
1980 2933 

Bryocoumaric Acid, a New Triterpene from Bryonia dioica 

By Peter J. Hyiands," El-Sayed S. Mansour, and Moosa T. Oskoui, Department of Pharmacy, Chelsea 
College, University of London, Manresa Road, London, SW3 6LX, England 

Bryocoumaric acid, from the roots of Bryonia dioica, is shown on the basis of chemical and spectroscopic evidence 
to have the structure 3x-p-hydroxycinnamyloxymultiflora-7,9(11) -dien-Zgx-oic acid. The structure of the new 
terpenoid portion, 3a-hydroxymultiflora-7,9(11) -dien-29cc-oic acid, is confirmed by correlation with bryonolic 
acid, 3p- hydroxymultiflor-8-en-Z9~-oic acid, isolated from the same plant. 

THE Cucurbitaceae contain a class of anti-tuniour 
triterpenes with a unique carbon skeleton, the cucur- 
bitacins,l as well as various triterpene acids such as 
echinocystic acid.2 Thus, white bryony, Bryoaia dioica 
Jacq., has been shown to possess several cucurbitacins, 
including cucurbitacins B, D, E, I ,  tetrahydro-I, J,  K, L, 
and S,13334 and other pentacyclic triterpene acid, bryonolic 
acid (1),5 which is related to multiflorenol (2).6 In  

continuing our work on b r y ~ n y , ~ ? '  we now report the 
isolation and structural elucidation of a new triterpene 
acid ester from this plant. 

RESULTS AND DISCUSSION 

A methanolic extract of By-vonia dioica roots was 
hydrolysed by refluxing with 2~ HCl in methanol in the 
usual way. Extraction with chloroform and chromato- 
graphy of the residue over silica gel allowed isolation, in 
addition to known substances, of bryocouniaric acid (3) 
in 0.004~,' yield. Mass spectrometry of (3) showed a 
molecular ion peak at nz/e 600, corresponding to C39H5205. 
The U.V. spectrum showed characteristically strong 
absorption a t  315 nm. Two pairs of doublets (8 7.60 
and 6.25, 1 H each, J 16 Nz and 6 7.37 and 6.80, 2 H 
each, J 9 Hz) were present in the lH n.1n.r. spectrum. 
Both features are indicative of a p-substituted-cinnamyl 
€unction. Acetylation of another sample of crude extract 
allowed isolation, after chromatography, of two acetates, 
(4) and ( 5 ) .  The mass spectrum of (5 )  had a molecular 
ion at  mie 656 while that of (4) showed M +  at  m/e 642. 
The lH n.m.r. spectrum of (5) showed a sharp 3-proton 
singlet a t  S 3.60 indicating the presence of a C0,Me 
group in ( 5 ) .  Compound (4) was also obtained after 
acetylation of (3), under the usual conditions, indicating 

that (3) contained a hydroxy-function. However, 
saponification of (4) or (5 )  did not yield (3) but gave, as 
the major product, compound (6) which lacked aromatic 
signals in the lH r1.m.r. spectrum and in the m.s. sliowcd 
a molecular ion peak a t  rn/e 454, corresponding with 
C3,H,,03. This material could also be obtained by 
hydrolysis with KOH in ethanol of bryocoumaric acid 
(3) itself, showing that (3) was the ester of an aromatic 
acid and a triterpene alcohol. Another product (7), 
isolated by chromatography of the mother-liquors of 
crystallisation of (6) after acetylation in the usual way, 
did not show the features of an acid, but gave lH n.rn.r, 
signals characteristic of an ethyl ester. Purification by 
sublimation of the organic-solvent insoluble fraction of 
the saponification product of (3) allowed isolation of a 
material identical with $-hydroxycinnamic acid, indic- 
ating the constitution of the esterifying acid and confirm- 
ing deductions from the lH n.m.r. and u.v, spectra of (3). 

