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Two New Triterpenoidal Glycosides from Medicago polymorpha L.V
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Two new triterpenoid glycosides called medicago-saponins P; (1) and P, (2) were isolated together with five
known glycosides from the aerial parts of Medicago polymorpha L. (Leguminosae). The structures of 1 and 2
were determined to be 3-O-uo-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl caulophyllogenin 28-O-f-D-gluco-
pyranosyl-(1 —6)-g-p-glucopyranoside and the desglucoside of 1.
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Medicago polymorpha L. (syn M. denticulata WILLD.
and M. hispida GAERTN.) is used as an important fodder
together with alfalfa (M. sativa L.) worldwide. Although
earlier researchers found that alfalfa included many
saponins and reported their structures,? there have been
few reports concerning the saponins of M. polymorpha.®
During the course of our study on leguminous plants,”
we have investigated the saponins of Japanese M.
polymorpha. This paper deals with the structural elucida-
tion and identification of these saponins.

A methanolic extract of the aerial parts of M. poly-
morpha was partitioned with 40% MeOH and ethyl ace-
tate. A combination of various chromatographies of the
former phase resulted in the isolation of seven saponins
(1—7). Saponins 3—7 were identified as sapindoside A
(3),*® compound 6 (4),® compound 9 (5),> compound
10 (6)® and compound 11 (7)> comparing the negative
FAB-MS, and the 'H- and '*C-NMR spectra with those
of the published data.

Medicago-saponin P; (1) was obtained as a white
amorphous powder, [a], —20.1° (pyridine). The IR
spectrum of 1 featured absorptions of carbonyl (1735

cm™!) and a hydroxy group. In the negative FAB-MS, 1
showed an [M—H]™ ion at m/z 1089. Fragment ion
peaks at mjz 765 [M—hexose—hexose]™ and 619
[M —hexose — hexose — methylpentose]~ were also ob-
served. These MS data appeared to a greater extent than
those of 6 by a hydroxy group. By acid hydrolysis, 1 gave
la as the sapogenol. The electron impact (EI)-MS of 1
showed a [M]* at m/z 488, indicating a hydroxy group
located on 1a. By the 'H- and '*C-NMR spectral data
(as listed in Tables I—III), the location of the hydroxy
group was determined to be at C-16a, which compares to
those of hederagenin” and acacic acid.® Finally, 1a
was identified with caulophyllogenin®® because of the
agreement of various data. In addition, the signals for the
sugar region (Table II) were superimposable on those of
6 in the '3C-NMR. Since the absolute configurations of
the sugar species were identified according to the method
reported by Hara et al.,*® the structure of 1 was establish-
ed to be 3-O-a-L-rhamnopyranosyl-(1—2)-a-L-arabino-
pyranosyl caulophyllogenin 28-O-f-D-glucopyranosyl-
(1-6)-8-p-glucopyranoside.

Medicago-saponin P, (2) was obtained as a white
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amorphous powder, [a], —4.1° (MeOH). An acidic
hydrolysis of 2 gave caulophyllogenin (1a) as the
sapogenol. In the FAB-MS of 2, an [M + Na]* ion at m/z
951 appeared to a lesser extent than that of 1 by a hexosyl
moiety. Since the '*C-NMR signals of the sugar region
(Table II) showed a good coincidence with those of 5, 2
was concluded to be the desglucosyl compound of 1, that
is, 3-0-a-L-thamnopyranosyl-(1—2)-a-L-arabinopyrano-

TaBLe 1. *3C-NMR Data for Compounds 1—7 (Aglycone Moieties)
and 1a in Pyridine-d;
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syl caulophyllogenin 28-0-f-D-glucopyranoside.

Saponins with caulophyllogenin as their aglycone are
very rare. Only two examples are known in nature. They
were isolated from Caulophyllum robustum®® (Berberi-
daceae) and Chrysanthellum procumbens®® (Compositae).
Medicago-saponins P, and P, are the third and fourth
saponins known to have caulophyllogenin, respectively,
and are the first examples from Leguminosae.

