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ISOLATION AND STRUCTURE OF CYTOSTATIC STEROIDAL 
SAPONINS FROM THE AFRICAN MEDICINAL PLANT 

BALANITES AEGYPTICA ' 
GEORGE R. PETTIT,+ DENNIS L. DOUBEK, DELBERT L. HERALD, 

Canrrr Resurrk lnstirutr and Department oj-Chrrwrstry, Arizona Stale Unirrrsit) , Tempe. Arizona 85287 

ATSUSHI NUMATA, CHIKA TAKAHASI, RYOKO FUJIKI, and TAMIE MIYAMOTO 

Osaka Untvwsitj. of Pharnurzutiral Scienrrs. 2-1 0-65 Kau,ai. Matsubara. Osaka 580, Japan 

AssT~cr.-Bioactivity-guided separation of a CH,CI,/MeOH extract of Balanites 
aqyptica afforded four new cytostatic saponins, named balanitins 4 111, 5 [2],6 [3], and 7 [41. 
On the basis of enzymatic hydrolyses and glycosidation nmr chemical shifts employing the 
peracetates, structures 14 were established as yamogenin 3P-o-P-D-glucopyranosyl-( 1-3)- 
P-D-glucopyranosyl-( 1~4)-[a-~-rhamnopyranosyl-( 1~2)]-P-~-glucopyranoside [I], yamo- 
genin 3 P-0-a-L-rhamnopyranosyl-( 1*3)-P-~-glucopyranosyl-( 1*4)-[a-~-rhamnopyranosyl- 
( lH2)]-P-D-glucopyranoside [Z], yamogenin 3P-O-~-D-glucopyranosyl-( 1*4)-[a-~-rham- 
nopyranosyl-( lH2)]-P-D-glucopyranosIde [3], and diosgenin 3~-O-P-D-xylopyranosyl-( 1- 
3)-P-D-glucopyranosy1-( 1*4)-[a-~-rhamnopyranosyl-( 1*2)]-~-D-glucopyranoside 141. 

Balanites aegyptica Del. (Balanitaceae) is widely employed in Africa as a component 
of various primitive medicines used for abortifacient, antiseptic, antiviral (herpes zos- 
ter), antimalarial, molluscicidal, antisyphilitic, and vermifuge purposes (2,3). In 1982 
the molluscicidal steroidal saponins balanitins 1-3, isolated from the root and bark of 
this plant, were reported (4). As part of our evaluation of higher plant antineoplastic 
and/or cytostatic constituents, we examined the seed components of this plant using the 
murine P-388 lymphocytic leukemia (PS system) in cell culture (5).  A 1978 re-collec- 
tion ( 107 kg) of seeds was crushed and extracted using CH,CI,/MeOH (followed by di- 
lution with H,O) (6,7). The aqueous phase was successively partitioned (8) between 
MeOH-H,O (7: 1-4: 1- 1: l)-H,O and h e x a n e ~ C C 1 p C H 2 C 1 , ~ n - B u O H .  The 
most encouraging PS activity (EDSo 17 pg/ml) was located in the n-BuOH fraction. 
Bioassay-directed fractionation employing (8) Sephadex LH-20, Si gel, cc, and hplc af- 
forded four new PS cytostatic constituents 1 4  designated balanitins 4-7 (4) .  

The mol wt of balanitin 6 131 was deduced as 884 from the peaks at i idz 885 
EM + HI+ and 907 EM + Na)+ in the fabms. In the ir spectrum, glycoside 3 exhibited 
absorption bands at 988 ,920 ,  and 900 cm- ' with the 920 band stronger than the 900 
band, characteristic of a 25(S)-spirostan (9,10) along with hydroxyl group absorptions 
at 3430 and 3280 cm- I .  Comparison of the 'H- and I 'C-nmr data of glycoside 3 with 
published values ( 4 , l l )  suggested a glycoside of yamogenin (see Experimental and 
Table 1). A choice between yamogenin and diosgenin as the aglycone was based on the 
chemical shifts of H-27, C-23, and C-27 in the 'H-  and "C-nmr spectra, respectively, 
plus the ir bands near 988-900 cm- I .  Acetylation of glycoside 3 afforded nonaacetate 
5 .  The 'H-nmr signals in the sugar moiety of this derivative were assigned on the basis 
of the 'H- 'H homonuclear decoupling technique. That established the presence of two 
glucose and one rhamnose units (Table 2). 

The anomeric configurations of glucose and xylose in the balanitins were deduced as 
p from the large] ' H - ' H  coupling and small] "C-'H coupling values (12)  of each 
anomeric position displayed by the peracetate derivatives. The rhamnose orientation 

'Number 196 in the series Antineoplastic Agents. For Part 195 see Singh and Pettit (1) 
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was determined as a from the la rge j  ' 'C-'H coupling value for the anomeric carbon in 
the corresponding peracetates. Also, good agreement was found between the "C-nmr 
chemical shifts (especially for C-3 and C-5 which are easily distinguishable from a p 
configuration) ( 1.3) in those peracetates with the values for methyl 0-triacetyl-a-L- 
rhamnopyranoside (Table 3 ) .  

Once the glycoside configurations were established, the sequence was next under- 
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TABLE 1 . 13C-nmr Chemical Shifts (6 ppm) of Balanitins 4 111. 5 121. 6 I31 and 7 141 in pyridine-ds . 

