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The first synthesis of a naturally-occurring ester, germidine, from germine is described. Germine was converted to 
mono-D-( - )-methylethylacetylgermine by treatment with one equivalent of the acid chloride. Acetylation of this mono- 
ester with acetic anhydride led to monoacetylneogerrnitrine which on methanolysis yielded germidine. As a result, the 
positions of the acid residues in a number of natural esters may be assigned in terms of the relative ease in which the hydroxyl 
groups of the germine molecule are esterified. 

Previous  investigation^^.^ have shown that ger- 
mine, one of the principal alkamines in the family of 
Veratrum alkaloids, undergoes stepwise and selec- 
tive esterification to form mono-, di-, tri-, tetra- and 
occasionally pentae~ters.4~' Certain of the syn- 
thetic di- and triesters were found to possess hypo- 
tensive activities comparable with the activities 
exhibited by naturally-occurring di- and triesters 
of germine. This observation and the fact that the 
molecular rotation values of the synthetic esters 
correspond closely to those observed for the natu- 
ral esters made it seem likely that the same hy- 
droxyl groups were esterified in both cases. No 
naturally-occurring ester had been prepared from 
germine, however, to prove this point. 

Germidine8 has been shown to be a diester of 
germine containing one D- ( -)-methylethylacetic 
acid and one acetic acid residue. This ester also has 
been related* to the triester, neogermitrine, and tet- 
raester, acetylneogermitrine, the latter compounds 
possessing one and two additional acetic acid resi- 
dues, respectively. Since we had in hand from ear- 
lier work2s3 a mono-D-( - )-methylethylacetylger- 
mine (prepared from germine by acylation with one 
equivalent of acid chloride) an attempt was made 
to convert this monoester directly to germidine (or 
an isomer) by treatment with one equivalent of 
acetic anhydride in pyridine. Contrary to our pre- 
vious experience whereby diesters could be prepared 
in this manner using larger acid residues, acetic 
anhydride on the monoester was less selective and 
gave rise to a mixture of polyesters, the majority of 
the monoester being recovered unchanged. The 
same result was obtained when the ester was 
treated with two equivalents of acetic anhydride in 
an attempt to prepare neogermitrine. Treatment of 
mono-D-( - )-methylethylacetylgermine with excess 
reagent in pyridine, however, gave an excellent yield 
of a triacetylmono-D-( - )-methylethylacetylger- 
mine. A comparison of physical properties and infra- 
red spectra of this compound in Nujol with authen- 
tic monoacetylneogermitrine8 showed them to be 
identical. I t  can be concluded then that the meth- 
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ylethylacetyl radical in the synthetic esters occu- 
pies the same site in the natural esters, germidine, 
neogermidine (isogermidine) and neogermitrine 
since they all can be converted to monoacetylneo- 
germitrine. 

Synthetic D-( -)-methylethylacetylgermine is iso- 
meric but not identical with protoveratridine and, 
although it had previously been reported by Kup- 
chan and Deliwalaga that protoveratridine gives 
rise to acetylneogermitrine on acetylation, this ap- 
parent discrepancy has now been resolvedgb with 
the finding that the acetylation product of protover- 
atridine, triacetylprotoveratridine, is actually an 
isomer of acetylneogermitrine. In addition these 
authors have shown that neogermidine is not re- 
lated to protoveratridine but does give acetylneo- 
germitrine on acetylation. 

As stated above, germidine could not be prc- 
pared by direct acetylation of methylethylacetyl- 
germine; however, a synthetic route by way of 
monoacetylneogermitrine proved successful. It 
had been previously demonstrated that one of the 
acetyl groups of neogermitrine is susceptible to 
methanolysis particularly rapidly and that by ar- 
resting the reaction after 18 hours germidine could 
be isolated as the principal product.8 By the same 
procedure germitrine6 and germanitrinell have been 
converted to the corresponding diesters, germerine 
and germanidine. 

When monoacetylneogermitrine (synthetic) was 
dissolved in methanol and allowed to stand at  room 
temperature for 22 hours, germidine was isolated in 
38% yield by chromatography of the product on 
acid-washed alumina. The diester was obtained 
from chloroform-ether melting a t  238-239", and 
the lower melting isomorphic form was obtained 
from alcohol-water, m.p. 202-203'. Mixed melting 
points of these samples with the two isomorphic 
forms of authentic germidine gave no depression 
and the infrared spectra of all four compounds taken 
in Nuiol were identical. 

