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AssTmcr.-The alcoholic extract of the wood of Magnolk grandiflora exhibited 
toxicity to mice when injected by the ip route. The toxic rinciple was found to be a 
phenolic quaternary alkaloid and was obtained as a colorpeas crystalline solid. An- 
alytical and spectral data showed that it was identical with menisperine (also called 
chakranine and isocorydinium cation) which has not been previously isolated from 
the genus Magnolia 

Much of the impetus for research on Magnolia grandijora has been its long 
history of use in folk medicine. The bark, wood and other parts of the plant have 
been featured in American Indian medicine and listed in the United States Phar- 
macopoeia and pharmacognosy texts as bitter tonics, antimalarials and dispho- 
retics ( 2 ,  3, 4). A number of biologically active alkaloids such as magnoflorine, 
magnocurarine and salicifoline (5, 6) and sesquiterpene lactones such as parthen- 
olide and costunolide (7, 8) have been isolated from this or related species of 
Magnolia, although the activities of many of these were recognized only after their 
isolation. The toxicity of the extracts of Magnolia grandijora has not been 
recognized in the literature. In our studies on the biologically active components 
of Magnolia grandijora, we have observed that the alcoholic extract of the heart 
wood was toxic to mice when given by the ip route at  250-400 mg/kg. Isolation 
of the toxic principle and elucidation of its structure form the subject of this 
paper. 

Fractionation of the concentrate by partition between water (pH 2)  and ethyl 
acetate showed that only the aqueous phase was toxic. Since the aqueous layer 
gave a positive test for alkaloids, the alkaloidal fraction was separated from the 
nonalkaloidal components by the use of Mayer’s reagent and both fractions tested. 
Only the alkaloidal fraction was found to be toxic. Since extraction at  pH 9 did 
not transfer the activity into the solvent layer, the toxic alkaloid was considered 
to be quaternary. 

For the isolation of the toxic principle, the alkaloidal fraction of the concen- 
trate was separated by precipitation with Mayer’s reagent, converted to the 
chloride (hydrochloride) by ionexchange and extracted at  pH 9 with chloroform. 
The solvent layer contained an alkaloidal component which was not toxic and it 
was purified as the crystalline hydrochloride (Alkaloid A). Extraction of the 
aqueous layer with n-butanol gave nearly 50430% of the toxic alkaloid (Alkaloid 
B) into the solvent layer. 

Purification of alkaloid B by adsorption chromatography on silica gel or 
alumina was not possible because of its highly polar nature. The alkaloid from 
either the n-butanol layer or the aqueous layer could be purified by chromatog- 
raphy on Sephadex LH-20 by the system ethyl acetate/ethanol (4:1), or by chro- 
matography on a partition column with cellulose as the support and the system, 
ethyl acetate-n-butanol (3:l)-water. Three components were resolved: fraction 1, 
which was identical with alkaloid A, fraction 2, the major component (toxic al- 
kaloid, alkaloid B) and fraction 3, a minor component, which was identified as 
magnoflorine. The toxic alkaloid was converted to the iodide salt which was ob- 
tained as a colorless crystalline solid. 

Elemental analysis of alkaloid B agreed with the molecular formula C21H2sN0J. 
Its uv spectrum indicated its phenolic nature and general similarity to that of 
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aporphine alkaloids. Mass spectrum of the iodide gave a molecular ion at  m/e 341 
(nor base, M + -CH31) together with the ion m/e 142 (CH3I) with fragment ions 
being shown at  m/e  326, 310 and 298 corresponding to the loss of CHI, OCH, 
and CH2 = NCH3 respectively. Methylation gave the monomethyl ether while 
acetylation with acetic anhydride/pyridine did not proceed. Acid-catalyzed 
acetylation did give the monoacetate. 

Although the molecular formula cannot be used to distinguish between an 
aporphine skeleton with methoxyl and hydroxyl groups or a benzyltetrahydroiso- 
quinoline system with a methylenedioxy group, the spectral data: uv maxima (9) 
and absence of a prominent 3,4-dihydroisoquinolinium ion in the mass spectrum 
(10) pointed to an aporphine structure. In support of this, the nmr spectrum 
clearly indicated the absence of a methylenedioxy group but presence of three 
methoxyls and one phenolic hydroxyl and, hence, an aporphine skeleton. 

