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Abstract - The three new 14(15)-enequinone+nethtte trfterpenoids, balaenonof, bafaend 
and isobataendtof, isolated from Cassine b&e have been shown to be 3,2l@dihydroxy 
~dioxo3,5,7,10(1),14(15)-pentaen-(l~t5)-D:A-~24,24dinoroleanane (l), 3,21P_ 
dihydroxy-2-oxo-3,5,7,10(1),14(15)-pentaen-(1 4+15)-DA-Mdo-24,29dinomfeanane (2) and 
3,21~,22~-trihydroxy-2-oxo-3,5,7,10(1),14(15)-pentaen-(14~15)-D:A-fried~24,30- 
dinoroleanane (3) respectively, on the basis of spectroscopic evidence. The possfbfe 
biosynthetic orfgin of these 14(15)snequinonsmethides from pristimerfn is d&cussed. 

IHTRODUCTION 

Enequinonsmethiie triterpenoids are a small group of natural products peculiar to pfants of the closely related families, 

Celastraceae and Hippocrateaceae and represented by nefzahuafcoyone (5),’ netzahuakoyond (6): netxahuakoyotxfiol (7)’ 

netzahualcoyens (8),’ netxahuafcoyol (9),’ prfstimerinene (11): hydmxypristimerfnsne (12)’ and Safacfa quinone-methide 

(13).’ In our continuing search for anti-tumour agents in Sri tankan plants wB have investfgated the quinone-methii 

triterpenes in the endemic Cefastraceae species, C&m Mae Kosterm. (= Elaeodendrw, b&e Kosterm.) and in this paper 

we report the isolation and structure elucidation of three new 14(15)-enequinone-metftiies, bafaenonol (I), bafaenof (2) and 

isobalaendiol (3) in addition to pristimerin (14), tingenone (15) 22f3-hydmxytingenone (16) and 2O-hydmxytfngenone (17). A 

minor impurity present in certain samples of bafaenol was identifii to bs iscbafaenol (4). The structure (10) earlier 

proposed’ for an enequinone-methiie identical with bafaenonol has been revised as (1). Previous investtgatiin of C. bake 

has fed to the isolation of (14) (15) (17) ofean-12-en3&l ladiol, 3B,24dihydmxy-D:B-fol~5~~ and an erte- 

quinonsmethide whose structure was erroneously postulated as (lo).’ 

‘Dedicated with great admiration and affection to Pmfessor Sir Derek Barton on the occasion of his 
seventieth birthday and in appreciation to his contributions in the fields of terpenoids and steroids. 
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RESULTS AND DISCUSSION 

The hot hexane extract of the outer root bark of C. b&e on fractionation by medium-pressure Squid chromatography 

(MPLC) over Si gel afforded pristimerin (14), tingenone (is), 22jMydroxytingenona (16), 20-hydroxyttngencne (17) and three 

new ene-quinone-methkfes, named as balaenonol, balaenol and isobalaendiol. Structures of these enequinone-methides 

were elucidated with the help of spectroscopic methods as described below. 

The UV spectrum (I+,,, ,446 nm) of balaenonol, C,H,,O,, m.p.2tf5-2g6°,[u], +llO’, suggested that it had a 

chromophore with a greater conjugation than in pristimsrin (UV L, 423 nm)‘; krt identical with those reported for 

netzahualcoyone (5): pristimerinene (11)5 and Salacia quinone-methiie (13): The IR spectrum showed the presence of 

hydroxy (3450-3200 cm”), six-membered ring carbonyl (1705 cm”) and conjugated carbonyl (1602 cm”) functions. The ‘H 

NMR spectrum in the olefinic region was comparable with that of prfstimerin. Hoewer, differences were observed in the 

chemical shifts of the singlets due to some methyl groups (see Table 1); two methyl groups attached to unsaturated centres 

were present one correspondii to Wmethyl of pristimerin. This tcgether with the above UV X u suggested balaenonol to 

ba a 9(11)- or 14(15)-enequinone-methide with a methyl group at the terminus of the conjugated system. The 14(15)-ene- 

quinone-methkfe structure (1) was favoured based on the following evidence. 