Carbon 

c - 1  . . . . . . . . . . . . .  
c-2 . . . . . . . . . . . . .  
c - 3  . . . . . . . . . . . . .  
c -4  . . . . . . . . . . . . .  
c -5  . . . . . . . . . . . . .  
C-6 . . . . . . . . . . . . .  
c -7  . . . . . . . . . . . . .  
c - 8  . . . . . . . . . . . . .  
c - 9  . . . . . . . . . . . . .  
c-10 . . . . . . . . . . . . .  
c-11  . . . . . . . . . . . . .  
c-12 . . . . . . . . . . . . .  
C-13 . . . . . . . . . . . . .  
C-14 . . . . . . . . . . . . .  
C-15 . . . . . . . . . . . . .  
C-16 . . . . . . . . . . . . .  
C-17 . . . . . . . . . . . . .  
c -18  . . . . . . . . . . . . .  
C-19 . . . . . . . . . . . . .  
c -20  . . . . . . . . . . . . .  
c -21  . . . . . . . . . . . . .  
c-22 . . . . . . . . . . . . .  
C-23 . . . . . . . . . . . . .  
C-24 . . . . . . . . . . . . .  

C-26 . . . . . . . . . . . . .  
C-25 . . . . . . . . . . . . .  

C-27 . . . . . . . . . . . . .  
G- 1 . . . . . . . . . . . . .  
G-6 . . . . . . . . . . . . .  
G-1' . . . . . . . . . . . . .  
G-6' . . . . . . . . . . . . .  
G- 1" . . . . . . . . . . . . .  
G-6" . . . . . . . . . . . . .  
R- 1 . . . . . . . . . . . . .  

R-1' . . . . . . . . . . . . .  
R-6' . . . . . . . . . . . . .  
x - 1  . . . . . . . . . . . . .  
x - 5  . . . . . . . . . . . . .  
Other sugar units . . . . . . .  

R-6 . . . . . . . . . . . . .  

1 

37.48 
29.98 
78.3 1 
38.92 

140.78 
121.78 
32.32 
31.70 
50.31 
37.16 
21.11 
39.84 
40.43 
56.62 
32.20 
81.18 
62.71 
16.34 
19.38 
42.46 
14.90 

109.73 
26.38 
26.18 
27.54 
65.08 
16.34 

101.75 
61.74' 

104.59 
61.47' 

105.93 
62.53 
99.95 
18.66 

69.32 
69.46 
71.60 
72.47 
72.78 
73.70 
74.09 
75.56 
76.27 
77.21 
77.65 
78.01 
78.12 
78.71 
81.48 
88.33 

Compound 

2 

37.52 
30.12 
78.29 
38.92 

140.81 
121.78 
32.20 
31.70 
50.29 
37.16 
21.10 
39.87 
40.47 
56.65 
32.31 
81.18 
62.75 
16.37 
19.43 
42.46 
14.90 

109.73 
26.42 
26.22 
27.53 
65.07 
16.37 

101.78 
61.79" 

104.75 
61.56" 

99.98 
18.63 

102.87 
18.63 

69.21 
69.47 
69.88 
72.41 
72.50 
72.64 
72.74 
74.10 
75.14 
76.22 
77.26 
77.65 
78.15 
81.33 
83.04 

3 

37.50 
30.14 
78.29 
38.92 

140.80 
121.78 
32.32 
31.70 
50.30 
37.13 
21.10 
39.86 
40.45 
56.64 
32.21 
81.18 
62.74 
16.32 
19.40 
42.46 
14.89 

109.72 
26.40 
26.21 
27.54 
65.08 
16.32 

101.79 
62.09" 

105.23 
61.96" 

100.00 
18.66 

69.45 
71.21 
72.44 
72.77 
74.13 
74.95 
76.19 
77.28 
77.73 
78.12 
78.48 
82.07 

4 

37.51 
30.15 
78.27 
38.95 

140.81 
121.81 
32.24 
31.71 
50.31 
37.15 
21.13 
39.87 
40.48 
56.65 
32.24 
81.12 
62.93 
16.35 
19.42 
42.00 
15.06 

109.27 
31.86 
29.30 
30.63 
66.88 
17.34 

101.80 
61.74" 

104.61 
61.52" 

99.98 
18.68 

106.36 
62.75 
67.44 
69.01 
69.49 
70.95 
72.47 
72.79 
74.01 
74.16 
75.35 
76.29 
77.25 
77.66 
78.14 
81.51 
87.33 

"Assignments may be interchanged 
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TABLE 3 

Carbon 

C-1 . . . . .  
C-2 . . . . .  
C-3 . . . . .  
C-4 . . . . .  
C-5 . . . . .  
C-6 . . . . .  
C-7 . . . . .  
C-8 . . . . .  
C-9 . . . . .  
C-10 . . . . .  
C-11 . . . .  
C-12 . . . . .  
C-13 . . . . .  
C-14 . . . . .  
C-15 . . . . .  
C-16 . . . . .  
C-17 . . . . .  
C-18 . . . . .  
C-19 . . . . .  
C-20 . . . . .  
C-21 . . . . .  
C-22 . . . . .  
C-23 . . . . .  
C-24 . . . . .  
C-25 . . . . .  
C-26 . . . . .  
C-27 . . . . .  
G-1 . . . . .  

2 . . . . .  
3 . . . . .  
4 . . . . .  
5 
6 . . . . .  

G-1' . . . . .  
2' . . . . .  
3' . . . . .  
4' . . . . .  
5 '  . . . . .  
6' . . . . .  

G-1" . . . . .  
2" . . . . .  
3" . . . . .  
4" . . . . .  
5" . . . . .  
6" . . . . .  