Of the two biogenetically consistent tetraoxygenated aporphine systems, the 
1, 2, 10, 11 and 1, 2, 9, 10, the choice of the former for the toxic alkaloid was made 
on the basis of the uv spectrum (9), and the mass spectrum (11). As a final proof, 
the monomethyl ether of the alkaloid was found to be identical with the dimethyl 
ether of magnoflorine (1). 

Although four possibilities exist for the location of the phenolic hydroxyl, 
representatives of only two of these have been isolated, one with the hydroxyl a t  
C-1 (N-methylcorydinium cation 2) and the other at  C-11 (N-methylisocorydinium 
cation 3). Samples of neither could be obtained and comparison of published 
spectral data was the only means available. The dficulty with which it under- 
went acetylation suggested possible steric hindrance and, hence, location of OH 
at C-10 or C-11. This was further supported by the hydroxyl frequency of 3200 
cm-' which was consistent with that of aporphmes and the phenanthrenes derived 
from them with a phenolic hydroxyl at  C-1 or C-11 (11). Likewise, the chemical 
shifts of the methoxyls indicated that the methoxyl groups are at  C-2 and C-10, 
in conformity with the published data (13, 14). 

CH 3 

CH 3 

- 3, R, = R2  = R, = CH,; R, =H 

. 

The nmr spectrum of alkaloid B was not sufficiently similar to that of either 
N-methylcorydinium or N-methylisocorydinium iodides as published in the 
literature to allow for a choice. The critical factor is the observation of an AB- 
quartet for the assignment of the other resonances. Not only has a range of 
values been given for these resonances, but also they vary with the solvents used 
(15, 16). Although protons at C-8 and C-9 are expected to show an AB quartet, 
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the published spectra showed only singlets: N-methylcorydinium (17), 6 7.33 and 
7.27 for H-8 and H-9 and 6 7.05 for H-3; N-methylisocorydinium (18), 6 6.96 for 
both H-8 and H-9 and 6 7.05 for H-3. As the chemical shift Werencea become 
small, the outer peaks of the AB-quartet are often small and overlooked. When 
only singlets appear, the assignments are questionable. Based on the ABquartets 
observed with both the Magnolia alkaloid and its methyl ether, the following as- 
signments may be made for alkaloid B: H-3, 6 6.96; H-8 (or H-9) 6 7.11d or 6.98d. 

The choice between the two was made on the basis of the ability of the phenolic 
alkaloids to couple with a diazonium salt. Of the two possibilities only 3 has an 
unsubstituted para position and is expected to undergo coupling. Formation of 
an azo dye was observed with alkaloid B and magnoflorine but not with their 
respective methyl ethers. The dye also exhibited a pronounced shift in its X max 
of 375 nm to 516 nm upon basification, thus indicating the presence of a phenolic 
function conjugated with an azo group. Alkaloid B was therefore assigned struc- 
ture 3, identical with that of N-methylisocorydinium iodide. 

This study describes the first reported isolation of (+)-N-methylisocorydinium 
salt from any species of Magnolia. This alkaloid, also known as menisperine and 
chakranine, was isolated originally from Xanthoxylum bracltyanthum F. Muell. and 
X .  verijcum F. M. Bail. (19), subsequently from Bragantia wallachii R. Br. (12), 
and later was shown to be widespread in Annonaceae, Laufaceae, Menispermaccae, 
Papaveraceae, Berberidaceae and Rutaceae (13, 14). 

