
R - HISS 394 SY N TH ESIS OF - E T Y L IN D O LE-3- CETA LD EH Y D E AND ITSlfOXIDATION BY HORSERADISH PEROXIDRSECU) CHEMICRL
RESEARCH DEVELOPMENT FIND ENGINEERING CENTER RBERDEEN..

UNCLSSIFIED H R VEN OCT 97 CRDEC-TR-99015 F/G 7/3

EEEEEEEEEE11111111



Q.2

Jll

o0

.. 25

~~~w w w V U U S



Dl FILE COPY

CHEMICAL
RESEARCH,
DEVELOPMENT ,
ENGINEERING
CENTER CRDEC-TR-88015

'r>,u

00 SYNTHESIS OF 1-METHYLINDOLE-3--
00 ACETALDEHYDE AND ITS OXIDATION

BY HORSERADISH PEROXIDASE

by Homer R. Yeh, Ph.D. .

RESEARCH DIRECTORATE

October 1987

~.T1CS ELECTE"

DEC, 1

U.S. ARMY
ARMAMENT
MUNITIONS"

CHEMICAL COMMAND

Aberdeen Proving Ground. Maryland 21010-5423 0
. ., b, , ,,-, :..

w-1 TFk doaumea i bun pi
fog pwj.Wo realcrn ad &uAm

87 12



Disclaimer

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authori7inq
documents.

)I
Distribution Statement

Approved for public release; distribution is unlimited.

I



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS P-AGE A

REPORT DOCUMENTATION PAGE
ia REPORT SECURITY CLASSITICATION lb RESTRICTIVE MARKINGS

-UNCLASSIFIED _______________________

2a SIECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/ A'vAILA8ILITY OF REPORT

2b DECLASSIFICATION I'DOWNGRADING SCHEDULEisulmtd

4 PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)

CROEC-TR- 88015
6a NAME OF PERFORMING ORGANIZATION 16b OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

CRDEC ISMCC-RSB'
6c ADDRESS (City. State, and ZIP Code) 7b ADDRESS (City, State, and ZIP Code)

Aberdeen Proving Ground, MD 21010-5423

8a. NAME OF FUNDING/iSPONSORIN': 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

CRDEC ISMCCR-RSB
Bc ADDRESS (City. State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

PROGRAM IPROJECT T TSK ~ WORK UNIT
ELEMENT NO NO NO. ACCESSION NO

Aberdeen Proving Ground, MD 21010-5423 1L161102 A71A
I1I TITLE (include Security Classification)

Synithesis of I-1Methylindole-3-Acetaldehyde and O xidation by Horseradish Peroxidase

12 PERSONAL AUTHOR(S)

-Yeh, Homer R., Ph.D.
*13a TYPE OF REPORT 13b. TIME COVERED 14 DN OF REPORT (Yedr, Month, a)15PGE COUNT

Technical I FROM lJTO 0Q 19V Oc tober 19
16 SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TFRMS (Continue on reverse if necessary and ify by block number)
%FIEL GROUP SUB-GROUP I-Methylindole-3-acetaldehyde Peroxidase,.
%15 06/03 1-Methylindol'6-3--carboxaldehyde 0 C -.4--

1-Metflyl-4-hydroxyguinoline
19 ABST ACT (Continue rh everse if necsar aVl identif by block nu rbet)

1,Mehyl dole3-acetal dehycfe 1tmethyf .IAAld) was synthesized in my laboratory from
1' methyltryptophan by interaction of the amino acid with dilute hypochiorite solution.
1NMethyl-IAAld was obtained in the form of bisulfite salt and the free aldehyde was a
colorless syrupy liquid. It gave positive tests to Schiff and hydrazine reactions for
aldehyde and to Salkowski, Ehrlich and xanthydrol reactions for indole. The I.R.
spectrum of the freshly released 14methyl-IADDld bears a great similarity to that of
indole;-3-acetaldehyde (IAAld) exce'pt the NH stretching band at 3390 cm-f is absent.
l-Methyl-IAAld shows strong to medium-strong bands at 1720, 1470, Y'430, 1370, 1335, 1250,

% ~1160, 1130, 1070, 1015 and 740/cm-4 and the typical indole absorption at 288 nrn. The
structlure of the aldehyde was'further confirmed by elementary analysis.

.Oxidation of 1-methyl-IAAld by horseradish peroxidase at acidic pH gave 1-methylin-
dolec,3-carboxaldehyde (1-methyl-IAAld) as the major product. The enzyme was not active
in oxidation of 1 -methyl'IAAld at pHi above 6.0. At alkaline pH, bisulfite stimulated -

,1) DISTPIIU T ION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
5aUNCLASSIFIED/UNLIMITED 0 SAME AS RPT CODTIC USERS UNCLASSIFIED

4 12a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c OFFHCE SYMBOL

TMTYE. HAMPTO(316722141 SMCCR-SPS-T
DO FORM 1473, 84 MAR 83 APR edition may he used until exhausted SECURITY CLASSIFICATION O THIS PAGE

All other edituris are obsolete pUNCLASSIFIED



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

4! 19. ABSTRACT (Continued)
the catabolism of the aldehyde. However, unlike IAAld, peroxidatlon of 1-methyl-IAAld did
not yield 1-methyl-4-hydroxyquinoline as a major product at pH above 6.0.

2 UNCLASSIFIED
SECURITY CLASSIFICATION4 Or TNHI PA(,f



