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140". The Ehrlich test was negative a t  room tempera- 
ture and positive a t  steam-bath temperature, indicating 
that the acetyl group was attached to  the pyrrole ring 
rather than phenyl. 

Anal. Calcd. for C1&7X\;03: C, 70.85; H,  6.27; 
Ii, 6.17. Found: C, 71.18; H, 6.50; N, 4.99. 

2-Phenyl-3-acetyl-5-methylpyrrole.-The pyrrolecar- 
boxylic acid ester (1.5 9.) was refluxed for four hours in a 
solution of 1.0 g. of sodium hydroxide in 150 ml. of 50% 
ethanol. The product presumed to be 2-phenyl-3-acetyl- 
5-methyl-4-pyrrolecarboxylic acid, was precipitated by 
gradual addition of a mixture of 4 ml. of concentrated hy- 
drochloric acid in 96 ml. of water. Crystallization from 
50yo ethanol yielded 0.6 g. of crearn-colored crystals which 
melted at 249-251 

The acid was decarboxylated by heating in a test-tube 
immersed in an oil-bath maintained at  250-255' until gas 
evolution ceased. After being cooled, the dark-brown 
mass was crystallized from petroleum ether (b. p., 95- 
127') containing a little benzene and Xorit. The yield 
was 0.2 g. of white crystals which melted a t  142-143;. 
The Ehrlich test a t  room temperature was negative a t  the 
beginning and became weaKiy positive after standing for 
several hours. At steam-bath temperature, the test was 
immediately positive. 

.-1naZ. Calcd. for CY~HUSO: C, 78.39: H, 6.53; K, 
i . 0 4 .  Found: C, 78.12; H, 6.82; S, 6.85. 

(uncor.) with evolution of gas. 

Ultraviolet Absorption Spectra.-The spectra were ob- 
tained with. a Beckman Model DU spectrophotometer. 
The solvent was 95% ethanol, used without further puri- 
fication. The spectrum of 2-phenyl-4-methylpyrrole is 
included for purposes of comparison. 

Acknowledgment.-The authors are indebted 
to Miss Ruth Brand and Miss Jane Dixon for 
the carbon, hydrogen and nitrogen analyses. 

Summary 
Acetylation of 3,2'-nicotyrine has produced a 

mixture of two isomers which can be separated by 
fractional distillation. They have been assigned 
the structures of l-methyl-2-(3-pyridyl)-S-acetyl 
pyrrole and 1 -methyl-3- (8-pyridyl) -4-acetylpyr- 
role. 

Structures were assigned to the two products by 
comparison of their ultraviolet absorption spectra 
with those of 2-phenyl-4-methyl-5-acetylpyrrole, 
2-phenyl-3,5-dimethyl-4-acetylpyrrole and 2- 
phenyl-3-acetyl-5-methylpyrrole. The syntheses 
of these new pyrrole derivatives are described. 
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[CONTRIBUTION FROM THE SQUIBB INSl'ITCTE FOR LIEDICAL RESEARCH] 

The Hypotensive Principles of Veratrum Viride 
BY JOSEF FRIED, HOWARD L. WHITE AND 0. WINTERSTEINER 

Recent clinical investigations have shown that 
the peroral administration of the powdered roots 
and rhizomes of Veratrum viride is instrumental in 
reducing the elevated blood pressure of patients 
with essential hypertension. This paper de- 
scribes the isolation and characterization of the 
hypotensive principles involved. 

The progress of the purification was followed by 
peroral assay in the hypertensive patient. In this 
we enjoyed the invaluable cooperation of Drs. E. 
D. Freis and J.  K. Stanton of the Robert Dawson 
Evans Memorial, Massachusetts Memorial Hos- 
pitals, and the Department of Medicine, Boston 
University School of Medicine, who have thus 
evaluated for us well over 100 fractions resulting 
from the chemical work. The details of the as- 
say procedure and the results obtained have 
meanwhile been communicated by these investi- 
gators elsewhere.2 -kt a later stage the clinical 
data were supplemented by assay for hypotensive 
activity in the iioriiial anesthetized dog or cat by 
the intravenous route." For various good reasons 
we relied for guidance in the fractionation work on 
the peroral test in the human rather than on the 
intravenous animal assay. Unless stated other- 
wise the activity figures in the text and tables re- 
fer to the average minimum effective dose (MED) 
per patient producing a fall in the basic mean 

(1) E. U.  Freis and J. K. Stiinton, .4in. H r u i f  J . .  36, 725 (1948). 
( 2 )  E. 11. Freis, J .  I<. Stanton and F. C. Moister, f. Phmrmacol. 

(3 )  By Dr. S. Krop, p r iva t e  communication. 
E ~ f i l l .  T h c r a f i . ,  98, 1G(i  (1950). 

((systolic + diastolic)/2) blood pressure of a t  least 
15y0 from the starting level on peroral administra- 
t ioa2  

Of the earlier investigations of the alkaloids pres- 
ent in Veratrum viride, the most significant are 
those of Mitchelli and Wright,> who were able to 
secure in crystalline form the bases jervine, pseu- 
dojervine and rubijervine. More recently the 
thorough investigations of Seiferle, Johns and 
Richardson6 and of Jacobs and Craig7,8 have ex- 
panded the list of known crystalline alkaloids to 
nine by the isolation of germine,6 protoveratridine,& 
veratrosine,' isorubijervine,8 veratramine,8 and 
the unnamed secondary base C2~H4104N.s In 
addition there have been obtained considerable 
amounts of amorphous alkaloids which resisted 
all attempts a t  crystallization. 

In  our search for the entity or entities respon- 
sible for the therapeutic effect of Vevatrum viride 
we followed in the initial steps the efficient and 
rational procedure devised by Jacobs and Craig,' 
which takes advantage of the fact that the free 
alkaloids (alkamines) are more soluble in benzene 
than the glycosidic alkaloids (pseudojervine and 
veratrosine). Thus, the former are extracted 
from an ammoniacal suspension of the powdered 

(4) C. L. Mitchell, An?.  3. Pharmacy, 46, 100 (1874). 
( 5 )  C. R. A. Wright, 3. Chem. Soc., 36, 421 (1879). 
( R )  E. J. Seiferle, I. B. Johns and C. M. Richardson, J .  Ecoiz. 

(7) W. A. Jacobs and L. C. Craig, J. B i d .  C h e m . ,  155, 568 (1944). 
(8) W. A .  Jacob5 and L. C .  Craig, ibid. ,  160, 55;  (1945). 

E?CfOUlUkJKY, 36, 36 (1942). 



roots and rhizomes with benzene, and the latter 
are removed by subsequent extraction with etha- 
nol. Only the benzene-extractable fraction 
showed hypotensive activity.8 This material was 
further fractionated essentially according to Jac- 
obs and Craig, except that for reasons which will 
become clear presently, in operations involving 
liberation of the free bases from their salts bv al- 
kalinization the PH was not allowed to rise above 
10, and the temperature was kept low by ice coo1 
ing. Of the six alkamines encountered by Jacobs 
arid Craig in this fraction, jer\-ine, veratramirie, 
rubijervine and isorubijervine could be isolated 
without difficulty. However, germiiie had to be 
secured by alkaline hydrolysis of an appropriate 
amorphous fraction, nor were we able to duplicate 
the isolation of the unnamed secondary base, 
C J ~ H ~ I O ~ N ,  reported by these authors. In ac- 
cordance with the findings in the previous inves 
tigations there remained after removal of the crys- 
talline constituents a substantial residue which 
could not be crystallized. As caii be seen from 
the activity data and percentage yields recorded 
in Table I, the hypotensive activity w a ~  found to 
reside in this ainorphnus fraction (MET) ?..j iuq. 1 ,  

i At3Lfb I 
h A C T 1 0 N A 4 1  l U  \ i)P C R t r l ) k  L ~ L K A L , O ~ U S  (IF C/,rUtFUt! l  I‘/ r i d f  

XlLdll 
cffectirc 

Maximum dose doseh 
administered,* (&<ED; ,  ( ,  of 

Alkaloid or fractiuii mo. ma rrude root 

Rtiot powder 
Total benzene extract‘iblr 

a1 kaloids 
Total alkaloids from alco 

hol extract 33, inactive 
Jervine 9, iuactive 
Verntramine 4, 1nactive 
Rubijervine 1, inactive 
Isorubijerviiie 4, inactive 
Germine 3, inactive 
Bmorphous fraction froiii 

I’ertiary base3 
Combined plates 1 7 from 

8-plate Craig distribution 
Benzene-2 5(’& iiiethaiiol eluatt* 

from aluniiiia chrorn i~ogr:uri 
Fr~ction I (tube 15, IC = 1~7.1 I 

from 24 plate Craig distribution 
Fractioii I 1  (tube 6 ,  A- = 0.35’~.  

from %-plate Craig distributioti 

benzene extr. 