The hydrolysis product (6) readily formed a mono- 
acetate derivative (8), similar to the acetate (7) of the 
minor product, on treatment with acetic anhydride- 
pyridine. The more polar acetate (8) showed a molecular 
ion peak in the rrnss-spectrum a t  mle 496 (corresponding 
to C3,p14,0,) while the less polar ethyl ester (7) had a 
niolecular ion peak which corresponded to C,4H,,04. 

Proxnirien t peaks corresponding with loss of side-chain 
fragrrients were not present in the mass spectrum of 
either (7) or (€9, indicating that the compounds were 
probably pentacyclic.8 The niass-spectral breakdown 
patterns were not similar to those of oleanane, ursane, or 
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lupane der ivat ive~,~ but eacli sliowed an intcnse peak at 
m / c  253 [shown by accurate mass nieasurcmcnt to 
correspond to (9)] indicating either a baurenenc or multi- 
florene-type skeleton,1° i .e.  a compound with methyl 
substituents at positions 13 and 14. However the lFI 
n.m.r. spectra of (7)  and (8) each showed seven skeletal 
methyl group signals all as singlets, so eliminating the 
baurene skeleton for which two methyl dozddcts would 
havc been observed. 

m / e  253 
( 9 1  

The U.V. spectra of (7 )  and (8) werc almost super- 
imposable: that  of (7 )  showed maxima at  233, 240, and 
248 nm [(S) gave 234, 241, and 249 nni] indicating the  
likely presence of a conjugated heteroaniiular diene 
cliromophore such as a 7,9( 1 l)-dicne.l1>l2 This suggestion 
was confirmed by the presence of lH n.m.r. 1 H niultiplets 
a t  6 5.21 and 5.43 (8) and 6 5.22 and 5.43 (7) (assigned to 
H-I 1 and H-7 respectively.)13 An additional narrow 
niultiplet (W, = 6 Hz) at  ca. S 4.68 in the l H  n.m.r. 
spectrum of each compound confirmed the presence of a 

MeC0,-CH group, probably a t  C-3, but the unusually 

low T.V, value indicated that this substituent was a. 
Thus (6) is a triterpene alcohol acid of the multi- 

florene type, with double bonds a t  7 and 9 f l l )  and a 3a- 
hydroxy-group. The final problem was the placement of 
the carboxy function. Since fragment (9) is formed on 
mass spectrometry this substituent could only be at  
positions 28, 29, or 30. However, also from an exaniin- 
a-tion of the mass spectrum, the CO,H function could not 
be at position 28 because C-28 acids and esters normally 
given an intense mass-spectral peak due to ready loss of 
these s u b s t i t ~ e n t s . ~  The mass spectrum of (7) and (8) 
sliowed no such peak. The positions of the methyl 
signals in the IH n.m.r. spectra of (7) and (8) are very 
similar except that  one signal (at either 6 1.25 or 1.22) in 
that of (8) experiences an upfield shift of ca. 0.2 17.p.m. 
to 6 1.02 in the spectrum of (7). Since the acid must be 
either a t  position 29 or 30, only if i t  is a t  29 can it affect 
another group in this manner, i .e. that a t  13, hence it may 
he deduced that  the C-13 methyl resonates a t  S 1.02 in 
the spectrum of (7 )  and a t  6 1.22 (or 1.25) in that of (S), 
and also that the carboxy is in position 29. Compound 
(8) is thus 3a-acetoxymultiflora-7,9( 1 l)-dien-20a-oic acid 
and (7) is the corresponding 2%-ethyl ester, probably 
formed as an artefact during saponification. 

To confirm this, a sample of authentic bryonolic acid 
(1) isolated from the same plant source, was treated with 
chromium trioxide-pyridine to yield the known 3-ketone 
analogue, bryononic acid (10). If tlie structural proposal 

/ 
\ 

for (8) were correct, reduction of (6) (the corresponding 
Sa-alcohol) with lithium-liquid ammonia would provide 
the 3cc-hydroxyisomultiflorenol derivative (12) which, 
after Sarret oxidation, should also give bryononic acid 
(10). Thus (6) was reduced with lithium-liquid ammonia 
in the usual way and the product proved to be a mixture 
of the As and A799(11) compounds. Separation was 
readily effected by argentation thin layer chromato- 
graphy as the 3cc-acetates. Saponification of the As 
material, followed by Sarret oxidation, did provide 
bryononic acid, identical with the material prepared from 
bryonolic acid, so confirming the structural proposal for 

