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ABSTRACT.-Partial hydrolysis of the saponin of Cucumaria frondosa has afforded several 
closely related novel triterpenoid lactones with a C,6 acetate, including two diglycosides whose 
structures (1) and (2 )  and that of the free aglycone (3) have been deduced from spectral data. 

Recently, we presented (1, 2) preliminary results of our studies on extracts of the 
orange-footed sea cucumber Cucumarza frondosa Gunnerus collected in Passamaquoddy 
Bay and noted the isolation of a triterpenoid lactone acetate xyloside recovered from 
partial hydroysis of the saponin fraction. We  propose structure 1 for this compound on 
the basis of the following data and suggest the name frondogenin for the corresponding 
aglycone (3), which we have separately obtained and characterized. 

The high resolution mass spectrum (ei) displays a prominent ion at mlz 646.4080 
(53, C,,H,,09) corresponding to M+ {C42H66013]-{C5H804, terminal xylose moi- 
ety], while other significant fragments attest to the presence of lactone and acetate fea- 
tures. The ir spectrum (KBr) shows strong absorptions at 3400 (hydroxyl) and 1740 
(acetate and y-lactone) cm-’. 

The 360 MHz pmr spectrum (pyridine-D,) shows six multiplet signals between 6 
3.4 and 4.5 ppm, the integration of which confirms the presence of two xylose units 
which are linked via p glycosidic linkages in view of the large coupling constant y=8 
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Hz) for the anomeric protons. The general appearance of the higher field of the pmr 
spectrum (see Table 1) closely resembles that of known triterpenoid lactone aglycones 
from other holothurians, and our proposed aglycone structure (3) is isomeric with one 
of the native genins (4)  from the sea cucumber Sticbopus cbloronotus, differing only in the 
location of the acetate moiety found at C23 in the latter. The corresponding alcohol, 
stichlorogenol(5), has been subjected to X-ray analysis (3), which confirmed the struc- 
ture and stereochemistry and established the 9PH configuration and the strained boat 
conformation for ring C. It has been suggested by Kitagawa et al. (3) that these latter 
constraints are the principal reason for the ready migration of the 7-ene feature to gener- 
ate isomeric artifacts with 8-ene and 9( 1 1)-ene features during acid catalyzed hydrolysis 
of the parent saponins. This observation is particularly significant inasmuch as we have 
also obtained by mild-acid-catalyzed hydrolysis of C. frondosa saponin compounds 3,7, 
and 8. The fact that the secondary acetate is not readily hydrolyzed we attribute to steric 
hindrance at the C l 6 a  position. 

TABLE 1. 'H-Nuclear M :netic Resonance Data" 

Compound: 1 2 3 8 2 1 7 

Solvent: CDCI, C,D,N CD,ODI 
CDCI, 

C5D,N CDCl; CDCl; CDCI, 

3 a H . .  . . .  

4aCH, . . . . . . .  
4PCHj . . . . . .  
7H . . . . . . .  
8H . . . . . . . . .  
9H . . . . . . . .  
LOCH,. . . . .  
11H . . . . . . .  
1 2 H .  . . . . .  
14CH, . . . . . . .  
15aH . . . . . . .  

3.47d,d 
J= 12, J=4 
1.23-s  
1.12+ s 
5.68111 

3.47bd 
1.37s 

1.19s 
2.62d,d 
Jlia.i,p= 12 
11>0.16=8 
1.77d,d 

J=12,J=8 
5.98d.d,d 
111a,16=8 
J15$.16=8 

J16.1'=8 
2.03 s 
2.64d 
J= 10 
1.50s 
0.87 d 
]=6.8 
0.87d 
J=6.8 

3.38 d,d 
J =  12,J=4 

1.26's 
5.69m 

3.51bd 
1.40s 

1 . 2 7 - s  

3.22111 

1.02+ s 
1.04+ s 
5.54111 

3.20bd 
1.15s 

0.88s 
2.48d.d 
Ji>m,i>p=12 
J15a.16=8 

5.68d,d,d 
Jl,a.l6=8 
Ji,@.ir"lO 
Ji6.1-=8 
2.04s 
2.49d 
J= 10 
1.48s 
0.87 d 
J=6.6 
0.86d 
J = 7 5  