R-1 . . . . .  
2 . . . . .  
3 . . . . .  
4 . . . . .  
5 . . . . .  
6 . . . . .  

R-1' . . . . .  
2' . . . . .  
3' . . . . .  
4' . . . .  
5 '  . . . . .  
6' . . . . .  

. . . . .  

taken . The fabms of glycoside 3 gave ions at mlz 76  1 [M + Na . 146]+ and 739 EM + 
H -  146]+ due to loss of one rhamnose unit, and fragments at m h  745 
[M + Na . 162]+ and 723 [M + H . 162)+ arising from the loss of one glucose unit 
(Table 4 )  ( 4 )  . Hence. both rhamnose and glucose were found linked to glucose in turn 
attached to yamogenin . The points of attachment of the sugar residues were based on 
glycosidation shifts ( 1 4 ,  1 5 )  observed in the peracetate 5 . The %-nmr signals in the 

. I3C-nmr Chemical Shifts (6 ppm) of Balanitins 6 Peracetate [SI. 4 Peracetate 171. 
5 Peracetate 181. and 7 Peracetate 191 in Pyridine . 

Compound 

5 7 8 9 

37.42 37.44 37.42 37.45 
29.97 29.96 29.95 29.93 
78.61 78.51 78.54 78.48 
38.63 38.59 38.59 38.56 

140.39 140.39 140.37 140.36 
122.42 122.49 122.46 122.45 
32.19 32.32 32.31 32.20 
31.67 31.68 31.67 31.65 
50.30 50.33 50.30 50.30 
37.14 37.17 37.15 37.15 
21.18 21.21 21.19 21.19 
39.90 39.93 39.90 39.90 
40.48 40.50 40.48 40.49 
56.66 56.68 56.66 56.66 
32.30 32.21 32.21 32.29 
81.18 81.18 81.18 81.09 
62.74 62.78 62.75 62.92 
16.41 16.42 16.41 16.40 
19.36 19.39 19.36 19.36 
42.48 42.49 42.48 41.99 
14.89 14.92 14.89 15.04 

109.76 109.78 109.73 109.28 
26.39 26.4 1 26.40 31.81 
26.22 26.23 26.21 29.28 
27.56 27.57 27.56 30.61 
16.32 16.33 16.31 17.34 
65.40 65.13 65.10 66.88 
99.22(-2.67)'[163.0Ib 99.10(-2.79)[162.41 99.13(-2.76)(162.01 99.08(-2.81)[162.11 
76.54(+4.55)' 76.48/+4.49) 76.53 ( f4 .54)  76.46 1+4.47) 
74.80(+ 1.22) 74.70(+1.12) 74.80(+ 1.22) 74.68 (+ 1.10) 
77.58(+8.43) 77.241+8.09) 77.33 (+8.18) 77.1 9 (+8. 04) 

62.74'(+0.35) 62.85' (+0.46) 62.75'(+0.36) 62.80'(+0.41) 

72.30(+0.31) 73.48(+ 1.49) 72.64(+0.65) 73.29(+ 1.30) 
73.65 (+0.07) 79.77 (+6.191 81.801f8.22) 80.48(+6.90/ 
68.56(-0.59) 68.2 1 ( -0.94) 69.70(+0.55) 68.42 (-0.73) 
72.44(+0.22) 72.0Id(-0.21) 72.42 (fO.20) 72.42 (f0.20) 
62.08'(-0.31) 62.09' (-0.30) 62.23'(-0.16) 62.27'(-0.12) 

73.3 1 (+ 1.09) 73.35 (+ 1.13) 73.38(+ 1.16) 73.29(+ 1.07) 

101.47(-0.42)[162.0] 101.44(-0.45)[162.21 101.44(-0.45)[162.5] 101.44(-0.45)[162.1] 

10 1.52 (-0.37) f162.01 
71.80(-0.19) 
73.67(+0.09) 
68.72(-0.43) 
72.46d(+0.24) 
62.2lC(-0. 18) 

97.87(-0.91)[174.51 97.82(-0.96)[176.11 97.83(-1.02)[174.01 97.79(-1.06)[176.01 
7 1.01 (+ 1.02) 7 1.04 (+ 1.05) 7 1.01 (+0.84) 71.01 (f0.84) 
69.40(-0.27) 69.40(-0.27) 69.38 (-0.48) 69.41 (-0.45) 
7 1.64(+0.58) 71 65(+0.59) 71.64(+0.41) 7 1.62 (+O . 39) 
67.11(+0.56) 67.13(+0.58) 67.11(+0.40) 67.10 (4-0.39) 
17.69(+0.33) 17.70 (+0.34) 17.69 (+ 0.04) 17.67 (4-0.02) 

99.95(+ 1.10)[172.31 
71.01(+0.84) 
70.29(+0.43) 
69.63(- 1.60) 
67.92(+1.21) 
17.48(-0.17) 
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1053 [M + Na1+ 
103 1 EM + HI+ 
907 [M + Na - 146]+ 
885 (M + H - 146)+ 

739 (M + H - 292]+ 

723 [M + H - 3081+ 

578 [M + H - 452f+ 

Pettit etal. : Steroidal Saponins 

TABLE 3. (Continued). 

907 [M + Na1+ 
885 [M + HI+ 
761 [M + Na - 146l+ 
739 [M + H - 1461+ 

745 [M + Na - 1621+ 
723 [M + H - 162]+ 

1497 

Orbon 

x-I . . . . .  
2 . . . . .  
3 , . . . .  
4 . . . . .  
5 . . . . .  