It is now clear that the five hydroxyl groups of 
germine differ markedly in the ease in which they 
may be esterified and that the naturally-occurring 
esters possess their acid residues a t  the same sites 
as the esters prepared by direct acylation of ger- 
mine. If the hydroxyl groups of germine are desig- 
nated A, B, C, etc., in order of decreasing ease of 
esterification, then on the basis of the synthetic 
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TABLE I 
POSITION OF ACID RESIDUES IN SOME ESTERS OF GERMISE 

Ester [ a b ( P Y r  1 
u-( -1 -1Iethylethylacetylgermine (synthetic) -25' 
Pro t overatridine - 9  

7 Germerine - 
Seogermidine (Isogermidine) - 60 
Germidine - 11 
(krinitrine - 69 
Seogermitrine - 78 

work described above and rotational contributions 
of the hydroxyl groups, i t  is possible to assign posi- 
tions to acid residues of a number of natural esters. 
Germerine and germidine show approximately the 
same molecular rotation value and thus hydrosyl 
groups A and B are very likely involved in both es- 
ters. Since germerine is related to protoveratridine 
and the latter is not identical with synthetic meth- 
ylethylacetylgermine, the methylethylacetic radi- 
cal of protoveratridine and germerine (as well as 
germitrine) must occupy hydroxyl group B of the 
germine molecule. The diester neogermidine (iso- 
meric with germidine) possesses a high negative ro- 
tation for a diester and since it is known3 from syn- 
thetic work that hydroxyl group C imparts a large 
negative shift to the rotation on esterification, it is 
very likely that the acetic acid moiety of neogermi- 
dine is a t  this site. The position of the acid residues 
of six natura1 esters is summarized in Table I. Thus 
it  should be possible to prepare the triester, germi- 
trine, by successive acylation of germine with meth- 
vlethylglycolic acid, methylethylacetic acid and 
acetic acid. 

Pharmacology.-The hypotensive activity 2, 
of synthetic germidine was found to be 0.30 pg. 

Experimental14 
'0,26-0.34]. 

Mono+( - )-methylethylacetylgermine .-This ester was 
prepared by esterification of germine with one equivalent of 
D-( - )-methylethylacetyl chloride as previously described3; 
1n.p. 236-238", [ c u ] ~ ~ D  -25.6' (pyridine). 

Triacetyknono-D-( - )-methylethylacetylgermine (Acetyl- 
neogermitrine).-Mono - D - ( - ) - methylethylacetylgerine 

(1%) G. L. Maison and J. W. Stutzman, Avch. intern. phav?iiaco- 
dyrramie, 85, 357 (1951). 

(13) Expressed as micrograms per kilogram of anesthetized dog per 
minute required for a ten-minute intravenous infusion to lower t h e  
mean arteria! blood pressure 30% when administered according t o  the  
method of G L, Maison and J. W. Stutzman.12 T h e  bracketed num- 
bers express t h e  95% confidence limits. 

(14) A!I melting points are corrected. 

- 

Methylethylacetic 
&Iethylethylacetic 

Methylethylglycolic Methylethylacetic 
Methylethylacetic iicctic 
Methyl ethylacetic A4cetic 
Methylethylglycolic Methylethylacetic ;Icetic 
Xlethylethylacetic Acetic Acetic 

(0.610 g.)  was dissolved in a mixture of acetic aiihydritlc 
( I5  ml.) and pyridine (15 ml.) and the solution allomeri to 
stand overnight. The excess acetic anhydride and pyridine 
were removed by distillation itt vucuo, the residue taken u p  
in chloroform, treated with dry ammonia gas and filtered 
from the precipitated ammonium acetate. The chloro- 
form solution was evaporated and the residue crystallized 
from acetone in colorless needles, 0.502 g., m.p.  252-253". 
Recrystallization from acetone gave an anall-tical sample, 
m.p.  257-259', [cx]'~D -92' (pyridine) (reported* mii. 
248-249', [ a I z 4 D  -88'). 

Anal. Calcd. for C38H570~2N: C, 63.40; H, 7 . W  
Found: C, 63.17; H ,  8.02. 

Xixed melting point of this product with an authentic 
sample of monoacetylneogermitrine (m.p.  250-252") gavc 
a melting point of 253-254'. Comparison of the infrared 
spectrum in Nujol with that of an authentic sample shoiwl 
that the compounds were identical. 

Monoacetylmono-D-( - )-methylethylacetylgermine (Ger- 
midine).-Synthetic monoacetylneogermitrine (0.43 g .  
was dissolved in methanol (45 ml.)  and the courw of tllc 
methanolysis reaction was followed by the change in optical 
rotation of the solution. After 22 hours no further change 
was observed over a 2-hour period and the methanol wa5 
then removed by distillation in vacuo. Attempts to cry+ 
tallize the residue from ether-petroleum ether gave onl\ 
gummy, partially crystalline material so the product m i -  
purified by chromatography on 13 g. of Merck acid-washell 
alumina. Elution of the column with chloroform gave 11: 
mg. (38%) of germidine, m.p. 228-229', after crysta1liz;t- 
tion from ether-petroleum ether. Two recrystallizatio,iy 
from chloroform-ether raised the melting point to 230-240", 
[ ( Y ] ~ ~ D  - 11.6' (pyridine). Recrystallization of :I \ample 
from alcohol-water gave the isomorphic form, m.p. 202-20:1° 

A?teZ. Calcd. for Cs&aOlo?;: C, 64.22; I I ,  8 .gX ;  
equiv. wt. ,  636. Found: C, 64.57; H,  8.62; equiv. wt. 
(perchloric acid titration), 639. 

Mixed melting points of both forms taken ivith the corrr'- 
sponding form of authentic germidine showed no depressioii. 
The infrared spectra of all four compounds taken in chloro- 
form or nujol were identical. 
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