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A NOVEL CARDENOLlDE, C A N A R J G E N I N - ~ ~ ~ - L - R H A M N O P ~ ~ -  
(1-5)-0-P-sXYLOFURANOSIDE, FROM RHIZOMES OF 

COWALLARIA MAJALIS 

V.K. SAXENA+ and P.K. CHATURVEDI 

Natural Products Laboratmy, Dtpartment OfChist iy ,  Dr. Harisingb Gour Uniwrsity, Sagar, 470 003 M .  P., India 

ABSTRACT.-A novel cardenolide, canarigenin-3-O-a-~-rhamnopyranosyl-(lH5)-0-8- 
D-xylofuranoside [l], has been isolated from an EtOAc-soluble fraction of the rhizomes of Con- 
valIari.a mjal is  and identified by chemical and spectral analysis. 

Convallaria tnajalis L. (Liliaceae) (1) is reputed to have therapeutic value. It is found 
throughout the plains of India. Earlier workers (2) have reported the presence of cardiac 
constituents in Convallaria species. 

RESULTS AND DISCUSSION 

The EtOAc-soluble part of the EtOH extract of rhizomes of C .  tnajalis when worked 
up gave compound 1 (0.086%), mp 17&176', molecular formula C34HS0OI2, [MI+ 
650, and {a]*'D -t 127 (pyridine). It gave a positive Kedde's reaction (3), a positive 
Keller-Kiliani reaction (4 )  and a positive Legal test ( 5 ) ,  indicating its cardenolide na- 
ture. 

Acid hydrolysis (7% ethanolic H2S04) of 1 gave compound 2 (canarigenin) and 
sugar moieties (Scheme 1). Compound 2, mp 233-235", analyzed for C23H3204; EM]+ 
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SCHEME 1 .  a) 7% ethanolic H2S04; b) selenium at 320"; c)  CrOJpyridine; d)  KOH; e) catalytic 1i)ciic)- 

genation; f )  acetylation, KMn04 in Me2C0, hydrolysis. 
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372 and [a12'D + 3 1.5 (in CHCI,). It gave Diel's hydrocarbon 131 on dehydrogenation 
with selenium at 320', molecular formula C1&16, mp 126128'. 

A peak in the ir spectrum of 2 at 3596 cm- ' indicated OH group(s). The presence 
of OH group(s) was confirmed by 'H nmr of the monoacetyl derivative of 2. The 'H 
nmr of 2 gave singlets at 6 2.18 for OAc and 6 3.54 for OH. Acetylation of 2 formed a 
monoacetate C25H3405, mp 190-192', thereby confirming the presence of two OH 
group(s) in 2. One OH group was either primary or secondary, and the other OH was 
tertiary. 

CrO,/pyridine oxidation of compound 2 yielded a ketone 4 ,  C23H3004, mp 198', 
[MI+ 370, which showed a positive Zimmermann test (6) for the C-3 keto group, 
thereby confirming the presence of one -OH group at C-3 and further indicating its na- 
ture as secondary. Compound 2, on reaction with KOH, formed isocardiogenin 151 (7), 
C23H3204, mp 270°, [MI+ 372.Formation of compound 5 was explained by the pres- 
ence of the tertiary OH group at C- 14 (8). 

Other peaks at u max (KBr) 1785 cm- ' and 1735 cm- ' indicated the presence of a 
lactone ring in compound 2. The position of the lactone ring in compound 2 was estab- 
lished at C- 17 since the monoacetate on oxidation with KMn04 in Me2C0 followed by 
hydrolysis yielded a compound, molecular formula CZOH3004, which was found to be 
3p,  14P-dihydroxy-4,5-dehydroetianic acid (9) (confirmed by mmp with an authentic 
sample). 

A peak in the ir spectrum at Y max (KBr) 1640 cm- ' showed the presence of unsat- 
uration which was further supported by the fact that compound 2 on catalytic hydroge- 
nation formed a tetrahydrocardiogenin 6,  C23H3604, mp 202', [MI+ 376, thereby 
confirming the presence of two double bonds. The position of one double bond was 
fixed in the steroidal nucleus, since compound 2 gave apositive TNM test, thereby rul- 
ing out the possibility of a double bond in the steroidal nucleus. This was confirmed by 
oxidation of the monoacetate with KMn04 in Me,CO, followed by hydrolysis, which 
yielded 3p,  14P-dihydroxy-4,5-dehydroetianic acid 173, C20H3004, [MI+ 334. Thus, 
the position of one double bond in compound 2 is at C-4. 