CH,CO . . . 

CH,CO 

20.43(3C) 
20.58(3C) 
20.67 
20.77 
21.10 

169.47 
169.67 
170.12 
170.28(4C) 
170.49 
170.57 

Compound 

7 

20 44(3C) 
20 57 (5C) 
20 80(3C) 
21 05 (2C) 

69 39 
69 58 
69 68 (2C) 
70 17 
70 29(2C) 
70 37 (2C) 
70 48 
70 5 5  
70 78 

8 

20.5 1 (3C) 
20.58(4C) 
20.77 
20.88 
21.10(2C) 
.69.41 
.69.78 
.69.92 
.70.12(2C) 
.70.26 (3C) 
170.59 (2C) 
.70.65 

9 

10 1.67 (-0.36) (161.51 
71.16(-0.40) 
72.03 (-0.30) 
69.41 (-0.16) 
6 2 . W - 0 . 1 7 )  
20.54(6C) 
20.78 (3C) 
21.01 

169.39 
169.52 
169.67 
169.98 
170.12 
170.26 (3C) 
170.51 
170.74 

'Values in pvenrhesa denote downfield (+) or upfield (-)shifts as compared IO methyl tri- or retra-acetylglycoside. 

'.dAssignmenrs with the ume superscripr for each compound may be interchanged. 
Talues in italics denore glycoside linkage carbon atoms. 

',C-'H (Hz). 

sugar moiety of peracetate 5 were assigned by correlation with the fully assigned proton 
signals in the ' H - ' k  heteronuclear shift-correlated (HETCOR) 2D nmr spectrum 
(Table 3). The C-2 and C-4 signals (6 76.54 and 77.58 ppm) in one glucose unit ap- 
peared shifted downfield by 4.55 and 8.43 ppm, respectively, relative to methyl O-tet- 
raacetylglucoside. This evidence indicated that the glycosidic linkages were at the glu- 
cose 2 and 4 positions. 

Enzymatic hydrolysis of trisaccharide 3 with cellulase followed by acetylation gave 
hexaacetate 6 ,  where the sugar side chain consisted of one glucose and one rhamnose 
(deduced from the 'H-nmr spectrum). The proton signal of the glucose 2-position in 
the hexaacetate 6 was found shifted upfield by 1.34 ppm, relative to methyl O-tet- 

TABLE 4. Fabms for Balanitins 4 [l], 5 [2], 6 (31, and 7 141.' 

Compound 

1 

1069 [M + Nal+ 
1047 [M + HI+ 
923 [M + Na - 1461+ 
90 1 [M + H - 1461+ 

907 [M + Na - 162]+ 
885 [M + H - 1621+ 

723 [M + H - 3241+ 

577 [M + H - 470)+ 

2 3 4 

1039 EM +Naif 
1017 [M + HI+ 
885 (M + H - 1321+ 

87 1 [M + H - 1461' 

761 [M + Na - 278l+ 
739 [M + H - 278)+ 

745 [M + Na - 294]+ 
723 [M + H - 2941+ 

'Assignments ofpeaks are shown in brackets. The mass units which are lost correspond to the follow- 
ing fragments: 132, xylose; 146, rhamnose; 162, glucose; 278, xylose + rhamnose; 292, two rhamnose; 
294, xylose + glucose; 308, rhamnose + glucose; 324, two glucose; 452, two rhamnose + glucose; 470, 
two glucose + rhamnose. 



1498 Journal of Natural Products mol. 54, No. 6 

6 PPm 

3.93 m 
5.43" 
4.55 m 
0.87 s 
1.10s 
1.17 d 
1.09d 
5.06 (+0.23)bd 
4.12(-1.34)dd 
5.83(+0.10)t  
5.44 (- 0.06) t 
4.12(+0.02)ddd 
4.42(+0.02)dd 
4.65 (+0.08)dd 
5.45 d 
5.60dd 
5.80dd 
5.68 t 
4.88111 
1.50d 
2.02 
2.03 
2.05 (6H) 
2.17 
2.21 

raacetylglucoside (Table 5). In turn this indicated that rhamnose was linked to the 2 
position in glucose derivative 6. Furthermore, the proton signals at the glycosidic link- 
age position were shifted upfield by ca. 1.2- 1.5 pprn for glycosides 7-9 (Table 2). 
Based on this evidence, the structure ofperacetate 5 was elucidated, and balanitin 6 was 
assigned structure 3. 

J 'H-'H 

6.9 
6.8 
7.8 
7.8,9.6 
9.6 
9.6 
3 ,4 .8 ,9 .6  
3, 12 
4.8, 12 
1.8 
1.8,3.3 
3.3,9.9 
9.9 
6.3,9.9 
6.3 

TABLE 5. 'H-nmr Chemical Shifts and Coupling Constants of Balanitin 6 Hydrolyzate Peracetate 161 
and Balanitin 7 Hydrolyzate Peracetate 1101 in Pyridine-d5. 

Proton 

~ ~~ 

H-3 . . . . . . . . . . . . .  
H-6 . . . . . . . . . . . . .  
H-16 . . . . . . . . . . . . .  

H-19 . . . . . . . . . . . . .  
H-18 . . . . . . . . . . . . .  

H-21 . . . . . . . . . . . . .  
H-27 . . . . . . . . . . . . .  
G-1 . . . . . . . . . . . . .  

2 . . . . . . . . . . . . .  
3 . . . . . . . . . . . . .  
4 . . . . . . . . . . . . .  
5 . . . . . . . . . . . . .  
6 . . . . . . . . . . . . .  