PREFACE

The work described in this report was authorized under Project
No. 1L161102A71A, Research in Chemical & Biological Defense, Biotechnology.
This work was started in January and completed in February 1987. The ex-
perimental data are recorded in Laboratory Notebook 870028.

The use of trade names or manufacturers' names in this report does
not constitute an official endorsement of any commercial products. This
report may not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited
except with permission of the Commander, U.S. Army Chemical Research,
Development and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen Proving
Ground, Maryland 21010-5423. However, the Defense Technical Information
Center and the National Technical Information Service are authorized to
reproduce the document for U.S. Government purposes.

The reiort has been approved for release to the public.

Ac knowl edgment

The author wishes to thank Cecilia B. Neumann for her careful
editing of this report.

Aooession For

NTIS GRA&I
DTIC TAB
Unannounced Q
Justifloatio-

Distribution/ %V

Availability Codes
Avail and/or

Dist Special

3



Blank

4



CONTENTS

1. INTRODUCTION .................................................. 7

2. MATERIALS AND METHODS .......................... ........ 7

3. RESULTS ................................................... 8

3.1 Synthesis of 1-Methylindole-3-Acetadehyde .................. 8
3.2 Effect of pH on the Oxidation of 1-Methyl-IAAld and

1-Methyl -IAAld- NaHSO 3. . . .. . .. . ... . . . . .. ....  ....... 8
3.3 Spectrophotometric Studies on the Oxidation of 1-Methyl-

IAAI d .... ........ .............. o.......... .. . .. . ... 11

3.4 Thin-Layer Chromatographic Evidence for the Formation of
1-Methyl-lAid from Oxidation of 1-Methyl-IAAld ... 1...... 1

4. DISCUSSION.......................... ...... ....... .. 11

LITERATURE CITED............................................. 19

5



Blank

i



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

1. INTRODUCTION

In an earlier study, we reported that indole-3-carboxaldehyde
(IAld) was one of the major products in the peroxidase oxidation of indole-
3-acetaldehyde (IAAld). 1 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 bisulfite 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).1

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.l, 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-IAAld) 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 1-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-
tionis will be discussed.

2. MATERIALS AND METHODS

I-Methylindole-3-acetaldehyde (1-methyl-IAAld) was snthesized from
1-methyltryptophan 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 presence 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 Simpsonan--Wright.8 l-Methyl-lAld was synthesized from I-methyl-
indole by reaction of dimethylformamide 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.

W 7
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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 1-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 Gray 6 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 I-methyl-IAAld-NaHSO 3 from 4 gm of 1-methyl-tryptophan.

1-Methyl-IAAld 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 IAAld-NaHSO 3 (A), 1-methyl-
IAAld-NaHSO 3 (B), IAAld (C), and 1-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 IAAld except that the N-H stretching band is not
shown at 3390 cm- 1. The infrared spectrum of 1-methyl-IAAld-NaHSO resembles
that of IAAld-NaHSO 3 . The carbonyl stretching band at 1720 cm-1 oi the free
1-methyl-IAAld (Figure 1D) cannot be seen in 1-methyl-IAAd-NaHS03.

The UV absorption spectrum of the free 1-methyl-IAAld had a maximum

at 288 nm (molar extinction coefficient 5.2 x 104) and a trough at 247 nm.

Analysis of C1 1H1204NSNa:

Calcd. 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 l-Methyl-IAAld and 1-Methyl-IAAld-
NaHSO 3 .

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 NaHS03 slightly inhibited the reaction of the free aldehyde. In
the pH range of 4.4 to 6.2, the reaction rates decreased with increasing p11.
Above pH 6.2, a distinct difference in the rate of oxidation can be seen; ds
