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Molecular Weights of the Polymers.—Approximate 
values of the molecular weights were obtained with the aid 
of the Staudinger equation6 where i;sp is the specific viscos-

T)n,/C = KmM 
ity, C is the concentration of the polymer unit in moles per 
liter, M is the molecular weight of the polymer, and Km is 
a constant characteristic of each type of polymer. Since 
the correct values for Km were unknown an average value 
of 2 X 10"4 was taken. This value, unquestionably intro
duces an error into the calculations, but it probably leads 
to a molecular weight of the right order of magnitude. 
The viscosities were measured with a Fenske-Ostwald pipet 
in a constant temperature bath on 4 % solutions of the 
polymers in dioxane. The results are included in Table I. 

(Q) Staudinger, " Uie hochmolekularen organischen Verbmdun-
gen," Verlag Julius Springer, Berlin, 1932. 

Under certain conditions strychnine has been 
reduced to form a series of di-acidic alkaloids 
which are extremely sensitive to oxidizing action 
in acid solution. The dyes resulting from their 
oxidation have been made the basis of a sensitive 
colorimetric test for nitrates. Harvey's2 "Re
duced Strychnine Reagent" is a mixture of these 
alkaloids prepared by zinc amalgam reduction of 
strychnine in dilute hydrochloric acid. The fol
lowing work resulted from efforts to prepare the 
major components in Harvey's reagent in a more 
efficient manner with a view to studying their use 
as analytical reagents for nitrate. 

While the double bond in the ether ring of 
strychnine has been catalytically reduced,3 the di-
acidic alkaloids resulting from reduction of the 
carbonyl group of the lactam4 ring are the ones 
which display the desired color reactions with di
lute oxidants. Tetrahydrostrychnine and strych-
nidine have been obtained in about equal quanti
ties from the electrolytic reduction of strychnine 
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Strychnine Tetrahydrostrychnine. 
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(1) Present address: The B. F. Goodrich Company, Akron, Ohio. 
(2) H. W. Harvey, Conseil Permanent International L'exploration 

de la Mer, Rapport ct Proces-Verbaux, 53, 68-74 (1929). 
(3) A. Skita and H. H. Franck, Ber., 44, 2802-7 (19111. 
(4) J. Tafel, Ann., 268, 229-55 (1892) 

Summary 

A study has been made of the effects of solvents, 
temperature and catalysts on the reaction be
tween maleic anhydride and the diene mixture 
resulting from the dehydration of 4-methyl-2,4-
pentanediol. By a suitable choice of conditions it 
has been found possible to leave the 4-methyl-l,3-
pentadiene in this mixture unreacted and to iso
late it in a pure form in 23% yields. The boiling 
point, density and refractive index of this other
wise difficultly obtainable diene have been care
fully determined. 
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in 60% sulfuric acid by Tafel.5 Gentle oxidation 
of these compounds and their simple derivatives 
yields intense red dyes which Wieland and his co
workers6 concluded were meri-quinoid compounds 
formed by two molecules of the original base 
coupling in the position para to the indole nitro
gen. 

Difficulty was experienced in obtaining prac
tical yields of the reduction products by the pro
cedure of either Tafel or Perkin.7 This was at
tributed to the rapid insulation of the lead cathode 
by a coating of strychnine acid sulfate. Various 
modifications of these procedures did not ma
terially improve the reaction rate. Lead dioxide, 
copper, tantalum and platinum cathodes also were 
tried but gave even lower yields than with lead. 

However, the use of a mercury cathode in
creased the reaction rate as much as 800% com
pared to a lead cathode. Moreover, by proper 
regulation of temperature and reaction time it 
was possible to convert the strychnine mostly to 
tetrahydrostrychnine or strychnidine as desired. 
The use of a sodium amalgam cathode gave an 
even higher reaction rate but simultaneously re
duced the double bond by as much as 30%. 

The reaction rates were studied under various 
conditions of temperature, voltage and current 

(5) J. Tafel, Ann., 301, 285-348 (1898). 
(6) H. Wieland, F. Calvet and W. W. Moyer, ibid., 491, 107-116 

(1931). 
(7) G. R. Clemo, Wm. H. Perkin, Jr., and R. Robinson, / . Chcm. 