This column refers to “inactive” fractions and aikd- 
loids only. * The values listed in this column are those re- 
ported by Freis, et el. (see ref. 2 ) .  Isolated by saponi- 
fication of the amorphous fraction from the benzene e7- 
tract. 

(9) The biologically inactive fraction extracted from t h e  roots with 
ethanol yielded pscudojervine (D-glucosidojervine) but no veratro- 
f ine (n-riiicosidoveratramine). Instead ,there was isolated a new, 
non-glycorirlic secondary base, Ca?HaOsN, which showed the same 
ultraviolet absorption spectrum as jerviw.  The cxprriment:rl de 
iai l . ;  w i l l  ht. R i v v n  in a 1;itrr awmmiiniration. 

while the crystalline alkamines were inactive in 
comparable doses. 

During the following attempts to fractionate 
the amorphous bases it became evident that the 
hypotensive principle was not as stable as could 
be surmised from the good recovery of activity in 
the initial fractionation of the benzene extractable 
material. Thus extensive inactivation occurred on 
chromatographing the free amorphous bases on 
acetic acid-washed alumina, as shown by the fact 
that the combined eluates in a dose corresponding 
t o  inore than twice the LIED of the starting prod- 
uct failed to elicit :my hypotensive response. 
Later it was also noted that prolonged exposure of 
active fractions to aqueous alkali or methanolic 
barium methylate a t  room temperature resulted 
in complete loss of their hypotensive power. J t  
was this finding which impelled the introduction 
throughout the isolation procedure of the precau- 
tions against overalkalinization referred to above. 
The cause of the observed instability under the 
c01 iditioiis riicntioned will become clear later. 

Table 1 illustrates the procedure finally adopted 
I I I ~  thr. purific:ition oi the ~inorphous bases in 
terms of the potencies ‘ind yields of the ‘ictive 
iractioiis obtained in c,tcli step. First the mior- 
phous alkaloids were subjected to selective ;“i - 
acetylation with acetic anhydride in methanol. 
’The secondary bases present are thereby con- 
verted into neutral N-acetyl derivatives, while the 
tertiary bases rrrnain unaffected and hence can be 
separated froin the former by extracting the chlo- 
roform solutioii of the Acetylated mixture with 
x id .  Preliminary experiments had shown that 
the bulk of the activity is recovered in the tertiary 
base fraction, which accounts for about 70% of 
the amorphous alkaloids. While the gain in po- 
teucy is thus inconsequential, a ~ i d  the separation 
riot as sharp as might be expected (for instanct 
VerdtrdUlille, if present, for reasons unknown is not 
N-acetylated under these cvnditioris and hence is 
extracted with the tertiary bases), i t  is our expe- 
rience that the removal of the bulk of the seconcl- 
‘try bdses itnprok es the rizciency of the subsequent 
1 yerrttions. 

Kexl the tertiary bases were subjected to d 
Craig counter-current distribution in 9 funnels, 
using benaene and 2 -11 acetate buffer at pH 3.3 as 
the solvents. The products recovered from fun 
riels Y and 0, representing, respectively, the most 
orgaiiophilic and hydrophilic iractioiis and ac - 
CCJUntillg together for 40-.50‘<; of the starting ma- 
terial, were indictive with I mg. each. The ac- 
tivity was found to be scattered over the interme- 
diate fractions 1-7 (average UED 2 rng.). The 
distribution curve, based on the weight of the free 
bases in each Eunriel, showed besides the two high 
distal peaks a t  plates b and 0, a broad middle 
band culniinating in the region of  plates 4 4 .  It  
was clear froin these d d ~ d  that nothing was to be 
qatrietf prtp,iratively by collecting the 7 i l l i c f t l k  
frattions squr.itely 1 n actual practice this i i i % t -  
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terial was secured by using a greatly simplified dis- 
tribution scheme which required 2 funnels and in- 
volved only 14 single distributions and transfers 
instead of the 36 necessary in a complete 8 plate 
distribution series (see experimental). The prod- 
uct thus obtained (MED 1.8 mg.) when taken up 
in acetone, deposited some inactive crystalline ma- 
terial consisting mainly of isorubijervine, which 
was removed. Attempts to crystallize the re- 
maining amorphous portion were unsuccessful. 
However, alkaline hydrolysis, while abolishing 
the activity, readily afforded crystalline germine 
in good yield. This finding could best be ex- 
plained by assuming that the hypotensive princi- 
ple was an ester of germine and hence presumably 
related to protoveratridine (a-methylbutyrylger- 
mine) and the alkaloid germerine which Poethke'O 
had isolated from the related species Vevatrum al- 
bum and shown tobe a diester, namely, a a-methyl- 
butyrate-methylethylglycolate, of gerrnine. This 
conclusion received support by the isolation from 
the acidic fraction of the hydrolyzed mixture of 
acetic acid (as the p-phenylphenacyl ester), l-a- 
methylbutyric acid and d-methylethylglycolic 
acid (as the free acids). 

Further purification was achieved by chromato- 
graphing the active material from the 8-plate dis- 
tribution in benzene solution on sulfuric acid- 
washed alumina, which in contrast to the acetic 
acid-treated preparation was found to be innocu- 
ous to the activity. After removal of some biolog- 
ically inert material by continued washing with 
benzene the bulk of the activity was recovered in a 
fraction eluted with benzene containing 2.5% 
methanol. Comparison of the 24-plate Craig dis- 
tribution diagram of this fraction with that of the 
starting product (plates 1-7 of 8 plate distribution) 
showed that the chromatographic step had re- 
moved residual amounts of the biologically inac- 
tive products, which in the 8-plate distribution had 
appeared in the two distal funnels. The distri- 
bution curve of the chromatographic fraction 
(Fig. 1) exhibited two well differentiated maxima 
a t  tubes 6 and 15, indicative of the presence of two 
major components only. The material in tube 15 
corresponding to a distribution coefficient K = 
1.73, showed very high potency in the clinical test 
(MED 0.7 mg.), while the peak fraction in tube 6 
( K  = 0.35) was considerably less potent (MED 
5.5 mg.). 

Kedistribution in the Craig machine of the 
combined contents of tubes 12-20 and of tubes 5-7 
showed that the two active components with K = 
1.73 and 0.33, respectively, were essentially homo- 
geneous except for the presence of a small amount 
of a contamination of higher K in the former. For 
the isolation of these two entities in larger amounts 
we had to resort eventually to a 24-plate distribu- 
tion on a preparative scale in funnels. The re- 
sults duplicated in every respect those of the ana- 

(IO) W. Porthke, (a) Arch. Pharm., 176, 357 (1037); (b)  179, 
571 (1937); (c )  176, 170 (1938). 
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Fig. 1.-Craig counter-current distribution curve of 
highly purified, active concentrate of Veratrum virde: 
-A-A- experimental curve; --m--m-- theoretical curve, 
K = 0.35; -0-0- theoretical curve, K = 1.73. 

lytical experiment. The fractions corresponding 
to the 2 maxima in the distribution curve, hence- 
forth for convenient reference called Fraction I 
(tube 15, K = 1.73) and Fraction I1 (tube 6, K 
= 0.35), crystallized readily from aqueous metha- 
nol and aqueous ethanol, respectively. 

The compound obtained from Fraction I1 after 
purification melted a t  230-231O" and showed 
[ a ] % ~  +13' in chloroform. Hydrolysis with 0.1 
M aqueous methanolic alkali a t  room tempera- 
ture yielded germine, acetic acid and a-methylbu- 
tyric acid. The alkamine was characterized by 
rotation, analysis and conversion to acetonylger- 
mine hydrochloride,12 while the acids were sep- 
arated and identified as their 9-phenylphenacyl 
esters. The analysis of the free base and of the 
thiocyanate (in. p. 242-244' (dec.)), and partic- 
ularly the quantitative determination of the to- 
tal volatile acids liberated from the former by 
hydrolysis with toluenesulfonic acid were in ac- 
cord with the theoretical figures for C34HS010N, 
i. e., a diester of germine containing one mole each 
of the above acids. This new ester alkaloid was 
named germidine, denoting a diester of germine. 

