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Tannins-Twenty milliliters of the original 80% 
ethanol extract from each plant sample was evapo- 
rated to dryness on a steam bath and the residue 
was stirred with 5 ml. of distilled water and filtered. 
Two milliliters of the filtrate was treated with a few 
drops of gelatin-salt reagent (l), and precipitation 
was taken as evidence for the presence of tannins. 
The addition of ferric chloride reagent to  extracts of 
plants giving positive gelatin-salt tests served to 
further categorize the tannin present as to hydro- 
lyzable (blue, blue-black), or condensed types (green, 
blue-green). These results are presented in Table I. 

SUMMARY 
Of the 50 species screened for alkaloids, 24 showed 

the presence of tertiary alkaloids, representing 14 
families of plants. Only two species exhibited the 
presence of quaternary alkaloids, one in the 
Annonaceae, and the other in the Pedaliaceae. Six- 
teen species, distributed in 13 families, contained 
saponins. The 43 species giving positive tests for 
tannins were in 29 different families. 
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One milliliter of the separated acid extract was 
treated with a few drops of Mayer's reagent, and a 
second 1-ml. portion was treated with silicotungstic 
acid reagent as previously described. Turbidity or 
precipitation after the addition of either of these 
reagents was taken as a confirmed positive test for 
the presence of alkaloids in the extract. The re- 
sults of these tests are presented in Table I. 

Each plant sample was also screened for alkaloids 
using thin-layer chromatography according to the 
method of Farnsworth and Euler ( 3 ) .  This pro- 
cedure was modified only in that the final volume of 
fraction I (chloroform extract) applied to  each thin- 
layer plate was 30 pl. The results from this test 
are also presented in Table I. 

Saponins-Since all saponins, whether steroidal or 
triterpenoid, will hemolyze red blood cells, utiliza- 
tion of this property is advantageous for detecting 
this class of compounds in plant material. A red 
blood cell suspension was prepared and standardized 
against digitonin according to the protocol of Wall 
et al. ( 2 ) .  One milliliter of each plant extract was 
mixed with 10 ml. of the red blood suspension and 
the mixtures were allowed to stand for 1 hr. before 
observing the results. Complete hemolysis of the 
red blood cells in any instance was taken as evidence 
for a positive test, the results of which are presented 
in Table I. 
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Isolation and Characterization of Alkaloids 

By MICHAEL S. FLOM, RAYMOND W. DOSKOTCH, and JACK L. BEAL 

T h e  lupin alkaloids, methylcytisine, baptifoline, and anagyrine, and the a orphine 
alkaloid, magnoflorine, were isolated from the roots and rhizomes of Cau8phyllum 
thalictroides. Separation of the tertiary lupin alkaloids was by partition column 
chromatography while magnoflorine was obtained after chromatography on alumina. 

HE PRESENCE of methylcytisine (I) in the roots T and rhizomes of Caulophyllum thalictroides 
(L.) Michx., (family, Berberidaceae), commonly 
called blue cohosh, has been known for many years 
(1). On re-examination of this source for alkaloids, 
a thin-layer chromatographic analysis of the tertiary 
alkaloid fraction revealed at least six spots reacting 
with Dragendorff's spray reagent. The quaternary 
alkaloid fraction indicated only one spot when tested 
by the same spray reagent. 

Partition column chromatography on diatoma- 
ceous earth with Skellysolve B-ethylene dichloride- 
methanol-water (10: 6:2.5:0.5) as solvent system 
separated the tertiary alkaloids. The three major 
alkaloids from this fraction were obtained crystalline 
or as crystalline salts and were identified as methyl- 
cytisine (I), baptifoline (11), and anagyrine (111). 
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The quaternary alkaloid fraction was obtained via 
the reineckate salt which when converted to  the 
chloride salt and chromatographed on alumina 
yielded crystalline magnoflorine chloride (IV). 
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EXPERIMENTAL' 

Plant Material-The roots and rhizomes of Cuulo- 
phyllum thulutroides (L.) Michx. used in this inves- 
tigation were obtained from S. B. Penick and Co. 

Extraction and Initial Separation-The plant 
material (13.7 Kg.) was extracted by percolation a t  
room temperature with ethanol U.S.P. requiring 
about 74 L. of solvent to completely exhaust the 
material of alkaloids as evidenced by a negative 
Valser's test. Evaporation of the solvent a t  re- 
duced pressure at 40" left 2.24 Kg. of residue. This 
was partitioned between chloroform and 2yfl aqueous 
citric acid in 100-Gm. quantities requiring 300 ml. 
of each phase. The citric acid phase was extracted 
three times with equal volumes of chloroform and 
then brought to  pH 9 with concentrated ammonium 
hydroxide and then extracted with chloroform. This 
extract was dried over anhydrous sodium sulfate 
and on evaporation of the solvent left 30.6 Gm. of 
crude tertiary alkaloids. 