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 IAAld,2 indicating a significant effect of
NaHSO3 on the peroxidase-catalyzed oxidation of these indole derivatives.
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Figure 2. Effect of pH on the Oxidation of IAA, I AAld, IAAld-NaHSO 3

The rate of the enzymatic reaction was followed by the change of ab-
sorbance at 247 nm per hour. Reaction mixture contained I x 10-4 M
of substrates, IAA, IAAd, or IAAd-NaHS3 inO.05 M of buffer solu-
tion, 6 Ug of enzyme (RZ = 2.0), and 1 x 10-4 M of-H2 0. For pH
values ranging from 3.6 to 5.2 and from 5.6 to 7.8, acetate 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 1-meti,yi-IAAld at pH 5.0 are shown in Figure 3. Oxidation
of the aldehyde caused i:imediate changes in the spectra at 247- to 249-, 265-,
and 303-nm regions. A -''uilibrium, the spectrum showed no similarity to
that of 3-methylene oxirole and that of 1-methyl-4-HQ. The formation of
1-methyl-lAid could not be shown by spectrophotometric method since 1-methyl-
IAld and 1-methyl-IAAld have very similar ultraviolet absorption spectra.
1-Methyl-lAid has a single maximum at 288 nm wiLh a trough at 261 nm and
1-methyl-IAAld 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-
IAAld-NaHSO 3 showed no significant difference from those observed for free
aldehyde at acidic pH.

3.4 Thin-Layer Chromatographic Evidence for the Formation of 1-Methyl-
IA-d from Oxidation of 1-Methyl-IAAld.

Althc .h the formation of I-methyl-lAld cannot be demonstrated by
spectrophotomet: ncthod, subsequent thin-layer chromatographic analysis
indicated that 1_-echyl-IAld was formed as a major product in the enzyme
oxidation of 1-methyl-IAAld. The results of thin-layer chromatography of
the oxidation product of 1-methyl-IAAld 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-lAld. 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 NaHSO 3 , the formation of
1-methyl-4-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
1-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 slggests the transient existence of a 3-methylene
indolenine-like intermediate in the enzyme-catalyzed oxidation of these indole
derivatives.1 0 The c-carbon oxidative elimination process may involve the
protonation of the electronically dense C-3 position of the indole ring. 1 1

The site of oxidation is then determined by the nature of the a-carbon and
the presence or absence of an d(litional group at the N-I 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 Greshoff 1 2 in 1933 and was called echipsin. Since
1-methyl-4-HQ was not identified in the peroxidase oxidation of 1-methyl-
IAAld, echipsin may be produced directly from methylation of 4-HQ rather than
from 1-methyl-IAAld.

At alkaline pH, tne enzyme usually is inactive toward the oxidation
of these indole derivatives. The stimulatory effect of NaHSO 3 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. 14 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.15

We have reported that 4-HQ was produced in the NaHSO 3-stimulated
peroxidase oxidation of IAAld.2 The formation of 1-mthyl-4-HQ from 1-methyl-
IAAld, however, was not demonstrated. The different results indicate a signi-
ficant effect of the 1-methyl group in the ring expansion reaction. The
question is raised as to whether the 3-methylene indolenine-like 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 IAAld, the attachment of a
methyl group at the N-i position would not hamper the formation of 1-methyl-
4HQ from 1-methyl-IAAld. This concept is depicted in the following scheme.

At alkaline pH:

OH* OH
~.1~ p 1OH

L I
CH 3  LIM3

3-Methylene
Indolenine l-Methyl-4-hydroxy-

(juinoline

1.5

I.X 1 ,w ',- -, , ,' ;" ,'-;"¢ ,,¢ --',"-" --; .-.'-.-.-.'.Y .,.''- ----.-..;...'-'.., -..,'..--.,.. .,:,-? > I-



At acidic pH:

CH32yOR CH2O1

HH

oxindole-3-Carbinol 3-MethyleneOxlnole--carlnelOxindole

Co 2  
/\/ 

HCHO O~dl

3-Methylene
Indolenline

Cu 2 C0-O-CH 2  
R

Ester Indole-3- 4-Hydroxy-
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 H202 essential fnr generation of the free radicals. The mecha-
nism may be depicted in the following schemes:
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1 -Me thyl -4- HQ : The presence of the 1-methyl group may hamper the closure
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