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Alkaloids of Rauwolfia serpentina Benth. II.1 The Isolation of Naturally Occurring 
Py-tetrahydroserpentine (Ajmalicine) and a Contribution Toward its Structure 
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Ajmalicine has been shown to be identical with py-tetrahydroserpentine. On the basis of chemical data and spectral 
interpretations the empirical formulas of py-tetrahydroserpentine and serpentine have been revised to C2IH2^OsN2 and C21H20-
O3N2, respectively, and new structures have been proposed incorporating the grouping CH3OOC—C=C—O—• in ring E. 

Rauwolfia serpentina Benth (family: Apocyn-
aceae) is a short shrub native to India. The plant 
is described in the early Indian literature as a 
curative for many common ills. Recently the drug 
has gained a wide reputation for its hypotensive and 
sedative properties. 

The early chemical investigations of Rauwolfia 
serpentina were quite limited prior to the work of 
Siddiqui and Siddiqui.2-6 These investigators suc­
ceeded in isolating five crystalline alkaloids which 
they classified into two groups: the ajmaline group, 
composed of three white weak bases, ajmaline, 
ajmalinine and ajmalicine; the serpentine group, 
composed of two yellow strong bases, serpentine 
and serpentinine. In a later investigation, with 
roots grown under different climatic conditions, 
these same investigators reported the following 
alkaloids to be present: ajmaline, isoajmaline, 
neoajmaline, serpentinine and two unidentified 
alkaloids. Van Itallie and Steenhauer6-7 in an 
independent investigation reported the isolation 
of three alkaloids, two of which are believed to be 
identical with ajmaline and serpentinine. Re­
cently Chatterjee and Bose,8 and Aluller, et al.,9 

have added two more alkaloids to this series with 
their isolation of rauwolfine and reserpine, re­
spectively. 

In the course of an investigation carried out in 
this Laboratory on the physiologically active 
principles of Rauwolfia serpentina,1 one of the 
alkaloids isolated was identified as ajmalicine by a 
comparison of its physical properties with those 
reported by Siddiqui and Siddiqui for this alkaloid. 
These workers succeeded in isolating ajmalicine in 
quantities sufficient only to report the melting 
points of the free base, the hydrochloride and 
picrate derivatives, and to describe the acid color 
reactions. No further characterization of ajmali­
cine has since been reported. 

The analyses of ajmalicine and three of its deriva­
tives were in excellent agreement for the empirical 
formula C21H24O3N2 and showed the presence of one 
methoxyl group. On comparing the infrared and 
ultraviolet absorption spectra of ajmalicine with 
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those recently reported by Bader10-11 for py-
tetrahydroserpentine they were found to be iden­
tical ; the melting points and optical rotations were 
also in good agreement. Their identity was con­
firmed by comparing ajmalicine with a sample of 
py-tetrahydroserpentine obtained by the hydro-
genation of serpentine. Ajmalicine has therefore 
been shown to be py-tetrahydroserpentine. 

The first structure for serpentine (I) was proposed 
by Schlittler and Schwarz12 as a result of their 
chemical investigations and degradation of ser­
pentine to alstyrine by selenium dehydrogenation. 
This structure has since been modified by Bader 
and Schwarz10 on the basis of C-methyl determina­
tions making ring E six-membered and incorpora­
ting a C-methyl group therein as shown in formula 
II; thus making serpentine a stereoisomer of an 
unknown dihydroalstonine. As with alstonine, 
ring C can be reduced in methanol with platinum 
and hydrogen yielding the py-tetrahydro deriva­
tive. 
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The empirical formula postulated for py-tetra­
hydroserpentine on the basis of our analytical data 
differs from that previously formulated by Bader 
and Schwarz10 by two less hydrogen atoms indicat­
ing an additional center of unsaturation in the 
molecule. Further support for the presence of this 
additional double bond is gained by a study of the 
infrared and ultraviolet spectra of py-tetrahydro­
serpentine which point to the existence of a CH3-

I I 
OOC—C=C-O— group in ring E. The spec­
tral characteristics of this grouping have been 
demonstrated in the elegant studies of Bader,10 

and Janot and Goutarel13 in connection with their 
work on alstonine and corynantheine, respectively. 

The infrared spectrum of py-tetrahydroserpen­
tine (Fig. 1) exhibits a slight shift of the ester 
carbonyl toward 6/u, which is indicative of an ester 

(10) F. E. Bader, HeIv. Chim. Acta, 36, 215 (1953). 
(11) F. E. Bader and H. Schwarz, ibid., 35, 1594 (1952). 
(12) E. Schlittler and H. Schwarz, ibid., 33, 1463 (1950). 
(13) M. M. Janot and R. Goutarel, Bull. SOC chim., 18, 588 (1051). 
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carbonyl conjugated with a double bond although 
the intensity of the band at 6.2^ is greater than 
that expected for an olefinic bond in this system. 
It has been shown,9'12 however, that the presence of 
an oxygen atom as an enol ether in an a,/3-unsatur-

I ! 
ated ester system such as CH3OOC—C=C—O— 
is accompanied in the infrared spectrum by a shift 
of the olefinic band to a longer wave length while 
its intensity is increased to almost equal that of the 
ester band. 