An analogous study of the crystalline alkaloid 
from Fraction I (m. p. 197-199', [(U]~'D +11' 
chloroform; thiocyanate, m. p. 228-231' (dec.)) 
revealed that i t  was composed of germine, a- 
methylbutyric acid and methylethylglycolic acid 
and in this respect resembled the diester geriiierinc 

(11) All melting points :ire corrected. 
(12)  L. C. Craig and U'. A. Jacobs, J .  Bioi. Chci i t . ,  148, Z7 (1943) .  



troni Veratrum ulbum. In fact, melting point antl 
specific rotation were close to the values reported 
by Poethkeiob for germerine im. p. 193”, [CY]% + 10.8’). However, the solubility properties of our 
product seemed to differ from those described by 
that author, and, more importantly, thc determi- 
riation of the total volatile acids gave a figure ititli 
cating the presence of three rather than two acitl 
radicals. Of additiotial observations seemingly 
supporting the triester xiature ai this alkaloid 
only two need to be mentioned here: First, it was 
difficult to see why this compound, if a diester, 
should be as sharply differentiable from the diester 
gerrriidine by Craig distribution l is was actually 
the case. Secondlt, it had heen observed that 
Fraction I when treated with acetic acid-washed 
alumina was transformed in s5!% yield to a con-  
pound differing from the above product by it5 
higher melting p i n t  (202 -204’) arid its consider- 
ably lower solubility ill benzene and acetone. 
This third crystalline substance o n  hydrolysis 
likewise yielded germitie, a-methylbutyric acid 
and methylethylglycolic acid, but the quantita- 
tive determination of the acids definitely indicated 
m l y  two equivalents. As will be shown later, 
this product was pure germerine. Suspecting 
this already at the time of its isolation we as- 
sumed that i t  was formed by partial hydrolysis 
from the ester alkaloid obtained by direct crystal- 
lization of Fraction K and that the latter consc- 
quently WAS ;t triesier. Ai Inono-a-methylbutyr- 
ate-di-methylethylglycolate of germine seemed to 
nee t  best the analytical findings. We named 
this apparently new ester alkaloid germitrine to 
indicate its triester nature. 

The results obtained up to this point, except 
those pertaining to the third alkaloid mentioned 
above, were communicated in a preliminary note. l 3  

Subsequent findings, however, made it necessary 
to  revise the views presented there regarding the 
nature of “germitrine.” ‘The new evidence de- 
rived from the following observations. 

At  that time “germitrine” had been assayed 
only in preliminary tests by the intravenous route 
in the dog or cat. ’The MED/kg. was found to 
lie a t  about 0.6 microgram, and little difference 
was a t  first noted between the crystalline product 
and the :tmorphous Fraction I from which i t  was 
derived. \\%en larger amounts became available 
I or clinical assay, i t  developed that “germitrine” 
chowecl only about one half to one third of the po- 
rency of Fraction X on hoth oral and intravenous 
,idministration, and this was later confirmed by $1 

larger number of experiments in the dog. Goinci- 
dental with the search for the more active entity 
which thus could be assumed to be present in 
Fraction I it was observed that the amorphous 
parent material exhibited marked levorotation in 

(13) .I Fried, H L Wh:te and 0 U‘intersteiner, Tuzv JOURNAI 

71, 3260 (1949). Jlue to an error made in pieparing an ahbreviated 

pyridine ([a]? -Go), whereas the specific rota- 
tion of “germitrine” in this solvent was close to 
zero (in chloroform the difference is very much 
smaller, the respective [Q]D values being 0 and 
4- 11 ’). This was followed by the discovery that 
the total Fraction I after treatment with aqueous 
methanol (the solvent used for the crystallization 
of “germitrine”) was no longer levorotatory in pyr- 
idine ( [ a ] ~  0’). Standing in absolute methanolic 
or ethanolic solution produced the same effect, 
only a t  a slower rate. It was clear, therefore, that 
a chemical change had occurred when Fraction I 
was crystallized from aqueous methanol, and that 
the resulting crystalline product, “gerniitrine,” 
was an artifact and not present as such in that 
fraction. 
-1 careful reexariirnatioti of the formation and 

properties of this substance finally convinced us 
that i t  was not a triester of germine, but slightly 
impure germerine. The high value for total vola- 
tile acids which had originally misled us was 
traced to the presence of small amounts of acetic 
acid in a new sample of toluenesulfonic acid which 
had been used as the hydrolyzing agent in those 
particular determinations. Conclusive identifi- 
cation was achieved by comparison with a speci 
men of authentic germerine from Veratrum ulbunz 
kindly made available to us by Professor K. 
Poethke of the University of Leipzig. While there 
was a slight difference between the melting points 
of the mcthanolysis product (200-203°) and of the 
purified reference sample ( 198-202’), the melting 
point of the mixture was not depressed. 

Nevertheless we were correct in our presump- 
tion that the bulk of Fraction I consists of a tri- 
ester of germine. One of the three ester groups is 
an acetoxy group which shows the unusual prop- 
erty oi bring unstable a t  room temperature to 
methanol-water and, to a lesser degree, to abso- 
lute meilyanol antl aqueous or absolute ethanol. 
The reaction involved is not hydrolysis but trans- 
esterification to iiiethanoi. This was shown by 
the isolation from the mother liquor of the crude 
germerine crystals formed from Fraction I of a 
volatile neutral substance which clearly was 
methyl acetate, since on alkaline hydrolysis and 
treatment with p-phenylphenacyl bromide it 
yielded acetic acid in the form of the crvstalline p -  
phenylphenacyl ester. 

For thc isolatioir of the itnstable precursor cbf 
germerine the effect of ~-arious solvents and sol 
vent mixtures on the rotation of Fraction I in pyri 
dine was studied. X‘o or only minor changes were 
observed after standing for 2-1- hours in benzeiit.. 
chloruforni, acetone and ZOO/;, aqueous acetone. 
Employing the latter solvent mixture we suc 
ceeded in isolating the genuine triester in crystal- 
line form and good yield (50%). This ester alka- 

from germerine by its higher melting 
ore negative rotatioii val- 

t i e  111 ritliric I , i i i t l  chloroforui -- 4’ 1 ,  
t i i ( i  I I  . I L I I L ~ ~ I  Iirghci w l ~ ~ h l i t ~  111 ,icetone ’I’hc 
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TABLl 

PROPERTIES OF GERMIDINE. GERMITRIX 

P.- - [ a ] D T T  
Substance Base Thiocyanate CHCla Pyridine 

Germidine 230-231 242-244 dec. 3-13' -11" 

Germitrille 216-219 228-232 dec -4' -69' 

- a  Germerine 200-203 230-232dt~. +l6" - I 

Protoveratrine 269-272 221-223 dec.Iob - golob -40c'sa 
(verutrztnr 
album) 

volatile acid determination, carried out on the 
free base under carefully controlled conditions, 
gave a figure consistent with the presence of 3 
acyl radicals. The nature of the acidic compo- 
nents followed from the degradation of the new 
alkaloid with 50% aqueous methanol to methyl 
acetate and further to acetic acid, and to germer- 
ine, which in this case was obtained in practically 
pure state. This result, taken in conjunction 
with the near-identity of the specific rotations in 
pyridine of the pure triester and Fraction I ,  
proves conclusively that germerine is not present 
as such in the amorphous product (and very prob- 
ably not in the root), but arises from the triester 
by methanolysis. As mentioned earlier, very pure 
germerine is also formed when Fraction I is 
chromatographed on acetic acid-washed alumina. 
Repetition of this experiment with the crystalline 
triester gave the same result. In  this connec- 
tion i t  was ascertained that benzene containing 
2.5% methanol (the eluting agent used) does not 
appreciably alter the specific rotation of the tries- 
ter in pyridine. This shows that the loss of the 
acetyl group must occur on the column, yet it does 
not entirely exclude participation of the methanol, 
since the active surface may exert a catalytic ef- 
fect on the methanolysis reaction equivalent to a 
manyfold increase in the concentiation of this re- 
actant. 

4s expected the triester showed about the same 
potency in the clinical test as Fraction I (MED 
1.0-1.2 mg.). Since this fraction preponderates 
in weight over the less active Fraction 11, there 
can be little doubt that this alkaloid accounts for 
the greater part of the hypotensive activity of the 
total amorphous bases and probably also of the 
root. In view of our previous coiwnitiiient to the 
temi germitrine as denoting a triester of germine 
we propose to transfer this name from the com- 
pound now identified as germerine to this gen- 
uinely new alkaloid, and shall henceforth use i t  
with this meaning. 

