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ABSTRACT

Tryptophan derivatives, whether produced in our body or chemically, both are equally
resourceful. One such example of a derivative is N-acetyl tryptophan glucoside which has been
investigated for its potential to protect macrophages against gamma-ray irradiation. Previously,
the compound was obtained through isolation from bacteria. However, due to the limited
quantity obtained, we now attempted to synthesize it chemically. The reaction to synthesize N-
acetyl-L-tryptophan comes under the category of condensation reaction where water is
eliminated and a single product is formed from two different molecules. It is tough to
synthesize the N-glucoside as glycol-tetrahydro-B-carbolines and C-glycosyl conjugates
always get synthesized at elevated temperatures. Numerous attempts have been made to
synthesize the glucoside under various conditions in this thesis starting from L-tryptophan as

a reactant.
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INTRODUCTION

One of the essential amino acid tryptophan has many biological properties whether it is used
by the liver to produce vitamin B3 or to produce melatonin and serotonin by the pineal gland.
Tryptophan-5-hydroxylase and 5-hydroxytryptamine decarboxylase enzymatically convert this
amino acid to 5-hydroxytryptamine, also known as serotonin, and then melatonin is
enzymatically produced by serotonin N-acetyltransferase and hydroxy indole-O-
methyltransferase from serotonin, which is then secreted by the pineal gland (scheme 1).% In
total four enzymes are used in conversion of the L-tryptophan to serotonin and lastly to
melatonin.? These neurotransmitters regulate our sleep cycle and mood. Our body should
maintain the minimum level of tryptophan; as it is not produced inside, we must consume it
orally. In some countries, it is sold as a prescription drug for insomnia, depression, and mood
disorder, but as there can be side effects of direct oral intake, it is advised to consume it through

our diet. Dairy products, turkey, oat, tuna, and banana are good L-tryptophan sources.?
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Scheme 1. Pathway used to synthesize serotonin and melatonin

Tryptophan derivatives are equally crucial for the development of new drugs. These
compounds show many biological activities, antiviral activities against viruses like TMV and
broad-spectrum fungicidal activities.* L-tryptophan reacts with aromatic aldehydes to give rise
to tetrahydro-B-carboline and B-carboline alkaloids. These have been found in several food
items, fruit-based products, and drinks, whether it is alcoholic or non-alcoholic. These alkaloids

get produced during processing under mild conditions. Some of these -carboline show good




antioxidant properties.®> Even one of the tetrahydro-p-carboline i.e., tetrahydropentoxyline was

found in human urine.®

When discussing tryptophan derivatives, tryptophan Maillard reaction products show various
properties. Millard reaction mainly occurs between sugar and amino acid and can be seen
during cooking and is responsible for the browning of food when cooked. This non-enzymatic
reaction gives rise to products that show antioxidation, antiproliferation, and anti-
inflammatory’ activities. One such example is when fructose and tryptophan are heated at 130
°C for 2 hrs. it gives rise to perlolyrine® (figure 1a). The glycosylated form of tryptophan is
also found in nature in many forms like tryptophan-N*-glucoside (figure 1b) and serotonin 5-
O-B-glucoside (figure 1c) which has been found in Robusta coffee species in a high level,
while in Arabica coffee species, is present lower in level.® It is also found in many fruit and
fruit juices.!®! Several ways have been tried to synthesize tryptophan derivatives like
glycoconjugates of tryptophan in the past, whether it is C-derivative or N-derivative.
Tryptophan-C-glycosyl was also detected in human urine.'? One such tryptophan derivative is

used as a gamma protector like N*-acetyl-tryptophan-N*-glucoside (figure 1d).
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Figure 1. Tryptophan derivatives




Gamma rays have a very short wavelength, making them penetrate the human body. Prolonged
contact can Kill cells, can cause mutation, or even can cause cancer. Although radiation plays
a significant role in the treatment of cancer, but it can also cause damage to DNA and normal
tissue that depress the immune system and cause inflammation.®® Macrophages live in the
body's tissues and play a role in both health and disease.!* To achieve whole-body
radioprotection, macrophages must be protected since, when exposed to radiation, they produce
cytokines that deactivate the macrophages and may cause tissue damage and inflammation. >
It has been found that the novel radioprotective compound N-acetyl tryptophan glucoside
(NATG) exhibits high radioprotective efficacy. In murine macrophages, NATG pre-treatment
was revealed to be essential for protecting DNA and antioxidant enzymes from gamma
radiation-induced damage.!’ Epigallocatechin gallate (EGCG) which is a polyphenol that has
been found in green tea shows antioxidant properties8. Similarly, antioxidants were found in
many vegetables and fruits'®. In this project, we have tried to make the N-acetyl tryptophan
derivatives using different methodologies. Starting from tryptophan, we first acetylated it and
then reactions were performed to add glucose to N-acetylated tryptophan in various acidic
conditions. It was a challenging task to make the desired glucoside of tryptophan as the indole
moiety in tryptophan as shown in figure 2 has four distinct sites which include C3, C2-C3 =
bond, C2-N sigma bond, and nitrogen atom. With the help of acid, these positions can easily
be protonated. Protonation at C3 occurs more readily than nitrogen of indole.?° Although a-
NH: is protected by acetyl group but a-acid group of tryptophan is an active site for reactions

like esterification.