The ultraviolet absorption spectrum of py-
tetrahydroserpentine exhibits the two character­
istic maxima of a normal a,/3-disubstituted indole 
derivative, at 225 and 280 m/x; the minimum at 
246 mu common to these derivatives is lacking, 
however, and instead a shoulder is evident in this 
region resulting in a spectrum essentially the same 
as that of py-tetrahydroalstonine and corynan-
theine. This increase of absorption in the region 
of 250 m/x has been attributed in these latter com-

I I 
pounds to the chromophore C H 3 O O C - C = C - O -
as a result of spectral studies with model com­
pounds.10,13 

On subjecting py-tetrahydroserpentine to so­
dium and butanol reduction a product was ob­
tained which we have designated hexahydro-
serpentinol. The analyses of the free base and its 
O-acetyl derivative were in agreement for the 
empirical formula C20H26O2N2. The infrared spec­
tra when compared with that of py-tetrahydro­
serpentine showed the appearance of a hydroxyl 
band and the absence of the ester carbonyl as well 
as the intense band at Q.2u which has been attrib­
uted to a conjugated enol ether system. The 
ultraviolet spectrum now showed a distinct mini­
mum at 246 my and was identical to that of hexa-
hydroalstonol.14 This evidence is compatible with 

the reduction of the C H 3 O O C - C = C - O - group 
I I I 

to H O C — C — C - O - . On lithium aluminum 
I ! I 

hydride reduction py-tetrahydroserpentine afforded 
the corresponding alcohol of the composition 
C2OH2SO2N2. The infrared spectrum of this prod­
uct, tetrahydroserpentinol, exhibited a hydroxyl 
and an enol ether band and no ester carbonyl. 
The strong enol ether band in this case has shifted 
to 6.04M due to loss of conjugation with the ester. 

We now propose, on the basis of this new chemi­
cal and spectral evidence, that the empirical formu­
las for py-tetrahydroserpentine and serpentine be 
revised to C2IH24O3N2 and C2IH20O3N2, respectively, 
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Fig. 1.—Infrared spectra of py-tetrahydroserpentine in 
chloroform. 

and that their structures be modified to incorporate 
the additional center of unsaturation in ring E, 
as represented by formulas III and IV. 

Serpentine should therefore be considered a 
stereoisomer of alstonine and not of the unknown 
dihydroalstonine as has previously been proposed.10 

Experimental15 

Extraction of the Roots of Rauwolfia serpentina.—Ground, 
dried roots of Rauwolfia serpentina Benth16 (5 kg.) were ex­
tracted with six 14-1. portions of 90% ethanol; the extrac­
tions were carried out in a stainless steel tank equipped with 
stirrer and drain. Each extraction was stirred for eight 
hours, drained through filter pads into glass stills, and con­
centrated at 100-120 mm. pressure to a viscous liquid. 
On completion of the last extract the combined concentrates 
were evaporated to dryness on the steam table at 100-120 
mm. pressure, yielding a tan colored resin (585 g.). 

Preliminary Fractionation of the Crude Extract.—A por­
tion of the resin (250 g.) obtained above was powdered with 
a mortar and pestle and then added with vigorous stirring 
to one 1. of distilled water. After stirring for one-half hour 
the aqueous extract was decanted off and the remaining 
tarry material was further extracted with one 1 1. and three 
500-ml. portions of water. The dark brown water-insoluble 
material remaining was dried to a semi-solid mass in a 
vacuum desiccator (38.0 g.) and designated fraction I. 
The combined aqueous extracts were then adjusted to pH 
9.7 with ammonium hydroxide yielding a bright yellow pre­
cipitate which was recovered by filtration (fraction I I , 24 g.). 
The mother liquors were extracted five times with chloro­
form (250-ml. portions); the combined extracts were dried 
over anhydrous sodium sulfate and evaporated to dryness 
on the steam table at 100-120 mm. pressure (fraction I I I , 
14.3 g.). The remaining aqueous layer was readjusted to 
pH 11.7 with 6 TV sodium hydroxide and extracted five 
times with chloroform (250-ml. portions). The chloroform 
extracts were combined, dried over sodium sulfate and 
taken to dryness under vacuum (fraction IV, 2.5 g.). 

