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Abstract-The triterpenes of the five Li~hotarpus species examined comprised members of the friedo- and unrear- 
ranged oleanane groups, viz. friedelin, friedelan-30-01. taraxerol and /?-amyrin. Glutinol was also present, except 
in L. harlandi where friedelan-2x,31(-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-3/& 
01). and 24-methylenecycloartan-3b,21-diol were found in L. polrstachya. and their structures determined. 

INTRODUCTION 

OF THE three genera constituting the Fagaceae in Hong Kong, QLI~‘IYJ&~~ and Cas- 
tanopsis3 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. polystach_~a. 

RESULTS 
All five Lithocarprls species examined (viz L. cornra, L. glrrhra, L. harzcei, L. harlandi and 

L. polystachya) contain friedelin, friedelan-3fl-01, taraxerol (occurring also as the acetate in 
L. cornea), and P-amyrin (Table 1). Glutinol was isolated from all species except L. harlandi 
which contains instead friedelan-2a,3P-diol (pachysandiol-A),4 previously reported to 
occur only in Pachysundra terminalis. 4 L. polystachya also yielded three cycloartane triter- 
penes (l), (3) and (5). the structures of which were determined. 

Two of the triterpenes are closely related; upon reduction lithocarpolone (l), CJ1H5,,03, 
(v,,, 1710 cm- ‘) yields lithocarpdiol(3), C, 1HSZ03, (no C=O absorption). These two tri- 
terpenes each contains a primary hydroxy group of the type fC-CH20H (AB q at 6 3.4, 
J 11 Hz?), and on acetylation yield lithocarponone acetate (2) JAB q at 6 4.1; no OH 

* Present address: Government Chemical Laboratories, Hong Kong. 
f For full NMR data, see Table 2. Measurements are in CDCl, solutions unless otherwise stated. 

’ ARTHUR, H. R., Hur. W. H., LAM, C. N. and SZETO, S. K. (1964) Ac~st. J. Chern. 17, 697; Hui, W. H.. HO, C. 
T. and YEE. C. W. (1965) Aust. J. Chem. 18, 2043. 

2 ARTHUR, H. R., CHENG. K. F., LAU, M. P. and LIE. K. J. (1965) Phytochernistry 4,969. 
3 ARTH~IR. 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, 591. 
4 KIKU(.HI. T. and T~~oI,A. T. (1967) TctrahrdrorI Letters 3181; SAMSON. A. S., STEVENSON. S. J. and STFVENSON, 

R. (1968) J. Chr,n. Sot. B 2342. 
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absorption) and lithocarpdiol diacetatc (4) (AB q at & 4.1. .I I I.5 HI: I-H multiplct at tS 
4.6) respectively. Common to both triterpenes is a cyclopropane ring of the type 
> C+CH2 )-C < (AB q near (S 0.6. .I 4 Hz) and an isopropyl group. Evidence for the Inttct 
is dcrivcd from NMR decoupling oxperimcnts (in C‘,,D,,). Thus lithocarpdiol diacetatc (4) 
gives rise to two methyl doublets both of which collapses to singlets upon saturation of 
;I hcptct at ii 2.4. 

CH,OH 

,’ 

R’ i/-- 
LO H 0 (5) Am.H 1 Sal 

12) AC (61 R--AC 

(3) H 0.-H, j--CH 
(4) AC m,d -0Ac 
(7) MeC&SO,- 0 

(9) Me 0 

(IO I COOMe 0 
(II I coon 0 
(12 I Me U--H.~~-OAC 

II3 ) COOMe 6--H& OH 

(14) COOH K--H.B-OH 

The remaining oxqgcn atom in the structure of lithocarpolonc (and lithocarpdiol) is 
assigned to an ether function of the type >CH .CH, .O .C$. Thus in the NMR spectra 
of lithocarpolone, lithocarpdiol and their respective acetates is a 2-H multiplet at ii 3.2 39. 
For lithocarpolone acetate the signal constitutes the AB part of an ABX system (Tat-k 
1-i and it simplifies to an AB quartet (J 1 1 .S Hz) upon double irradiation at (5 I .7. 
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The third triterpene (5), C3,H5303, also has a cyclopropane ring of the type 
> C-(CH, K < and an 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 (II,,,, 890 cm- 1 ; 6 4.70.474) and two hydroxy groups. One 
hydroxyl is secondary (1-H multiplet at 6 3.3 shifting to 4.6 on acetylation), and the other 
is primary and of the type > CH . CH, . OH (2-H multiplet at f 3.7, becoming on acetyla- 
tion AB of ABX at h‘ 4.11 (Table 2). 