Thin-layer chromatography of the tertiary alka- 
loids on Silica Gel G2 with chloroform-methanol- 
ammonium hydroxide (200: 20: 1) indicated the 
presence of six tertiary alkaloids when detected 
with Dragendorff's reagent (2). 

The ammonium hydroxide solution after removal 
of the tertiary alkaloids was acidified with 10% 
hydrochloric acid producing a gelatinous precipitate 
which was collected by filtration. From this pre- 
cipitate it was possible to  isolate caulosaponin, m.p. 
257-259" [lit. values m.p. 250-255" (1), 254-255' (3)] 
by the procedure of Power and Salway (1). Hydroly- 
sis of caulosaponin with aqueous alcoholic hydrochlo- 
ric acid yielded hederagenin, m.p. 333-335", [a]  2 + 
80" (c, 0.10% in ethanol), ultraviolet end absorption, 
X = 210 mfi (C = 4380); the literature values (3) 
are m.p. 332-333", [a] 2 + 78" (c, 0.10% in ethanol), 
ultraviolet absorption Amax. = 210 mp (e = 2860). 
Refluxing hederagenin in acetic anhydride for 1.5 
hr. gave the acetate, m.p. 172-174" [lit. value (3) 
m.p. 173-174'1. The acidic filtrate was treated 
with a saturated aqueous solution of ammonium 
reineckate (2 Gm. reagent/100 ml. solution) while 
stirring. The precipitate of alkaloid reineckate was 
collected by suction filtration, sucked dry, and then 
washed with ether giving a yield of 285 Gm. TLC 
examination of the crude quaternary chloride (see 
below) on Silica Gel G with n-propanol-ammonium 
hydroxide-water (4: 1: 1) as solvent system showed 
one spot (R f  0.55) when sprayed with Dragendorff's 
reagent . 

Isolation of Magnoflorine Chloride-The alkaloid 
reineckate (190 Gm.) was dissolved in 3 L. of ace- 
tone-water (1: 1) and the solution passed through a 
column containing 1700 ml. of Amberlite IRA-410 
(Cl) resin. The crude quaternary alkaloid chloride 
(81 Gm.) from the effluent was chromatographed on 
Woelm neutral alumina,3 activity V. The mixture 
was placed on the column as a methanol solution and 

(lot NO. 668 BA W-80576). 

Journal of Pharmaceutical Sciences 

eluted with methanol. The effluent was examined 
by TLC and the alkaloid fraction collected. Crys- 
tallization of the alkaloid fraction (72 Gm.) from 
ethanol gave magnoflorine chloride, m.p. 240-241 O 

dec., [a]:' + 208" (c, 0.144a/, in methanol). 
The reported values (4) are m.p. 242-243" dec. 
and [a ]y  + 213". The infrared spectrum of the 
isolated substance and that of an authentic sample 
of magnoflorine chloride were superimposable. 
Mobility of the two samples was the same on TLC 
plates. 

Separation of the Tertiary Alkaloids-The mix- 
ture of tertiary alkaloids, which on TLC indicated 
six components, was separated on a partition chro- 
matographic column according to the procedure of 
Brown and Kupchan (5). The solvent system was 
Skellysolve B-ethylene dichloride-methanol-water 
(10:6:2.5:0.5). A column, 3.7 cm. (id.) X 47 cm., 
was prepared by mixing 182 ml. of the stationary 
phase (upper phase) with 300 Gm. of diatomaceous 
earth4 and packing the material in I-cm. segments 
with the aid of a ramrod. The mobile phase was 
passed through the packed column till all of the air 
had been removed (about 2 days). The holdup 
volume of the column was 395 nil. 

The tertiary alkaloid mixture of 1.32 Gm. in 
20 ml. of the mobile phase was passed into the 
column. The flow rate was 30 ml./hr. Fractions of 
effluent (20 ml.) after passage of the holdup volume 
were collected and analyzed by TLC. A summary 
of the separation obtained is given in Table I 
along with the tubes pooled according to the ma- 
terials present. 

Of the fractions examined only fractions 2, 3, 
and 8 yielded crystalline product or a crystalline 
salt. All the other fractions remained as heavy 
oils. These latter fractions account for only about 
9yfl of the crude tertiary alkaloids. 

Methylcytisine (1)-From pooled fraction No. 3, 
the 343 mg. of crude material yielded 194 mg. of 
crystalline product from benzene-Skellysolve B, 
m.p. 137" [lit. value (1) m.p. 137'1. The per- 
chlorate salt was prepared by the usual procedure, 
m.p. 280-281" [lit. value (6) m.p. 282'1 as well 
as the crystalline picrate, m.p. 221-222' [lit. value 
(1) m.p. 228'1. The specific rotation was [a]g - 
224" (c, 1.05% in water) [lit. value (1) [ a ] o  - 
221.6'1. The ultraviolet absorption spectrum 
showed Xmx. = 309 mp ( e  = 7,560); 234(6,860). 
In addition, a known sample of cytisine was methy- 
lated by the Eschweiler-Clarke procedure of the 
Leuckart reaction (7) to  give a product identical 
with the isolated material (I.R., U.V., and mixed 
melting point determination). 

