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Alfalfa (Medicago sativa L., Legumino- 
sae) is a legume ofconsiderable economic 
importance in the United States. Prob- 
lems associated with the continuous 
growing of alfalfa were known more than 
80 years ago (1,2). Many studies con- 
ducted during the past 20 years have 
shown the autotoxicity of alfalfa (1-7), 
but few investigations have identified 
any compound(s) responsible for the ef- 
fect (8,9). Autotoxicity is expressed in 
yield reduction and difficulty of reestab- 
lishment in fields where alfalfa was pre- 
viously grown (8). Saponins, although 
implicated in toxicity, have been dis- 
missed as autotoxic agents in alfalfa (8). 

Our research objective was to isolate 
and identify the compound(s) causing 
autotoxicity. We examined alfalfa 
foliage because, presumably, it has the 
greatest phytotoxic effect (4). Lettuce 
seed germination was chosen as our 
bioassay because it is sensitive, easy, and 
generally used in routine screening (10). 
In some of the early bioassays curly cress 
seed (11) replaced lettuce seed, and 
later, alfalfa seed was also used when 
testing pure compounds. Root lengths 
of both sample and control seedlings 
were recorded whenever sample seed- 
lings differed visually from the control 
seedlings. 

Cc of EtOAc solubles (obtained by 
solvent partition) produced 14 fractions, 
6 of which completely inhibited germi- 
nation at the 10 mg per dish level. The 

‘Mention of firm names or trade products does 
not imply that they are endorsed or recommended 
by the U.S. Department ofAgriculrureoverother 
firms or similar products not mentioned. 

first of these six active fractions was pur- 
ified by preparative tlc to yield 30 mg of 
a “single component” (by tlc), but gc-ms 
revealed at least eight components: sev- 
eral unidentified compounds, medicar- 
pin fl], sativan 131 and the methoxy 
analogues of the last two named com- 
pounds. These compounds are often pro- 
duced as phytoalexins when legumes are 

1 R=H 
2 R=OMe 

3 

infected, diseased, or otherwise stressed 
(12). Pure medicarpin fl] for the bioas- 
says was obtained from alfalfa roots, a 
known source of medicocarpin [the 3-0- 
glucoside of medicarpin (13)]. The 
methoxymedicarpin was isolated in 
sufficient quantity and purity from one 
of the other active column fractions of 
the EtOAc solubles. It was identified as 
4-methoxymedicarpin 121 by ms and 
nmr. Both of these pterocarpans, origi- 
nally isolated from the heartwood of a 
tropical tree (14,15), were active in our 
bioassay (Table 1). These compounds are 
apparent contributors to autotoxicity of 
alfalfa as medicarpin fl] inhibits germi- 
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Medicarpinll] . . , . . . . . 
4-Methoxymedicarpin [2] . . . 

TABLE 1. Assay Data. 
I 1 I 

number number cm cm 

1 X 18'(31) 13d(32) 0.Sd(1.9) - 
1.7 X lo-' - 39 (40) - 1.8d (4.0) 
0.8 X lo-' 6d(35) - - - 

Sample 

Seedling Growth 
Germination' 

molar 

'40 seeds per treatment or control. 
bStandard deviations of root lengths are 0.98 cm (lettuce) and 1.2 cm (alfalfa), calculated from var- 

iance pooled over the treatment and control. 
'Significantly different from controls at p S O . 0  1 by Chi-square 1-tail test. 
dSignificantly different from controls a tpS0 .00  1 by Chi-square 1-tail test (germination) or Student's 

t test (seedling growth). 

nation of alfalfa seeds (59% after 6 days 
at lo-' M, peO.OOl), and 4-methoxy- 
medicarpin (21 inhibits growth of alfalfa 
seedlings ( 5 5 %  after 5 days at 
1.7 X M,p+0.001). Weareaware 
of only one previous report of a pterocar- 
pan inhibiting seed germination; i t  is as- 
sociated with "clover sickness" (16,17). 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.- 

'H- and "C-nmr spectra were obtained at 300 
and 75.47 MHz, respectively, with CDClj as the 
solvent. Ms were obtained at 70 eV in the electron 
impact mode. Both gc and gc-ms were obtained 
with 15 m DB-1 column, temperature program- 
med at 4'imin from 100" to 300". A 6-cm 
(i.d.) X 62-cm glass column, slurry packed with 
45&500 g 6CL200 mesh Si gel (J.T. Baker), was 
used for cc. Commercial 20 X 20 X 0.25 cm pre- 
coated Si gel 60 F,,, (Merck) and 20 X 20 taper 
plates (Analtech) were used for clc. A 10 X 500 
mm C,, ODS column (Whatman) and a refractive 
index detector (Waters) were used for hplc. 

PLANT MATERIAL.-Dried alfalfa ( A i .  ratim 
'Moapa') foliage and roots were obtained from 
greenhouse and field plantings at Michigan State 
University, East Lansing, Michigan. This is a 
commercially available alfalfa variety; no voucher 
specimen is available. 