Reaction on C-3

¢
fand

N
7 1H \ Reaction on C2-N bond

T

Reaction on N

Figure 2. Active sites of indole for reaction?°




LITERATURE REVIEW

Chemical formation of tryptophan derivatives

Nyhammar et al.?! did the reaction between N-acetyl-DL-tryptophan amide and sugar like D-
xylose and D-glucose in acidic conditions provided by acetic acid and refluxed for about 72hrs.
In the case of D-xylose, 1.0% ag. acetic acid was added (scheme 2) giving a yield of 20% N*-
acetyl-1-(B-D-xylopyranosyl)-DL-tryptophan amide while in the case of glucose, 50% of aqg.
acid was added giving a yield of 10% N®-acetyl-1-(B-D-glucopyranosyl)-DL-tryptophan
amide. Despite the fact that the HPLC and NMR spectra suggested just one component, the
result produced was a diastereomeric combination of both D- and L-tryptophan derivatives.

Vs
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O
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N-acetyl-DL- D-xylose N%-acetyl-1-(B-D-xylopyranosyl)-DL-
L tryptophan amide tryptophan amide )

Scheme 2. Synthesis of N*-acetyl-N- (D-xylopyranosyl)-DL-tryptophan amide

It was found out that on changing the concentration of acetic acid there is not much change in
the isolated yield but at going to more acidic conditions the time of reaction has shortened.
Low pH and rise in temperature blocked the tryptophan’s indole nitrogen by reducing
carbohydrates.

Yaylayan et al.?? studied the kinetic of the reaction between tryptophan and glucose or mannose
and then studied the role of deglycation in the Maillard reaction. When it comes to mannose
tryptophan is consumed more than glucose. The rate of tryptophan disappearance is observed
to be 1.3 times higher with mannose, when the temperature is 110 °C, and 1.8 times higher
when the temperature is further raised to 140 °C. The amount of reactive free sugars present
and the generation of Amadori products determine the degree of Maillard browning. It has been
seen that Amadori products have a tendency to undergo reactions with a second molecule of
sugar, giving the diglycated products, provided that the sugar exhibits sufficient reactivity.

Additionally, these products were also subject to decomposition reactions. When there was a
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lower concentration of reactive sugars, it was observed that only Amadori products underwent
decomposition. Diglycated Amadori products have been observed to exhibit significantly

higher reactivity compared to Amadori products in the formation of brown coloration.

Gutsche et al.!2 synthesized C-glycosyl derivatives and N-glycosyl derivatives of tryptophan,
but polyol-tetrahydro-p-carbolines were also produced in the reaction.*? For both the
derivatives reaction conditions were optimized. For C-glycosyl, the pH of the reaction was set
at 1 with the help of 1M H>SO4 and for N-glycosyl derivative the pH was set at 2 with 1M HCI.
The rest of the reaction conditions were the same for both the model reactions like L-tryptophan
and the aldohexose were dissolved in 10ml of water and after setting the pH, the contents were
heated at 80 °C for 12 days. Figure 3 summarised the probable tryptophan-
aldohexoses products in relation to the indole moiety's sensitivity towards electrophilic attack.
The isolation of these products was done with the help of Lichroprep Cig column, and then

structure elucidation was done by *H-NMR, 3C-NMR spectroscopic techniques.
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Figure 3: Suggested reaction products®?

Ronner et al.Z proposed that during food processing and preparation the reaction between L-
tryptophan and glucose gave the glucose-tryptophan Amadori product as well as polyol-
tetrahydro-p-carbolines. The reaction were done for different time frames and at various
temperatures in the presence of oxidants which are added to food and in air. In addition to




Amadori product and polyol-tetrahydro-p-carbolines at temperatures over 100 °C under the
applied circumstances, a compound with a UV spectrum distinct from the other products was
also found which was identified as acetyl-p-C. At a temperature of 120 °C Amadori product,
polyol-tetrahydro-B-carbolines, and acetyl-p-C were formed up to 2-2.5% but at 150 °C neither

of the first two was formed and the only product which was identified as acetyl- -C.