R- 1 . . . . . . . . . .  
L . . . . . . . . . . . . .  
3 . . . . . . . . . . . . .  
4 . . . . . . . . . . . . .  
5 . . . . . . . . . . . . .  
6 . . . . . . . . . . . . .  

MeCO . . . . . . . . . . . .  

10 

6 PPm 

3 .93m 
5.43" 
4.55 m 
0.89 s 
1.10s 
1.16d 
0.71d 
5.06(+0.23)d 
4.12 (- 1.34)dd 
5.83(+0.10) t 
5.44 (-0.06) t 
4.12(+0.02)ddd 
4.42 (+O. 02) dd 
4.65(+0.08)dd 
5.45 d 
5.60dd 
5.80dd 
5.68 t 
4.88dq 
1.50d 
2.02 
2.03 
2.05 (6H) 
2.17 
2.21 

J 'H-'H 

6.9 
5.5 
7.8 
7.8,9.6 
9 .6  
9.6 
3 , 4 . 8 , 9 . 6  
3, 12 
4.8,12 
1.8 
1 .8 ,3 .3  
3 .3 ,9 .9  
9.9 
6 .3 ,9 .9  
6.3 

"Overlapping signals. 
bValues in parentheses denote downfield (+) or upfield (-) shifts as compared to methyl tet- 

raacetylglucoside. 

By application of the preceding structural approach, balanitin 4 111 was shown to 
be a glycoside of yamogenin by analysis of the i r  and 'H- and 'C-nrnr spectra (Table 1). 
On acetylation steroidal saponin 1 gave dodecaacetate 7. The peracetate 'H-nmr spec- 
trum indicated the presence of three glucose and one rhamnose units (Table 2). The 
fabrns fragmentation of balanitin 4 suggested that rhamnose and glucose (bonded to a 
second glucose) were linked to glucose attached to yarnogenin (Table 4). In the I 'C- 
nmr spectrum of the peracetate 7, the C-2 and C-4 signals (6 76.48 and 77.24 ppm) 
from one glucose unit and the C-3 signal (6 79.77 pprn) of another glucose unit were 
shifted downfield by 4.49, 8.09, and 6. 19 ppm, respectively (Table 3 ) .  Enzymatic hy- 
drolysis of saponin 1 with naringinase followed by acetylation afforded balanitin 6 
peracetate 151 and allowed assignment of structure 1 to balanitin-4. 

That balanitin 5 121 corresponded to a glycoside of yarnogenin was deduced from 
the ir, 'H- and 'C-nrnr spectra (Table 1). On acetylation saponin 2 afforded unde- 
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caacetate 8, and the 'H-nmr spectrum indicated the presence of two glucose and two 
rhamnose units (Table 2). Fragments in the fabrns ofglycoside 2 suggested that a rham- 
nose segment and a glucose unit attached to another rhamnose unit were in turn linked 
to glucose bonded to yamogenin (Table 4). The I 'C-nmr spectrum of peracetate 8 pro- 
vided more useful data. The C-2 and C-4 signals (6 76.53 and 77.33 ppm) of one glu- 
cose and the C-3 signals (6 8 1.80 ppm) of another glucose appeared shifted downfield 
by 4.54, 8.18 and 8 .22  ppm, respectively (Table 3). Enzymatic hydrolysis of steroidal 
saponin 2 with naringinase followed by acetylation gave peracetate 5 .  The sum of this 
evidence led to structure 2 for balanitin 5. 

In its ir spectrum, balanitin 7 141 exhibited important bands at 982, 920, and 900 
cm . The 900 adsorption band was stronger than the 920 cm- '  band, typical of a 
25(R)-spirostan @,lo).  In addition, the IH- and I k - n m r  spectral data suggested that 
saponin 4 was a glycoside of diosgenin (Table 1). Acetylation of glycoside 4 gave unde- 
caacetate 9. The 'H-nmr spectrum of the peracetate indicated the presence of two glu- 
cose, one rhamnose, and one xylose unit (Table 2). Application of fabms to saponin 4 
suggested that the rhamnose unit and a glucose segment attached to xylose were each 
linked to glucose which in turn was bonded to diosgenin (Table 4). Enzymatic takadias- 
tase hydrolysis of 4 followed by acetylation provided hexaacetate 10. General features 
of the 'H-nmr spectrum of the peracetate were identical with those of peracetate 6 ex- 
cept that the proton signals of the aglycone corresponded to those of diosgenin (Table 
5). Therefore, peracetate 10 was assumed to have a structure in which the yamogenin 
aglycone of saponin 6 was replaced by diosgenin. As expected in peracetate 9, the C-2 
and C-4 "C-nmr signals (6 76.46 and 77.19) ofone glucose unit and the C-3 signal (6 
80.48) of the second glucose unit were respectively shifted downfield by 4.47, 8.04, 
and 6.90 ppm (Table 3). The evidence summarized above allowed assignment of struc- 
ture 4 to balanitin 7. 

Balanitins 4-7 exhibited cytostatic activity against P-388 cultured cells as shown 
in Table 6. Further evaluation of these cell growth inhibitory plant constituents is in 
progress. 

- I  

P-388 (ED,, Fgiml)" 

1 . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . .  
5-Fluorouracil (standard) . . . . . . .  

~~ 

0.41 
2.40 
0.21 
0.22 
0.08 

"DMSO was used as vehicle. 

