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mg. (0.4-1.0 ml. of a 5%, solution) of sodium nitro-
prusside is used.

Effect of Sodium Hydroxide.—Figure 5 illustrates
the effect of the molarity of the sodium hydroxide
solution on color intensity. Maximum intensity is
obtained when the sodium hydroxide concentration
is 0.5-1.0 molar. However, maximum stability
of color is obtained when 0.5 ml. of a one-molar
solution is used.

Effect of Sodium Bicarbonate.—An amount of
sodium bicarbonate greater than that of the sodium
hydroxide present is necessary for full development
of color., When solid sodium bicarbonate is added
in place of sodium bicarbonate solution, the violet
color changes to rose and fades rapidly. For maxi-
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mum color stability, 1.0 ml. of one-molar solution
was found to give the best results in the case of
Otrivin hydrochloride. However, optimum condi-
tions should be studied for each imidazoline under
consideration. A volume up to 2.0 ml. of a one-
molar sodium bicarbonate solution does not affect
color intensity, but greater volumes result in less
intense and less stable solutions.
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Reaction of Rauwolfia Alkaloids, Indoles, and Related
Compounds to Nitrite™

By R. P. HAYCOCK and W. J. MADER

The greenish-yellow color complex resulting
from the addition of sodium nitrite to an al-
coholic solution of reserpine in the presence
of dilute sulfuric acid has been re-examined to
determine the selectivity of the reaction and
the chromophore groups fundamentally re-
sponsible for the color. Its application to
other rauwolfia alkaloids, indoles, and re-
lated compounds was investigated. A new
indican reaction is reported for simpler in-
doles.

THE RAUWOLFIA ALKALOIDS have received much

attention since the isolation of reserpine was
reported by Mueller, Schlittler, and Bein (1).
The difficulties involved in establishing a method
of analysis specific for reserpine is apparent when
one considers the structural complexity of reser-
pine and its similarity to other alkaloids found
in various species of Rauwolfia. Without enu-
merating all procedures, mention should be
made of some of the methods described for the
separation and determination of reserpine in
therapeutic preparations. Chromatographic tech-
niques, both paper and column, have been used
extensively (2-4). A method is described for
the estimation of reserpine based on the ultra-
violet absorption of 3,4,5-trimethoxybenzoic acid
" *Received May 3, 1957, from the Research Department,
Ciba Pharmaceutical Products Inc., Summit, N. J.
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liberated by hydrolysis (5). A fluorometric
method for the determination of reserpine in
tablets and extracts of Rawuwolfia serpentina is
based on a reaction with hydrogen peroxide (6).
Reserpine has been determined by ultraviolet
absorption and colorimetrically and fluorometri-
cally after heating with strong acids (7). Other
colorimetric procedures include: the formation
of a chloroform soluble complex with bromophenol
blue (8), a color complex using a conventional
reagent, vanillin (9), and a colorimetric tech-
nique using sodium nitrite in the presence of sul-
furic acid (10).

Notwithstanding the abundance of analytical
procedures, the application of existing methods
presented certain difficulties and inconveniences.
Consequently, the colorimetric Szalkowski-Mader
nitrite technique was re-examined. The authors
indicate that the greenish-yellow colored complex
resulting from the addition of sodium nitrite to a
methanolic solution of reserpine in the presence
of sulfuric acid is specific and does not react with
alstonine, rauwolscine, sarpagine, yohimbine,
and deserpidine. Although no fundamental
changes were made, Banes (11, 12) and co-
workers proposed improvements to the applica-
tion of the method to reserpine and to reserpine-
rescinnamine group alkaloids in pharmaceutical
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preparations. This modification, according to
Banes, corrects for 3-dehydroreserpine a degrada-
tion product of reserpine and other substances
absorbing light at 390 my prior to nitrite treat-
ment. However, the selectivity of the reaction
and the chromophore groups fundamentally
respounsible for the color has not been adequately
investigated. This led to the study of a number
of alkaloids, indoles, and related compounds, to
determine the effect of variations in the molecule
upon the colorimetric nitrite procedure, on the
assumption that this might find application in
the elucidation, or corroboration, of the structure
of alkaloids from various species of Rauwolfia.
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Figure 1.