Schnabel et al.* reported the synthesis of tryptophan N-glucoside 6 from tetra-acetyl-
glucosylimidate 3 and Chz-Trp-OBzl 4.2* The required 3 was synthesized from tetra-acetyl-
glucose 1. This is a two-step process, firstly pivaloyation of 1 is done with PivCl in the presence
of pyridine and CHCIz at OH-2 and then the acetyl group at the anomeric carbon was cleaved

with hydrazine acetate, gave giving rise to 3 as shown in scheme 3.
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Scheme 3: Reagents and conditions: (a) 5 equivalent PivCl, pyridine, CHClIz rt; (b) (i) 1.5
equivalent HoN-NH3OAc, DMF, rt; (ii) 0.1 equivalent DBU, 5 equivalent CCIzCN, 0 °C

The required tryptophanyl-N-glucoside was produced by glycosylating a-azido-tryptophan-
benzyl ester 4 with 3 activated by TMSOTTf which after purification by flash chromatography
gave a yield of 5 in 43%. The deprotection of 5 was done by palladium oxide-hydrate which
simultaneously reduced the azido group and deacetylation in 40% aq methylamine giving 6 as

shown in scheme 4.
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Xu et al.?® did the synthesis of (-)-indolactam V . \

(figure 4) which was accomplished either through an 8-

step process (giving yield of 49%) using the known 4- \N I%
nitrotryptophan derivative, or through a 12-step process o) "'u\
(giving yield of 18%) starting from L-glutamic acid. OH
The synthesis presented involved the utilization of Pd- N\

catalysed reactions for the synthesis of 4- L H )

nitrotryptophan  and  4-nitrotryptophanol. ~ This Figure 4. (--indolactam V/
method permitted the addition of both a 4-substitution

indole and a C-9 stereocenter to IL-V, thereby enhancing the lactamization processes.
Additionally, it allowed the quick and successful synthesis of aldehyde. The synthetic strategy
allowed for the preparation of (-)-1L-V on a gram-scale, taken into account the practical aspects

involved.

Li et al.* synthesized a collection of tryptophan derivatives incorporating 2,5-diketopiperazine
and acyl hydrazine functional groups. The synthesized compounds were subjected to
systematic bioassays, revealing moderate to good levels of activity against TMV. Synthesized
compounds shown in figure 5 exhibited greater antiviral activity as compared to other
synthesized compounds in terms of inactivation, curative effects, and protection in vivo
compared to ribavirin, and ningnanmycin. The majority of the compounds showed a wide range

of effectiveness when evaluated against different types of phytopathogenic fungi.
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Figure 5. Some of synthesized compounds which showed higher antiviral activity




Tryptophan glycoconjugates that are isolated from nature

Hofsteenge et al.?® demonstrated that a protein can have numerous tryptophan residues that are
C-mannosylated. Proteins that include N- or O-linked oligosaccharides were seen from very
long time but this time C-linked proteins have been found out. Proteins containing TSR
modules and cytokine receptors of class 1 appear to be among the most probable candidates
for C-mannosylation. C-mannosylation involves the C-glycosidic attachment of a mannose
sugar residue to the tryptophan indole moiety. Interleukin 12 and Human RNase 2 are the first
tryptophan found which are selectively C-mannosylated in motif WXXW.

Diem et al. detected the tryptophan-N-glucoside in fruit and fruit juices with the help of

HPLC. The amount of glucoside found in samples are shown in table 1.

Table 1: Amount of tryptophan-N-glucoside found in samples

n? Sample Tryptophan-N-glucoside
[ma/L]

3 Pear juice 13.5+1.7
2 Pear fruit 7.3+1.4
2 Apple juice 0.7+0.2
1 Apricot fruit 0.3+0.0
3 Apple fruit 0.2+0.1
2 Peach fruit 0.2+0.0
2 Raspberry fruit 0.2+0.0
1 Kiwi fruit >0.1

1 Plum fruit >0.1

&number of samples analyzed

To get a deeper understanding, deuterium labelled tryptophan has been injected into the pear
fruit and then stored at rt for 2-15 days. The analyses of the samples were done by HPLC-
MS/MS. This has been the first to describe naturally produced N*-(B-D-glucopyranosyl-*Ci)-
L-tryptophan as a novel intermediary of tryptophan in plants.

Later, Diem et al.?’ identified and isolated the pentose derivatives of tryptophan in food
samples like soy sauce, fish, tomato juice, red wine and many more in different concentrations.