BlOAssAY .-Surface-sterilized lettuce 
(Larabatuca sativa) and alfalfa ('Vernal') seeds were 
sown on treated filter paper in petri dishes, 20 per 
dish and 2 dishes per treatment; 4 ml H 2 0  was 
added, and the dishes were covered and wrapped 
in AI foil (18). Treatments varied from 40 mg 
(crude extract) to 1 mg (pure compound) per dish. 
Seeds were incubated for 5 days uniformly; after- 

wards the number of germinated seeds was re- 
corded. For every two treatments, a blank control 
"as added. The treatment and associared control 
were run at the same time (on the same day). 
Seedling growth was measured by recording root 
lengths of both control and treated seedlings. 

EXTRACTION AND ISOLATION.--&round 
foliage (3.8 kg) was extracted sequentially via 
percolation with pentanrihexane and 9 5 9  
EtOH. The EtOH solids (281 g) were dissolved 
in MeOH-HIO (1: 1) and extracted with hexane. 
The aqueous phase was adjusted to HIO-MeOH 
(3: 1) and extracted with EtOAc. The EtOAc sol- 
ubles (15 g) were then chromatographed on a 
silica column by elution first with 3 liters EtOAc- 
hexane (1:4), followed by 2.5 liters EtOAc, and 
finally by 2.5 liters MeOH. Fourteen 500-ml 
fractions were collected, six of which completely 
inhibited germination of lettuce seeds. One of 
these active column fractions (72 mg) was sepa- 
rated by preparative tlc with EtOAc as the de- 
veloping solvent; the area about R, 0.6 (30 mg) 
was nearly all medicarpin (gc, ms, 'H, and "C 
nmr), bur attempts co purify it further were un- 
successful. Pure medicarpin [l] was obtained 
from alfalfa roots ( 13). A second active column 
fraction (800 mg) was separated by hplc into 5 
fractions on a reversed-phase column by eluting 
with MeCN-H,O (3:2). Hplc fraction1 (260 mg) 
was separated further by tlc (Si gel G taperplate 
and CHZCIZ-MeOH, 94:6). The fastest moving 
band was scraped from the plate, extracted from 
the Si gel with 20% MeOH in CH,CI,, the sol- 
vent removed, and the sample weighed. The sam- 
ple (1 mg sample per 10 pI 20% hleOH in 
CH,CII) was streaked on another plate 
(20 X 20 X 0.25 cm precoared commercial plate). 
developed with 6% MrOH in CH,CI,, and the 
process repeated until only one peak was detected 
by gc for the recovered sample. In this manner we 
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obtained 16 mg of 4-methoxymedicarpin [2] for 
nmr, ms, and bioassays. Separations were not op- 
timized for highest yield. 

TIC on Si gel 60 F,,, with 457 MeOH in 
CH,CI, gave R,-s of 0.6 and 0.8 for medicarpin 
and 4-methoxymedicarpin, respectively. 

COMPoUND iDENTIFlCATION.-Pre~imi- 
nary structural identification of isolated com- 
pounds was established by gc-ms, and confirma- 
tory evidence was afforded by ’H and ”C nmr. 
The mass spectra of sativan [3], medicarpin 111, 
and 4-methoxymedicarpin [2] matched literature 
values (19,20,21, respectively). ’Hand ”C nmr 
of medicarpin resembled literature values 
(22,23). ‘H nrnr of the acetate of 4- 
methoxymedicarpin is given in the literature 
(24), but we report the nmr for the free com- 
pound. 4-Methoxymedicarpin 121: ‘ H  nmr (300 
MHz, C D C I 3 ) G 3 . 5 8 ( d d d , j =  10.8, 6.6,  4.6, 
H-ba), 3.65 (dd,]= 10.8, 10.5, H-bax), 3.75 
(s, OMe at C-9), 3.90 (s, OMe at C-4), 4.34 (dd, 
]= 10.5,4.6,H-beq),5.53(d,]=6.6,H-lla), 
6.45(d,]=2.3,  H-lo),  6 .45(dd,]=8.9,  2.3, 
H-8). 6.66 (d , J=8 .6 ,  H-2), 7.05 (d,]=8.6,  
H- l ) ,  7.13 (d, J = 8.9,  H-7); I3C nmr (75.47 
MHz, CDClJ 6 39.6 (C-ba), 5.55 (OMe), 56.3 
(OMe), 66.9 !C-6), 78.4 (C-1 la), 96.9 (C-lo), 
105.4 (C-8), 106.4 (C-2). 114.0 (C-1 lb),  118.8 
(C-bb), 121.1 (C-l), 124.7 (C-7), 134.0 (C-4), 
143.2(C-3), 147.3(C-4a), I60.6(C-lOa), 161.1 
(C-9). 
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