EXPERIMENTAL

Solutions.—(a) Indole solutions: Dissolve 25.0
mg. of the indole in 100 ml. of methanol. Dilute
4.0 ml. to exactly 100 ml. with methanol. The
diluted indole solutions contain 10 mecg. of the
indole per ml. (b) Carboline solutions: Dissolve
5.0 mg. of the carboline in 100 ml. of methanol.
Dilute 10.0 ml. to exactly 100 ml. with methanol.
The diluted carboline solutions contain 5 meg. of
the carboline per ml. (¢) Alkaloid solutions:
Dissolve 5.0 mg. of the alkaloid in 100 ml. of
methanol, Dilute 20 ml. to exactly 50 ml. with
methanol. The diluted alkaloid solutions contain
20 mecg. of the alkaloid per ml. (d) Sulfuric acid
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solutions 1 N: Dissolve about 30 ml. of sulfuric
acid in one liter of water. (¢) Aqueous sodium
nitrite solution 0.3%. (f) Aqueous sulfamic acid
solution, 59%,. Prepare fresh every two or three
days.

PROCEDURE

The procedure is essentially that of Szalkowski
and Mader (10) as modified by Banes and associates
(11). Transfer duplicate 10.0-ml. aliquots equiva-
lent to 100 mcg. of the indoles, 50 mcg. of the carbo-
lines, and 200 mcg. of the alkaloids to 150 x 18 mm.
test tubes. To each tube add 3.0 ml of sulfuric

0
cH,00¢” v

R, =CH;O; R = H
Reserpinine

R1 = CHaO; Rg = CHsO
Reserpiline

R1 = H; Rz = CHSO
Aricine

Figure 2.

acid solution, to one of the duplicate tubes add
2.0 ml. of sodium nitrite solution, and to the other
duplicate tube add 2.0 ml. of distilled water.
Mix the contents of each tube and allow to stand
for one hour. Add to each tube 0.5 ml. of sulfamic
acid solution, mix, and filter through paper. After
stabilization of the solutions, determine the spectral
characteristics with a suitable recording spectro-
photometer in matched 1-cin. cuvettes relative to
the sample blank containing no nitrite.

DISCUSSION

As indicated previously, the authors of the
nitrite procedure for reserpine claimed that
sarpagine, rauwolscine, alstonine, yohimbine, and
deserpidine, did not react. An examination of the
structure of thesealkaloidsindicated thatthecommon
structural difference from reserpine was the absence
of an 11-methoxy group. Consequently, the spectral
characteristics of other tertiary indole alkaloids
were investigated to verify these observations.
Rescinnamine (Fig. 1), which differs from reserpine
only in that the esterfied alcoholic function is
trimethoxycinnamic acid, instead of trimethoxy-
benzoic acid, produced chromogenic values approx-
imately equal to those of reserpine. Reserpinine
(Fig. 2), a tertiary indole with a heterocyclic ring E,
and possessing an 11-methoxy group, also formed
the greenish-yellow complex. In order to determine
the effect of two methoxy groups in ring 4, reserpi-
line, which possesses a 10,11-dimethoxy group, was
examined. The color complex showed essentially
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the absorption of reserpinine. Aricine, which
differs from reserpinine only in the position of
the methoxy group, which in this alkaloid is in
the 10 position, does not react. It is of interest
to note that aricine develops a weak reaction on
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standing several hours. Raunescine, which also
lacks an 11-methoxy group, did not yield the charac-
teristic nitrite color. It appeared probable from the
before mentioned data that an 1l-methoxy group
was one of the underlying groups necessary in the
development of the greenish-yellow nitrite color.

In order to determine other groups necessary for
the reaction, a number of indoles and related com-
pounds were studied. When the behavior of indoles
was examined as shown in Fig. 3, it was found that
the addition of dilute sulfuric acid-sodium nitrite
reagent to an alcoholic solution of indole, 6-methoxy-
indole, and 5,6-dimethoxyindole produced a pink
color, rather than the greenish-yellow colow char-
acteristic of reserpine. The effect of the concentra-
tions of sulfuric acid and sodium nitrite, and the
effect of time and temperature on the intensity and
stability of the pink colored complex was not ex-
amined. However, the color appears to be stable and
presumably it is a new indican reaction. The ad-
dition of groups at the 2-position reduces the color
intensity displayed by the other indoles unsubsti-
tuted in that position.