TAIILI. 2. CHI.MICAL SHII-TS” (ANU coL IJLINC; CONSTANTS IN H/) ok SKI rt KIJLNI s ok L. ~x~l~sruch_w 

* Relative to SiMe,; CDCI, solution. 
t Partially ohscured hy other peaks. 

Biogenetic considerations suggest that the L. polystuchya 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 

TABLI. 3. NMR tfwjL,Eh’TiEs* OF METHYL GROUPS (Hz) OF CYCLOAKTANE TRITERPENES 

Substituents 25-Met 
at C-3 4x-Me 4p-Me 14cc-Me 13/&Me (doublets. J 7) 

Cycloartenone (9) 
Methyl maniferonate (10) 
Mangiferonic acid (11) 
Lithocarpolone (I) 
Lithocarpolone acetate (2) 
Lithocarpolone tosylate (7) 

Methyl maniferolate (8) 
Mangiferolic acid (14) 
Lithocarpdiol(3) 
24-Methylenecycloartan-3/1.21 -dial (5) 

Cycloartenyl acetate (12) 
Lithocarpdiol diacetate (4) 
24-Methylenecyloartan-3/I.21-dial 

diacetate (6) 

(3-0x0) 
(3-0x0) 
(3-0x0) 
(3-0x0) 
(3-0x0) 
(3-0x0) 

P-OH 

;I::: 

P-OH 

[GOAc 
/I-OAc 

/?-OAc 

645 62 
65 62 
65 62 
65 62 
65.5 62.5 
65.5 62 

58.5 49 
58 49 
58 48.5 
58 49 

51 
51 

51 

54 
53.5 

53.5 

54.5 
54 
54 
53.5 
54 
53 

54 
54 
53.5 
55 

54 
53.5 

55 

60 
59 
60 
62 50.5, 53.5 
61.5 55, 56.5 
58.5 49.5. 51.5 

58.5 
58 
60 51. 53.5 
60 62, 62 

(65.5, 65.5) 
58 
60 55. 56.5 

60 62, 62 
(64. 64) 

* Relative to SiMe, at 60 MHz but measured also at 100 MHz; CDCl, solution. 
t Data listed only for L. polystachya triterpenes; frequencies in parenthesis refer to C,D, solution. 

s CH~UNG, H. T. and WILLIAMSON, D. G. (1969) Tetrahedron 25, 119, and references therein; CHEUNG. H. T.. 
SI I TO. .I. C. F. and WATSOV. T. R. (197.3) .ilr/~t. J. Chew. 26. 609. 

” <‘tn I \(x. H. T. and \‘A\. T. C‘. (1972) III\~. .I. (‘/wr,r. 25, X(13. 



Table 3. the methyl resonance frequencies of some‘ cyzloartanc compounds and of the L. 
pol~xtnch~u triterpenes and their derivatiws arc assigned” and compared. As is expected 
for compounds with identical skeletons. the methyl group at position 42 or position 4/j 
gives rise to a constant rcsonancc frequenq (:h 0.5 I-I/ at 60 Mtl7) for a specific whstitucnt 
at C-3; likewise. the methyl group at 143, being remote from both ring .A and the side- 
chain. resonates within a narrou range (54 + I Hz at 60 MHz) for all I3 co~npounds listed. 

Cyzloartane triterpenes are also charncterized 13) hl S fragmentations initiated 13~ the 
9: 14qclopropanc ring. and \vhich result in an ion (a) O~WCJ indcpendcnt of the substitu- 
tion pattern in ring A.7.H The MS of the f,. ~w/~~s~~IcII~YI triterpencs and their dcriwtivcs 
conform to this pattern (Table 3) and show three groups of ions. (i) the M” and ions do- 
rived from it by simple losses, (ii) ion (a) arid,,‘‘‘’ ions dcriwd therefrom. (iii) ions due to clca- 
vage of the side-chain (sometimtx accompanied 13~ t’c’;~r1’;l1l~c’nl1‘111 01‘ otw or t\\ o h~cirog~~n 
atoms)” and of ring II (SW hi.“’ 

(hi 2’1 2’ I 7-1 

ihcROH z-q _ > 
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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 CI 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-3fi,21-diol). For (5) but not for (Sa), 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 b 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.X--t 1.6 Hz) as the result of reduction of allylic coupling. 