Hoc, 1589-1627 (1927). 
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density with the mercury cathode. Overvoltage 
or current density had little effect within the prac
ticable region studied but temperature had a 
marked effect. At 27°, 16% current efficiency 
was obtained on a mercury cathode, while at 6° 
this dropped to 2.4%, which was about the equiv
alent of a fresh lead surface at 27°. This drop 
may have been due partly to a decrease in con
centration of strychnine by precipitation at the 
low temperature. At 66° the current efficiency 
was surprisingly low, probably due to a change in 
surface conditions which interfered with the re
duction. 

The major reduction products were separated 
and analyzed. The ratio of strychnidine to tetra-
hydrostrychnine increased with an increase in 
temperature of reaction and with the length of 
reaction time. Total yields with the lead cathode 
were always much lower than reported in previous 
work. In contrast, about 70 to 80% reduction 
was obtained in ten to twelve hours with a mer
cury electrode under comparable reduction condi
tions and almost complete reduction was obtained 
in sixteen to twenty hours. 

Methods 

Apparatus and Method of Reduction.—In most of the 
work with the mercury cathode, 50 to 75 ml. of the catho-
lyte was used in a tall cylinder. The mercury cathode had 
an area of 17.3 sq. cm. For comparative experiments 
metallic plates were cut to the exact diameter of the cell 
and set in paraffin in place of the mercury or sodium amal
gam cathodes. A platinum anode of approximately the 
same surface area as the cathode completed the cell. An 
anode cup of alundum, 2.6 cm. in diameter, was held 2 to 
3 mm. above the cathode surface; thus loss of catholyte 
was minimized and surface oxidation by spattering anolyte 
avoided. A 0.3 M solution of strychnine in 60% (by 
weight) sulfuric acid was used for most of the reductions. 
Sulfuric acid of the same concentration was present in the 
anode cup. Current was supplied through a variable 
potentiometer from a bank of 6 to 8 lead storage batteries. 

Analysis of Reduction Mixture.—Small samples were re
moved a t intervals during the reduction and diluted with 
oxidant-free concentrated sulfuric acid so that they con
tained between 0.01 and 0.3 mg. of reduced product per 
milliliter. To each was added an equal volume of standard 
nitrate solution (7.5 X 1O -6 molar in nitrate and 0.7 
molar in hydrochloric acid) and allowed to stand for four 
to five hours in the dark. The specific absorption coef
ficient for the 5300 A. band was determined with a Zeiss-
Pulfrich photometer equipped with a 0 to 15-mm. variable 
depth comparison cell. The instrument had been cali
brated with known concentrations of "reduced product" as 
well as with purified strychnidine. Since the reaction was 
nearly linear only up to about 15% reduced product, the 
relative current efficiencies were determined from the reac
tion curves between 5 and 15% reduction. This procedure 

was shown to involve an average error of about 5 % largely 
due to micro sampling difficulties and non-homogeneity of 
the reaction mixture. 

Separation of Reduction Products.—The catholyte was 
immediately diluted with 0.01% sulfurous acid to a sul
furic acid concentration of 28.5% by weight and cooled to 
6°. Unconverted strychnine was thus precipitated as the 
acid sulfate, C2iH2202N2-H2S04-2H20.8 

The strongly acid filtrate was neutralized with ammo
nium hydroxide and cooled with ice until an amorphous pre
cipitate of free alkaloid was obtained. The use of am
monium hydroxide rather than the customary alkalies 
facilitated the extraction of the water-soluble alkaloids. 
The free alkaloid precipitate contained mostly strychnidine 
and tetrahydrostrychnine with some strychnine and di-
hydro derivatives. Double extraction with water at 50 
to 60° removed most of the soluble tetrahydrostrychnine 
and dihydro derivatives. The residue, containing the 
strychnidine, was recrystallized once from alcohol to re
move the small amount of strychnine and complete the 
purification. 

