, the methyl group at position 4% or position 4f
gives rise to a constant resonance frequency {+0-5 Hz at 60 MHz) for a specific substituent
at C-3: likewise. the methyl group at [4x being remote from both ring 4 and the side-
chain, resonates within a narrow range (54 + 1 Hz at 60 MHz) for all 13 compounds listed.

Cycloartane triterpenes are also characterized by MS fragmentations initiated by the
9:19-cyclopropanc ring. and which result in an ion (a) of m/e independent of the substitu-
tion pattern in ring 4.7* The MS of the L. polystachya triterpenes and their derivatives
conform to this pattern (Table 4) and show three groups of ions. (i} the M™ and ions de-
rived from it by simple losses. (i) ion (a) and/or ions derived therefrom. (iii} ions due to clea-
vage of the side-chain (sometimes accompanicd by rcarrangement of one or two hyvdrogen
atoms)” and of ring D (sce bj. ™"

5, R ‘R
ROK.C P P
P P U \\7
# /emJ ‘f e
Ly i{or equiv \Q\‘/"”T\
™/ alent) ~L
[TER S
(8)
{(R-+H orac) (e) (b)

TABLE 4. 70 ¢V FRAGMENT 10NS (n17¢)* OF L. polystachya TRITERPENES

24-Methnlene

24-Methyvivne- Joartan-

Assignments Lithocarpolone Lithacarpidiol crelourtan- 241 21-diol
[R=H for (1) 3rand (5); Lithocarpolone acctite® Lithocarpdiol diacetaie” M2 -d digcetute
R=Ac for (2} (4) and (6)] 1 2) [R]] 14 15} 16}
M’ 470 s 472 sS40
M‘Me——-] 458 497 487 825
M-CH(M¢}); ~ k-~ 427 EI0Y 42v 497
M-ROH=—— form—my 452 452 434 4507
EM-MC—ROH NN
M-Me-2ROH 4035
M-2ROH €¢——————r] 203
M-CH.OR 13ub 430 J41%h 483k 425
M-CH,OR-ROH 423 : 307
M-CH(Mc},-ROH AT 4097 411 RRFR 3955 REEN
EM~CH(M£);—R OH-H;O 391
M-CH(Me),-2ROH w3 193
M-CH,-ROH &€————— 309 A
M- H,-2ROH Y KN
ta) 374 i 374 R IS
(ap-Me W 343
L(a)«(‘H[MCI: K9 3 269 RAN
ta)-ROH 2985
b (a}-CH,OR 301 301 a0t 301 298 285
M-side-chain 33 313 31 357 s i3
32 312 RIS 336 Jid 256
AN KiN 33 155 A3 155
M-side chain-ROH 297 297 > 2a7
{b) 271 271 273 AN b N
(b-ROH 258 233 285 238

* Jons of rel. abundance > 20°, are shown in italics; b —base peak.
t Confirmed by accurate mass imeasurements.

I m* observed for transition.

§ Also derived from M7 -ROH ion (m* observed).

" AUDIER, H. F.. BuuGrimans, R.and Das, B. C. (1966) Tetrahedron Letiers 4341
8 ApLiN. R. T. and HorNBY. G. M. (1966) J. Chem. Soc. (B) 1078,

Y WryLLi, S. G. and Dierasst, C. (1968) J. Org. Chem. 33, 305.

YTOKES, L. Jones. G. and Digrasst. C. (1968) J. Am. Chen. Soc, 90, 3465,
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For lithocarpolone, lithocarpdiol and their acetates, the three most abundant ions corre-
spond to the loss of CH,OR (R=H or Ac) or of isopropyl (but not of both groups) from
the M™ and to the loss of CH,OR from ion (a) (Table 4). The observed ease of cleavage
shows that these two groups are located « to the ether oxygen atom as is indicated in par-
tial structure (8).* Structures (1) and (3) thus represent lithocarpolone and lithocarpdiol
respectively.

Of the two alternative structures (5) and (5a) for the third triterpene, we favour the
former (viz 24-methylenecycloartan-3f,21-diol). For (5) but not for (5a), the two terminal
methyl groups are remote from any asymmetric centre and from a hydroxy group, and
are expected to be equivalent magnetically and not deshielded on acetylation. The result
in Table 3 (right column) shows that this expectation was substantiated when the triter-
pene and its diacetate were examined in two solvents (and at two resonance frequencies).

For confirmation of structure (5) the following decoupling experiment (in C,D,) was car-
ried out. Irradiation at & 2-5 resulted in the collapse of the methyl doublets (see above)
and also caused sharpening of the signal due to the vinyl protons (width-at-half-height,
2-8— 1-6 Hz) as the result of reduction of allylic coupling.

24-Methylenecyloartan-3f,21-diol and lithocarpdiol are assigned a 38 configuration
based on NMR data (Table 2). For the latter compound the configuration is also sup-
ported from the result of borohydride reduction of the corresponding ketone.

The stereochemistry of the side-chain shown in (1)~(6) is proposed on the assumption
that C-20 retains the configuration found in cycloartane triterpenes, and in the cases of (1}
(4), on the relative magnitude of the chemical shifs and vicinal coupling constants of the
two protons at C-21!" (see (15) and Table 2).

