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does not exhibit more than one-tenth the activity of 
testosterone in rats,2 the ( + ) enantiomer of I thus 
would appear to be somewhat more potent than its 
natural congener. 

To our knowledge this represents the first report 
of physiological tests on a true 18-nor-D-homo ste­
roid, and the activity of I lends support to the hy­
pothesis of Birch,3 also entertained by us independ­
ently, that the 18-nor hormones may be expected 
to exhibit activity provided the C/D rings remain 
/raws-fused, a condition which, in the case of 17-
keto compounds, is more apt to be satisfied with a 
6- than with a 5-membered ring D. The diketone 
I, moreover, represents the first reported totally 
synthetic androgenic substitute of any appreciable 
activity.4 

The above observation has prompted us to initi­
ate an extensive program to prepare and study the 
physiological properties of the 18-nor-D-homoste-
roids in both the natural and unnatural stereochem­
ical series, including the 11-oxygenated derivatives. 

(2) E. Tschopp, Arch. Intern, pharmacodynamie, 62, 381 (1935). 
(3) A. J. Birch and J. A. K. Quartey, Chem. and Industry, 489 

(1953). 
(4) Cf. review of field, ref. 3. 
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ALKALOIDS OF RAUWOLFIA SERPENTINA BENTH I. 
THE CHARACTERIZATION OF RESERPINE AND ITS 

HYDROLYSIS PRODUCTS 
Sir: 

The sedative principle of Rauwolfia serpentina 
Benth has previously been reported by Dutt, et al.,1 

as residing in the so-called "oleoresin fraction." 
Recently, Muller, Schlittler and Bein2 announced 
the isolation of a new crystalline alkaloid reserpine 
from this fraction to which they ascribed the seda­
tive action. In a further communication3 dealing 
with the pharmacology of reserpine it was revealed 
that this alkaloid possessed hypotensive activity. 

In an independent investigation of the physiologi­
cally active constituents of Rauwolfia serpentina 
Benth we have isolated reserpine4 in sufficient quan­
tity to establish its empirical formula and to sub­
ject it to preliminary structural investigation. 

Reserpine was obtained by chromatographing 
the "oleoresin fraction"1 on a silicic acid-celite col­
umn. The alkaloid crystallized from methanol as 
flat, colorless needles, m.p. 252° (dec.),5 [a]24D 
- 1 2 2 (c 1.0 in CHCl3). The analytical data were 
in agreement for the empirical formula C36H44-
O10N2:6 Calcd.C,64.40; H, 6.80; N, 4.29; 6OCH3, 
28.53; Found: C, 64.67; H, 6.49; N, 4.33; 

(1) Ashutosh Dutt, J. C. Gupta, Sudhamoy Ghosh and B. S. 
Kahali, Indian J. Pharm., 9, 54 (1947). 

(2) J. M. Muller, E. Schlittler and H. J. Bein, Exper., 8, 338 (1952). 
(3) H. J. Bein, ibid., 9, 107 (1953). 
(4) We wish to thank Dr. E. Schlittler for confirming the identity of 

our sample of reserpine. 
(5) By inserting the melting point tube in the bath at progressively 

higher temperatures, the melting point could be raised to 263-264°. 
Muller, et al., reported a melting point of 262-263". 

(6) The analytical data for reserpine would also allow the empirical 
formula Ca6H«OioNa; however, the data for reserpinolic acid and its 
derivatives favor the formula CtsHuOuNa. 

OCH3, 28.49. The compound showed the absence 
of an N-CH3 group. Sulfate, m.p. 258°, C36H44-
0I0N2-H2SO4; Calcd. C, 55.99; H, 6.18; N, 3.73; 
S, 4.27; 6 OCH3, 24.80; Found: C, 56.08; H, 
6.06; N, 3.52; S, 4.62; OCH3, 24.83; hydrochloride 
monohydrate, m.p. 220°. C36H44Oi0N2-HCl-H2O; 
Calcd. C, 59.52; H, 6.71; N, 3.97; Cl, 5.02; 
Found: C, 59.64; H, 6.81; N1 4.05; Cl, 5.07; per-
chlorate, m.p. 257°. C36H44Oi0N2-HClO4; Calcd. 
C, 55.81; H, 6.02; N, 3.72; Cl, 4.71; Found: 
C, 55.95; H, 5.99; N, 3.77; Cl, 4.87. 

On subjecting reserpine to hydrolysis with 0.75 N 
methanolic sodium hydroxide, reserpinolic acid and 
3,4,5-trimethoxybenzoic acid were recovered. The 
3,4,5-trimethoxybenzoic acid (m.p. 167-168°) gave 
no depression of melting point on admixture with 
an authentic sample. The infrared spectra were 
identical. Calcd. for Ci0H12O6: C, 56.60; H, 5.70; 
Found: C, 56.61; H, 5.72. Reserpinolic acid melted 
at 240°; [a]24D - 7 0 ± 3 (c 0.97 in H2O).7 The 
analytical data were in agreement for an empirical 
formula of C24H32O6N2; Calcd. for C24H32O6N2^H2O: 
C, 59.98; H, 7.55; 2 OCH3,12.92; Found: (dried at 
66° (2 mm.)) C, 60.48; H, 7.28; OCH3, 13.51; 
Calcd. for C24H32O6N2-H2O: C, 62.32; H, 7.41; 
Found: (dried at 125° (2 mm.)) C, 62.45; H, 7.23. 
Hydrochloride, m.p. 250-253° (dec). Calcd. for 
C24H32O6N2-HCl: C, 59.93; H, 6.92; 2OCH3, 
12.91. Found: C, 60.05; H, 7.06; OCH3, 13.51. 
On refluxing reserpinolic acid in methanol and hy­
drogen chloride, the methyl ester was obtained, m.p. 
229-231° (dec). Calcd. for C26H34O6N2: C, 65.48; 
H, 7.47; Found: C, 65.54; H, 7.50. Absorption 
spectrum: ultraviolet Xj£x. (loS e ) : 2 2 2 mM (4-6)> 
270 mM (3.78), 295 m,u (3.86): X£c

ax (loge): 252 mM 
(3.74), 277 m/j (3.72). 

Reserpine is therefore a diester containing a 
carbomethoxy group and a hydroxyl esterified with 
3,4,5-trimethoxybenzoic acid. The failure of re­
serpine to acetylate on refluxing with acetic anhy-
dride-pyridine, and the presence of the characteris­
tic NH band (2.9 n) in the infrared spectrum, is in­
dicative of a tertiary nitrogen and an indifferent 
secondary nitrogen in the molecule analogous to 
the indole alkaloids previously shown to be present 
in this species. Further evidence pointing to the 
presence of an indole nucleus is found in the parallel­
ism of the color reactions with those of yohimbine; 
in addition, the similarity in the ultraviolet absorp­
tion spectrum of reserpinolic acid and 5,6-dimeth-
oxyindole8 indicates the site of attachment of the 
two remaining methoxyl groups. The nature of 
one of the oxygen atoms in reserpine has not yet 
been established; however, the presence of an enol 
ether group could account for its apparent inertness 
and for the sharp band at 0.17 n in the infrared spec­
trum. Further work on the structure of reserpi­
nolic acid is in progess. 
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(7) The physical constants were determined on the dihydrate of 
reserpinolic acid. 

(8) H. S. Mason, / . Biol. Chem., 172, 83 (1948). 