The MS had significant peaks at m/z 294,279 and 253 arising due to a mWDiis-Alder cleavage of ring D giving 

(22) followed by the loss of CH, or C,H, groups resulting in (23) and (24), respectively (Scheme 1). These fragments were 

also observed for balaenol and isobalaendiol (see Experimental Section). It is noteworthy that tha presence of a peak at 

m/z 279 has also been observed for pristimerinene (11): hydroxypristfmerfnene (12)’ and netzahuakoyone (S).’ An NOE 

enhancement of 10% of the doublet due to 7-H at 5 6.21 on irradiation at 6 1.77 (signal due to methyl group at C-15) 

further supported the 14(15)-enequinone-methids structure (1) for balaenonol and not the previously assigned 9(1 l)-ene- 

quinone-methide structure (lo).’ Recently, it has been pointed out that the ‘H NMR spectrum of pdstimerinene (11) is 

superimposable upon that of netzahualcoyene (8) Furthermore, there is no specfal reason as to why the 9(11)-ene- 

quinonsmethkfes such as pristimerinens (11) and Salacia quinonemethkfe (13) should exist in quinona-methide form and 

not in their more stable aromatic forms (16) and (19), respectiiely. 

Having established the presence of 14(15)-ene-quinons-methkle system in balaenonol it remained to detenine the 

nature and location of the remaining two oxygen functions. Ths IR band at 1705 cm” and the presence of a D,O 

exchangeable signal at 6 3.67 (br d, L 1.5 Hz) in the ‘H NMR spectrum suggested, respactively, the presence of a six- 

membered ring carbonyl and chelated hydroxy functions probably on adjacent carbon atoma This is possibfe only at C-21 

and C-22 of the ring E and was confirmed by comparison of the ‘H NMR signal due to CMIH of balaenonol (6 4.64, dd, S 

6 and 1.5 Hz) with that of 22f3-hydroxytingenone (6 3.67, s): which futthsr suggested that the OH group is at C-21 and the 

carbonyi at C-22. On addition of D,O, tha double doublet due to 21-CI0l-i collapsed to a doublet (J= 6 Hz). The 

stereochemical dispositions 01 the C-20-Me and C-21-OH groups in ring E were determined with the aid of ‘H NMR coupling 

constant data and NOE studies (see Fig. 1). 
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(1) R1 =!4; k! =R; R3 =CH; R4 =0 

(2) R1 =Pk; 3 =H: R3 =Ui; R4 =l$ 

(3) R1 +-I; 3 =W; d =Ui; R4 =BUi,a -Ii 

(4) R1 =H; 2 =?4%: R3 =CH; R4 3 

(5) R1+Ie:Rb.+R3Q1;R4~ 

(6) R1*:2=a3p;R3=wi:~4~ 

(7) R1 +k; 3 =COp; R3 =CH; R4 *dXi,a4# 

(8) R1 =Me; 2 =CO+‘#?; R3 =H; R4 =I$ 

(14) R1Q)31e; ~=R~=KL 

(15) R1 =H; 2 =O); R3 3 

(16) R1 =H; 3 =O): R3 ~AZH,a-H 

(17) R1 =UI; 2 =O; R3 =)4 

( m) R1 =H:~=BdXi,adi; R3 =O 

(11) Rhp; hi+ 

(n) R1 -032n”; l? #, CRI; R3 “r 

(=I 
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Table 1. ‘H NMR date (6/ppa; 397.78 MHz) of balaenonol (l), belaenol (21, isobaleendiol (3), 

isobalaenol (41, netzahualcoyone ( 3, pristimsrinene (11) and pri8timrin (14) 

Proton (1) (2) (3) (4) (5P (llIb (14F 

7.18 dd 7.18 dd 7.19 dd 
(J= 7,l) (J= 7,l) (J= 7,1.5) 

La3 

9-CH3 

1 3-w3 
1 4-GH3 

1 5-cH3 

1 7-CH3 

20-H 

2#LCH3 

2Ou-ai3 

2.27 B 

1.29 B 

0.94 B 

I.77 8 

1.41 8 

2.59 m 

0.78 d 
(J= 7) 

- 

21a-H 

22Q-H 

3.67 d 
(J= 1.5) 

6.56 d 
(J= 1.5) 

2.26 8 2.26 s 

1.27 8 1.28 a 

0.84 B 0.84 B 

1.73 a 1.73 s 

1.20 s 1.36 8 

2.15 m I.77 m 

y:z57y 
I_ 

1.03 d 
(J= 6.5) 

f.?y 
3.46 dd 

a (J= 11,3) 

1.59 t 
(J= 12) g”3;’ 

7.18 dd 
(J= 7,l) 

‘;;1’77 

2.26 s 

1.27 8 

0.84 8 

1.73 a 

1.20 a 

2.15 m 

1.04 d 
(J= 6.5) 

6.55 bra 

7.15 brd 
(J= 7) 

g87T 

2.24 8 

7.77 s 

3.65 brs 

6.53 d 
(J= 1.3) 

7.10 dd 7.02 dd 
(J= 7,1) (J= 7,1.3) 

2.23 a 2.21 8 

1.45 8 

.0.53 8 

1.26 s 

1.70 8 - 

1.10 8 

1.18 8 

aybtchta from references 3,5 and 10, respectively. 