The tetrahydrostrychnine was the most difficult alka
loid to obtain pure. The major portion of the tetrahydro
strychnine was precipitated from the concentrated aqueous 
extracts by the addition of a large excess of ammonium 
hydroxide. Treatment of this filtrate with chloroform ex
tracted an additional amount of tetrahydrostrychnine. 
The crude tetrahydrostrychnine was then extracted with a 
small amount of boiling absolute alcohol and on cooling 
most of the strychnine and strychnidine crystallized and 
were removed. Evaporation of the chloroform and alcohol 
extractions yielded the tetrahydrostrychnine. Several 
recrystallizations from ethyl acetate were necessary for 
even an approximate purification. Small amounts of 
other reduction products were difficult to remove and a 
brown amorphous substance, relatively soluble in alcohol, 
was always associated with this fraction. Usually the 
crude tetrahydrostrychnine was precipitated as tetrahydro
strychnine dipicrate for a rapid approximate analysis. 

Dihydro derivatives were obtained in recoverable 
quantities only from the sodium amalgam reductions. 
These were separated along with the crude tetrahydro
strychnine from the water extracts. The high solubility 
of the dihydro derivatives in alcohol permitted their sepa
ration from the tetrahydrostrychnine. By successive re-
crystallizations from ethyl acetate and methanol, nearly 
pure dihydrostrychnidine was isolated. 

Results and Discussion 

Relative Current Efficiencies.—The essential 
data of a number of the reductions on mercury, 
sodium amalgam and lead cathodes are shown in 
Table I. The average current was calculated 
from the ammeter readings taken at each sampling 
of the reduction mixture. The average reduction 
was taken from the reaction curve in which cur
rent had been plotted against quantity of reduced 
product. Typical curves are shown in Fig. 1. 

(8) Benj. M. G. Zwicker and R. J. Robinson, T H I S JOURNAL, 63, 
3S38 (1941). 
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TABLE I 

COMPARATIVE INITIAL ELECTROLYTIC REDUCTION RATES 

No. 

XIX 
X X 
X X I 
XXII 
XXIII 
XXIV 
XXVI 
XXVII 

Cathode 

Hg 
Hg 
Hg 
Hg 
Hg 
Na-Hg 
Na-Hg 
Pb 

Temp., 
0C. 

6 
14 
25 
25 
66 
34 
42 
29 

Current 
density 

amp./sq. cm. 

0.044 
.043 
.020 
.044 
.044 
.040 
.046 
.040 

Average 
current 

(equiv./min.) ClO3) 

47.6 
46.0 
21.1 
47.2 
47.9 
49.7 
46.0 
42.0 

The effect of temperature on the initial reaction 
rate is apparent from the values observed on mer
cury cathodes. The efficiencies reported for the 
sodium amalgam must be considered less accurate 
than the others, since dihydro derivatives were 
formed at the same time. The highest over-all 
efficiency obtained on a lead cathode was 0.34% 
with 50% reduction in seventy hours, which was 
considerably less than reported by Clemo, Perkin 
and Robinson. The over-all efficiency for the 
mercury electrode was several times higher. 

Fig. 1, 

50 100 150 
Milliequivalents of electricity. 

-Representative rates of electrolytic reduction on 
mercury cathodes: I, 25°; II, 14°. 

Reduction Products.—The analyses of several 
catholytes are summarized in Table II. While 
the data are only approximate, they are quite use
ful for making comparisons. In reductions 
XVIII, XIX and XX the catholyte was heated to 
50 to 60° before dilution to increase the yield of 
strychnidine. However, oxidation occurred even 
in the presence of sulfurous acid. Reductions III 
and IV were made in an apparatus of the type used 
by previous authors. In the sodium amalgam re
ductions, the dihydro derivatives, mostly isolated 
as dihydrostrychnidine, constituted one-quarter to 
one-third of the total reduced strychnine. 

Details of the following reduction are typical: 9.49 g. 
of Merck U. S. P. XI strychnine sulfate (7.40 g. of strych
nine) was dissolved in 30 ml. of distilled water and 45 g. 

Average 
reduction 

(equiv./min.) (H)5) 

1.1 
4.0 
3.3 
7.3 
3.4 

10.9 
15.6 

1.1 

% Current efficiency 
Relative Over-all 

2.4 
8.7 

15.8 
15.5 
7.0 

21.9 
33.9 

2.6 

0 .5 
2 .2 
2 .3 
2 .3 
1.1 
2 .3 
2 .2 
0.3 

TABLE II 

ELECTROLYTIC REDUCTION PRODUCTS OF STRYCHNINE 
Strychnidine,' 

No, 

III 
IV 
XXVII 
XV 
XIX 
XX 
XVIII 
XVII 
XXII 
XXI 
XVI 
XXII I 

Cathode 

Pb 
Pb 
Pb 
Hg 
Hg 
Hg 
Hg 
Hg 
Hg 
Hg 
Hg 
Hg 

Temp. 
0C. 