Fraction I I I was dissolved as much as possible in a solu­
tion of 15% methanol in chloroform (100 ml.). The in­
soluble residue was removed by decantation and the dark 
brown solution was chromatographed on an acid-washed 
alumina column using 15% methanol in chloroform as the 
developing solvent. The organophilic material in the first 
four 100-ml. fractions collected, after evaporating to dryness 
(5 g.), were combined with fraction II above. The isola­
tion of the more hydrophilic alkaloids remaining on the col­
umn will be described in a further communication. 

The combined fraction II and organophilic alkaloids of 
fraction I I I were dissolved in 100 ml. of chloroform and chro­
matographed on acid-washed alumina using chloroform as 
the developing solvent; fractions of 150 ml. were collected. 
Fraction 2 (4.13 g.) and fraction 3 (1.25 g.) were taken to 
dryness and dissolved separately in 10 ml. of ethyl acetate. 
Ajmalicine crystallized from both fractions as fine needles. 

Ajmalicine.—The crude ajmalicine (0.422 g.) was crys­
tallized several times from methanol yielding stout, colorless 
needles, m.p . 250° ( d e c , open tube) 261-263° (no d e c , 
v a c ) ; [a]"D - 5 8 . 1 ± 2° (c 1.10 in CHCl8); - 3 9 ± 4° 
(c 0.25 in methanol). Siddiqui and Siddiqui2 report a melt-

(15) All melting points are corrected. The melting points have been 
taken in both open and evacuated capillaries and are so designated. 

(16) The plant material used in this investigation was identified by 
Dr. H. W. Youngken, Mass. College of Pharmacy, Boston, Mass. 
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ing point of 250-252° dec. The sample showed no melting 
point depression when admixed with known py-tetrahydro­
serpentine. The infrared (Fig. 1) and ultraviolet absorp­
tion curves of ajmalicine and py-tetrahydroserpentine were 
identical. For analysis the sample was dried to constant 
weight at 110° (2 mm.) . 

Anal. Calcd. for C21H24O3N2: C, 71.57; H, 6.87; X, 
7.95; -OCH3 , 8.82. Found: C, 71.65, 71.46; H, 6.90, 
7.06; N, 7.83, 8.16; -OCH 3 , 8.51, 8.60; no N-CH3 found. 

Ajmalicine Hydrochloride.—Ajmalicine (30 mg.) was 
dissolved in methanol (10 ml.) and filtered. The solution 
was concentrated to a volume of 3 ml. on the steam-bath, 
whereupon 2 drops of concentrated hydrochloric acid was 
added. On cooling, ajmalicine hydrochloride crystallized 
as white, irregular sheafs, m.p . 265-268° (dec. open), 292-
293° ( v a c ) . Siddiqui and Siddiqui2 report a melting point 
of 260-263° dec. For analysis the sample was dried to con­
stant weight at 140° (2 mm.) . 

Anal. Calcd. for C2IH24O3N2-HCl: C, 64.85; H, 6.48; 
Cl, 9.10. Found: C, 64.62; H, 6.46; Cl, 9.29. 

Ajmalicine Hydrobromide.—Ajmalicine hydrobromide 
was made in the same manner as described for ajmalicine 
hydrochloride using concentrated hydrobromic acid. The 
product crystallized as diamond-shaped platelets, m.p . 
295-296° ( v a c ) . For analysis the sample was dried to con­
stant weight at 100° (2 mm.) . 

Anal. Calcd. for C21H24O3N2-HBr: C, 58.20; H, 5.81; 
N, 6.46; Br, 18.44. Found: C, 58.19; H, 5.89; N, 6.50; 
Br, 18.52. 

Ajmalicine Hydroiodide.—Ajmalicine hydroiodide was 
prepared in the same manner as described for ajmalicine 
hydrochloride using concentrated hydroiodic acid. On 
crystallization from dilute methanol, triangular faced prisms 
were obtained, m.p . 291-293° ( v a c ) . For analysis the 
sample was dried to constant weight at 100° (2 mm.) . 

Anal. Calcd. for C21H24O3N2-HI: C, 52.51; H, 5.43; 
N, 5.83; I, 26.42. Found: C, 52.32; H, 5.58; N, 5.89; 
I, 26.33. 

Ajmalicine Picrate.—Ajmalicine (50 mg.) was dissolved 
in 5 % aqueous acetic acid (6 ml.) . Picric acid ( 1 % aque­
ous solution) was added drop wise until no further precipi­
tation occurred. The yellow precipitate was recovered and 
dried under vacuum. Crystallization was effected by dis­
solving in hot absolute ethanol and allowing to stand; 
needles, m.p . 212-213° (open or v a c ) . Siddiqui and Sid­
diqui2 report a melting point of 212-215°. 