When compound 2 was treated with Na,[Fe(NOXCN),I in C5H,N, a deep red 
color was produced, which indicated the presence of an a,p-unsaturated lactone ring. 
This confirmed a double bond at C-20(22) (10) and suggested that compound 2 was 
4,5-anhydroperiplogenin (canarigenin). 

Attachment of sugars to the cardiogenin in the glycoside was fixed at C-3, as the 
glycoside itselfdid not give a positive Zimmermann test. The cardiogenin did test posi- 
tive, thereby confirming that the 3-OH group was free in the cardiogenin but was 
bonded in the glycoside. 

On partial hydrolysis with 2% H2S04, 1 first showed L-rhamnose (1 1) followed by 
D-XylOSe, confirming that L-rhamnose was the terminal sugar and that D-xylose was at- 
tached to the cardiogenin. Hydrolysis of 1 by the enzyme in Taka-Diastase@ yielded L- 
rhamnose. On further hydrolysis by the enzyme almond emulsin, D-xylose was ob- 
tained (12). On oxidation with HI04 ,  compound 1 consumed 3.04 mol of periodate 
(13) to produce 1.03 mol of HC02H per mol of 1, thereby indicating that rhamnose 
was in the pyranose form and that xylose was in the furanose form. This was further sup- 
ported by acid hydrolysis of permethylated 1, which yielded 2,3-di-O-methyl-~-xylose 
(confirmed by co-tlc) and 2,3,4-tri-O-methyl-~-rhamnose (confirmed by co-tlc). Thus, 
the identity of compound 1 is canarigenin-3-O-a-~-rhamnopyranosyl-( 1-5)-0-P-~- 
xylofuranoside. 

EXPERIMENTAL 
PLANT MATERIAL.&. mjalzs was procured from M / s .  United Chemical and Allied Products, Cal- 
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cutta. It was authenticated by the Department of Botany, courtesy of Dr. Harisingh, Gour University, 
Sagar, India. A herbarium specimen (No. V-XVII) has been deposited in the Chemistry Department of 
this university. Powdered rhizomes from C. mujalir (3 kg) were extracted with 90% EtOH. The extract was 
concentrated under reduced pressure to a viscous mass and was then segregated into petroleum ether- (60- 
807, C6H6-, CHCl,-, EtOAc-, and Me,CO-soluble fractions. 

ISOLATION.-The concentrated EtOAc-soluble extract showed three spots on tlc [Si gel G, EtOAc- 
MeOH-H,O (12: 1: l), I, vapor visualization]. The extract was purified over a Si gel column (60-120 mesh) 
and eluted with CHCI,/EtOAc. Eluates from fractions 1-13 and 20-26 had the same Rfvalue, and frac- 
tions 14-19 provided compound 1(0.086%): colorless, microcrystalline solid; mp 176-178”, C34HS0012 
(found C 62.69, H 7.67; calcd C 62.72, H 7.69), eims [MI+ 650; uv A max (MeOH) 217, 290 nm; ir v 
max(KBr) 3596, 2965, 1785-1735, 1640, 1460, 1390, 1350, 1315, 1260, 1190, 1070cm-’; ‘H-nmr 
(90 MHz, DMSO) ofpentaacetyl derivative of compound 1 0.68 (s, 3H, Me-18), 0.96 (s, 3H, Me-19), 
5 . 8 6 ( d , j = 7  Hz, IH, H-4), 1.3-2.0(polymethyleneCH2andCH), 4.86(s, 2H, H2-21), 4.48(m, IH, 
H-3), 3.56 (s, IH, 14-OH), 2.84 (m, IH, H-17), 5.82 (5, lH,  H-22), 5.5 1 (d,J= 7 Hz, 1 anomericpro- 
ton, H-l’), 5.54 (d,]= 7 Hz, 1 anomeric proton, H-l”), 3.60-4.40 (m, 9 sugar protons), 2.15 (s, 3H, 
2’-OAc), 2.17 (s, 3H, 3’-OAc), 2.13 (s, 6H, 2“- and 3”-OAc), 2.07 (s, 3H, 4“-OAc), l.lO(d,]=G Hz, 
Me-6”); 13C nmr(20.0 MHz, DMSO, ppm), 27.8 (C-l), 28.26 (C-2), 73.82 (C-3), 116.88(C-4), 138.88 