30 
25 
29 

14 
15 
25 
25 
25 
27 
66 

Current 
density, 
amp./ 
sq. cm. 

0.020 
.021 
.040 
.049 
.044 
.043 
.165 
.044 
.044 
.020 
.047 
. 044 

Time, 
hours 

50 
47 
55 
49 
46 
31 
32 
20 
35 
32 
14 
20 

% 
Strych

nine 
reduced 

52 
37 
24 
24 
24 
86 
97 
98 
100 
49 
94 
34 

Tetra-
hydro-
strych-

nine 

1.9 
2. 
4. 
0. 
1. 
3.8 
2.9 
1.3 

of sulfuric acid, sp. gr. 1.84. The solution was cooled and 
the temperature controlled to within a degree of 25° during 
reduction. The current was maintained at 0.75-0.76 
ampere (0.043-0.044 amp./sq. cm.) by a terminal potential 
of 4.9 volts and a cathode/catholyte potential of 2.9 volts. 

The exposed cylinder walls soon became reddish from air 
oxidation of the spray. A clear crystalline precipitate per
sisted until near the completion of the reduction. The 
diminution of the Otto9 fading purple test for strychnine in 
60% sulfuric acid became apparent after eleven to twelve 
hours, and after sixteen hours only a faint test was ob
served. In more concentrated acid, however, the transient 
purple was still visible, even after thirty-five hours of re
duction. 

Separation of the Reduced Products.—After thirty-five 
hours the catholyte was siphoned into 83 ml. of 0.01% 
sulfurous acid. No strychnine acid sulfate separated. 
The acid was neutralized with concentrated ammonium 
hydroxide after 100 to 200 g. of ice had been added. Ex
cess ammonia was removed by heating at 40 to 50° for 
half an hour. The granular precipitate was filtered and 
extracted twice with 100-ml. portions of water at 40 to 50° 
to remove the tetrahydrostrychnine. 

The crude strychnidine remaining weighed 4.48 g. when 
vacuum dried over sulfuric acid at 20°. I t dissolved in 100 
ml. of boiling 9 5 % ethanol and, when cooled to 6°, 3.92 g. 
of microscopic needles separated, m. p. 253-254° in vacuo. 
These, upon recrystallization from 50 ml. of thiophene-free 
benzene, yielded long, clear, tetragonal crystals, m. p. 
256.5° in vacuo. 

(B) F. Otto, Ann., 60, 273 (1846). 
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The aqueous extracts and filtrate were evaporated under 
vacuum at 60° to a volume of 100 ml. A buff precipitate 
of impure tetrahydrostrychnine, weighing 2.83 g., was ob
tained by the addition of a large excess of ammonium 
hydroxide. The ammoniacal filtrate yielded 0.195 g. of 
dipicrate of tetrahydrostrychnine which exploded at 222° 
in vacuo. 

The impure tetrahydrostrychnine was dissolved in the 
alcoholic mother liquor from the strychnidine crystalliza
tion, evaporated to 40 ml. and cooled to 6°. Impure 
strychnidine, m. p. 245-247°, weighing 0.38 g. separated. 
The alcoholic solution was entirely evaporated and 3.00 g. 
of impure tetrahydrostrychnine was obtained as a brown 
amorphous mass, melting slowly between 180-187° in 
vacuo to a reddish brown sirup. Precipitation by an excess 
of potassium iodide from 0.1 N sulfuric acid solution gave 
4.72 g. of dried hydriodide. Chloroform extraction of the 
strongly ammoniacal paste followed by alternate crystal
lizations from ethanol and ethyl acetate gave 2.15 g. of 
nearly colorless tetrahydrostrychnine, m. p. 200-202° in 
vacuo. A brown amorphous mass of undetermined com
position accumulated in the soluble fractions; 0.2 g. of 
strychnidine was removed from the more insoluble frac
tions. 