The acute LD50 of alkaloid B-iodide was found to be 10 mg/kg (21 pM/kg) 
by the ip route in mice. For comparison, LD5o values of 2.2 mg/kg (5.9 pM/kg) 
by the iv route for the chloride (20) and 12 mg/kg (25 pM/kg) by the ip route for 
the iodide (6) have been provided. Magnoflorine showed LD50 by the ip route of 
19.6 mg/kg (38 pM/kg) (6). A behavioral profile was studied by use of the 
procedure of Campbell and Richter (21) in mice which involves observation of 
sixteen signs thirty minutes following the injection. The only positive sign ob- 
served was that of midriasis. At doses near the LDM, the onset of effects was 
observed in five minutes with marked depression of activity and labored breathing. 
Moribund animals became increasingly cyanotic and breathing more convulsive. 
Just prior to death, the animal usually reared and/or scampered frantically. At 
LD50, death occurred in 15-20 minutes. 

The second crystalline alkaloid (A) gave elemental analysis consistent with 
the molecular formula CI,HI~NO~ (M + 265). The uv spectrum was characteristic 
of the aporprhine nucleus (9) and the spectrum was unchanged in base. The 
nmr spectrum indicated the presence of a methylenedioxy group, five aromatic H 
and other signals characteristic of an aporphine system (18). The presence of 
one proton singlet at 6 2.87 which was shifted by acid, and the lack of an N-methyl 
function indicated that the nitrogen was secondary. This was confimed by the 
formation of a crystalline acetamide. The nmr spectral characteristics agreed 
with those described for the aporphine alkaloids by Johns et al., (22). The mass 
spectrum showed the expected intense molecular ion (m/e  265, 63a/0), an even 
stronger M-1 (m/e 264, 100%) characteristic of the aporphines (10, 11) and other 
fragment ions at m/e 236 and m/e  235 resulting from the loss of HCO and H2C0, 
respectively, generated from a retro-Diels Alder process. Based on the analytical 
and spectral data, alkaloid A was identified as (-)-anonsine 4. This alkaloid was 
originally isolated from Annona reiiculata L. (23) and later found in several species 
of Magnolia (24, 25). 

EXPERIMENTAL2 

*Melting points were obtained on FisherJohns hot stage apparatus and were uncorrected. 
The spectra reported in this study have been obtained on the following instruments: uv, Beck- 
man 25; ir, Beckman Acculab 3; nmr, Varian T60 with tetramethylsilane as internal standard; 
mass spectrum, DuPont 490 chemical ionization mass spectrometer. Thin-layer chromato - 
raphy was performed on micro slides 1 x 3 and 2 x 3 inches coated with silica gel (Merck H% 
254+368) and visualized by quenching of uv light and iodoplatinic chloride spray. 
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ISOLATION OF ALKALOIDS A AND B.Shavings  from trunk wood of Magnolia grandiflora col- 
lected in Gainesville, Florida, (4.9 kg) were extracted with ethanol (12 liters) a t  20" for two 
days. A combination of three such extracts was concentrated to  a syrup (48 g), a t  which 
stage it showed an LDM value of 500 mg/kg. The concentrate was partitioned between water 
(PH 2, 1 liter) and ethyl acetate (1 liter). The aqueous layer, which contained 26 g of total 
solids with LD50 of 350 mg/kg, was concentrated to  #)o ml and treated with Mayer's reagent 
until precipitation was complete. Celite was used to filter the precipitate, and the cake was 
washed with 0.01 N HC1. The solid was stirred with acetone-water (l:l, 100 ml) and filtered. 
The filtrate and washings were passed through a column of Dowex-1 (50 g, C1- form). The 
column was washed with acetone-water (1:l). The effluent and wash (total solids 7.65 g, 
LD5o 70 mg/kg) were concentrated to remove acetone, adjusted to pH 9 and extracted twice 
with chloroform. 

The chloroform extract was concentrated to 5 ml, diluted with ether (10 ml) and treated 
with ethanolic HCl until no more precipitation occurred. The solid was filtered, washed with 
ethanol-ether (1:19) and crystallized from methanol twice to give alkaloid A as a colorless 
crystalline solid; yield 1.2 g; mp 273-275" dec (lit 277" dec (22); [a]D-73" (c 1.1 ethanol); uv, 

max 235,271 and 315 nm; log e 4.21,4.21 and 3.75 respectively; nmr (De-DMSO): 6 6.00, d and 
8 5.87, d, 0-CHz-0; 6 8.00, m, lH,  6 7.13, 7.02, m, 3H; 6 6.50, s, 1H; 64.1-3.7, , l H  and 63.5-2.4, 
m, 6H. 

