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SYNTHESIS OF 1-METHYLINDOLE-3-ACETALDEHYDE AND ITS
OXIDATION BY HORSERADISH PEROXIDASE

1. INTRODUCTION

In an earlier study, we reported that indole-3-carboxaldehyde
(IA1d) was one of the major products in the peroxidase oxidation of indole-
3-acetaldehyde (IAAld).l The catalytic reaction produced an aldehyde (IAld)
with a side chain having one carbon shorter than the original aldehyde (IAAld).
The optimal pH of the enzyme reaction was in the range of 4.4, At pH above
6.0, the enzyme showed little activity in oxidation of the aldehyde; whereas
the presence of sodium bisul fite restored the enzymatic activity at alkaline
pH.2 One of the major products in the peroxidase-catalyzed oxidation of
IAAld was found to be 4-hydroxyquinoline (4-HQ).l

The possibility that 4-HQ can be produced as an oxidation product
of indole-3-acetic acid (IAA) has been discussed by Manning and Galston.3
They believed that 4-HQ was not formed in the peroxidase oxidation of IAA.
However, our work definitely shows that 4-HQ can be generated from either
IAA or IAAld in the peroxidase-catalyzed reaction at alkaline pH in the
presence of sodium bisulfite.1,4 At the optimal pH of the enzyme, 3-methy-
lene oxindole has been identified to be the major product in peroxidase oxi-
dation of IAA.5 No doubt, the reaction conditions have played a significant
role in controlling the distribution of the oxidation products in the cata-
lytic breakdown of these indole derivatives,

To illustrate the possible mechanism of the oxidation reactions,
1-methyl-indole-3-acetaldehyde (1-methyl-I1AAld) was synthesized in my labo-
ratory and the catalytic oxidation by the peroxidase was investigated. The
results that we obtained indicated that, similar to what was observed for
IAAld, the oxidation of 1-methyl-IAld yielded an aldehyde {1-methyl-IAld)
having a side chain one carbon shorter than the original aldehyde. At alka-
line pH, bisulfite also stimulated the oxidation of the aldehyde by the
enzyme, However, the corresponding l-methyl-4-HQ was not identified as a
product in the oxidation reaction. Possible mechanisms of the peroxidase-
catalyzed oxidation of these indole derivatives at different reaction condi-
tions will be discussed.

2. MATERIALS AND METHODS

1-Methylindole-3-acetaldehyde (1-methyl-JAAld) was s%nthesized from
1-methyl tryptophan according to a procedure described by Gray. 1-Methyl-
tryptophan was, in turn, prepared by interaction of tryptophan with methiodide
in liquid ammonia in the ?resence of metallic sodium according to a procedure
outlined by Yamada et al./ 1-Methyl-4-HQ was prepared from 4-HQ by a method
reported by Simpson and Wright.8 1-Methyl-IAld was synthesized from l-methyl-
indole by reaction of dimethyl formamide on the indole in the presence of phos-
phorus oxychloride by a method described by Tyson and Shaw.9 Crystalline
horseradish peroxidase (RZ=3.0) was purchased from Worthington Biochemical
Corp., Freehold, N.J. All other chemicals and reagents were reagent grade or
the highest purity and were used without further purification.
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‘ The rate of the enzymatic reaction was monitored by the spectral

% changes at 248 nm, which represented the overall reaction of the peroxidase

| oxidation of l-methyl-IAAld. Infrared spectra were obtained in a Beckman
infrared spectrophotometer. Thin-layer chromatography was run on either
Brinkman silica gel or Eastman silica sheets with or without fluorescent
indicator.

3. RESULTS

3.1 Synthesis of 1-Methylindole-3-Acetadehyde.

The compound was synthesized according to a procedure described for
[IAAld by Grayb and was also obtained in the form of bisulfite salt. It was
recrystallized by dissolving the crude product in a minimum amount of water
and then diluting with isopropanol to a final concentration of 90% isopropanol.
Yield: 1.5 gm of l-methyl-IAAld-NaHSQ3 from 4 gm of l-methyl-tryptophan.

1-Methyl-1AAld was a colorless syrupy liquid. It gave positive
tests to Schiff's and 2,4-dinitrophenylhydrazine reactions for aldehydes, and
to Ehrlich and xanthydrol reactions for indole ring.