3 22m 

0.92- s 
0 99+ 5 

3.10M 

1.16s 
5.18111 
2.47 
0.83 s 

1.44s 
0.87 
J=6.5 
0.86 
J=6.5 

3.22m 

1.01+ s 
1.06+s 

3.10bd 

1.08s 

0.83 s 
2.08d,d 

2.05 s 
2.4'd 
J= 10 
1.47 s 
0.87 
J=6.6 
0 86 
J=6 6 

1.02+s 
1.04's 
5.55117 

1.14s 

0.88s 

5.64111 

2 . 0 4 s  

1.48s 
0.88d 
J=6.5 
0.86d 
J=6.5 

1.03's 
1.07's 
5 55m 

1. I5 s 

0.86s 

5.68111 

2.05 s 

1.50s 
0.86d 
J=6.5 
0.85 d 
J = 6  5 

uplings Ln 

l5PH . . . . . . .  

16H . . . . . . . .  5.96d,d,d 
J i 5 0 .  16".5 

J16.1-=9 
2.05 s 
2.63d 

1.51s 
0.8' 
J=6.8 
0 87 
J=6 8 

JI5@.16= lo 

J = 9  

16CH,CO . . . . .  
1 7 H .  . . . .  

ZOCH, . . . . . . .  
25CH3 . . . . . .  

25CH, . . . . . . .  

'Chemical shifts in ppm relative IO internal TMS. z 

It is well established from pmr studies (3) that compounds in this series with a A' 
feature show a signal for the vinylic hydrogen near 5.5 ppm while those with a A 9 ,  l 1  un- 
saturation give a signal consistently at lower field (- 5.2 ppm). Thus, we conclude that 
frondogenin (3) (vinylic proton signal 5.54 ppm) has a A' bond. 

Confirmation of the location and the configuration of the secondary acetate in 1 
comes from 360 MHz 'H-lH decoupling experiments. Thus, irradiation near 6.0 pprn 
(16H) causes simultaneous collapse of the doublet at 2.64 ppm (17H) to a singlet, a 
doublet of doublets at 2.62 ppm (15Ha) to a doublet v= 12 Hz) and another double 
doublet centered at 1.77 ppm (15HP) to a doublet v = 1 2  Hz). Irradiation at -2.6 
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pprn collapses the multiplet signal at 5.98 ppm (16H) to a doublet (j=8 Hz) and the 
double doublet at 1.77 ppm (15HP) to a doublet ( j=S Hz). 

It  is evident from the chemical shift data that one C 15 proton and the 17H experi- 
ence profound deshielding; this we attribute to their cis-relationship to the C 16 acetate, 
and we tentatively assign the a- configuration to the acetate moiety. Elyakov et af. (4) 
have reported the structure 6 for the acetylation product of the native genin from 
cucumarioside G (Cucumariafraudutrix) and concluded the P-configuration for the C 16 
acetate in that compound based on analysis of coupling constant data. In 6, the 17H is 
located at 2.49 pprn (j=9.05 Hz), but no explanation is given for its anomalous chemi- 
cal shift. 

We have also obtained another diglycoside triterpenoid lactone acetate (2) by par- 
tial hydrolysis of C. frondosa saponin. Analysis of its 360 MHz pmr spectrum (C,D,N) 
indicates the presence of two sugars because 11 protons appear as multiplets in the re- 
gion 6 3.20-5.63 ppm, including the two anomeric (P linkage) protons, one at 6 5.23 
(d,J=8 Hz) and other at 6 4.86 (d,J=8 Hz). A signal (3H, d ,  J = 6  Hz) at 6 1.70 is 
shifted to 6 1.30 in the CDCI,/CD,OD spectrum, and this we have determined is char- 
acteristic of the C5 methyl of free quinovose (6-deoxyglucose). Other pmr features 
closely resemble those of aglycone 3. 

The mass spectrum of 2 does not display a molecular ion, but, like diglycoside 1, 
shows the highest mass ion at m/z 646.4073 (C37H5809) corresponding to loss of the 
terminal sugar moiety. Other prominent high mass ions mlz 586.3868 (M- 
quinovose+ H-CH,COOH) and 527.3725 (M-quinovose+H-CH3COOH-C0,-CH,) 
provide additional support for the acetate and lactone functions. 