The properties of the two native ester alkaloids 
and of germerine, inclusive of the assay results 
obtained on intravenous injection in man And in 

E 11 
E,  GERMER~NE AND PROTOVERATRINE 

-Hypotensive activity- 
Intravenous Oral 

Dog, Human human 
pg./kg. mg./patie'nt mg./patient Hydrolysis products 

0.8 0 . 1 4 . 4  2 , 5 4 3 . 5  Germine, acetic acid, a- 
methylbutyric acid 

0.4-0.6 0.05-0.O6 1 ,0-1.2 Germine, acetic acid, a- 
methylbutyric acid, 
methylethylglycolic acid 

0 8 U .1-0.15 2.5-3.0 Germine, a-methylbu- 
tyric acid, methyl- 
ethylglycolic acid 

1.0 0.1-0.15 0.9-1.5 Protoverine, acetic acid, 
a-methylbutyric acid, 
methylethylglycolic acid 

the anesthetized dog, are listed in Table 11. It 
can be seen that generally the ratio of the peroral 
t o  the intravenous MED in man is of the order of 
20 : 1. For comparison the corresponding data 
for the triester alkaloid protoveratrine from Vera- 
trum album are included. This compound, first 
isolated by Salzberger,14 contains the three acids 
present in germitrine esterified to the alkamine 
protoverine, (&HaOgN, which differs from ger- 
mine by the presence of an additional oxygen 
atom.10bJ6b Its pharmacological properties have 
been studied by a number of investigators16*17 and 
lately more extensively by Krayer, Moe and Men- 
dez,18 so that its powerful hypotensive action in 
the experimental animal is already a matter of 
record. In  the patient protoveratrine proved to 
be as active as germitrine by either route of ad- 
ministration (Table 11). 

Poethkelob had shown that the a-methylbuty- 
ric acid present in germerine is the l-enantio- 
morph but gave no optical data for the other 
acidic component, methylethylglycolic acid. To 
gain insight into the latter point we had to resort, 
for want of sufficient quantities of the crystalline 
product, to hydrolysis of the total tertiary bases. 
Appropriate fractionation of the volatile acidic 
constituents yielded 1-a-methylbutyric acid of 
[ a ] ~  -25' in water (Poethke,lob - 2 2 O ) ,  and d- 
methylethylglycolic acid, [ a ] D  +4.4" in water, 
and $12' in 0.2 NNaOH. 

It was of interest to ascertain whether the insta- 
bility to aqueous methanol exhibited by germi- 
trine was also manifest in protoveratrine. That 
this might be the case would be surmised from the 
fact that protoveratrine likewise shows a much 
higher specific rotation in pyridine ( - 40') than in 
chloroform - go), arid hence appeared to contain 
the acetoxy group involved in this phenomenon in 
the identical location. Protoveratrine is only 
(14) G. Salzberger, Arch. Pharm., 228, 462 (1890). 
(15 )  W. A.  Jacobs and L. C. Craig, ( a )  J .  B id .  Chem., 143, 427 

(16) T. W. Eden, Arch. erper. Path. Pheimakol., 29, 440 (1892). 
(17) R. Boehm, ibid., 71, 269 (1913). 
(18) 0. Krayer, C,. V, M o r  a n d  R. Menilez, .I. Plia!,iiio<ol 82, 167 

(1944) 

(1942); (b) 149, 271 (1943). 



sparingly soluble in aqueous and absolute metha- 
nol, and prolonged shaking (four days, 80% meth- 
anol) was necessary to effect complete solution. 
From the volatile portion of the reaction products 
,tfter saponification with alkali, acetic acid aiid a 
small amount of niethplethylglycolic acid were iso- 
lated as the p-phenylphenacyl esters. The re- 
maining alkaloidal frsciion was a mixture from 
which only a very small fraction could be ob- 
tained in crystalline form. any rate, the ex- 
periment showed that ester groups other than the 
acetoxy group are susceptible to alcoholysis in al- 
kaloids of this type. While in germitrine the ace- 
toxy group is obviously the most reactive one, the 
other groups are af€eetetI also, though more slowly. 
\$-e deduce this from the observation that the 
melting point of the essentially pure gernierine 
which results froiii the methanolysis of germitrine 
becomes progressively less sharp on repeated re- 
crystallization from dilute methanol. That ger- 
inrrine is obtained in good yield in this reaction 
has to be ascribed xiot only to the comparatively 
greater speed with which the acetoxy group is 
inrthanolyzed, but also to the ease with which 
this alkaloid crystallizes under the conditions em- 
ployed and thus escapes further attack. This 
wticlusion also receives some support iroiir the 
outcome of a similar methanolysis experimcrit 
carried out on geririinc pentaacetaie. This poly- 
vster, which has been described as ail amorphous 
jwwder by Poethkeibt) and which hLts now been oh- 
t i n e d  in crysiallirie iorni, is likewise much more 
Icvorotatory in pyridine tliaii in chloroform. 
I lowever, under conditions paralleling those used 
vith germitririe (24 hours in aqueous methanol 
v)lution) a substantial part of the compound suf- 
ttared methanolysis of I of its acetoxy groups, as 
evidenced by the isolation in 25:& yield of ;t crys- 
t:rlhne monoacetate. There is no precedent for 
wh facile loss of several acetyl groups iu polyace- 
tates of ordinary hydroxylated steroids. L t i -  
cloubtedly it is the nitrogenous group in tlic ster- 
oidal ester alkaloids which assumes the functiori of 
,i basic catalyst in this reaction. 

In view of the possibility that some enzyiiiatic 
tlegradation of the active principles may occur 
before or during the w i n g  of the plant material, 

I 130 lb. batch of fresh roots and rhizomes was put 
through the isolation procedure. To  minimize 
ctiizytriatic attack the plant parts were ground soon 
~ f t w  collection in the presence of 93c;C, ethanol, and 
then further extracted with this solvent. The 
residue of the alcoholic extract was then worked 
up in the sdme manner as the dried roots. No e.;- 
srritial differences were noted in respect to the iid 

ture arid amounts of the inactive alkamines iso- 
lated, and the distribution of the activity in the 
various fractions. At the end Fractions I and 11 
were obtained in the usual yields. However, 
-,ortit' ddition:il impurittec sreuit-ti to have heeii 
c' rrr-ied tlirougti, L., t l ~ c  trro Ii'itivc crystnllinc 
L d L c t l c ~ i d ~  i x o ~  ti', t i)  l i t  tltrilciilt to piirih 

E~perirnental '~ 
Preparation of an Active Concentrate of Veratrum viride 

(Amorphous Bases). -Ground dried roots and rhizomes 
of Veratrum w i d e  (60 mesh) collected in North Carolina 
were extracted in 7.5-lb. portions with benzene and dilute 
ammonia. The extraction was carried out in a 100-gal. 
ceramic crock provided with an opening of two inches in 
diameter close to the bottom of the crock. To this opeti- 
ing a pipe provided with gate valve was attached, which 
led to the top of a second 100-gal. crock. The bottom of 
the first crock was covered with a six inch layer of crushed 
stone and a loose plug of glas> wool held in place by a wire 
gauze was fitted before the outlet from the inside of the 
crock. To the crock were added 37.6 gal. of benzene, 1.5 
liters of water, and with vigorous stirring the 75 lb. of 
root powder. To the stirred suzpension a mixture of 3 gal. 
of water and 0.45 gal. of concentrated ammonia was added 
and stirring was continued overnight. The mixture iva5 
then allowed to settle for several hours and the solvent wets 
pem)latcd through the roots a t  a rate of 60-100 ml. p:r 
ininute by opening the valve to  the appropriate width. 
Percolation was continued with fresh quantities of ben- 
Zen? until the total solid content of the effluent fell to 100 
m g .  per liter, the total volume of benzene used being 170 
gA1. The benzene percolate was concentrated to 6 1. a t  
100-120 mm. pressure and allowed to stand in the refrig- 
cmtor overnight. The resulting crystalline precipitate 
was filtered off and washed with several portioiis of fresh 
benzene. The combined benzene filtrate and washings 
%\ere extracted with 6yG tartrtaric acid (three 6-1. portions 
followed by 1-1. portions) until the extracts showed no 
longer a turbidity upon addition of Mayer reagent. This 
point was usually reached with the tenth to  thirteenth es- 
tract. To the combined extracts were added with vigorous 
agitation at  5-10' oiie gallon of chloroform and suflicient 
20"G sodium hydroxide to raise the PH to 7.6-8.0. Thi. 
point is easily recognized by the color change of the solu- 
tioil from yellow to red. Twenty per cent. sodium car- 
boilate was then added until the PH reached 9.8-10.0 and 
this degree of alkalinity was maintained during all subse- 
quent extractions by further additions of sodium carbon- 
ate. Sufficient crushed ice w;as added to  maintain a tem- 
perature of between 5 and 10 . Extraction with fresh 2-1 
portions of chloroform was continued until a test samplr 
was found to be essentially free of bases (Mayer reagent). 
The combined chloroform extracts were evaporated to 
dryness in. aiactiu without previous use of a drying agent 
m d  the residue (273 9.) TPJ.~ dissolved in 5yc acetic acid 
14 1.) To this solution, which contained a small amount 
of undissolved tarry material, was added with vigorous 
htirring 530 in]. of n s,itur&ed solution of ammonium sul- 
f,ttc. ilftcr &xtceii hours in the refrigerator the slimy 

through a bed of celite and washed 
nriioniurn sulfatc. The precipitate 
vine and veratramine according to 

Jacobs and Craig.s The combined filtrate and washings 
\yere alkalinized fallowing the precautions described above 
and the baws removed by extraction with chloroform. 
The chloroform solution was dried over sodium sulfate and 
?\-.iporated to dryness i?z w m u .  The residue was taken u17 
it1 acetone (300 nil.) and the solution allowed to remain i l l  
thr  refrigerator for twenty-four hours. The copious cry+ 
tallinc precipitate consisting largely of rubijervinc . i r i t l  
isorubijervine wits filtcrctl off .tnd washed with a minitnuin 
of cold acetone. The  filtrate and washings were evapo- 
i'itctl to dryness J ? ,  vw 140 Ic,iviiig 'tti miorphous residue 181 
g. 1 ,  thtt "tot:il .imorphous bast.\." 