EXPERIMENTAL 
GENERAL E X P E R I M E N T A L  P R o c m u K E s . 4 e n e r a l  experimental procedures have been described 

previously (8). All mp's were determined employing a Yanagimoro micromelting point apparatus. Optical 
rotations were measured with a JASCO ORDIUV-5 specrropolarimeter. Hplc separations were pertormed 
using a Waters ALC-200 instrument equipped with a differential refractometer ( R  40 1 )  and Shim-pack 
PREP-ODS (25 cm X 2 0  mm 1.d.). Each ofthe balanitins w.is colorless. Spectroscopic me.isurements were 
conducted with the following instruments: i r ,  Hitachi EPI-GI, nmr ( ' H  and "C), Varian XL-.300; hbms, 
Zab-se. 

The three enzymes employed tor clvavage of the glycoside hmds Were obtained trom commercial 
sources as noted ar end ofthe acknowledgment section. These enzymes .ire known to hydrolyze the tollow- 
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ing specific disaccharide linkages. The specificity of these hydrolytic cleavages has been confirmed by the 
following nmr studies, such as recorded here: for cellulase 1,6-glc-glc ( 1 6 1 9 ) .  1.2-rha-glc (18), 1,3-g1c- 
ara (19). 1.2-rha-ara (19). 1,6-xyl-glc (17), and 1,3-xyl-ara (19); for takadiastase 1,4-glc-rha (20), 1.4- 
glc-xyl(20,2 l) ,  and 1,4-xyl-rha (22); for naringinase, 1,2-glc-xyl(2 1) .  

SEED EXTRACTIONS.-Dried, finely ground seeds (36 kg) of B .  aegyptrr'u (a voucher specimen of 
which is maintained by the ASU-CRI) were extracted with CH,CI,-MeOH (1: 1) (150 liters) at ambient 
temperature. The extract was separated into CH,CI, and aqueous phases on addition (25% by volume) of 
H,O. The aqueous fraction was evaporated in vacuo and freeze-dried to give the PS active (EDS,, 6 .0  k g l  
ml)extract(l251.3g). 

SOLVENT PARTITION SEQUENCE.-The PS cell line active aqueous extract (542.5 g) was succes- 
sively partitioned between MeOH-H,O (9: 1) and hexane, MeOH-H,O (4: 1 )  and CCI,, and MeOH-H,O 
( 1: 1) and CH,CI,. Removal of solvents gave the hexane (350 mg), CCI, (30.2 g), CH2CI, (8 g), and H,O 
(504.5 g) fractions. The remaining H,O fraction was further partitioned between n-BuOH and H,O (1: 1) 
to afford 166.5 g and 337.1 g fractions, respectively, on evaporation. 

ISOLATION OF BALANITINS 4 [ l ] ,  5 [2], 6 [3], A N D  7 [4].-The n-BuOH extract (166.5 g,  PS, 
ED5,, 17 kg/ml) was subjected to steric exclusion chromatography on a Sephadex LH-20 column, using 
MeOH as eluent. The hrst fraction (96.5 g) was rechromatographed on a Sephadex LH-20 column, using 
CH,CI,-MeOH (2:3) as eluent. The second fraction (79.4 g) from this step was chromatographed on a Si 
gel column previously washed (successively) with the lower layer of CHC1,-MeOH-H,O (65:35: 10) and 
MeOH followed by gradient elution with CHCl,*MeOH. Elution with CHCl ,-MeOH (9: 1) gave two P- 
388 cytostatic fractions (0.743 g and 7.62 g). The first fraction (0.743 g) was subjected to hplc with 
MeOH-H,0(9: l)toaffordsaponins3(76.7 mg)and4(61 .7  mg). Thesecondfraction(7.62g)fromtheSi 
gel column was repeatedly chromatographed on a Si gel column treated as noted above. Elution with 
CHCI,-MeOH (9:  1) gave saponins 1 (0.196 g) and 2 (0.32 g). 

BALANITIN 4 1l].-Needles: m p  27 I-272"(from MeOH); [a)'% -6l"(c= 0.90, pyridine); fabms 
i idz 1069 [M (CSIHX2O2,) + Na]'; ir u KBr max cm- I 3380 (OH), 988, 920, 900 [intensity 920>900, 
(25S)-spiroketal]; and 'H-nmr (C,D,N) ppm 0.83 (3H,  s, H-18). 1.06 (3H,  s, H-19), 1.09 (3H,  d ,  
]=6 .9Hz ,H-27) ,  1 . 1 6 ( 3 H , d , j = 6 . 9 H z , H - 2 1 ) ,  1.78(lH,d,j=6.0Hz,rha),3.35,5.34(OH, 

Acetylation of balanitin 4 fl] (22 mg) with Ac,O/pyridine followed by chromatography on Si gel and 
elution with 0.5% MeOH in CHCI, afforded dodecaacetate 7 (15 mg) as colorless needles; mp 135-137" 
(from iPrOH), [a)'% -59" (r.= 1.  1, CHCI,); fabms i d z  1551 [M(C,SH,,,60,4)+H)+; and ir u rnax 
(CHCI,) cm- I 1730 (OAc). 