Further, since (8) was prepared by acetylation of the 
triterpene alcohol obtained on hydrolysis of bryocoumaric 
acid (3), and the only other product was p-hydroxycin- 
namic acid, the structure of (3) must be 3a-P-hydroxy- 
cinnamyloxymultiflora-7,9( 1 l)-dien-29a-oic acid. Com- 
pound (5 )  must be the C-29 niethyl ester of the acetoxy- 
bryocoumaric acid (4) , probably formed as an artefact 
during tlie initial acid hydrolysis of the crude plant 
cxtract which was carried out in methanol. 

Such csterified compounds are fairly unusual in nature 
but j acoumaric acid (the 3 ~-~-hydroxycinnamyloxy- 
derivative of Za,3p-dihydroxyurs- 12-en-28-oic acid) has 
been isolated from Jncaranda ca~cana .~*  I t  is also 
noteworthy that the prescnt work constitutes the first 
rcport of a 3a-hydroxy-triterpene derivative in the 
cucurbitaceae. A preliminary note on the structure 
of 3cc-hydroxymultiflora-7,9( 1 l)-dien-29x-oic acid has 
already been published.? 

(8) * 

EXPERIMENTAL 

Roots of B ~ y o n i a  dioica were collected from the Royal 
Botanic Gardens, Kew, London in June 1976. Dried 
powdered material (2.50 kg) was exhaustively extracted 
with methanol. Solvent was evaporated to give a black 
oily residue which was refluxed for 2 h with 2~ HCl in 
methanol. This was concentrated slightly and then, 
after neutralisation with sodium hydrogencarbonate, was 
diluted with a large volume of water. Extraction into 
CHCI, gave a black oil (61.5 g) which was chromatographed 
over silica gel G. 

Elution with 4% ethyl acetate-toluene gave, in addition 
to ltnown substances, bryocouvnavic acid (3) (3a-p-/iyclroxy- 
cinutnnzyloxymulti~,~ora-7,0( 1 l)-dien-29a-oic acid, which was 
obtained from ethyl acetate as a colourless foam (100.4 nig), 
n1.p. 143-145 "C; h,ll,x~(EtOH) (log E) 233 (4.18), 239 (4.17), 
249 (sh) (3.80),  300 (4.13), and 315 nm (4.19); ~ ~ ~ , ~ . ( N u j o l )  
3 400, 1 690, 1 630, and 1 605 cm-l; G(CDC1,) 0.78 (3 H, s) ,  

( 3  H, s), 1.24 (3 H, s), 4.80 (1 H, br s, 8 Hz), 5.20 (1 H,  
br in), 5.41 (1 H, br m), 6.25 (1 H, d, J 16 Hz), 6.80 (2 H, d ,  
J 0 Hz), 7.60 (1 H, d,  J 16 Hz),  and 7.37 (2 H, d, J 9 Hz);  
i n / e :  600 (50:(,), 554 (14), 539 ( l l) ,  436 (59), 423 (lo),  422 
(34), 421 (loo), 375 ( l l ) ,  254 (18), 253 (41), 248 (23), 242 ( 1 3 ) ,  
241 (13), 239 (18), 235 (13), 227 (42), 225 (17), 214 (13), and 
213 (21) (Found: Mf, 600.3815. C,,H,,O, requires 14, 
600.3788). 