Figure 1 shows the infrared spectra of IAATd-NaHSO3 (A), 1l-methyl-
IAA1d-NaHS03 (B), IAAl1d (C), and l-methyl-IAAld (D). As may be seen, the
infrared spectrum of the freshly released 1-methyl-IAAld bears a great simi-
larity to that of_the free IAAlId except that the N-H stretching band is not

shown at 3390 cm-l. The infrared spectrum of 1-methyl-IAA1d-NaHSO, resembles
that of IAA1d-NaHSO.. The carbonyl stretching band at 1720 cm-1 of the free
1-methyl-1AAld (Figure 1D) cannot be seen in l-methyl-I1AAd-NaHS03.

The UV absorption spectrum of the free l-methyl-IAAld had a maximum
at 288 nm (molar extinction coefficient 5.2 x 104) and a trough at 247 nm.

Analysis of CyiHyp04NSNa:
Caled. C, 47.65; H, 4.36; N, 5.05%
Found. C, 46.04, H, 4.86; N, 4.93%

3.2 Effect of pH on the Oxidation of 1-Methyl-IAAld and 1-Methyl-1AAId-
NaHS03. o

The effect of pH on peroxidase oxidation of these substrates is
shown in Figure 2, The absorbance change at 247 nm (the trough) was used to
monitor the overall rate of the enzymatic reaction. The redctions are seen to
be pH dependent; in the pH range of 3.5 to 4.4, a known optimal pH for peroxi-
dase oxidations, the two substrates were rapidly oxidized although the presence
of equimolar NaHSO3 slightly inhibited the reaction of the free aldehyde. In
the pH range of 4.4 to 6.2, the reaction rates decreased with increasing pH.
Above pH 6.2, a distinct difference in the rate of oxidation can be seen; as
the pH was increased, the rate of oxidation of the free aldehyde decreased;
whereas the oxidation of the bisulfite salt increased as pH increased. Simi-
lar results were also reported for IAAl1d,2 indicating a significant cffect of
NaHSO3 on the peroxidase-catalyzed oxidation of these indole derivatives.
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Figure 1.

Infrared Absorption Spectra of Indole-3-Acetaldehyde Sodium
Bisulfite Salt (A), 1-Methylindole-3-Acetaldehyde Sodium
Bisulfite Salt (B), Indole-3-Acetaldehyde (C), and 1-Methyl-
indole-3-Acetaldehyde (D)
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Figure 2. Effect of pH on the Oxidation of IAA, 1AAld, IAATd-NaHSO3

A The rate of the enzymatic reaction was followed by the change of ab-
Reaction mixture contained 1 x 10-4 M
of substrates, IAA, IAAld, or IAAId-NaHS3 in _0.05 M of buffer solu-

' sorbance at 247 nm per hour.

tion, 6 ug of enzyme (RZ = 2.0), and 1 x 10~

4 M 0fH,0,.

For pH

values ranging from 3.6 to 5.2 and from 5.6 to 7.8, acétate and phos-

phate were used, respectively.
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3.3 Spectrophotometric Studies on the Oxidation of 1-Methyl-IAAld.

The changes in ultraviolet spectra during the course of the peroxi-
dase oxidation of l-metinyi-I1AAld at pH 5.0 are shown in Figure 3. Oxidation
of the aldehyde caused i:mediate changes in the spectra at 247- to 249-, 265-,
and 303-nm regions. A* ~quilibrium, the spectrum showed no similarity to
that of 3-methylene oxiridole and that of 1-methyl-4-HQ. The formation of
1-methyl-1A1d could not be shown by spectrophotometric method since l-methyl-
IAld and 1-methyl-IAAld have very similar ultraviolet absorption spectra,
1-Methyl-1A1d has a single maximum at 288 nm wich a trough at 261 nm and
1-methyl-I1AAld shows a maximum at 292 nm and a trough at 247 nm. At alkaline
pH, the changes in the spectrum during the course of oxidation of 1-methyl-
IAA1d-NaHSO3 showed no significant difference from those observed for free X
aldehyde at acidic pH.

3.4 Thin-Layer Chromatographic Evidence for the Formation of 1-Methyl-
TATd from Oxidation of 1-Methyl-TAAld.

Althc -h the formation of l-methyl-IAld cannot be demonstrated by
spectrophotomet: .. ncthod, subsequent thin-layer chromatographic analysis
indicated that l-methyl-1Ald was formed as a major product in the enzyme
oxidation of l-methyl-IAAld. The results of thin-layer chromatography of
the oxidation product of l-methyl-TAAld in four solvent systems are shown
in Figure 4, and the Rf values are summarized in Table 1 for comparison,
The Rf values of the oxidation product corresponded well with the authentic
1-methyl-IA1d. The spots were identified by spraying the thin-layer plates
with 2,4-dinitrophenyl-hydrazine reagent, Furthermore, when the reaction
was performed at alkaline pH in the presence of NaHSO3, the formation of
1-methyl4-HQ was not demonstrated by either thin-layer chromatographic or
spectrophotometric method. Apparently, product or products other than
1-methyl-4-HQ were produced as a result of the oxidative degradation of
l1-methyl-IAAld. Additional work is required to identify the structural !
characteristics of the unknown product(s).