Extraction of Fresh Roots and Rhizomes of Veratrum 
7 iridc.-Fresh roots ,md rhizomes of Verutruiiz twzde (150 
Ib.) from which rotted and other spoiled parts had been 
removed, were ground in a meat grinder and the resulting 
mash transferred immediately into 9570 alcohol (20 gal.) 
to  stop enzymatic action. The suspension was poured 

ed above and 95% 
root . The percolat c 

i' f f  l l i i  to 5 g1l nllrl t l l L  
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large amount of tarry material which had separated out 
was removed by filtration through cheesecloth. The 
aqueous liltrate was extracted with six 1-liter portions of 
chloroform to remove tarry impurities and the ice cold 
aqueous solution was alkalinized to pH 9 with 25% sodium 
hydroxide and eventually to PH 9.8 with 20% sodium car- 
bonate. The alkaline mixture was extracted with thirty 
1-liter portions of chloroform and the combined chloroform 
extracts concentrated to small volume (300 d.) . Benzene 
was added and the chloroform removed by vacuum distilla- 
tion. The benzene solution was placed in the refrigerator 
and the resulting crystalline precipitate was removed by 
centrifugation and washed with fresh portions of benzene. 
The benzene solution and washings upon freeze drying 
yielded a tan powder (127 9.) , which was worked up in the 
same manner as the amorphous bases obtained from the 
dried root powder. The countercurrent distribution 
curve of the material thus obtained exhibited the two 
maxima characteristic of germidine and germitrine. 

Removal of Secondary Bases by N-Acetylation.-The 
total amorphous bases (30 g.) were dissolved in absolute 
methanol (300 ml.) containing acetic anhydride (12 ml.). 
After standing a t  room temperature for four hours the 
solution was evaporated to dryness in vacuo. The residue 
was dissolved in chloroform (215 ml.) and extracted with 
5% tartaric acid (one 300-ml. and ten 100-ml. portions) 
until the extract gave a faint turbidity with Mayer reagent. 
The combined extracts were carefully alkalinized with 20% 
sodium hydroxide at 5' to PH 7.5-8.0 and then with 20% 
sodium carbonate to  pH 9.8-10.0 and extracted with 
chloroform. The combined chloroform extracts were 
dried over sodium sulfate and the solvent removed in 
rlucuo. The dried residue (21 g.) represents the tertiary 
bases. 

Fractionation of Tertiary Bases by Simplified %Funnel 
Counter-current Distribution.-The tertiary bases were 
further fractionated by distribution between benzene and 
2 molar acetate buffer of pH 5.5 (prepared by mixing 2 1. 
of a sodium acetate solution containing 544 g. of the tri- 
hydrate with 340 ml. of an acetic acid solution containing 
40.8 g. of glacial acetic acid). Two separatory funnels 
were set up each containing 59 ml. of benzene per gram of 
tertiary bases. The material was added to the first funnel 
and an equal volume of buffer was added. Insoluble 
material separated here, which adhered to  the walls of the 
separatory funnel and was removed by decanting from it 
the liquid phases. After shaking for two minutes the lay- 
ers were separated and the benzene phase was extracted 
with seven more 50-ml. portions of buffer, these last seven 
buffer extracts being combined. The first buffer extract 
was extracted with seven 50-ml. portions of benzene. 
These seven benzene extracts were combined and extracted 
once with 35 ml. of 2% sodium bicarbonate. The seven 
combined buffers were alkalinized to  pH 8.5 with 10% 
sodium hydroxide a t  5O, then to PH 9.8-10.0 with 20y0 
sodium carbonate and extracted with chloroform. The 
resulting chloroform extracts were combined with the 
seven benzene extracts, the solution dried over sodium 
sulfate and the solvents removed in vacuo. The material 
obtained (ca. 45% of the weight of the tertiary bases) rep- 
resents plates 1-7 of an 8-plate distribution and contains 
the bulk of the hypotensive activity. 

Chromatography of Plates 1-7.--4 solution of the mate- 
rial from tubes 1-7 (15 g.) in benzene (150 ml.) was passed 
through a column of 35 mm. diameter containing alumina 
(300 g.), which had previously been washed with sulfuric 
acid until the p H  of an aqueous suspension of the alumina 
was 4.5, and reactivated at  150" for 36 hours. Elution 
of the column with benzene (25 1.) removed inactive par- 
tially crystalline material (3.5 g.) , which consisted mostly 
of rubijervine and isorubijervine. The active fraction was 
obtained by subsequent elution with benzene containing 
2.570 of methanol. Elution with this solvent mixture 
proceeded rapidly after the first 500 ml. had passed 
through the column. Fractions of 150 ml. each were col- 
lected and evaporated to  dryness in vacuo until a total of 
5 g. of material (lyophilized weight) was obtained. This 
required between 500 and 600 mi. of eluant. The mate- 

rial was dissolved in 20 d. of benzene and allowed to 
stand in the refrigerator overnight. The resulting crystal- 
line precipitate (rubijervine) was removed by filtration and 
the filtrate was lyophilized. The product obtained in 
this manner was active in doses of 1-1.2 mg. in the hyper- 
tensive individual and consisted essentially of a mixture of 
germitrine and germidine. Continued elution with the 
above solvent mixture (3 1.) yielded material of lower ac- 
tivity (2.5-2.8 mg.) which contained a higher proportion 
of germidine. 

Separation of Germitrine and Germidine by 24-Plate 
Counter-current Distribution.--Twenty-five 1-1. separa- 
tory funnels numbered from 24 to OZo were filled with 400 
ml. of benzene each. To the funnel numbered 24 was 
added the above chromatographed material (8 9.) and 400 
ml. of 2 M acetate buffer of pH 5.5. The funnel was 
shaken for two minutes and a small amount of oily mate- 
rial adhering to  the wall of the funnel was separated off by 
decantation. The buffer layer was transferred to  the 
funnel bearing the next lower number (23), fresh buffer 
added to  funnel 24 and the contents of the two funnels 
equilibrated by shaking for two minutes. This procedure 
of transfer, addition of fresh buffer to funnel 24 and equili- 
bration of the layers was continued until the fird buffer 
layer had reached funnel 0. The contents of each funnel 
was then cooled to 5 to  10' by the addition of crushed ice 
and alkalinized with 20y0 sodium carbonate (80 ml.) to a 
PH of about 9.5. The layers were separated and the 
aqueous phases were extracted each with three portions of 
chloroform (100 ml.) . The benzene and chloroform solu- 
tions from each funnel were combined and washed with 40 
ml. of water. The organic layers were dried over sodium 
sulfate and evaporated to dryness in vacuo. The residual 
materials were lyophilized from benzene. Figure 1 shows 
the weight of the material derived from each funnel as :I 
function of the funnel number. The specific rotations of 
some of the fractions in pyridine and chloroform are as 
follows 

Funnel 4 6 7 12 15 10 19 21 
[ah, deg., in 

Pyridine - 8  -20 -23 -64 -64 -59 -49 -32 
Chloroform - 3 - 7  0 

Germidine .-This alkalaid was best obtained by crystal - 
lization of funnels (tubes) 3-7 from dilute alcohol. The 
material from tube 4 (227 mg.) after three crystallizations 
yielded thin rectangular plates (112 mg. and additional 
pure material from the mother liquors) which melted at 
230-231 (dec.) . In one instance involving the prepara- 
tion of germidine from tubes 6 and 7 repeated crystalliza- 
tion did not raise the melting point above 198-200°. 
Seeding of this material $h the higher melting form raised 
the melting point to 230 ; [ C Y ] ~ D  f13" ( c ,  1.67 in chloro- 
form) ; - 11 (c, 1.84 in pyridine). For analysis the prod- 
uct was dried to  constant weight a t  110'. The two sets of 
figures refer to samples derived from tubes 4 and 5, re- 
spectively. 