Because we have determined that hydrolysis of the saponin fraction from C. frondosa 
yields only xylose, quinovose, and 3-O-methylglucose, we conclude that this partial 
hydrolysis product features a xylose-quinovose side-chain. 

In contrast to our findings, other workers (5-7) have proposed structure 4 (or its 
C23 epimer) for the aglycone of spaonins from C. frondosa collected in the Gulf of St. 
Lawrence and, in addition to xylose, quinovose, and 3-O-methylglucose, have found 
glucose to be a constituent of the oligosaccharide side-chain of three ofthe four saponins 
isolated. 

Burnell et af. (8) have drawn attention recently to the seasonal and geographical var- 
iation in composition of the sterols in the starfish Asterias uufgaris, and it is now appar- 
ent that variations in the composition of echinoderm saponins is also possible in some 
species. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-High resolution mass spectra were obtained on an AEI 

MS-50 spectrometer at the Mass Spectrometry Lab, University of Alberta. Low resolution mass spectra 
were obtained with a Perkin-Elmer RMU-6D instrument. The ir spectra were recorded with a Perkin- 
Elmer 727B spectrophotometer. A Waters Associates hplc unit equipped with a model 440 absorbance 
and R401 refractive index detectors and employing a p-porasil, 3.9 mmX 30 cm column with solvent sys- 
tem CHCI3-MeOH-hexane (145:5:30) was used at a flow rate of 1.0 mumin and pressure of 200 psi. 
Analytical and preparative tlc was performed with precoated silica gel G plates (Kieselgel 60, F-254). 
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High resolution pmr spectra were recorded on a 360 MHz spectrometer at the Department of Medical 
Genetics, University ofToronto, and low resolution pmr spectra on a Varian T6O instrument. Cmr spectra 
were obtained with a 400 MHz facility at Laboratoire Regional de RMN de Haut Champ, Departement de 
chimie, Universite de Montreal. Gc was performed on a Perkin-Elmer 900 instrument with a 10' X 2 mm 
OVlOl (30%) column at 130" and using a flame ionization detector. 

ISOLATION OF SAPONIN FROM CUCUMARIA FRONDOSA .-Whole specimens of mature, freeze-dried 
C. frondasu (collected in Passamaquoddy Bay, June 1980) were defatted by extraction with petroleum 
ether-CHC1,in a Soxhlet. A subsequent methanolic extract was evaporated under reduced pressure at room 
temperature. The residue was dissolved in distilled H 2 0  (1  liter) and extracted five times with portions 
(200 ml) of n-BuOH. The n-BuOH extracts were combined and concentrated under reduced pressure on a 
steam bath affording crude saponin (2.6 g) displaying an Rf range of 0.3-0.4 on tlc (CHC13-MeOH-H20, 
60:30: 1) and containing sterol sulphate (Rf-0.8) and an unidentified material (Rf-0.95). 

ACID HYDROLYSIS OF SAPONIN.-The crude saponin (2.6 g) was dissolved in HCl(100 ml, 2 N) 
and heated for 2 h at 100". After cooling, the reaction mixture was extracted with CHCI, (3 X 200 ml). The 
extracts were combined, washed with NaHC0, solution (100 ml, 5 % ) ,  saturated brine (100 ml), and then 
dried over anhydrous Na2S04. The evaporated CHCI, extract (0.98 g) was chromatographed on a silica gel 
column using a gradient of EtOAc ( 5  to 100%) in hexane, and fractions were collected as follows: J (10 

fractions provided compounds 1 , 2 , 3 , 7 ,  and 8 as indicated below. 