Found: C, 67.48; H, 
5.13; N, 4.69; C1, 11.51. 

The a ueous layer, after the chloroform extraction, was readjusted to  pH 7 and extracted 
twice wi% n-butanol. The solvent layer yielded 3.3 g of a solid, (LD50, 80 mg/kg), leaving 
3.4 g in the aqueous layer ( L D ~ o  .50 mg/kg). 

The butanol-extractable fraction (3.3 g) was chromatographed on Sephadex LH20 (65 g) in 
10% ethanol-ethyl acetate. Elution with this solvent gave an additional 100 mg of anonaine. 
Elution with 20% ethanol-ethyl acetate gave the major fraction (Alkaloid B, 0.55 g, LD50 
17 mg/kg). It was converted to  the iodide by passage through a Dowex-1 (iodide) column 
and crystallized from methanol twice to yield alkaloid B as a colorless crystalline solid; yield, 
0.35 g; mp 225-28" dec (lit. 225-30" de: (14),.[Q]D+212" (c, 1.27 ethanol; uv, X max 220, 270 and 
302 nm, log e 4.76,4.21 and 3.82 respectively; in basic solution: 250 and 354 nm; nmr (DsDMSO): 
6 8.67, broad, exchangeable, ArOH; 6 7.00, s, 1H; 6 7.11, 6.98, AB-q, J=8 Hz, 2H; 6 3.93, 3.85, 
3.72, singlets. 

Anal. calc. for C*IH*~NOJ:  C, 52.18; H, 5.42; N,  3.00; I, 26.26. Found: C, 52.01; H, 5.18; 
N, 2.85; I, 25.95. 

The nonextractable fraction was purified by partition chromatography performed with 
cellulose (200 g) and the system ethyl acetate-n-butanol (3:l) e uilibrated with water. Elu- 
tion with this solvent gave three bands, alkaloid A, alkaloid% (major) and magnoflorine. 
Alkaloid B was processed via the iodide salt as before; yields 0.6 g. 

METHYUTION OF (+)-N-METHYL ISOCORYDINIUM SALT.-A sample of 3 (0.1 g) in acetone (? ml) was stirred with dimethyl sulfate (0.1 ml) and anhydrous potsssium carbonate (1 g) a t  
25 for 30 hours. The mixture was filtered; the filtrate was concentrated to  dryness, dis- 
solved in water and passed through a column of Dowex-1 I-. The iodide salt was recovered 
by concentration and crystallized from methanol; yield, 100 mg., mp 256-258" dec (18); nmr 6 
3.92,3H;63.90,s,3H;63.71,s,6H;Mf369. 

ACETYLATION OF (+)-N-METHYUSOCORYDINIUM SALT.-A solution of 3 (0.1 g) in acetic an- 
hydride (5 ml) containing one drop of phosphoric acid was heated a t  100" for two hours. The 
cooled solution was diluted with water and psssed through a column of Dowex-1-acetate t o  
remove the phosphoric acid. The product was converted to  the iodide salt, as before, and 
crystallized from methanol, yield 0.08 g; mp 263-265" dec (lit. 260-265" (18)); Y 1770 cm-1 and 6 
210, s, 3H. 

ACETYLATION OF ANONAINE.-A sample of 4 (0.1 g) was stirred in a mixture of acetic an- 
hydride and acetic acid (3 ml, 1:l) a t  25" for 15 hours and then a t  70" for 30 minutes. The 
mixture was diluted with water (25 ml), the solution neutralized with sodium bicarbonate and 
the solid filtered. Crystallization from methanol gave the acetamide as a colorleas crystal- 
line solid, mp 229-231" (lit 229-30", 26); yield, 0.1 g; Y 1645 cm-l; nmr (CDC13) 6 2.21, s, 3H. 
Received S1 July 1081 

Anal. calc. for C17H15NOt.HCl: C, 67.66; H, 5.34; N, 4.64; C1, 11.75. 
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