Anal. Calcd. for C ~ J H ~ ~ O ~ O N :  C, 64.22; 11, 8.3s. 
Found: C, 64.56,64.17; H, 8.37, 8.17. 

In two volatile acid determinations21 (p-toluenesulfonic 
acid) 8.99 mg. and 9.96 mg. of germidine consumed 2.91 
ml. and 2.96 ml. of 0.01 N sodium hydroxide, calcd. for 
germine monoacetate-mono-a-methylbutyrate : 2.83 ml. 
and 3.13 ml., respectively. 

Germidine Thiocyanate.-Material from tube 5 of the 
above distribution experiment (47 mg.) was dissolved in a 
few drops of 570 acetic acid and a concentrated solution of 
ammonium thiocyanate was added until no further pre- 
cipitation occurred. The oily precipitate crystallized on 
rubbing and was recrystallized twice from dilute methanol. 

(20) The reverse numbering was used in order to conform to the 
numbering of the tubes conventionally used when the distribution iq 

run in the Craig machine (L. C. Craig, J .  B i d .  Chem., 166, 619 
(1944)). 

(21) Pregl-Roth, "Die quantitative organische Mikroanalyse," 
Julius Springer, Berlin, 1935, p. 236. 



The 5ubstaiice melted at Sk2 2-44> (tlec 1 1 hr  iiidlytiCIil 
cample was dried a t  110" for two hours 

Anal. Calcd. for &4Ha30l&.HNCS: C, 6O.a; H, 
7.82; N, 4.03; S, 4.61. Found: C, 60.70; H, 7.73; 
N, 4.11; S, 4.75. 

Hydrolytic Cleavage of Germidine to Germine, Acetic 
Acid and a-Methylbutyric Acid.- To a solution of germi- 
dine (108 mg.) in methanol ( 3 . 3  m1.j ~ A . C  'tdded 1.07 h 
sodium hydroxide (0.86 tnl i Atlid water 1 1.65 inl. I l'hc 
mixture was allowed to 5tmrl i t  rooni tcmperaturc foi 
sixteen hours and the methanol wCis removed 1 7 1  i'ucz1o 

colution and precipitate was extracted 
) 10-mi. ,tiid two h n l .  portions\, tht. 
washed nith water (.j rnl.) and e ~ i p -  

orated to dryness in zaczm. The crystalline residue 182 
mg.) after two recrystallizations from methanol yielded 
heavy prisms (53 mg.), which began to sinter a t  160' and 
melted at 220-225"; [a)% 4-4.0" (c, 2.0 in 9570aalcohorl. 
The melting point of germine has been reportedlob a t  about 
220" after qintering at 1fi0-17n0; l l ~ ] %  1-4 7 "  ( 6 .  2.0 in 
,-lbs. alcohol). 

.4nal. Calcd. for Cz7H4@8N: C, $3.63; 11 K .*dl 
Found (after drying a t  110"): C, ii'i 6 8 ;  H, 8 7 2  

The hydrochloride of the :icetonc. compound prepared 
from the ahove sample decomposed a t  375" after previous 
Yintering at 265". Craig and Jacob.; have reporte 
inonoaretntiyl yermiiie hydrochloride to iiieit <it 5 ' 6  ' rl 
uncor.) 

'The alkaline solution and water washings from which the 
germine had been removed by extraction were adjusted to 
pH 8.0 with 0.1 f l  hydrochloric arid and the solution WAS 
lyophilized. The residue was dissolved in water (1.6 nll. 1 
and the solution adjusted to pH 6 5 by the addition of a feii 
drops of 0.1 N hydrochloric acid. -4lcohol (4  ml.) .tnd p -  
phenylphenacyl bromide (94 mp.) were added and the 
mixture refluxed for one hour. After dilution with water 
1.7 m1.j the alcohol was removed I N  varuo and the residual 
d u t i o n  and precipitate extracted Tvith benzene I threes 5 -  
1111. portions). The benzeni iolutioii m.t\ clrird oyer so- 
dium sulfate arid the solrriit removed I ) I  jc7cuc The 
residue (82.4 mg.) %-as dissol\ed in '1 niivtiu-e 112 ml.) of :i 
parts of hexane and 1 part of berwene arid chromatographed 
on sulfuric acid-washed alumina ( 5 . 5  g.) .  Elution of thc 
column with the same solvent mixture yicldrct in the f h t  
20 ml. excess p-phenylphc~n:icyl hroniide (m. p 125-126 I 

immediately followed in thc next 16 ml. by .L weond suli 
stance yhich after purification from hexane nieked at 
71.872 . The p-phenylphenacyl ester of d,l-cu-inethyl- 
butyric acid has been reported2' In nielt '1 I i 0  6 : t h,it of 
rhe d-enantiomorph at 71 

. I n d .  Calcd. fot  c',oH,~b i', 77 01 : F1 1: 1 I o r i i i r l .  
L, 76.99; €1, fi.61 

Continued elution with henzenr-hrvanc [ 1 : . 3 ,  70 nil 
vielded a third crystdline fraction, ivliich 
crystallizations from ethe 
itid gave no Ineltiiig point 
iiithentic .a rnple of p-pher 

Germitrine. --(;ermitrine n a b  isolated from the highly 
levorotatory material present in funnels 12-17, Three 
mystallizations of such material (413 mg.) from dilute 
acetone yielded heavy prisms (231 mg.), the properties 
of which were not changed on further crystallization (ni. p 
316-219" (dec.j: [LY]~'D (after drying at l l O O i  - H q a  f i ,  

0.85 in pyridine) ; -4"  ( r ,  1 5 in chloroform) 
Anal. Calcd. far CaoHolOlsS C, ti3.fl5, I f  9 3ti 

Found (after drying a t  110') : C ,  63 4Fi; ET, 8 i 7  
I n  a volatile acid delrrmii~ntioti 6.92 mg. of SubStdnCl' 

yielded an amount of acid equivalent to  2.50 ml. of 0.01 S 
hodiziiii hydrouirlc; c.,~fcd for air ester of germinr with om 

5 J F : r d  C ' h P r n ,  148, i 7  j19t3) 
i l g  1 1  * l l r C  T i i t  R Y 4 T  67, 2&21 

1 

~riolr id& o€ acetic, r*-tneLhylhutyri~ . t r i l l  ~ncthvlt thvl-  
glycolic acid, 2.70 m1.26 

Germitrine Thiocyanate.-Germitrine (16 mg.) wai 
dissolved in 5% acetic acid (12 drops) and a concentrated 
solution of ammonium thiocyanate (3 drops) was added 
An amorphous precipitate appeared which solidified rap- 
idly on rubbing. Two recrystallizations from diluty 
acctoiir vielded rl product (13.7 mg.) melting at  231-232 

<It c-.' &'heit rnixed nith the thiocydnate of gerinerine 
of m: ,p 230-232 tht iircltiiig point wd< depressed to  220- 
221 -) The thiocy,til,rte5 of germitrine and gernieriric 
tliffet markedly i n  thr it dubilities in acetone. Thr 
former i i  readily ri i id the I,rtter sparingly soluhle in that 
w l v t ~ t ,  / a ] %  -55 i r  , 0.7 i n  pyridine). 

Anal.  Calcd for Ca&lOlzN.Hh'CS: C, tiO.43; H ,  
7.87;  S, 4.02 Found (after drying nt 110'): C, 60.56, 
H, 8.08; S, 4.19. 

Methanoiytic Degradation of Germitrine to Germerine 
and Methyl Acetate.-A solution of gennitrine (50 mg.) 
in methanol (2 ml.) and water (1 ml.) was allowed to 

nd d t  rooin temperature At the end of about one hour 
began to  appear, which increased in amount dur- 
second hour. The crystals were redissolved by 
arming and the mixture Jlow-ed to  crystallize for 
of fifteen hours. The crystals (26 mg.) were cen- 
.mi washed with :Or; methanol (1 m1.j. Tht 

clir dried material melted dt 8f)3-204D (slight browning), 
,ajidi) ~ X 7 "  i c ,  l).(iR in pyridine); f l l "  (c ,  1.54 in 
vhlorofortn). There was no depression in melting point 
when the qample vas mixed with an authentic specimen of' 
gcriricrine isolated froin livntruvi a lbum .Zfi 

.11rd. Calcd. for C37Hn9Ol1l: C,  64.05; R, 8 57' 
t h n d  ,aFter drying at I IOc i  : C,  64.03; FT, 8.21. 