Compound 1.-The amorphous fraction Q (compound 1) proved to be homogeneous on tlc: ir (CHCI,) 
v max 3400, 1040 (OH), 1740 (lactone, acetate) cm-I; ms m/z 646.4080 (53, M+H-xylose), 586 (8.5, 
M+H-xylose-CH,COOH), 571 ( 5 . 5 ,  M+H-xylose-CH,COOH-CH,), 542 (10.5, M+H-xylose- 
CH,COOH-CO,), 527 (17.7, M+H-xylose-CHjCOOH-C02-CH3), 514 (18.4, MSH-2 xylose), 499 

mg), K (4 mg), L (65 mg), M ( 5 5  Mg), N (35 mg), 0 (23 mg), P (45 mg), Q (10 mg), R (7 mg). Selected 

(66.3, 514-CHj), 481 (11.9, 499-H20), 454 (8.3, 514-CH,COOH), 439 (27.6, 514-CH,COOH- 
CH,), 421 (60.1, 514-CHjCOOH-CH,-H,O), 410 (9.6, 514-CHjCOOH-C02), 395 (66.1, 5 14- 
CH,COOH-C02-CH,), 377 (57.1, 5 14-CH3COOH-CO,-CH3-H,0), 297 (10, 5 14-CH3COOH-CO2- 
C,H,,), 279 (11, 514-CH3COOH-C02-C,H,,-H20), 255 (21.3), 171 (20.6), 145 (36.6), 122 (21.3), 
95 (49.9), 73 (100); pmr (CDCI,) 6,,,, 4.87 (d, 2H,J=7,  HI ' ,  HI"), 3.80 (t, 2H,J 8, H2', HI"), 
4.05 ( t ,  2H,J=8, H4' ,  H4"), 4.18 (t, 2H,J=8,  H3', H3"), 4.25 (m, 2H, H5'*, H5",), 4,43 (m, 
2H, H5'8, HS",); see Table 1 for other signals. 

Compound 2.-The amorphous fraction R (compound 2 )  was homogeneous on tlc; ir (KBr) v max 
3400, 1040 (OH), 1755 (lactone, acetate) cm-'; ms m/z  646.4073 (3.5, M+H-quinovose), 586 (4.4, 
M+H-quinovose-CH,COOH), 542, (2.9, M+H-quinovose-CH,COOH-CO,), 527 (1.8, M-quinovose- 
CH,COOH-C0,-CH3), 5 14 (5.2, M+H-quinovose-xylose), 499(12.2, 5 14-H20), 481 (5.2, 514-CH3- 
H20) ,  454 (17.3, 514-CH3COOH), 439 (20.6, 514-CH,COOH-CHj), 421 (29.0, 514-CH3COOH- 
CH,-H,O), 410(10.3, 514-CH3COOH-C02), 395 (21.4,514-CH3COOH-CO,-CH3), 377(23.7,5 14- 
CH,COOH-CO,-CHj-H,O), 297 (9.5, 5 14-CH3COOH-CO,-C,Hi,), 279 (8.9, 5 14-CH3COOH- 
C02-C,H,,-H,O), 255 (24.8), 171 (20.81, 157 (23.9), 145 (27.5), 122 (loo), 95 (49.81, 73 (54.8).  

CompoundJ 3,7, and 8.-Fraction M, homogeneous on tlc, proved to be a mixture of the three com- 
pounds, 5 7 ,  and 8 (10:4: l),  from which 3 was separated by hplc; ir v max (CC14) 3500 (OH), 1760 (y- 
lactone), 1740 (acetate) cm-I; ms m/z 5 14 (loo), 499 (24), 496 (lo), 481 (4), 454 (lo),  439 (27), 42 1 
(38), 411 (12), 410 (24), 409 (24), 396 (33), 395 (90), 339 ( 3 ) ,  297 (21), 279 (14), 281 (20), 255 (29), 
171 (21), 157 (22), 145 (23), 143 (23), 133 (23), 121 (21), 119 (28), 107 (24), 106 (25), 105 (33), 94 
(34), 93 (26), 91 (22). 83 (21), 81 (25), 7 1 (23), 69 (79). 57 (36), 5 5  (63). 