TaBte II. !3C-NMR Data for Compounds 1—7 (Sugar Moieties) in

Pyridine-ds

Carbon 1a 1 2

Carbon

No. 3 4 5 6 7 No. 2 3 4 5 6 7
1 389 389 389 389 388 389 388 388 Ara
2 277 260 261 262 261 260 260 264 1 104.0 103.8 1040 106.6 104.1 1040 104.6
3 73.6 809 812 810 819 809 809 887 2 75.6 76.0 75.8 73.1 75.7 15.7 75.8
4 422 433 433 435 435 433 433 394 3 742 736 74.7 74.7 74.4 74.3 73.9
5 472 471 47.1 477 47,6 475 4715 558 4 69.5 70.4 69.7 69.6 69.5 69.5 69.8
6 18.7 18.0 181 182 182 182 180 184 5 65.3 64.8 65.6 67.0 65.3 65.3 64.3
7 333 329 329 332 328 326 326 330 Rha
8 400 399 400 397 40.0 39.8 397 398 1 101.4 1014 101.6 101.5 101.5 101.6
9 489 476 47.6 481 482 480 480 479 2 7219 7169 7239 7219 7219 72.29
10 373 368 368 369 369 367 367 369 3 7239 719 72.59 7249 7239 7249
11 239 237 237 238 239 237 237 237 4 73.7 73.4 74.1 73.9 73.7 73.4
12 1225 1225 122.6 122.6 1229 1228 122.7 122.7 5 69.0 68.6 69.3 69.1 69.0 68.4
13 145.1 1442 1445 1448 1442 1439 1439 1440 6 18.3 18.2 18.5 18.3 18.3 18.4
14 429 418 420 421 429 420 420 420 Glc
15 362 359 357 283 283 28.1 281 282 I 95.6 95.6 95.7 95.6 95.5 95.5
16 747 741 734 23,6 234 232 232 233 2 73.8 74.0 73.9 74.0 73.9 73.8
17 48.6 489 492 466 470 468 469 46.9 3 7829  78.8% 78.49  79.1»  78.2%  78.3Y
18 41.5 41.0 412 420 417 416 41.5 416 4 70.6 70.7 70.9 71.0 70.7 70.7
19 473 469 47.1 464 462 46.0 460 46.1 5 77.7 78.0% 78.0 787 77.1 77.8
20 31.1 305 306 309 308 306 305 306 6 69.1 61.8 69.4 62.0 69.1 69.2
21 36.2 357 357 342 340 338 33.8 339 Gle
22 329 319 318 328 325 324 323 324 1 105.0 105.3 105.0 105.1
23 68.2 63.7 638 640 645 638 638 155 2 74.9 75.2 749 75.0
24 131 137 137 140 13.6 138 13.7 280 3 78.19 78.49 7829 78.3Y
25 6.1 161 162 161 162 160 160 168 4 71.2 71.5 71.3 714
26 176 174 175 175 176 174 174 174 5 78.49 78.79 78.59  78.5%
27 272 270 271 262 260 259 258 259 6 62.3 62.6 62.4 62.5
28 178.0 175.8 176.4 180.2 176.6 1763 176.4 176.4 -
29 333 33.0 330 332 331 330 329 330 a, b) In each vertical column may be interchanged.
30 248 245 246 238 237 235 235 235
TasLe III. *H-NMR Data for Compounds 1—7 and 1a in Pyridine-d;
la 1 2 3 4 5 6 7
tert-Me  1.02 (s) 0.96 (s) 0.95 (s) 0.94 (s) 0.87 (s) 0.88 (s) 0.86 (s) 0.89 (s)
1.05 (s) 1.03 (s) 0.96 (s) 0.94 (s) 0.88 (s) 0.89 (s) 0.87 (s) 0.89 (s)
1.08 (s) 1.03 (s) 0.99 (s) 1.00 (s) 0.94 (s) 0.96 (s) 0.99 (s) 0.89 (s)
1.10 (s) 1.07 (s) 1.01 (s) 1.02 (s) 0.99 (s) .06 (s) 1.08 (s) 1.07 (s)
1.19 (s) 1.17 (s) 1.12 (s) 1.06 (s) 1.14 (s) 1.12 (s) 1.14 (s) 1.11 (s)
1.81 (s) 1.76 (s) 1.76 (s) 1.23 (s) 1.19 (s) 1.19 (s) 1.18 (s) 1.17 (s)
1.26 (s)
H-18 3.64 (brd, 3.51 (brd, 3.47 (brd, 3.28 (brd, 3.20 (brd, 3.18 (brd, 3.19 (brd, 3.21 (brd,
J=13.9) J=13.9) J=13.0) J=9.5) J=13.2) J=10.3) J=13.9) J=13.9)
H-3 4.22 (dd, —a - 4.12 (m) —9 4.12 (m) - 3.24 (dd,
J=11.0, 5.1) J=12.1, 4.0)
H-16 5.26 (brs) 5.27 (brs) 5.29 (brs)
H-12 5.68 (brs) 5.60 (brs) 5.61 (brs) 5.47 (brs) 5.45 (brs) 5.42 (brs) 5.42 (brs) 5.43 (brs)
Glc H-1 6.26 (d, J=8.1) 6.2 (d, /=8.8) 6.26 (d, J=8.1) 6.31 (d, J=8.1) 6.27 (d, /=8.1) 6.27 (d, J=8.1)
Glc' H-1 5.02 (d, J=8.1) 498 (d, /=174) 5.05(d, /=8.1) 5.04 (d, J=7.7)
Ara H-1 5.11(d, J=5.9) 5.13 (d, J=5.9) 5.11 (d, /=6.6) 5.04 (d, J=7.3) 5.11 (d, J=5.9) 5.12 (d, J=5.9) 491 (d, J=5.1)
Rha H-1 6.23 (s) 6.05 (s) 6.24 (s) 6.21 (s) 6.25 (s) 6.12 (s)
Rha H-6 1.64 (d, J=6.6) 1.65 (d, J=6.6) 1.63 (d, /=5.9) 1.63 (d, J=5.9) 1.65(d, J/=5.9) 1.64 (d, J=6.2)