BALANITIN 5 [2).-Needles: mp 203-207" (from MeOH); [ a l " ' ~  -78" ([.= 1.47, pyridine); fabms 
i idz 1030 IM(C,,H,,O,,) + Na)'; ir u max(KBr)cm- I 3380 (OH), 990 ,920 ,900 [intensity 920>900, 
25(S)-spiroketal]; 'H-nmr (C,D,N) pprn 0.83 (3H,  s, H-lS) ,  1.04 (3H,  s, H-19), 1.08 (3H,  d , j =  7.2 
Hz,H-27),  1 . 1 5 ( 3 H , d , j = 6 . 9 H z , H - 2 1 ) ,  1 .69(3H,d,J=6.3Hz,R-6 ' ) ,  1 . 7 5 ( 3 H , d , j = 6 . 3 H z ,  
R- Acetylation of saponin 2 (62 mg) with Ac,O/pyridine followed by chromatography on Si gel and 
elution with CHCl , afforded undecaacetate 8 (5 1 mg) as colorless needles: mp 145-149" (from iPrOH); 
[a]% -5 I"  (c= 1.28, CHCI,); fabms d z  1493 1M(C,,Hl,,40,,) + HI'; ir u max (CHCI,) cm- I 1740 
(OAc). 

BALANITIN 6 [3].-Needles: mp 278-28O0(from MeOH); [a]'"~ -89"(1.=0.67, pyridine); fabms 
i i d i  907 [M(C,,HT20,,) + Na]' ; ir u max (KBr) cm-  ' 3430, 3280 (OH), 988, 920, 900 [intensity 
920>900, 25(S)-spiroketal]; 'H-nmr (C,D,N)ppm 0.84 (3H,  s, H-18), 1.06 (3H,  s, H-19). 1.09 (3H,  

CH-0-),  5 . 4 5 ( l H , d , j = 4 . 0 H ~ ,  H - 6 ) , 6 . 2 5 ( 1 H , d , j = 2 . 0 H ~ ,  R-1). 

d , J=6 .9Hz ,H-27) ,  1 . 1 6 ( 3 H , d , j = 6 . 9 H ~ , H - 2 1 ) ,  1.78(3H,d,j=6.3H~,R-6),3.35-5.35(OH, 
CH-0-),  5 . 2 3 ( 1 H , d , J = 4 . 3 H ~ ,  H - 6 ) , 6 . 2 8 ( l H , d , j = 2 . 0 H z ,  R-1). 

When glycoside 3 ( 3 0  mg) was acetylared with Ac,O/pyridine and the product chromatographed on 
Si gel (elution with CHCI,) nonaacetate 5 (25 mg) was obtained as colorless needles, mp 132-134" 
(iPrOH); [a]"'~) -54" ( c =  1.17,  CHCI,); fabms i idz 1263 [M(C,,H,,O,J+ H I + ;  i r  u max (CHCI,) 
cm ' 1730 (OAc). 

BALANITIN 7 [4].-Needles, mp 273-280' (from MeOH), [a]'% -83" (c= 0.83, pyridine); 
fabms d: 1039 [M(C~lIHXllOII )+  Na]'; ir u max KBr cm-  I 3380 (OH), 982, 920, 900 [intensity 
920<900, LS(K)-spirokrtal); and 'H-nmr (C,D,N) pprn 0.70 (3H,  d,]= 5.5 Hz, H-27), 0.84 (3H. S ,  

H-18), 1 , 0 6 ( 3 H , s ,  H-19), 1 .15(3H,d,J=7.2Hz,H-21) ,  1 . 7 9 ( 1 H , d , J = 6 . 3 H ~ ,  R-6), 3.35-5.30 
(OH,CH-0-) ,  5 . 2 9 ( I H .  d , j = 4 . 0 H z ,  H-6), 6 . 2 6 ( l H , d , j = 2 . 0 H ~ ,  R-1). 

The peracetare derivative of saponin 4 ( 3 2  mg) was prepared and purified as summarized above for 
balanitin 6 peracetate 151 to afford undecaacetate 9 (26 mg) as colorless needles: mp 137-140" (iPrOH); 
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[ a l " ~  -58'(c= 1.37, CHCI,); fabms m/z  [M(C,2H1,~20,2)+ H I +  1479; ir u max (CHCI,) cm 
(OAc). 

1740 

ENZYMATIC HYDROLYSISOF BALANITIN 4 [l] WITH NARINGINASE.-A suspension ofglycoside 1 
(28 mg) in EtOH (8 ml) and Na2HP04/citric acid buffer (pH 4.0,  20 ml) was treated with naringinase 
(200 mg). The mixture was stirred at 37" for 8 days and extracted with n-BuOH. The n-BuOH solution 
was evaporated under reduced pressure, and the residue was acetylated with Ac,O/pyridine. After purifica- 
tion by Si gel cc (elution with CHCI,), balanitin 6 peracetate 151 was obtained (3.2 mg). 

ENZYMATIC HYDROLYSIS OF BALANITIN 5 {2] WITH NARINGINASE.-A suspension of saponin 2 
(2 1 mg) was treated with naringinase (200 mg) as described in the preceding experiment. Stirring at 37" 
was continued for 4 days. Following isolation and acetylation, 4 mg of balanitin 6 peracetate [5] was 
realized. 

ENZYMATIC HYDROLYSISOF BALANITIN 6 131 WITH CELLULASE.-A suspension of saponin 3 (26 
mg) in EtOH (8 ml) and Na,HP04/citric acid buffer (pH 4.0, 20 ml) was treated with cellulase (200 mg). 
The mixture was stirred at 37" for 9 days and extracted with n-BuOH. The n-BuOH was evaporated in 
vacuo, and the residue was acetylated with Ac20/pyridine. Purification by Si gel cc (in CHC.1,) provided 
hexaacetate 6 (4 .1 mg) as a colorless oil: fabms m/z  IM(C, I H 7 4 0 , x )  + HI' 975; ir v max (CHCI,) cm ~ ' 
1730 (OAc). 