A mixture of 7 and 8 (4:  1) was also obtained from fraction M by hplc; ir (CCI4) vmax 3500 (OH), 
1760 (y-lactone), 1740 (acetate) cm-I; ms m/z 5 14.3659 (98.9, M+,  C32H5005 requires 5 14.3637), 499 
(24.4, M-CH,), 496 (4.4, M-H,O), 481 (3.1, M-CH,-H,O), 454 (8.4, M-CH,COOH), 439 (21.9, M- 
CH,-CH,COOH), 42 1 (33.6, M-CH,-CH,COOH-H,O), 409 (18.5, M-CH3COOH-C02-H), 395 

C,H,,), 281 (17.3), 279 (4.7, M-C02-C,Hl,-CH3COOH-H20), 265 (9.9), 255 (14.5), 239 (7.3), 183 
(10.9), 171 (14.2), 169 (10.7), 159 (14.0), 157 (18.0), 155 (11), 145 (21.2), 143 (18.6), 133 (13), 129 
(12.9), 121 ( l l ) ,  19(20.6), 109(15.4), 107 (17), l05(25.4), 95 (21.9),93(18.8), 69(43 .9) ;~mr6, ,~  
(CDC1,) 176.9 (s, 18C), 170.3 (s, acetate C=O), 15 1.0 (s, 9C, 8), 110.3 (d, 11C, 8), 130.1 (s, 8C, 7), 
135.5 (s, 9C, T),  85.1 (s, 20C, T),  84.6 (s, 20C, 8), 79.0 (d, 3C, 7), 78.9 (d, 3C, 8), 75.2 (d, 16C, 7), 
74.9 (d, 16C, 8), 59.6 (s, 13C, 7), 58.8 (s ,  13C, 8). 

(100, M-CH,COOH-CO,-CHj), 339 (1.8, M-CO,-H2O-C,Hl,), 297 (17.2, M-CO,-CH,COOH- 

ISOLATION AND IDENTIFICATION OF SUGARS FROM HYDROLYZED SAPONIN.-The aqueous SOlU- 
tion resulting from acid hydrolysis of saponin was passed through a column of quaternary ammonium ion 
exchange resin (3 g). The resulting solution was evaporated under reduced pressure to yield a solid residue 
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which was silylated and examined by gc using authentic sugar trimethysilyl ethers as controls. Only three 
sugars (xylose, quinovose, 3-0-methylglucose) were found to be present in substantial quantity and were 
identified by coinjection with authentic samples. Glucose was absent in the hydrolysis product of the sapo- 
nin as determined by control sample. 

ACKNOWLEDGMENTS 

The authors are grateful to D.J. Burnell for helpful discussions, to Y.E. Moharir for assistance with 
hplc work, and to the Natural Sciences & Engineering Research Council of Canada for financial support in 
the form of a strategic grant. 

LITERATURE CITED 

1. J.A. Findlay, A. Daljeet, and Y.E. Moharir, “Some Constituents ofthe Seacucumber Cuiumcrria fron- 
&sa,” presented at Marine Chemistry Symposium, St. Mary’s University, Halifax, Nova Scotia, June 
3-5, 1981. 

2. J.A. Findlay, V.K. Agarwal, and A. Daljeet, “Constituents of Some Echinoderms from the Bay of 
Fundy,” presented at the Fourth (I.U. P. A.C.) International Symposium on Marine Natural Products, 
La Laguna, Tenerife, Canary Island, Spain, July 26-30, 1982. 
I. Kitagawa, M. Kobayshi, T. Inamoto, T. Yasusawa, Y. Kyogoku, and M. Kido, Chon. Pharm. 
Bull.,  29, 1189(1981). 
G.B. Elyakov, V.A. Stonik, S.S. Afiyatullov, A.I. Kalinovskii, V.F. Sharypov, and L.Y. Korotkikh, 
Dokl. Akad. Nauk USSR, 259, 1367 (1981). 
M. Girard, “Lisolement et I’analyse structurale des triterphes-glycosides des holothuries Psofus fab- 
rzii et Cucumaria frondosa,” M.Sc. Thesis, Carleton University, Ottawa, Ontario, 1981, p. 56. 
J .  ApSimon, “Some Constituents of Echinoderms of the St. Lawrence,” presented at Marine Chemis- 
try Symposium, St. Mary’s University, Halifax, Nova Scotia, June 3-5, 198 1. 
F.X. Garneau, J.W. ApSimon, D. Larrivte, M. Girard, and J.L. Simard, paperpresentedat 3rd In- 
ternational Symposium on Marine Natural Products, Brussels, Belgium, September 16- 19, 1980. 
D.J. Burnell, J. W .  ApSimon, and M. W .  Gilgan, Steroids, 39, 357 (1982). 

3. 

4 .  

5. 

6. 

7. 

8. 

Received I8 April I983 