111 R volatile acid determination 8.49 mg. of substance 
yielded a n  amount of acid equivalent to 2.27 ml. of 0.01 A' 
iodiuin hydroxide; calcd. for a n  ester of germine with one 
inole each of a-rnethylhutvric trjd 2nd methylethylglycolic 
tcid. 2 29 inl.28 

The inethanol-wAtcr ittpeni,tttt .itid mashing were dis- 
:illcd !n : l a ~ i ~ o  at a bath temperature riot exceeding 30" into 
t rt'ceiver iminersed into a Dry ice-bath When all the 
liqtud had distilled over, water (1 m1.j was added to  the 
distillation residue and distilled into the Dry Ice-cooied 
i eceiver. The dry distillation residue after recrystalliza- 
tioik from dilute methanol yielded an  additional amount 
5.4 mg.1 of gerrnerine (ni p. 198-200"). To the di+ 

till& 0.01 S sodium hydroxide ( 10 ml., was added (the 
w m i d  drop rendered the +ohtion alkaline toward phenol- 
phthdein) and the solution refluxed for two hours with thi 
zxclusion of c,rrhon dioxide. The saponification tnixturc 

t u ~ l  ~ i n d  in  the blaiik c\prrimetrts is equivalent to  thc 
<iinount ot acid libcrated in the saponification (0.0393 
milliinolr) The lyophilized residue containing the so- 
diunr h i t  of the acid aas  dissolved in water (0.a d . )  acidi- 
fieti to pH t i  with a few drops of hydrochloric acid ,inti 
.Ifti%r atidition of alcohol '1 5 nil.) dnd p-phenylphenacyl 
bronikk I 1  I- ing thc mixture was refluxed for two hours 
l'hr rrsulting esters 1 f D  mg.) were worked up and chroma- 
togr,tphr-tt uii sulfuric acid-washed alumina ( 3  g.) as dr- 
scrihed .ibove. Elutioii with benzene-hexane, 1 : 3 
.tffnrded at  first ionie unchanged rc:igent (m. p 123-12.5'1 

126) Thtc value IS  corrected for the finding that  only 87% of the 
rnethylethglglycolic acid (or i t s  dehydration product tiglic acid) 
I T (  found 112 the disttllatr* .ilnrlrr th? rondttions of the volatile acid 

>f i )  Th? authors wish to thank Prof W. Poetlike of t h e  Unibcrvt% 

r < ~ r y i t a l t i w r l  + I I T P ( ~  t i m e <  from rliliitr mrthanol and then melt- 1 at 
l ( l i  JfO 

rmany, for generously supplying this sample. It 
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followedo by p-phenylphenacyl acetate (2.8 mg.) m. p. 
110-111 ; no depression when mixed with an authentic 
sample. 

Conversion of Germitrine into Germerine by Chroma- 
tography on Acetic Acid-Washed Alumina.-A solution of 
germitrine (50 mg.) in benzene (5 ml.) was passed through 
:t column of acetic acid-washed alumina (pH 5.6). The 
column was washed with benzene (50 ml.) and allowed to 
stand topped by a layer of benzene for 48 hours a t  room 
temperature. It was then eluted with benzene containing 
2.5% methanol (50 ml.). The eluate was evaporated to 
dryness in vacuo, and the residue (41 mg.) crystallized 
twice from acetone. The crystals (22.5 mg.) melted at  
202-205" (dec.) and showed no depression in melting 
point when mixed with either germerine obtained by 
methanolysis of germitrine or the sample of germerine de- 
rived from Veratrum album; [ff]*'D -5.4' ( c ,  0.83 in py- 
ridine), +15.7" (c, 1.02 in chloroform). 

Anal. Calcd. for Ca'1H59011N: C, 64.05; H ,  8.57. 
Found (after drying a t  110') : C, 63.93; H,  8.87. 

Germerine Thiocyanate.-To a solution of germerine 
(30 mg.) in 5% acetic acid (1 ml.) was added dropwise a 
concentrated solution of ammonium thiocyanate until 
precipitation was complete. The resulting product after 
:3 crystallizations from dilute methanol melted a t  230- 
232 O (dec.) . Germerine thiocyanate has been reported to 
melt a t  221-2230.1°b In contrast to the thiocyanate of 
germitrine this salt is very slightly soluble in acetone. 

Anal. Calcd. for C3rH~9011N.HNCS: C, 60.62; H, 
8.05; S, 4.25. Found (after drying at  110') : C, 60.56; 
H,  7.98; S, 4.25. 

Hydrolytic. Cleavage of Germerine to Germine, 01- 

Methylbutyric Acid and Methylethylglycolic Acid.-Ger- 
merine (100 mg.) was hydrolyzed with dilute methanolic 
sodium hydroxide and the hydrolysis mixture worked up 
as described above for germidine. The crystalline residue 
from the chloroform extract (65 mn.) after recrvstalliza- 
tion from methanol Felted at 226L225" with -previous 
sintering a t  1.55-165 , [ a ] = D  -4.3" (c ,  1.9 in 95% 
ulcohol) .lob 

Anal. Calcd. for C&Ha308hT: C, 63.63; H,  8.50. 
Found: C, 63.84; H, 8.74. 

The hydrochloride of the acetone compound was pre- 
pared from the above sample of germine and analyzed 
.tfter drying at  110". 

Anal. Calcd. for C~~H~~OaN.HC1:  C, 61.45; H, 8.26. 
Found: C, 61.45; H,  8.85. 

The sodium salts of the acids obtained by neutralization 
of the aqueous solution were allowed to react with p -  
phenylphenacyl bromide and the resulting p-phenylphen- 
acyl esters chromatographed on sulfuric acid-washed 
alumina as described for germidine. Elution with ben- 
zene-hexane yielded a t  first unreacted bromide (rn. p. 12.3.- 
125 ") followed immediately by p-phenylphenacyl-a- 
methylbutyrate (33 mg. crude), which tfter several re- 
crystallizations from hexane melted a t  72 . Elution with 
Iienzene (150 ml.) gave crystals (23 mg. crude), w!ich 
.ifter several crystallizations from ether melted a t  119 . 

.4nal. Calcd. for C19H2006: C, 73.06; H,  6.45. Found: 
C, 73.13; H ,  6.40. 

The product resulting from the reaction of methylethyl- 
glycolic acid (m. p. 72-73 ') with p-phenylphenacyl bro- 
mide melted at  119 and gave no depression when mixed 
with the above sample. 

Isolation of 1-a-Methylbutyric Acid and d-Methyl- 
ethylglycolic Acid from an Active Amorphous Concentrate. 
-A portion of the tertiary base fraction (6.0 g.) was sa- 
ponified with 0.25 11' sodium hydroxide (120 d.) and 
methanol (180 rnl.) for 18 hours a t  room temperature. 
The methanol was removed in vacuo and the precipitated 
bases extracted with chloroform. The alkaline solution 
was acidified with hydrochloric acid (congo) and 90 ml. of 
water was distilled from it in vacuo (50 mm.) . The aque- 
nus distillate was extracted ten times with chloroform and 
the chloroform extracts fractionated carefully to  remove the 
wlvent . The residual liquid was distilled in a micro sub- 

limation apparatus at a bath temperature of 40" and 25 
mm. pressure. The distillate had the characteristic odor 
of a valeric acid, [cY]"D -25" (c, 1.35 in water). The 
rotation of Z-a-methylbutyric acid has been reported as 
,22°.10b 

Anal. Calcd. for C6HloO2: C, 58.75; H, 9.86; neutr. 
equiv., 102. Found: C, 57.55; H, 9.75; neutr. equiv., 
101. 

The aqueous solution from which the a-methylbutyric 
acid had been removed by extraction with chloroform was 
extracted with ether in a continuous extraction apparatus. 
The ether was distilled off and the oily residue was sub- 
limed a t  ordinary pressure a t  a bath temperature of 80- 
120'. After an oily forerun crystals appeared, which 
after resublimation melted a t  72.573.5'. Poethkelob 
has reported a melting point of 72-73' for methylethyl- 
glycolic acid derived from germerine; [ o ~ ] ~ ~ D  4-4.4' ( c ,  
1.6 in water); +12' (c, 1.28 in 0.2 N sodium hydroxide). 

Anal. Calcd. for C6H1003: C, 50.90; H ,  8.54. Found: 
C, 50.83; H,  8.95. 

Methanolysis of Protoveratrine.-Finely powdered 
protoveratrine (150 mg.) was suspended in methanol ( 5  
ml.) and water (1 ml.). The suspension was shaken 
on the machine for four days after which time all the crys- 
tals had dissolved. The solution was distilled to  dryness 
a t  reduced pressure a t  a bath temperature not exceeding 
25" and the distillate collected in a Dry Ice-cooled vessel. 
Water (1 ml.) was then added to  the dry residue and dis- 
tilled over into the receiver. The methyl esters present 
in the distillate were saponified with dilute sodium hy- 
droxide (the amount of free acid present was negligible) 
and the sodium salts of the acids allowed to react with p -  
phenylphenacyl bromide. The phenacyl esters upon 
chromatography on alumina afforded p-phenylphenacyl 
acetate (47 mg. crude) which after recrystallization 
melted at  109-110.5", and 9-phenylphenacyl methyl- 
ethylglycolate (6.6 mg . crude) which after recrystalliza- 
tion melted at  117-118". Only a very small amount of 
the basic fraction containing the partially deacylated 
alkaloids could be crystallized. 