Baptifoline (11)-The pooled column fraction No. 
8 (241 mg.) was crystallized from benzene to yield 
118 mg. of product, m.p. 210'. [Baptifoline lit. 
value (8) m.p. 21OO.l The crystalline perchlorate 
salt, m.p. 286-287", and the picrate which sinters 
at 145" then melts at 252" were prepared by the 
usual methods. The values in the literature are 
m.p. 286-287" (8) and m.p. 145" (sinters), then 256" 
(6). The optical rotatiou was la]y - 133" (c, 

(Table I.) 

1 Melting points were determined with a Thomas-Hoover 
Uni-Melt capillary melting point apparatus in sealed evacu- 
ated capillaries and were corrected. The infrared spectra 
were taken in chloroform and as KBr pellets on a Perkin- 
Elmer model 237 infrared spectrophotometer. The ultra- 
violet spectra were determined on a Cary model 15 recording 
spectropbotometer, in ethanol. 

1 Made by E. Merck (Darmstadt, West Germany), ob- 
tained from Brinkmann Instruments, Inc., Westbury, N. Y. 

a Obtained from Alupharm Chemicals, New Orleans, La. 

4 Celite545, a product of Johns-Manville Corp., New York, 
N. Y., which was purified by dispersing in 6 N HC1, three 
times, then filtering by suction and washing successively with 
distilled water. methanol. benzene. Skellvsolve B. and 
methanol. 
60-80°. 
Co., and methanol A.R. was from Mallinckrodt Chemicals. 

Skellysolve B is a petroleum eth& fraction, b.p. 
Ethylene dichloride, C.P., was from Union Carbide 
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TABLE I-SEPARATION OF TERTIARY ALKALOID MIXTURE 

Fraction Tube No., Pooled Wt., Crystalline 
No. 20 nil. TLC Rf mg. Product, mg. yo Yield’ Compd. 

1 12-14 0.74 35 . .  . . . .  
2 16-19 0.67 144 109b 0 1012 Anagyrine 
3 21-28 0.60 343 194 0.033 Methylcytisine 
4 43-50 0.38 25 . . .  . . .  . . .  
5 54-58 0.28 14 . . .  . . .  . . .  
6 71-85 0.27 22 ... 
7 91-104 0.24 22 . . .  
8 105-165 0.28 241 iiS 0: 020 Baptifoline 

... ... 

a Based on dry plant material. ’ As perchlorate salt. 

0.325% in ethanol). [Lit. value [01]y - 147.7” 
(6).] The ultraviolet absorption spectrum showed 
Amx. = 309 mp ( e  = 7,540); 234(7,150). The in- 
frared spectrum of authentic baptifolines taken in a 
Nujol mull was identical to  that of our compound 
determined in the same way. 
Anagyrine (111)-The oil (144 mg.) in the pooled 

fraction No. 2 provided a crystalline perchlorate 
from methanol, m.p. 315O, and a picrate from meth- 
anol, m.p. 247-249’. Anagyrine perchlorate melts 
a t  315” (8) and the picrate a t  249-251’ (6). The 
ultraviolet absorption spectrum of the perchlorate 
salt showed Am,,. = 308 mp ( 6  = 7,460), 234(6,900) 
and an infrared absorption spectrum with peaks at 
vmsx. 1650, 1570, and .1560 cm.-’ when taken in a 
Nujol mull, and are consistent with the reported 
values for anagyrine (9). 

DISCUSSION 

C. thalictroides has been known for over 50 years 
to  contain methylcytisine. With the application of 
modern isolation and analytical methods this source 
has been found to contain many more alkaloids of 
which three not previously recognized have been 
isolated in pure form and identified. 

The three lupin tertiary alkaloids, methylcytisine, 
baptifoline, and anagyrine, were readily separated 
by partition column chromatography and are the 
first example of the isolation of the latter two al- 
kaloids from the family Berberidaceae. The other 

~~ 

6 Kindly provided by Professor Shigenobu Okuda, Uni- 
versity of Tokyo, Tokyo, Japan. 

alkaloids (at least three) in this fraction were pres- 
ent in very small amounts, remained as oils, and 
could not be induced t o  crystallize or to form 
crystalline salts, although separated by the column 
method so as t o  show only one spot reacting with 
Dragendofl’s reagent. Further identification of 
the minor tertiary alkaloids must await the pro- 
cessing of large amounts of plant material. Un- 
doubtedly they will also be of the lupin type. 

The presence of magnoflorine in Caulophyllum 
robustum Maxim., has been reported by Tomita 
and Talrahashi (10). The presence of this ubiq- 
uitous alkaloid has now been confirmed in C. 
thalictroides. 
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