4, DISCUSSION

At the optimal pH of the enzyme reaction, the oxidative breakdown
of IAA, IAAld, and 1-methyl-IAAld all resulted in the formation of the oxida-
tion products that are one carbon less than the original compound, and the )
missing carbon atom is usually derived from the a-carbon of the side chain,
It is likely that the enzymatic oxidation of these indole derivatives follows
the same reaction mechanism that leads to the formation of different products.
Evidence available to date suggests the transient existence of a 3-methylene
indolenine-1ike intermediate in the enzyme-catalyzed oxidation of these indole
derivatives.l0 The a-carbon oxidative elimination process may involve the
protonation of the clectronically dense C-3 position of the indole ring.ll
The site of oxidation is then determined by the nature of the a-carbon and
the presence or ghsence of an additional group at the N-1 or C-2 position.

11
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1-Methyl-4-HQ is a naturally occuring alkaloid that was first
isolated from Echipses by GreshofflZ in 1933 and was called echipsin. Since
1-methyl-4-HQ was not identified in the peroxidase oxidation of l-methyl-
IAAld, echipsin may be prcgduced directly from methylation of 4-HQ rather than
from 1-methyl-I1AAId.

At alkaline pH, tne enzyme usually is inactive toward the oxidation
of these indole derivatives. The stimulatory effect of NaHSO3 on the peroxi-
dase oxidation of these compounds may involve the generation of free radicals
that are essential for the oxidation of these indole derivatives at alkaline
pH. Sodium bisulfite has been used as a sensitive detector for the genera-
tion of free radicals by Alyea and Backstroml3 and also by Fridovish and
Handler.l4 The mechanism involved in the bisulfite-stimulated oxidation of
these indole derivatives may be similar to the bioluminescence generated by
xanthine oxidase in the presence of luminol or lucigenin, which depend on the
generation of free radicals.l5

We have reported that 4-HQ was produced in the NaHSQ3-stimulated
peroxidase oxidation of IAA1d.Z2 The formation of l-methyl-4-HQ from l-methyl-
[IAA1d, however, was not demonstrated. The different results indicate a signi-
ficant effect of the l-methyl group in the ring expansion reaction. The
question is raised as to whether the 3-methylene indolenine-l1ike intermediate
may also be involved in the formation of 4-HQ from IAAld. If this mechanism
is involved in the catalytic formation of 4-HQ from [AAlId, the attachment of a
methyl group at the N-1 position would not hamper the formation of l-meth,l-
4HQ from l-methyl-IAAld. This concept is depicted in the following scheme.

At alkaline pH:

OCHe OH

CH3 CH,y
3-Methylene
Indolenine I-Methyl-4-hydroxy-
quinoline

..................
.......
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At acidic pH:

CH
CH.,0H @\ -CHp
2
g o
H

N O
H
A 3-Methylene
oxindole-3-carbinol oxindole
C02 /\ HCHO
CH
e s v
N
4 j=Methylene
Indolenine

/ \ \X\ OH
w CH,C0-~0~CH, [;@ @E?CHO @\/Nj

Indole-3~ h.Hydroxy=-
Ester carboxaldehyde quinoline

Since 1-methyl-4-HQ was not generated as a product, the oxidation
of the indole-3-acetaldehyde derivatives may follow a reaction mechanism dis-
tinct from that observed at acidic pH. The sequence of the reaction may be
similar to that of the well-known kynurenine pathway for tryptophan metabo-
lism, which involves the cleavage of the indole ring at the 2,3-position and
results in the loss of the 2-carbon atom of the indole ring instead of the
a-carbon of the side chains. This reaction mechanism requires an additional
equivalence of Hp02 essential for generation of the free radicals. The mecha-
nism may be depicted in the following schemes:




4-Hydroxyquinoline:

0 OH
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-CH,CHO 1,0, A\
! cz0
N ‘h’\H
Indole-3-acetaldehvde "
(D)
OH on
Ei:]:i§j HCHO 7R
0 ?
€
PN N Son
H i
(17) (177)
on
AN
+ 1,0
_ 2
4-Hydroxv-
Quinoline

1-Methyl-4-HQ: The presence of the l-methyl group may hamper the closure

of the ring and l-methyl-4-HQ was not produced.
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