Germine Pentaacetate.Iob-Anhydrous germine (250 
mg.) was acetylated for eighteen hours a t  room tempera- 
ture with pyridine (6 m1.)-acetic anhydride (6 ml.). 
The mixture was evaporated to dryness and taken up in 
a minimum of chloroform. Crystallization took place 
rapidly upon addition of dry ether, and the resulting mate- 
rial was recrystallized from the same solvent mixture. 
The pure pentaacetate (199 mg.) formed small prisms and 
melted a t  256-257' (dec.), [ o ~ ] * ~ D  -85" (c, 0.6 in pyri- 
dine j . 

.-lnaZ. Calcd. for C2,H380~N(COCH3)8: C, 61.74; 
H, 7.42; acetyl, 29.9. Found: C, 61.51; H ,  7.46; 
acetyl, 29.6. 

Methanolysis of Germine Pentaacetate.-A solution of 
germine pentaacetate (100 mg.) in methanol (16 ml.1- 
water (8 ml.) was allowed t o  stand a t  room temperature for 
eighteen hours. After removal of the solvents in vacuo the 
residue was dissolved in a small amount of chloroform anti 
dry ether was added to incipient turbidity. After stand- 
ing in the refrigerator for eighteen hours a white powder 
(20 mg.) was obtained which after two recrystallization\ 
from dry methanol melted to  droplets of a clear resin a t  
166-168", and coalesced to form a meniscus a t  183-186"; 
[ a I z 5 D  0' (c, 0.94 in pyridine). 

Anal. Calcd. ~ O ~ ~ C ~ , H ~ ~ O ~ N ( C O C H ~ )  : C, 63.14; H,  
8.22; acetyl, 7.80. Found: C, 62.86; H, 8.56; acetyl, 
7.43. 
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Summary 
It has been shown that the hypotensive proper- 

ties of the roots and rhizomes of Verutrum viride, 
the American or Green Hellebore, are principally 
due to two hitherto undescribed crystalline alka- 
loids which have been named germidine and germ- 
itrine. Germidine has been identified as a mixed 
diester of the known alkamine germine, C57Ha- 
08N) with acetic acid and I-a-methylbutyric acid. 
Germitrine is a triester of gerniine containing in 
addition to the above acids one mole of d-methyl- 
ethylglycolic acid. 

Germitrine undergoes rapid methanolysis in 
50% aqueous methanol at room temperature with 
the loss of the acetyl group and the formation of 
the diester alkaloid germerine (germine Z-a-meth- 
ylbutyrate d - methylethylglycolate), already 
known as a constituent of Veratrum alhiuir. 'I'hc 
cnmporinri orig.inallv d,tninerl from the trirster 

fraction by crystallization froin aqueous methanol 
and designated germitrine in our preliminary com- 
munication13 was actually slightly impure germer- 
ine. Germitrine is also degraded to gennerine by 
chromatography on acetic acid-washed alumina. 

Germitrine is a powerful hypotensive agent. 
.is little as half a microgram per kg. given intra- 
~enously elicits a marked fall in blood pressure in 
the anesthetized dog. 'rlie two diester alkaloids 
are somewhat less active. 

Protoveratrine (, IEratrunz album), the corre- 
sponding triester of the alkamine protoverine, 
is likewise unstable in aqueous methanolic solu- 
tion; in this case the volatile methanolysis prod- 
ucts yielded on hydrolysis acetic acid as well as 
inethylethylglycolic acid. Germine pentaacetate 
on similar treatment is partially degraded to ;I 

monoacetate. 
\I?>\' f~RlPfSWICK,  hrEW JEWRY l<ECEIF'R:n APRTT. 7 ,  l'!:U 

[CONTRIEUPION FROM IH€S 1,EDItKLE LAIIOR 4 rORIES 1)IVISION. AhfERICAX CYANAMID C*OMPANY] 

Z-Amin0-4-hydroxy-6-pteridinnecarboxaldehyde 
BY C. W, WAI,LER. A. A. GOLDMAN, R.  H.  ANGIER, J. H. BOOTHE, H. L. HUTCHINGS, J. H. MOWAT AND 

J. SEMR 

A pterincarboxaldehyde was first prepared from 
the natural fermentation L. cas& factor by sulfur- 
ous acid cleavage by Hutchings, et al.' The fer- 
mentation L. cas& factor has been synthesizell and 
shown to be pteroyl-y-glutamyl-y-gltitarnylglu- 
tamic acid.' Therefore, the sulfurous acid 
method of cleavage should be applicable to the 
general class of pteroyl- compounds. Reported 
herein are two convenient methods of synthesiz- 
ing 5-amino- 4-hydroxy-6-pteridinecarboxaldehvde 
11;. 

The first method of synthesis of I is the cleavage 
of pteroylglutamic acid with sodium sulfite solu- 
tion acidified with excess acetic acid. This re- 
sulting solution reacted with a slight excess of io- 
dine to precipitate 1. 

Petering, et aZ.,3'1 in a preliminary report itidi- 
cated a pterincarboxaldehyde formation by oxida- 
tion of a polyhydroxyalkylpterin with lead te trri - 
dcetate. Forrest and Walker* by a similar osida- 
tiori of 6-tetrahydroxybutylpterin obtained ct 
pterincarboxaldehyde characterized as I by the 
formation of a 2,4-dinitrophenylhydrazone and 
oxidation to 2-amino-4-hydroxy-6-pteridinecar- 

(1) Iiutchings, et al., Tnrv JOURNAL., 70, 10 (1948), Ai??znl~ Y 1 
.l&ntl. Scr , XLVIII, 273 (1946) 
(2) Boothe, el  ol ~ i b d  , TO, 1099 (1948); Mowat, rf  ~l , ibtd , TO, 

1096 (194.3, Boothe, e1 ol , %bid., 71, 2304 (1949); Mowat. et ol , 
z b d  , 71, 2308 (19493 Scrrh, R I  , ibid , Ti, 2310 i l Y V ) ,  Angier, 
r f  R E ,  rbtd. ,  in pres5 

(1)  Prterinp and Schmidt, z b d  71, 3077 11049). 
( 3 )  (a) Petenng an8 \Vr1~blat, THIS JOURNAL, 69, 256t) 1947) 

I I o n  i ?nrl \V?l!,?r ,' r7f~rn % c  83 i lQ49) 

hoxylic acid (IV). Karrer, et U Z . , ~  have also re- 
ported a number of hydroxyalkylpterins. 

-1ngier) et a1.6 have shown that the synthesis of 
substituted alkylpterins through a dihydropterin 
often results in methylpterins rather than the de- 
sired substituted methylpterins. 

Weygand, et aZ.,i have confirmed the findings of 
Angier, et by the preparation of 2-amino-4- 
hydroxy-7 - [D - erythro - 2',3',4' - trihydroxybutyl]- 
pteridine from p-tolyl-D-isoglucosamine and 2,4,5- 
tfiamino-6-hydroxyppimidine and subsequently 
periodic oxidation to 2-amino-4hydroxypteridine- 
;-acetaldehyde. 

Weygand, et al.,7 also prepared I by periodic 
oxidation of 2-amino-4-hydroxy-6- [D-arabo-tetra- 
hydroxybutyl]-pteridine. His product was char- 
acterized by analysis, oxidation to IV, preparation 
of a Schiff base with +toluidine and methyl p -  
aminobenzoate and the preparation of pteroylglu- 
tamic acid. 

The biological interest in the pteridine carboxal- 
dehyde (I), such as the inhibition of xanthine 
oxidase by I as reported by Kalckar, et U Z . , ~  and 
Van iMeter? makes it desirable to have a prepara- 
tive synthesis which will eliminate the possibility 
of isomer and pteridine acetaldehyde contami- 
nants. 

(5 )  (a) Karrer, et ol , H d v .  Chim A ( f o ,  SO, 1031 (1947); (b) S t ,  

(6) Angier, el o l . ,  THIS JOURNAL, 70, 3029 (1948). 
(7) Weygand, et . i l ,  Brr., 88, 25 (1949). 
(8) Kalckar, et al , J B i d .  Chem., lT4, 771 (1948). 
'SI Van-XIrtrr itid OIesr,n c h i d ,  i n  press 

777 (1948); (e) SS, 423 (1949). 