24-Methylenecyloartan-3/3,21-diol and lithocarpdiol are assigned a 3/? 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 (l)-(6) is proposed on the assumption 
that C-20 retains the configuration found in cycloartane triterpenes, and in the cases of (lb 
(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). 

(15) 

DISCUSSION 

As the previous’~-3 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.‘2m’3 Of the five genera which have 

* Partial structure (8) is also supported by the observation, in the case of lithocdpdiol diacetate. of a nuclear 
Overhauser effect (II’;; enhancement) between the mcthylene and methyl protons of the CHLOAc and isopropyl 
groups respectively. 

’ ’ JACKIMAN, L. M. and Sri KNH~LL, S. (1969) Applications qf’Nuclrur Magrwtic Rc.wr~unc~ Spectroscopy in Oypnic 
Che~~i.st~~: 2nd edn, pp. 240-241, 280-293, Pcrgamon Press, Oxford. 

” MAKSILI, A. and MOWLLI, I. (1972) P/zyro~/~r,ni.rlr~ 11, 2733. 
I3 L~~WIC‘ZAK, S. and SZCZAWINSKA, K. (1965) Roc-_niki Chrm. 39, 583; PISOVA, M. and SOUCLK. M. (1973) 

Phytochrmi.stry 12, 2068. 
I4 ZORINA. A. D.. MATYUKHINA. L. G. and RYAUININ. A. A. (1967) Khim. Prirodn. Soedin, Akud. Nuuk. Uz. SSR. 

2, 291 ; Chm. Ahstr. 66, 487. 
, 

I ’ OHMOTO. T., NIKAILXI. T. and IKI ~st, M. ( 1972) Shoyukugaku Zasshi 26, 36. 
” ROWLKO. A. V. and TORO, F. A. (1966) Gasa.s Acrites 20, 178; RAW NTOS, J. and RIBO. J. M. (1972) Phptochem- 

itrry 11, 3089. 
” JYO~I, M. and RASTOGI. R. P. (1970) Itldiurz J. P/mrm. 32, 167. 
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been examined, only limited data are available on c’clstmcw and Fagus. The other three 
genera all produce triterpenes of the D:A-fried0 olcanane group. In particular friedelin 
and,lor the corresponding Salcohols occur in all but one species of the 33 species of Cl7s- 

tanopsis, Q~cI~~s and Litlzocarpus studied. The genus Lithwp77s is characterized by the 
prevalent occurrence of D: B--friedo-. D--friedo-. and unrearrangcd olcanane triterpenes. 
which are significantly less common in QWIWS and rare in C~~s~rn~~p,sis. On the other 
hand. the genus Cc7.stmopsi.s is chnracterizcd by triterpenes of the hopane. lupane and 
ursane groups. It appears that the genus QZI~WL~.S lies chctnotaxonomically between Gas- 
trrnopsis and Lithouwpus. 

+ t 
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EXPERIMENTAL 

M.ps were uncorrected. Optical rotations and IR spectra were medsurcd in CHCI, solns and Nujol mulls re- 
spectively. MWs were recorded from MS. MS (Table 4) were recorded at 7OcV. 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 hp. 6&Y@. 

Isolario~l ($ tritc,r/Irn(~s. Dried and milled leaves of plants collected in Hong Kong were cold extracted twice 
with petrol. The I-~~~iduc obtained on evaporation of the combined cxtractq wac chrom;rtographcd on 15 20 Y 
eta wclght ol Al:O, using gradient elution with C,H, petrol, and then with C‘HCI,- C,,H,. 