Conversion of Tetrahydrostrychnine to Strychnidine.— 
Two grams of crude tetrahydrostrychnine was treated with 
ten times its weight of phosphorus oxychloride in a stream 
of carbon dioxide. After refluxing for forty-five minutes 
at 60-70° under partial vacuum, the excess reagent was 
removed by vacuum distillation in the presence of carbon 
dioxide. The residual brown sirup was carefully diluted 
with 30 ml. of 0.01% sulfurous acid. Ten ml. of a 20% 
potassium iodide solution was added and the mixture 
cooled to 5°. The microcrystalline precipitate was dis
solved in hot water, made strongly ammoniacal and ex
tracted with chloroform. The extracts were dried and the 
brown mass was crystallized from benzene to give 1.72 g. 
of crude strychnidine, m. p. 248-250° in vacuo. Slow re-
crystallization from benzene gave pure strychnidine, m. p. 
256-257° in vacuo. 

Properties of Reduction Products.—At 25° 2.37 g. of 
strychnidine was soluble in 100 g. of 95% ethanol, 4.53 g. 
in 100 g. of benzene and 1.45 g. in 100 g. of ethyl acetate. 
The methoxy dihydrostrychnidine, prepared from alkaline 
alcoholic hydrolysis of the strychnidine methosulfate, is the 
most characteristic derivative.10 No trace of violet colora
tion formed in 94% sulfuric acid on addition of a trace of 
chromic acid but a stable crimson color appeared immedi
ately on dilution to 80%. 

Strychnidine after five recrystallizations from benzene 
gave long, clear tetragonal prisms, m. p. 256.7° in vacuo, to 

(10) A. E. Oxford, Wm. H. Perkin, Jr., and R. Robinson, / . Chem. 
Soc, 2389-2410 (1927). 

a colorless sirup; 0.1002 g. of this gave 0.1501 g. of meth
iodide from benzene with methyl iodide; calcd. 0.1498 g.; 
34.25 mg. gave 17.44 mg. of AgI; calcd. 27.45% I, obs. 
27.53% I. 

Tetrahydrostrychnine was purified by several recrystal
lizations from ethyl acetate and ethyl alcohol after precipi
tation as the hydriodide from dilute acid solution. It 
slowly lost one molecule of alcohol or ethyl acetate of 
crystallization at 110° but not in vacuum at room tem
perature. The acetyl derivative, prepared with acetyl 
chloride or acetic anhydride, was easily identified as a 
brown varnish soluble in ether, giving a purple Otto strych
nine reaction. Considerable strychnidine was formed 
during the reaction. 

1.6352 g. of vacuum-dried tetrahydrostrychnine crystal
lized from ethyl alcohol lost 0.1421 g. at 110°. For one 
alcohol of crystallization, calcd. 8.83%; obs. 8.69%. The 
residue, m. p. 202-204° in vacuo, recrystallized from ethyl 
acetate, gave 1.7549 g. of monoclinic needles which lost 
0.2601 g. at 110°; for one ethyl acetate, calcd. 15.03%; 
obs. 14.83%. 0.0994 g. of pure base gave 0.1489 g. of 
vacuum dried methiodide from anhydrous methyl alcohol 
and excess methyl iodide; calcd. 0.1411 g. for C2iH2602N2-
CH3I. At 100° the salt slowly lost weight. 36.63 mg. 
gave 18.30 mg. silver iodide; calcd. 26.62% I, obs. 27.03% 
I. 

Dihydrostrychnidine, m. p. 214-215° in vacuo, crystal
lized as colorless to yellowish leaflets and plates from an
hydrous methanol. 

Summary 

Solid metallic cathodes were found to be quite 
inefficient in the electrolytic reduction of strych
nine. 

In 60% sulfuric acid, a mercury cathode gave 
strychnidine and tetrahydrostrychnine in excel
lent yields. The ratio of the two could be varied 
by varying the temperature and length of reduc
tion. 

Sodium amalgam cathodes gave 20 to 30% di
hydrostrychnidine and an even greater rate of re
duction than mercury. 

The separation of strychnine as an acid sulfate 
in 28.5% sulfuric acid solution was found to be 
critical. 

A procedure for separation of the reduction 
products was recommended, based on solubility 
relationships. 

SEATTLE, WASH. RECEIVED NOVEMBER 5, 1941 