49.38 (C-13), 83.39 (C-14), 28.85 (C-15), 28.81 (C-16), 48.86 (C-17), 15.64 (C-18), 14.86 (C-19), 
(C-5), 28.89 (C-6), 26.89 (C-7), 32.28 (C-8), 48.86 (C-9), 58.35 (C-lo), 21.39 (C-ll) ,  31.88 (C-12), 

176.37 (C-20), 73.36(C-21), 126.69(C-22), 172.89(C-23), 102.68 (C-1’), 73.38(C-2’), 76.86(C-3’), 
77.89 (C-4’), 63.89 (C-5’), 101.89 (C-I”), 72.86 (C-2”), 76.68 (C-3”), 70.84 (C-4”), 74.88 (C-5”), 
49.38 (C-6“); eims mlz (%) [MI+ 650 (25), 504 (15), 372 (31), 354 (17), 338 (18), 201 (68), 160 (11), 
145 (19). 

ACID HYDROLYSIs.Aompound 1 was hydrolyzed (7% ethanolic H,S04) by refluxing for 8 h and 
yielded compound 2.  The hydrolysate was neutralized with BaCO,, BaS04 was filtered off, and the filtrate 
was concentrated under vacuum. The residue was examined by tlc [n-BuOH-HOAc-H,O (4: 1:5)1 and 
showed the presence of L-rhamnose and D-xylOSe (12). 

IDENTIFICATION OF THE CARDIOGENIN 2.-Xolorless microcrystalline solid; mp 233-235”, 
C23H3204 (found C 74.16, H 8.56; calcd C 74.19, H 8.60); eims [MI+ 372; tlc homogeneous [Rf0.62, 
EtOAc-MeOH-H,O (12: l:l)]; [aI2’D +31.5 ( in CHCI,); uv A max (MeOH) 218, 292 nm, ir v max 
(KBr) 3560, 2965, 1780-1730, 1650, 1445, 1375, 1345, 1310, 1255, 1185, 1080cm-I; ‘H nmr(90 
MHz, DMSO)ofmonoacetylderivativeof2 0.70(s, 3H, Me-18), 0.94(s, 3H, Me-19), 5.86(d,J=7 Hz, 
l H ,  H-4), 1.2-2.0 (polymethylene CH, and CH), 4.82 (s, 2H, H,-2 I), 4.44 (m, lH,  H-3), 3.54 (s, IH, 
14-OH), 2.84 (m, IH, H-17), 5.80 (s, IH, H-22); I3C nmr (20.0 MHz, DMSO, ppm) of2 27.6 (C-l), 
28.46 (C-2), 73.66(C-3), 116.76 (C-4), 138.72 (C-5), 28.75 (C-6), 26.78 (C-7), 32.36(C-8), 48.94(C- 
9), 58.44 (C-lo), 21.46(C-11), 31.72(C-12), 49.44(C-13), 83.48(C-14), 28.56(C-15), 28.56(C-16), 
49.12 (C-17), 15.76(C-18), 14.80(C-19), 176.24(C-20), 73.76(C-21), 126.54 (C-22), 172.74(C-23); 
eims m/z (95) [MI+ 372 (3 l), 354 (17), 338 (18), 201 (68), 160 (1 l), 145 (19). 

PERIODATE oxIDATIoN.~ompound 1 was dissolved in MeOH and treated wtih NaI04 for 2 
days. The liberated HCOOH and consumed periodate were estimated by the Jones method (13). 

ENZYMATIC mRoLYsrs.-Compound 1 in EtOH was treated with an equal volume ofTaka-Dias- 
tase@ and almond emulsion solution and left at room temperature for 24 h. Examination ofthe hydrolysate 
on tlc showed the presence of r-rhamnose and D-xylose. 
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