a) Overlapped with the other signals.
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Experimental

The instruments and reagents used in this study were the same as
those described in the previous papaer.®

Extraction and Isolation The fresh aerial parts(3.0kg) of Medicago
polymorpha collected in the medicinal garden of our Faculty were
extracted with MeOH, and the extract (160g) was partitioned with
40% MeOH and EtOAc. The aqueous extract (130 g) was subjected to
Diaion HP-20 column chromatography using 0% —100% MeOH to
give fractions 1 to 4. Each fraction was separated by Wako gel LP60
(0% —100% MeOH), Bondapak C, 4 (0% —100% MeOH) and silica gel
(CHCl;: MeOH:H,0=9:1:0.1-56:4:1) to provide compounds 1
(0.029%),2(0.0019%), 3 (0.0012%), 4 (0.0005%), 5 (0.011%), 6 (0.049%)
and 7 (0.0006%).

Compound 1 (Medicago-Saponin P,) A white amorphous powder,
TLC Rf, 0.11 (CHCl;:MeOH : H,0=7:3:0.5). [a]2® —20.1° (¢c=0.30,
pyridine). IR (KBr): 3390 (vo_y), 1735 (vc=o) cm ™ L. Negative FAB-MS:
mjz 1089 [M—H]~, 765 [M—H-Glc—-Glc] ", 619 [M~H-Glc—
Glc—Rha] ™. 'H-NMR: Table III. 3C-NMR: Tables I and II.