Py-tetrahydroserpentine.—Serpentine (1.1 g.) was hydro-
genated according to the procedure of Bader and Schwarz.11 

The product obtained was dissolved in CHCl3 (50 ml.) and 
then chromatographed on an acid-washed alumina column. 
Py-tetrahydroserpentine (0.8 g.) was eluted with chloroform 
while the unreacted serpentine remained near the top of the 
column. Py-tetrahydroserpentine crystallized as stout, 
colorless needles from methanol, m.p. 250-252° ( d e c , open 
tube). Bader and Schwarz reported a melting point of 
250°. 

The infrared spectrum (Fig. 1) was also taken in a nujol 
mull for comparison with that of hexahydroserpentinol due 
to the latter compound's insolubility in chloroform, and 
showed a strong conjugated ester carbonyl band at 5.95 n 
and a more intense band at 6.25 ^ attributed to the conju­
gated enol ether absorption. The ultraviolet spectrum in 
ethanol was the same as that reported for tetrahydroalston-
ne11: Xmax (log e) 280 (3.91), 225 (4.68). For analysis 

the sample was dried to constant weight at 66° (2 mm.) . 
Anal. Calcd. for C21H24O3N2: C, 71.57; H, 6.87. 

Found: C, 71.68; H, 7.19. 
Hexahydroserpentinol".—Py-tetrahydroserpentine (340 

mg.) was reduced with sodium and butanol by the procedure 
employed by Leonard and Elderfield in the reduction of 
tetrahydroalstonine .18 

A crystalline product (195 mg.) separated upon the re­
moval of the butanol by steam distillation. The material 
was crystallized from absolute ethanol, m.p. 248-250° (open, 
extensive dec.) 333-334° ( v a c ) ; [a] 24D - 9 5 ± 2° (c 0.92 
in pyridine); the infrared spectrum (nujol) showed the hy-
droxyl band at 3.1 ^, and had no absorption in the region of 
5.0-6.6 /J.. The ultraviolet spectrum in ethanol was the 
same as that reported for hexahydroalstonol14: Xmax (log e) 
280(3.94), 225(4.58); \mi„ (log «) 246 (3.06). For analysis 
the sample was dried to constant weight at 130° (2 mm.) . 

Anal. Calcd. for C20H26O2N2: C, 73.59; H, 8.03; N, 
8.58. Found: C, 73.62; H, 8.04; N, 8.56. 

O-Acetylhexahydroserpentinol.—Hexahydroserpentinol 
(100 mg.) was dissolved in pyridine (15 ml.) and acetic an­
hydride (1 ml.) was added. The reaction mixture was al­
lowed to stand 24 hours at room temperature. At the end of 
this time the solution was evaporated in vacuo to dryness. 
The residue was taken up in dilute acetic acid, made basic 
with ammonium hydroxide and extracted with chloroform. 
The chloroform was removed in vacuo and the residue crys­
tallized from dilute ethanol as needles, m.p. 164° (vac.) with 
preliminary sintering. The infrared spectrum showed ester 
carbonyl absorption at 5.8 /J.. For analysis the sample was 
dried to constant weight at 80-90° (2 mm.) . 

Anal. Calcd. for C22H28O3N2: C, 71.71; H, 7.66. 
Found: C, 71.74; H , 7.72. 

Tetrahydroserpentinol."—Py-tetrahydroserpentine (200 
mg.) was reduced with lithium aluminum hydride by the pro­
cedure employed by Elderfield and Gray in the reduction of 
tetrahydroalstonine.14 The product obtained (150 mg.) crys­
tallized from dilute ethanol as stubby needles, m.p. 260° 
(vac.) with preliminary sintering; m.p . 244° with extensive 
decomposition (open); [a]24D —136 ± 2° (c 1.00 in pyri­
dine). The infrared spectrum (nujol) showed the hydroxyl 
band at 3.1 /j and the enol ether band at 6.04 JX. The ultra­
violet absorption spectrum in ethanol was identical to that 
reported for tetrahydroalstonol14: Ama* (log e) 280 (3.88), 
225(4.50); Xmln (log e) 246 (3.14). For analysis the sample 
was dried to constant weight at 110° (2 mm.) . 

Anal. Calcd. for C20H24O2N2: C, 74.04; H, 7.46; N, 
8.64. Found: C, 74.09; H, 7.53; N, 8.53. 
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(17) Tl̂ 1P designation tetrahydroserpentinol has previously been as­
signed (H. Schwarz and E. Schlittler, HeIv. Chim. Acta. 34, B29 (1951)) 
to the product obtained by the sodium and butanol reduction of ser­
pentine nitrate. In view of the present findings this compound should 
be named hexahydroserpentinol. 

(18) N. JT. Leonard and R. C. Elderfield, J. Org. Chem., 7, 556 
(1942). 