CH20Ac

Sz >.Hi33
end

as)

DISCUSSION
As the previous' ™ and present work have covered nearly half of the 30 or so species
of the Fagaceae indigenous to Hong Kong, it is appropriate to comment on the salient
features of the triterpene distribution which have emerged. In Table 5 are summarized the
results of the work in Hong Kong!? and elsewhere.!?"2? Of the five genera which have

* Partial structure (8) is also supported by the observation, in the case of lithocapdiol diacetate, of a nuclear
Overhauser effect (119 enhancement) between the methylene and methyl protons of the CH,OAc and isopropyl
groups respectively.

' JACKMAN, L. M. and STERNHELL, S. (1969) Applications of Nuclear Magnetic Resonance Spectroscopy in Organic
Chemistry. 2nd edn, pp. 240-241, 280293, Pcrgamon Press. Oxford.

12 MawsiL, A, and MoreLLy 1. (1972) Phytochemistry 11, 2733,

13 Lupwiczak, S. and Szczawinska, K. (1965) Roczniki Chem. 39, 583; P®ova, M. and Soucek. M. (1973)

Phytochemistry 12, 2068.

H4 ZoriNA, A. D., MATYUKHINA, L. G. and RYABININ, A. A. (1967) Khim. Prirodn. Soedin, Akad. Nauk. Uz. SSR.

2, 291; Chem. Abstr. 66, 487,

13 OumoTo, T., NikaIpo. T. and Ikuse, M. (1972} Shoyakugaku Zasshi 26, 36.

'* RoncERO, A. V. and ToOrO, F. A, (1966) Grasas Aceites 20, 178 ; RAVENTOS, J. and Riso, J. M. (1972) Phytochem-
istry 11, 3089.

'7 Jyoti, M. and RasToGt, R. P. (1970) Indian J. Pharm. 32, 167.
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been examined, only limited data are available on Cuastanea and Fagus. The other three
gencra all produce triterpenes of the D: A-friedo- oleanane group. In particular friedelin
and/or the corresponding 3-alcohols occur in all but one species of the 23 species of Cas-
tanopsis, Quercus and Lithocarpus studied. The genus Lithocarpus is characterized by the
prevalent occurrence of D:B-friedo-, D-{riedo-. and unrearranged olcanane triterpenes,
which are significantly less common in Quercus and rare in Castanopsis. On the other
hand, the genus Casranopsis is characterized by triterpenes of the hopane. lupane and
ursane groups. It appears that the genus Quercus lies chemotaxonomically between Cas-

H. R. ArTHUR. P. D. S, Ko and H. T. CHEUNG

tanopsis and Lithocarpus.

TABLE 5. DISTRIBUTION OF TRITERPENES IN THE FAGACEAE (PLANT SPECIES IN PARENTHESIS REFTR TO THIS OR EARLIER

HONG KONG WORK)

. Castanopsis Fayirs Cieres Lithocarpus
5
S .- - - ‘ 3
3 = E 3 M = =
S £ 2 I - T g
£ 3 Z 3 =3 ST 33
S £ ] N € ¥ 2
‘ I s = 3 B 23 33
Tiiterpenc =< 3 = £ £ & =L SR
groun Triterpenes isokuted PR (ol T T 2 dd
Hopane Hopan-22-0l-3-on¢ e
Hopan-3/i.22-diol +
Hop-1721)-en-3j-01 {and or acctate}
L rsane =AMyrin +
Taraxasterol
Ursolic acid +
Lupane Lupenone -
Lupeot + - +
Betulin + -
Betulinic acid {(and/or methyl ester acetate) ¥
D:A- Fricdelan-28-0l-3-onc + +
Fricdo- Fricdelan-3z-ol fand or acctate) + + 4 - T, -
oleanane Fricdelan-3fi-0l + + + - + b+ 4+
Friedelin + o A E R S +o + o4+ o+ 4
Fricdvluan-22.3f-diol +
D:B- Glutinol - PR +
Friedo- Glutinone +
oleanane
D-Friedo-  Taraxerol tand.or acctatc) o+ o+ o+ o+ o+ 4+
oleanane
Olcanane Oleanotic acid + -
B-Amyrenone -+
B-Amyrintandior acctaw) + n i F 4+ - o+ o+ +

Arboranc
Dammarane

Cyelo
wtane

Isoarborinyl acetite
20-Hydroxydamimar-24-cn-3-onc
22-M thylenecveloar tan-33 21-diol 15}
Lithocarpolone (1)

Lithocarpdiol (3)

Cycloartenylacctate

'8 RYABININ. A. A. and LUPUNOVA, V. F. (1971) Zh. Obschch. Khim. 31, 3475.
' KaLka, V. K., KUKLA, A. S. and SeSHADRL T. R. (1966} Currenr Sci. (India) 35, 204.