ENZYMATIC HYDROLYSISOF BALANITIN 7 [4]  WITH TAKADIASTASE.-The preceding experiment 
was repeated with saponin 4 ( 17 mg) and crude takadiastase ( 100 mg), except for stirring at 37" for 8 days. 
Hexaacetare 10 (5 mg) was isolated as a colorless oil: fabms ndz 975 [M(C, ,H,?O,,) + H I t  ; and ir u max 
(CHCI,) cm- I 1730 (OAc). 

ACKNOWLEDGMENTS 

The ASU-CRI group thanks for financial assistance Outstanding Investigator Grant CA44344- 
0 1A 1, Grant CA-303 1 1-0 1-03, and Contract N O  1-CM-97262 awarded by the Division of Cancer Treat- 
ment, National Cancer Institute, DHHS, National Cooperative Drug Discovery Group Grant No. 
A 125696-02, the U.S. Army Medical Research and Development Command under Grant No. DAMD 17- 
89-2-902 1, the Arizona Disease Control Research Commission, Eleanor W .  Libby, the Waddell Founda- 
tion (Donald Ware), The Robert B. Dalton Endowment, Virginia Piper, Herbert K. and Dianne Cum- 
mings and the Nathan Cummings Foundation, Inc. For other assistance we thank Drs. J .M. Schmidt and 
M.I. Suffness and Messn. P.J. Daschner and L. Williams. We  also thank Professor K. Nakanishi for a 
specimen of balanitin 1. The Osaka co-authors are also grateful to Dr. H .  Tanaka and Mr. N .  Shigematsu, 
Fujisawa Pharmaceutical Co., Tsukuba Research Laboratories for the fabms measurements, and to Dr. A. 
Ito, Sankyo Co., for a gift of crude takadiastase. 

LITERATURE CITED 

1. 
2. 

3. 
4 .  
5. 

6. 
7 .  
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

17 

S.B. Singh and G.R. Pettit,]. Nut. Prod., 53, 1187 (1990). 
J .O. Kokwano, "Medicinal Plants of East Africa," East Africa Literature Bureau, Kampala, Nairobi, 
Dares Salaam (1976). p. 34. 
J.A. Duke, "Medicinal Plants of the Bible." Trado Medic Books, New York, 1983, p. 28. 
H . W .  Liu and K.  Nakanishi, Tetrahedron, 38, 5 I3 (1982). 
R.I. Geran, N.H.  Greenberg, M.M. McDonald, A.M. Schumacher, and B.J. Abbatt, Cuncer 
Chiother. Rrp. Part 3. 3, 1 (1972). 
G. R. Pettit, Y. Fujii, J.A. Hasler, J.M. Schmidt, and C. Michel,]. Nat. Prod., 45, 263 (1982). 
G.R. Pettit, V. Gaddamidi, A. Goswami, and G.M. Cragg,]. Nut. Prod., 47, 796 (1984). 
G.R. Pettit, Y. Kamano, R. Aoyagi, C.L. Herald, D.L. Doubek, J .M.  Schmidt, and J.J. Rudloe, 
Tetrahedron, 4 1 ,  985 (1985). 
T. Konishi and J. Shoji, Chenl. Pharni. Bull . ,  27,  3086 (1979). 
M.E. Wall, C .R.  Eddy, M.L. McClennan, and M.E. Klumpp, Anal. Chon.. 24, 1337 (1952). 
P.K.  Agrawal, D.C. Jain, R.K. Gupta, and R.S. Thakur, Phytwhenristry, 24,  2479 (1985). 
K. Bock, I .  Lundt, and C. Pederson, Tetrahedron Lett., 1037 (1973). 
R. Kasai, M. Okihara, J.  Asakawa, K. Mizutani, and 0. Tanaka, Tetrahedron, 35,  1427 (1979). 
K.  Yamasaki, H .  Kohda, T. Kobayashi, R. Kasai, and 0. Tanaka, Tetrahedron Lett., 1005 (1976). 
R. Kasai, M. SLIZUO, J. Asakawa, and 0. Tanaka, Tetrahedron Lett., 175 (1977). 
K. Tori, S. Seto, Y. Yoshimura, M. Nakamura, Y. Tomita, and H .  Ishii, Tetrahedron Lett., 4167 
(1976). 
Y .  Kazuko, M. Arimitsu, K. Kishi, T. Takemote, and S. Arihara, Yakugaku Zasshi, 107, 361 
(1987). 



1502 Journal of Natural Products Wol. 54, No. 6 

18. 

19. 

20. 

21.  
22. 

Reseived 4 September I990 

T. Takemoto, S.  Arihara, K. Yashikau, J.  Kawasaki, T. Nakajima, and M. Okuhira, Yukuguku 
Zusshi, 104, 1043 (1984). 
T.  Takemoto, S. Arihara, K. Yoshikau, K. Hino, T.  Nakajima, and M. Okuhira, et ul . ,  Yukuguku 
Zusshi, 104, 1155 (1984). 
I .  Kitagawa, H.  Yamanaka, M. Kobayashi, T.  Nishino, I. Yosioka, andT. Sugawara, Chem. Phunn. 
Bull. I 26, 3722 (1978). 
I .  Kitagawa, T.  Sugawara, and I. Yosioka, Chem. Phunn. Bull., 24, 275 (1976). 
I .  Kitagawa, A. Inada, and I. Yosioka, Chem. Phum. Bull., 23,  2268 (1975). 