Acetylation of (3) with acetic anhydride-pyi idine in the 
usual way gave (4) 3a-p-acetoxycinnamyloxymulli=fEora- 

0.85 (3 H, s ) ,  0.94 (3 f r ,  s), 0.97 (3 H, s ) ,  1.01 (3 H, s ) ,  1.22 



7,9( I l)-dien-29a-oic m i d ,  isolated as colourless needles from 
methanol, m.p. 158-160 "C; U.V. : h,,lax.(EtO€I) (log E) 232 
(4.44), 241 (4.50), 248 (4.41), and 283 11111 (4.62);  i . r . :  
v,,,,,~(NujoL) 1 760, 1 705, 1 G35, and 1 600 cni l ;  6(C'J)CI,) 
0.78 (3 H, s), 0.86 ( 3  H, s), 0.89 (3 H, s ) ,  0.94 ( 3  H, s), 0 96 
( 3  H, s ) ,  1.04 (3 €3,  s), 1.21 (3 H, s), 2.28 (3 H, s), 4.85 (1 € I ,  
s, IZ;, 6 H z ) ,  5.26 (1  H, br rn), 5.46 (1 H, brni) ,  6.40 (1 13, tl, 
J 1 6 H z ) , 7 . 1 5 ( 2 H , d ,  J 9 H z ) , 7 . 5 3 ( 2 I I , d , J ! ) H z ) , a n d 7 . 6 ~ i  
( I  H, d,  J 16 Hz);  in/e  642 (18']4), 641 ( 2 8 ) ,  601 (14), ti00 
(: ]I ) ,  597 ( 1 7 ) ,  506 (29) ,  594 (lo),  436 (34), 422 (72), 421 (72), 
375 (18), 368 (12) ,  254 ( 2 5 ) ,  253 (36),  235 (12),  and 227 (28) 
(Found: C, 76.5; H, 8.6. C41H5406 requires C, 76.6; 13, 

Another batch of roots was extracted as before but 
acetylated in the usual way before chroniatograpliy. 
Purification by chromatography on silica gel G allo\ved ixol- 
3 tiori of acetates (4) (identical with that previously dcs- 
c ribed) and (5), metJLyl 3ot-p-acetoxycin~za~nylo,~.ynzuZti~~~v~i- 
7,0( 1 l)-dien-29a-otrte, n1.p. 206-208 "C; hIllJY.(EtOH) (log 
E) 226 (4.17), 231 (4.12), 240 (4.13), 249 (4.05), and 282 nn i  
(4.23); vlllRX (Nujol) 1 760, 1 730, 1 700, and 1 630 cm l; 
X(Cl>CI,) 0.70 (3 H ,  s) ,  0.88 (6 11, s) ,  0 . 9 7  (3 11, s) ,  13'04 (6 I J ,  
s), 1.20 (3 €3, s), 2.29 ( 3  13, s ) ,  3 . f i O  ( 3  I-€, \), 4.83 (1 H, hr n i ,  

[I7$ 6 Hz),  5.25 ( 1  El ,  br m) ,  5.48 ( 1  13, br n i ) ,  6.42 ( 1  EJ, t l ,  
.[ I 6  H z ) ,  7.12 ( 2  H, (1,  J 8 IIz), 7.54 ( 2  11, tl, J 8 Hz), 5 . 6 3  
( 1  14, (1, J 1 6 H z ) ;  ~ r / r  656 (74'%,), 614 (12), 450 ( I O ) ,  435 (:I:)), 
and 253 ( 1  7) (Fount1 : 656.4050. ('szH,,OG rcquires 
656 40'77. Fount1 : 253 1948. C,,H,, requires 253.1956).  

Snponificntioiz (I/ Brjwcozwinric; Acid (3) .- C'onipoun(1 ( 3 )  
(60 m g )  was refluxctl u-ith 5(7; KO11 in EtOH for 24 11. 