Finally, the nitrite spectra of a series of 8-carbo-
lines was examined. These results are shown in
Fig. 4. Compound A4, 1,2,3,4-tetrahydro-6,7-
dimethoxy-1-methylB-carboline, which is similar to
the ABC ring skeleton of reserpine, shows the
characteristic spectrum of nitrite treated reserpine
with a maximum at 390 mu. However, com-
pounds B and C or 6,7-dimethyl-1-methyl-3,4-di-
bydrocarboline and harmine which contain unsatu-
ration in ring C, did not form the greenish-yellow
color phenomenon. This led to the conclusion that
the ABC ring structure of reserpine is a necessary
adjunct to the formation of the color complex.

Although Banes (12) and co-workers observed
that reserpine could be determined in the presence
of its oxidative degradation products, no data was
reported on the application of the nitrite procedure

- Sodium nitrite reagent blank
------------ After filtration thru paper

----- After treatment with
sulfamic acid
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1
410 380 350
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Fig. 7.—Absorption curves of sodium nitrite.
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to pure 3-dehydroreserpine and tetradehydroreser-
pine (Fig. 5). This suggested a further study of
these oxidative degradation products to ascertain
whether or not the color phenomenon develops upon
treatment with nitrite reagent. An examination of the
absorption obtained by treating alcoholic solutions
of 3-dehydroreserpine and tetradehydroreserpine
with nitrite is negative and is shown in Fig. 6. This
is essentially in agreement with the negative results
obtained with the unsaturated 8-carbolines noted pre-
viously, and substantiates the observation of Banes
that reserpine can be determined in the presence of
oxidation products by the nitrite procedure. Isores-
erpine, which is also relatively inactive, exhibits
chromogenic absorbance but it is considerably less
than that of reserpine as can be seen in Fig. 6.

In earlier attempts to reproduce the spectral
curves for nitrite treated reserpine, and other alka-
loids, we noted apeculiar absorption pattern in the
range 330-380 mu unlike that reported by Szalkow-
ski and Mader. Subsequent investigation revealed
that this irregular absorption resulted from excess
sodium nitrite as indicated in Fig. 7. Improved re-
sults were obtained by filtering the reaction mixture
through filter paper, but in the case of nonreactive
alkaloids and indoles, the addition of sulfamic acid
directly to the reaction medium is required to re-
move excess nitrite and eliminate misleading results.

CONCLUSIONS

1. It has been established that the 7-methoxy
B-carboline group, i. e., the 1l-methoxy group
and the AB and C ring skeleton of reserpine, is
the functional group responsible for the green-
ish-yellow complex obtained by reacting an alco-
holic solution of reserpine with sodium nitrite
in the presence of dilute sulfuric acid.

2. On the basis of the formation of a green-
ish-yellow color with nitrite, the presence of an
11-methoxy group in alkaloids may be ascer-
tained.

3. On the basis of sensitivity, selectivity, and
reproducibility, the nitrite technique is the pre-
ferred procedure for determining reserpine.

4. A new indican reaction is reported for some
indoles.

REFERENCES

(1) Mueller, J. M., Schlittler, E., and Bein, H. J., Experi-
enta, 8,338(1952).
(2) Boscott, R. J., and Kar, A. B., Naiure, 176, 1077

(195
O(3) B;artelt W. F., and Hamlow, E. E., THIS JOURNAL, 44,
660(19.

(4) Banes, D, Carol, J., and Wolff, J., thid., 44, 640(1955).

(5) Dhar, M. M and Bhattacharjx S., 7. SCi Ind. Re-
search (India), 14B, 276(1955)

(6) Dechene, E. B., THIS JOURNAL, 44, 657(1955).

(7) McMullen, W. H Pazdera, H. J., Missan, S. R
Ciaccio, L. L., and Greenfell T. C., tb;d 44, 446(1955).

(8) Booth R. E., sbid., 44 568(1955)

(9) Banes, ., thid., 44 640(1955)
as (10) Szalkowski, C. R "and Mader, W. J., ibid., 45, 613-

(11) Banes, D Wolff, J., Fallscheer, H. O., and Carol, J.,
ibid., 45, 708(19 56).

(12) Banes, D., Wolff, J., Fallscheer, H. O., and Carol, J.
ibid., 45, 710(1956)