Table 2. ‘3c 
and 

NMH data (61 pII* 

pristimerin 14l P 
100 of balaenonol Cl), balaenol (21, isobel.ae&iiol (3), 

Carbon (1) (2) (3) (14) Carbon (1) (2) (3) (14) 

1 120.2 d 120.0 d 120.0 d 119.6 d 

2 178.2 8 178.1 s 178.1 s 178.4 s 

3 146.4 B 146.3 s 146.3 s 146.1 s 

4 116.7 s 116.8 8 116.9 s 117.0 s 

5 128.2 B 128.2 8 127.8 s 127.5 s 

6 134.1 d 134.7 d 134.5 d 133.9 d 

7 122.2 d 121.8 d 121.5 d 118.1 d 

8 159.6 a* 160.1 s* 160.1 s+ 169.9 8 

9 44.2 8 44.5 8 44.6 s 42.9 8 

10 157.6 s* 159.6 s* 159.4 s* 164.7 8 

11 37.3 t 37.5 t 37.5 t 33.6 t 

12 36.1 t 36.0 t 35.15 t 35.15 t 

13 42.1 s 42.7 9 42.5 8 39.4 9 

14 136.4 8 135.8 s 136.4 s 45.0 s 

‘5 126.5 8 127.7 s 

16 38.4 t 39.4 t 

17 49.4 9 31.6 e 

18 466.1 d 42.3 d 

19 30.6 t 32.2 t 

20 35.9 d 34.5 d 

21 73.99 d 68.3 d 

22 215.3 s 43.4 t 

23 10.4 q 10.4 q 

25 28.97 q 29.3 q 

26 22.0 q 22.0 q 

27 24.3 q 24.3 q 

28 22.3 q 31.6 q 

30 11.5 q 10.6 q 

128.8 8 

37.7 t 

40.0 * 

43.1 d 

34.3 t 

33.0 d 

74.2 d 

80.0 d 

10.4 q 

29.4 q 

21.9 4 

a.4 q 

27.4 q 

18.6 q 

28.7 t 

36.4 t 

30.6 s 

44.4 d 

30.9 t 

40.4 B 

29.9 t 

34.8 t 

10.2 q 

38.3 q 

21.6 q 

18.3 q 

31.6 q 

32.7 q 

*Assignments may be exchanged. 
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519a,18=13.0 i ~1~~,~~=2.5 H= 

g19a,20= 4.0 : J19B,20=5-5 HZ 

g20,21= 5.0 Hz 

Me 8 (2) -?121,22Lt=5-O 
; 521,22a=12.0 Hz 

H H 

~190,1,,=12.5 i 319B,l,3=4-'J "= 

~1~~,~~=12.5 Hz 

(31 
-320,21=11-0 ; 521,22=3.0 HZ 

Fig.1 

Further evidence for the proposed structure of balaencnol (1) came from its ‘% NMR spectral data, assignments of 

which were made by comparison with our data for pristimerin (14) (Table 2) obtained by application of 20 ‘H-‘H and ‘H-‘% 

shift correlation techniques, extensive decoupling and NOE studii.‘” As expected, significant differences in chemical shifts 

were observed for C-8, C-14, C-15, C-21, C-22 and C-27. Tha shielding experienced by C-28 of (1) compared to (14) and 

(2) may be explained as due to the paramagnetic effect of the C-22 carbonyl function. Detailed analysis of “C NMR spectra 

of 14(15)-enequinone-methides will be publiihed elsewhere. The CD cutves of prktimerin and balaenonol are presented in 

Fig. 2. 
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Balaenol, C,H,O, m.p. 139-140r’, [aID t152, had a UV spectrum similar to that of (1) (see Experimental). its IR 

spectrum indicated the presence of hydroxy (35003200 cm-‘) and conjugated carbonyl (1596 cm.‘) functions. The ‘H NMR 

spectrum in the low field region was almost superimpceabk with that of balaenonol (1) and the singlets due to two methyl 

groups attached to unsaturated centres appeared at 6 2.26 and 1.73 (Table 1). These observations along with the UV X MU 

suggested the enequinone-methiie structure for balaenol. The presence of a secondary OH at C-21 was apparent from its 