1)ilution with a large volume of water antl extraction into 
CHCI, gave  n mixture o€ triterpcnes which w a s  separated by 
chromatography on silica gel G to  give conipountl (6) ,  
3cc-~lydro~-y .~ .1~Zt iPora-7-~~(  1 1)-dien- I9cc-oic acid (39 mg, 86::)) 
which crystallised as colourless needles from ethyl acetate, 
1n.p. 204--206 "C; u.v . :  h,,,,,.(EtOH) (log E) 232 (4.04), 241 
(4 lo),  and 248 iini (4.04) ; vmay.(Nujol) 3 500 and 1 705 cni- l ;  
G(CDC1.J 0.74 (3 13, s), 0.85 (3 H, s), 0.92 (6 H, s), 1.02 ( 3  H, 
s) ,  1.24  ( 3  13, s), 1.25 ( 3  H, s), 3.42 (1 H, 111, t+'~ G Hz) ,  5.25 
(1 H,  br in), and 5.42 (1 H, br m ) ;  m/e, 454 (10Oo4), 439 (12), 
423 ( l l ) ,  421 (36). 271 (16),  255 ( I I ) ,  253 (17), 239 ( l l ) ,  227 
(20), antl 213 ( I f ; )  (Found: C, 79.85; H, 10.6. C3UH4603 
requires C, 79.3; H, 10.3%). Acetylation of (6) with acetic 
anhydride-pyridine in the usual way afforded (8), 331- 
ncetoxynzzdtijlora- 7 , 9 (  1 1) -dien-29cc-oic acid, in .p. 267-268 
"C;  I,,,,:,,(EtOH) (log E) 234 (4.04), 241 (4.08), and 248 n n i  
(3.31); ~ ~ ~ ~ ~ , ( N u J o l )  3 350-2 750, 1 735, antl 1 705 cin 
6(CI)fl,) 0.75 ( 3  H, s), 0.84 ( 3  H, s), 0.92 (3  H, s), 0.08 ( 3  H, 
s), 1 .0O (3 H, s), 1.22 (3 H, s), 1.25 ( 3  H, s), 2.02 (3 H, s), 4.68 
( I  H, 111, 1Yg 6 Hz) ,  5.21 (1 H, br in), ant1 5.43 (1 €1, br in); 
wz/e 496 (lOOyo), 481 (a), 436 ( l o ) ,  42% (31), 421 (40), 314 ( f i ) ,  
313 (7), 285 (i), 255 (9), 254 (12), 253 (23),  227 (23),  ;ind 213 
(17)  (Found: 421.3136. C29H4102 requires 421.3104). 
Acetylation, follotvecl by chromatography of the mother- 
liquors of the isolation of (6) from the saponification mixture, 
allowed isolation of ( 7 ) ,  ethyl 3cc-ncetoxynzzilli~o~u-7,9( 1 1 ) -  
dien-2Rci-nnte, n1.p. 216-218 "C; A,~,,,(EtOH) (log E) 233 
(3.84), 240 (3.88),  and 248 (3.66); i .r.:  ~ , ,~~ ,~ (Nujo1)  1 '720 and 
1 260 c1n-l; G(CL)CI,) 0.68 (3 H, s), 0.83 (3 H ,  s), 0.85 ( 3  H ,  
s),  0.92 (3 H, s), 0.97 (3 H, s), 1.02 (3 H, s ) ,  1 . 1 7  ( 3  H, s), I .24 
( 3  H, t, J 7 Hz), 2.04 (3 H, s), 4.03 (2  H ,  q, .J 7 Hz), 4.67 (1 H, 
in, Wi 6 Hz), 5 22 ( 1  H, br ni), 5.43 (1 H, br m ) ;  wz/e 524 
( 8 2 O h ) ,  464 ( lo) ,  449 (36), 313 ( lo) ,  255 ( I J ) ,  254 (12),  253 
(24),  and 227 (23).  The aqueous fraction from the saponific- 
ation was concentrated by evaporation and from the syrupy 
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resitluc crystxls of ~- l iyc l rox~~cin t ia~i~ ic  acid, identical in evcry 
respect with an autlieiitic specimen, were obtained by 
s u bli ni at ion. 