Characterization of Sapogenol and Sugars for 1 Compound 1 (12 mg)
was dissolved in 2N HCI/H,O (2ml) and heated at 90 °C for 2h. After
filtration of the mixture, the precipitate was recrystallized with MeOH
to provide a sapogenol (1a), Colorless fine needles, mp >300°C, [«]3?
+24.4° (¢=0.4, pyridine). IR (KBr): 3410 (vo_y), 1735 (vc=o)cm™ 1.
EI-MS: m/z 488 [M*]. 'H-NMR: Table III. 13C-NMR: Table I. The
filtrate was neutralized by Amberlite MB-3 column chromatography.
After evaporation, the residue (5 mg) was dissolved in pyridine (0.7 ml),
then the mixture was added to a pyridine solution (2 ml) of L-cysteine
methyl ester hydrochloride (0.06 mol/1) and warmed at 60 °C for 1 h. The
mixture was evaporated under N, stream and dried in vacuo. The
obtained syrup was trimethylsilylated with N-trimethylsilylimidazole
(0.4ml) at 60 °C for 1h. After the addition of n-hexane (2ml) and H,O
(2 ml), the n-hexane layer was taken off and checked by GC. The retention
time (#y) of the peaks was at 14.71 min (D-glucose, 14.75 min), 10.06 min
(L-rthamnose, 10.11 min), and 8.34 min (L-arabinose, 8.36 min).

Compound 2 (Medicago-Saponin P,) A white amorphous powder,
TLC Rf, 0.30 (CHCl;: MeOH:H,0=7:3:0.5). [«]3® —4.1° (c=0.54,
MeOH). IR (KBr): 3410 (vo-g), 1735 (ve=o)cm™!. Positive FAB-MS:
mfz 951 [M+Na]*. 'H-NMR: Table III. *3C-NMR: Tables I and II.

Characterization of Sapogenol A sample of 2 was hydrolyzed in the
same manner as above. The precipitate was identified with caulophylloge-
nin (1a) by TLC Rf, 0.23 (CHCl;: MeOH =20:1).

Compound 3 A white amorphous powder, TLC Rf, 0.61 (CHCl;:
MeOH:H,0=7:3:0.5). [a]3° +19.9° (¢=0.48, MeOH). IR (KBr):
3410 (vo-w)s 1700 (vec-p)cm™ 1. Positive FAB-MS: m/z 751 [M+H]".
'H-NMR: Table III. 3C-NMR: Tables I and II.

Compound 4 A white amorphous powder, TLC Rf, 0.30 (CHCl,:
MeOH:H,0=7:3:0.5). [a]3® +17.7° (¢=0.40, MeOH). IR (KBr):
3415 (vo-p), 1725 (ve=o)cm ™. Positive FAB-MS: m/z 951 [M +Na]*.
'H-NMR: Table III. 3C-NMR: Tables I and II.

Compound 5 A white amorphous powder, TLC Rf, 0.39 (CHCl;:
MeOH :H,0=7:3:0.5). [0]2° +7.0° (c=0.49, MeOH). IR (KBr): 3415
(Vo-n)s 1735 (ve=o)em™!. Positive FAB-MS: m/z 935 [M+Na]".
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H-NMR: Table III. 13C-NMR: Tables I and II.

Compound 6 A white amorphous powder, TLC Rf, 0.18 (CHCl;:
MeOH:H,0=7:3:0.5). [a]3® +30.9° (c=0.33, MeOH). IR (KBr):
3395 (vo-n), 1715 (vc=o) cm ™ 1. Negative FAB-MS: m/z 1073 [M—H] ",
749 [M—H—Glc—Glc]™. *H-NMR: Table III. '3C-NMR: Tables I
and II.

Compound 7 A white amorphous powder, TLC Rf, 0.26 (CHCl,:
MeOH :H,0=7:3:0.5). [«]3® —11.1° (c=0.41, MeOH). IR (KBr): 340
(Vo-n), 1735 (vc=o)em™?. Positive FAB-MS: m/z 1081 [M+Na]*.
'H-NMR: Table III. *C-NMR: Tables I and II.
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