Lithocavprrs corner. L. glahru, L. hancei. L. harlundi. and L. polystuchyu each gave the following compounds 
(in yields shown in Table I). (a) Friedelin, m.p. 262-264” (from petrol), vmlr I720 cm- ‘. (b) Friedelan-3j-ol, m.p. 
282-285 (from petrol). acetate, m.p. 29@291 ’ (from C,H,). (c) Glutinol, m.p. 21&212” (from petrol), v,_ 
3480 cm- ‘, acetate, m.p. 190-192’. (d) /j-Amyrin, m.p. 198-200’ [from (Me)lCO]. Y,~.~ 3300cm- I; acetate, m.p. 
238.-240’ (from CHCI, -MeOH). \qrn_ 1740. 1250 cm-‘. (e) Taraxerol, m.p. 283-284’ (from C,H,), I’,,,?~ 3500, 
1640cm-‘;acetate. m.p. 309-313”(from C,H,-petrol), v ,,,,, \ 1740, 1250cm- ‘. Taraxeryl acetate was also Isolated 
from L. L’ouz~~~. From the polar fraction of the triterpene mixture from L. hurlandi was isolated friedelan-2cc,3/I- 
diol (pachysandiol-A)4 forming needles from (Me),CO. m.p. 2X2-285’, \I,,,,_ 3500 cm- ‘, diacetate, m.p. 235236” 
[from (Me),CO]. 

Isolation cfcyclourtanc tr~iterpcwsfiom L. polystachya und conarrsiou to ucetatvs. In the chromatographic sep- 
aration of the triterpenes from L. polrvtccc,h~ur leaves. after removal of the substances recorded above. further elu- 
1101~ u~th C‘HCI, c‘,,H, atfordcd (in yields shown m Tablc I J: Lir/~o~o~l,o/or~~, (I). nccdlcs from (Mc),CO. n1.p. 
190-192 [Y&, + 28 . v,,,,, 3450. 1710cm- (Found: C. 79.5: H, 10.7. C3,Hs003 requires C. 79.1; H. 10.7”/;,). 
24-M~th~f~~~~~~~~clotr~tc~n-3/~.21-tiiol (5). needles from (Me),CO-MeOH. m.p. 165 168’. [~]u + 42”. v,,,,, 3350, 
1650. 890cm- i (Found: C. 78.5; H. 1 I,4j’;,; MW 456. C,,HsZ02 .HZO requires C, 78.4: H. 11.5”;,. C31H5202 
[requires M W 456). Lithoctrrpdio[ (3). needles from (Me)LCO. m.p. 179- 180 [z]~ + 54 . I’,,.,, 3350 cm- ’ (Found: 
(‘.77.l:H. II.?‘,,:MW ~19_.C,,H;~0,.1’7_H,0rcil~liresC.77.4:H. ll~l”,,.C~,H..O,rcquire~MW 512). 

Each ol the ahovc three tr~tcrpcncs (-IU mg) wet-c treated for 5 hr wnh (Ac),O (8 ml) and C,H,N (I ml) under 
reflux, and worked up to give: Lithocavpolone acrtute (2), needles from MeOH. m.p. 144-145”. [a& + 37”, Y,,, 
1745, 1710, 1240cm-’ (Found: C, 76.6; H, 9.8”/,; MW 512,387. C33Hs304 requires, C, 77.3; H, 10.2%; MW 
512,386). 24-Meth~lrnecq~cloa~tan-3~,2l-~ioI diacetutr (6), needles from (Me),CO-MeOH, m.p. 137-139’. [rlD + 
50’. j’,,, ,\ 1740. 1635. 1245. X9Ocm-’ (Found: C. 77.9: H. 10.3. C?,H,,O, requires C. 77.8: H. 1@4”,,). Lithocorp- 

dial rrw~rrte (4). necdlcs l’rom EtOH, m.p. 179 180 . [x][, + 64 , \‘m.lr 1740. 1245cm ’ (I-ound: MW 556412: 
C3sH5405 requn-es MW 556.413). 

To I~thocal polonc (5X mg~ m dloxan (3 ml) was added NaBH4 (337 mg) m M&H (15 mlj. and the mixture 
was rcfluxcd 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)2C0 consisted of a mixture of 3-alcohols. The major 
eplmer. isolated by preparative TLC was identical to lithocarpdiol (3) isolated from the plant. 
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