Oxidation of Uryonolic A cid.-Bryonolic acid ( 1 )  (50 mg) 
was dissolved in pyridine containing chromium trioside (cn. 
1 0 0  nig). The mixture was stirred a t  room temperature 
overnight. After the usud  work-up, prisms of bryononic 
acid 5 ( 1 0 )  (30 nig) were obtained, m.p. 222-225 "C; i.r. 
~ , ~ , ~ ~ . ( X u j o l )  3 400, 1 725, and 1 680 cm-l; G(CDC1,) 0.80 
(3  13, s ) ,  0 . ! )7  (3 €3 ,  s), 1.04 (6 H ,  s ) ,  1.09 (3 H ,  s ) ,  1.23 (3 H, 
s), 1.26 (3 H, s), ni/e 454 (15yo), 439 (35), 393 (14), 258 ( l l ) ,  
257 ((is)),  246 ( 1  9),  245 (89),  236 (39),  235 (LOO), 221 (13), 220 
( I I ) ,  219 (14), and 205 (27). 

LitJ~iz~~ii--I-iquid '4 mrnonin Rrduction of (6) .-Compound 
(6) (20 iiig) W;LS dissolved in dry ether (50 nil) and added to 
;tnhyclrous ammonia ( 100 nil). T,ithiurn (500 nig) and after 
1 0  niin ;tl)solute ethanol were added, and the mixture 
refluxed 1% it11 continuous stirring for 4 11. I'relirninary 
experinients indicated that the products could bcst be 
separated by argentation t.1.c. of the 3cc-acetate derivatives. 
ilccordingly. after removal o f  the solvents the crude product 
w a s  acetylatccl in the usual way. Purification by prepar- 
ative c1ironiatoRrapliy wing plates impregnated with 1 2 . 5 O / ,  
silver nitrate, allo~vetl isolation of (1 I ) ,  3C(-ncetox3111zzLltipoY- 
8-cizoic acid (13 iiig), ;is colourlcss ncedles from cthyl 
wctate, ni.p. 23-22?  "C; ~,~,~, .(NiiJol)  3 000, 1 7 18. and 
1 ti85 (-111 l ;  S(CIjC1,) 0.85 ( 3  H, \), 0.90 ( 3  I € ,  s), O.!U ( 3  €1,  

( 3  IT, s ) ,  and 4.69 ( 1  €1, ni, TV; 6 Mz);  wz/e 4!)8 (23?&), 482 
( I ! ) ) ,  424 (23) ,  423 (54), 302 (13) ,  301 (43), 290 (13), 28!) (17) ,  
242 ( l f i ) ,  241 (87),  236 (l!)), 235 (2!f), 230 ( I6 ) ,  229 ( B 7 ) ,  322 
( 2 l ) ,  215 (lo),  214 (12), 213 (lo),  204 (I!)), and 203 (35) 
(ETountl: C, 77.1 ; H, 10.25. C,,H,,O, requires C, 77.1 ; E l ,  

Conversion of ( I 1) in to  Bryononic Acid.  --Compound ( 12) 
(10 mg) was saponified with 2% KOH in EtOH by refluxing 
for 4 11. Usual work-up gave an oily product, which had no 
ester carbonyl stretching frequency in the i.r. This crude 
product was dissolved in anhydrous pyridine (0.5 nil) contain- 
ing t:hromjuiii trioxide (ca. 50 nig). The mixture was stirred 
at room temperature overnight. Usual work-up gave' 
lq-onoiiic acid, (10) (8 ing), identical in very respect with 
tlie material prepared from bryonolic acid ( 1 ) .  

0.97 (:J H ,  s), 1.o3 ( 3  H, s) ,  I 2 4  (n  H, s), i .2(; ( R  I r ,  s), m~i 

1O.WX). 

LYe are grateful to the Director, Royal Jbtanic Gartlens, 
1Cew for plant material and Professor G. Biglino, 'J'iirjii, for ;L 
generous gift of bryonolic acid. Mr. G. Mcllonougli, 
Chelsea College, obtained the n.ni.r. spectra antl Mr. 1). 
Carter, University of London Mass Spectrometry Service, ran 
tlie ninss spectra and made tlie accurate n2;tss nieasureiiwiits. 
Elemental analyscs were carried out by  B.M.A.C. ,  l'edding- 
ton. E.-S. S. M. thanlis the Egyptian Government, and 
M. '1'. 0. the Iranian Government and the University of 
Az,trahadegan, for scholarsliips. 
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