29 Suaw, G. and YEADON, A. {1962} J. Chem. Soc. 3276.

P WRzECIONO. U. (1963) Roczniki Chem. 37, 1457; WrziCIoNo, UL (1964) Roczniki Chem. 38, 79.
22 Wryrciono. UL (1965) Rocezniki Chem. 39, 383,

S Kavano, Ko TACHL Y. Orake. T.oand KoMartse, M. (1968) Yakugaku Zasshi 88, 1246,
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EXPERIMENTAL

M.ps were uncorrected. Optical rotations and IR spectra were measured in CHCI; solns and Nujol mulls re-
spectively. MWs were recorded from MS. MS (Table 4) were rccorded at 70¢V. and mass matching was per-
formed in conjunction with a DS-30 data-processing system. Isolated compounds were identified by m.m.p. and
IR spectral comparisons with authentic samples, Petrol. refers to the fraction of b.p. 60-80°.

Isolation of triterpencs. Dried and milled leaves of plants collected in Hong Kong were cold extracted twice
with petrol. The residue obtained on evaporation of the combined extracts was chromatographed on 15 20 %
its weight of A1, Oy using gradient elution with C H,- petrol, and then with CHCl,-C H,.

Lithocarpus cornea, L. glabra, L. hancei, L. harlandi, and L. polystachya each gave the following compounds
(in yields shown in Table 1). (a) Friedelin, m.p. 262-264° (from petrol), v,,,, 1720 cm™!. (b) Friedelan-38-ol, m.p.
282-285" (from petrol), acetate, m.p. 290-291" (from CqHg). (c) Glutino), m.p. 210-212° (from petrol), v
3480 cm ™!, acetate, m.p. 190-192°. (d) f-Amyrin, m.p. 198-200° [from (Me),CO]. v,.., 3300cm™!; acetate, m.p.
238-240" (from CHCl;-MeOH), v, 1740, 1250cm™!. (e) Taraxerol, m.p. 283-284" (from CoH,), vy, 3500,
1640 cm™ '; acetate, m.p. 309-313° (from C,H —petrol), v,,,, 1740, 1250 cm ™ '. Taraxeryl acetate was also isolated
from L. cornea. From the polar fraction of the triterpene mixture from L. harlandi was isolated friedelan-20,38-
diol (pachysandiol-A)* forming needles from (Me),CO, m.p. 282-285", v, 3500 cm ™!, diacetate, m.p. 235-236°
[from (Me),CO].

Isolation of cycloartane writerpenes from L. polystachya and conversion to acetates. In the chromatographic sep-
aration of the triterpenes from L. polystachva leaves. after removal of the substances recorded above. further elu-
tion with CHCl; -C H, afforded (in yiclds shown in Table 1): Lithocurpolone (1) needles from (Me),CO, m.p.
1901927, [2]p + 28", v, 3450. 1710em ™" (Found: C. 79°5: H, 10-7. C3,H;,0; requires C. 79-1; H, 10-7%).
24-Methylenecycloartan-3f,21-diol (5). needles from (Me),CO-MeOH. m.p. 165 168" [x], + 42°% v, 3350,
1650, 890cm™ ! (Found: C. 78-5; H, 11-4%; MW 456. Cy,H,0,.H,0 requires C, 78-4: H, 11-5%. C3;H;,0,
requires MW 456). Lithocarpdiol (3), needles from (Me),CO. m.p. 179-180". [%]p + 54, v,.., 3350cm ™ (Found:
C.77HH 2 MW 512 C H: 04 12HL0 requires C. 774 HO 1L C o HL- O, requires MW 512y,

Each ol the above three triterpences (40 mg) were treated for 5 hr with (A¢),O (8 ml) and CsH N (1 ml) under
reflux, and worked up to give: Lithocarpolone acetate (2), needles from MeOH, m.p. 144-145°, [alp +37°, v
1745, 1710, 1240 cm ™! (Found: C, 76:6; H, 9-8%; MW 512-387. C3;3H5,0, requires, C, 77-3; H, 10-2%; MW
512:386). 24-Methylenecycloartan-38,21-diol diacetate (6), needles from (Me),CO-MeOH, m.p. 137-139¢, [x]p +
50° v, 1740, 1635.1245. 890 cm ™! (Found: C. 77-9: H. 10:3. C1.H,, 0, requires C. 77-8: H. 10:4°)). Lithocarp-
diol acctate (4). necdies from EtOH, mp. 179180, [2]p + 64, vau 1740, 1245¢cm ' (Found: MW 356:412:
C35H: 405 requires MW 556-413).

Reactions of lithocarpolone. Lithocarpolone was stable to BF, etherate complex at 0. On overnight treat-
ment with excess toluene-p-sulphonyl chloride in CsHN at 0, lithocarpolone was converted to lithocarpolone
toluene-p-sulphonate (T m.p. 207-209", v 1705. 1605. 1190. 1175 em™ L.

To lithocarpotone (38 mgj in dioxan (3 miy was added NaBH, (337 mg) in McOH (15 mlj, and the mixture
was refluxed for 2 hr. After removal of most of the solvent under vacuum, the mixture was acidified with 50%,
aq. HOAc. The precipitated product recrystallized from {(Me),CO consisted of a mixture of 3-alcohols. The major
epimer. isolated by preparative TLC was identical to lithocarpdiol (3) isolated from the plant.
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