‘H NMR spectrum in which the CKHi appeared as a dt (A 12 and 5 Hz) at 5 3.98. The coupling constants observed for 

the signals due to ring E protons along with NOE data (Fii. 1) confirmed that both MO-Me and C-21-OH are of P_ 

orientation. The ‘% NMR data also supported the structure (2) propoW for balaenol. The assignments were made by 

comparison with the data for pristimerin (14) and balaenonol (1) (Table 2). 

During our ‘H NMR studies we found that certain samples of balaend was contaminated upto ca 30% with its 

isomer, isobalaenol (4). Attempted separation of the two isomers by HPLC under varyfng condiions was unsuccessful and 

resulted in decomposition. The differences in the ‘H NMR were obeenred for the signals due to 3&H (2Oj3-Me and SOa-Me, 

see Table 1). The major difference in the ‘% NMR was also observed for the C-30; in balaenol it appeared at 5 10.6 

whereas in isobalaend it was found at 8 18.5 fdentkal with the position of the C-30 signal of isobafaendrol (3) (see Fig. 1 

and below). The CD curve of balaenol was found to be superimposable with that of balaenonol (Fig. 2). 

+lO 
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‘4 

‘Y.8. 2. CDCurves (inCH.$N) of-balaemmol 

(11, ----balaenol (2). and--- prietWrin (14) 

1 

CH3 
(18) 
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SCHEME 2 

Qco2Me @OH 

(2) 

t 

methide 

SCHEME 3 
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l~w~~~li~ Furt~eiu~ndIheebcvsoclumn~whicti~aenono(wasaMainedOnvgERide~ 
which on ~~~~ b; PLC @si get; &ant: hexaneEtOAc @4)] afforded pure Waend (2) (26 mg, 0.~~ as a 
crystafiine solii, m.p 139-1420; [ah, +152" (c, 240 in CHCt$ UV (Etch) 252 (log e 3.99), 446'(4.14) nrn; IR (KBr)3!%0- 
3200,1596,1!%0,1446,1382,1292,12lr, 1071,1021cm';fw'H and'% NMRdata, sac T-1 and2, re@ectbaIy; 
MS, m/z 420 w, fOO9h) C,H,o,, 4O!j (24) C&,Ow 294 (14) C,H 
C,,H,,Oz, 227(B) C,&O,262 (42) GuH,20p;& 420.2691.Cak for& 

279 W) C,.&,O,, 265 (13) Wf,zO, 2% (13) 

2083; {t& +I220 (es 2.10 in CHCt& UV (EtCM) 263 (tag E 3.5t), 420 (4.99) nm; R (KBr) ~34~, 17t7, 1597, f547, 
t512, 1442, 1362, and 1122 cm’; detailed analysis of ‘H and ‘% NMR spectra will be presented &ewhem.‘” 

Isolation of ~~~~ial(3) This WBS isolated from the same combined column fractions fmm which ~h~~~~no~ 
was isolated (SW a&we}_ bLC separatkm [Si gel; 0.5 mm; eluant- ~i~~~:M~ (97:3), F& 0.36 and then with 
hexane:EtOAc (4:8), F$ 0.41 afforded isobataendiol (3) as an orange red crystalline soiii (23 mg, 0.0023%), m.p. 210-212 
(from dichlommethane-ether); [alo t66’ tc, 4.5 in CHC 

% 1584,1526,1442,1379, and 1204 cm’; for ‘H and ' 
; UV (EKIH) 266 (log E 3.02), 441 (4.01) nm ; IR (KBr) 3500-3200, 
NMR data, SBB Tab&s I and 2, rqwth@; MB, mh 436 @+, 

Acknowfedgement& We wish to thank Prof. Dr. Gunther Snakke for CD spectra of bafaenonof and bafaenof; P&t V. 
Kumar for an ~~~~ sample of their ~~~~ previously iscfated from C. balacr; Mis. S.C. Wan for 
careful pmparation of the manuscript; Natural Resources, Energy and Bciince Authority of Sri L&a and i~~~n~ 
Program for Chemical Science (Sweden) for financial assistance. 

t. 

2. 