This depends on the ingredients used and processing conditions. Out of all the tryptophan-
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derived glycoconjugates, pentose-derived glycoconjugates were found in greatest
concentration in the seasoning sauce (55%) and soy sauce (25%) sample. In comparison to
results from with D-glucose, it was observed that there has been a much quicker reduction in
the tryptophan content in model studies when pentose was present. While 66% of the
tryptophan in the presence of D-glucose remained unaltered, the concentration of tryptophan
in ribose system was decreased to 6% within 48 hours. When compared to D-glucose, ribose
adopted a markedly greater concentration of the ring-open aldehyde form, which helps to
explain its significantly higher reactivity towards electrophilic alteration of tryptophan.

Gutsche et al.*? isolated C-glycosyl tryptophan (figure 6) from human urine. From seven
healthy individuals human urine was collected and freeze-dried. After concentrating the
samples and adjusting the pH to 9-10 these were passed through anion exchange
chromatography. The collected sample was then applied to HPLC-ESI-MS were C-glycosyl
derivative was found. Structure elucidation was done by 'H-NMR, *C-NMR, and ESI-MS
where m/z peak at 367 [M+H]" confirmed the presence of tryptophan C-glycosyl derivative.

( N

Figure 6. Tryptophan glycoconjugate found in human urine.

Malhotra et al.?® isolated N-acetyl-tryptophan glucoside from the radioresistant bacterium
Bacillus sp. INM-1. A 24-hour-old culture of Bacillus sp. INM-1 was exposed to gamma
radiation (5k Gy) and allowed to develop in incubation for 24 hours at 32 °C. 1 L of sterile
TYG culture was inoculated with a new inoculum (5%) from the irradiated (5k Gy) Bacillus
sp. INM-1 broth, and the mixture was then incubated for 96 hours at 32 °C with constant
shaking. After incubation, the development of the bacteria was stopped, and to separate out the
bulk of the microorganisms from the broth, it was centrifuged. After centrifugation, the
supernatant was lyophilized. Following lyophilization, the powder was subjected to a

fractionation procedure based on organic solvents, utilizing a series of organic solvents in the




order from nonpolar to polar and at last water was used. Finally, the water-soluble fraction was
separated and lyophilized. The methanol-water mobile phase was used in a reverse-phase
cartridge to further process this water fraction. With ethyl acetate, methanol, and water
(1:1.5:1) serving as the mobile phase, all fractions were verified on TLC and seen under UV
light. The fraction with the bright spot on the TLC was collected, and its purity was then
verified by HPLC using a C18 column with a gradient of methanol: water for 45 minutes as
the mobile phase. The characterization of compound was then done by several spectroscopic
techniques. The study was conducted to assess the efficacy of a newly discovered molecule,
NATG, in providing protection against radiation in J774A.1 cells, which are murine

macrophages.

Herderich et al.?® summarised the discovery of auxin, which took place during the early 20th
century. Auxin helpsin plant growth, specifically focusing on its involvement in cell
elongation, root development, and tropic responses. Indole-3-acetic acid 11 (auxin) can be
derived from the amino acid tryptophan 8. It has been observed that diverse plant species

possess the ability to synthesize auxin through multiple pathways as shown in scheme 5.
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Scheme 5. Different pathways to synthesize 11
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The catalytic synthesize of 9 from 8 is well documented to be facilitated by transaminating
enzymes across various species. A distinct L-tryptophan dehydrogenase activity has been
identified in pea, maize, and tomato. In Brassicaceae, the synthesis of 11, either through 14
pathway or via the intermediate indole-3-acetaldoxime 12 which then converted to indole-3-
acetonitrile 13 through the enzymatic conversion. This enzymatic conversion has been seen in

Chinese cabbage.

RESEARCH GAP AND OBJECTIVES

Many tryptophan derivatives have been synthesized and used for medical purposes over many
years. Tryptophan-N-glycoconjugate has been isolated and synthesized times earlier but N-
acetyl-tryptophan glucoside has rarely been synthesized through chemical method. So, the

main objectives which are completed in the present dissertation work are as follows:

()] To chemically synthesize the N-acetyl-tryptophan glucoside as which was earlier
extracted from the bacterial Bacillus sp. INM-1.
(I1)  Optimize the reaction to obtain the desired product.

(1) To characterize the product through different spectroscopic techniques.
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EXPERIMENTAL SECTION

Chemicals and instruments used: Tryptophan, N-acetyl-DL-tryptophan, Dextrose, and

all the solvents used were purchased from Loba Chemie Pvt. Ltd. For column chromatography,
silica gel mesh 60-120 was used. The NMR was recorded in CDCls or DMSO as per the
solubility of the synthesized compound on JEOL 400 MHz NMR instrument. High-Resolution
Mass Spectroscopy (HRMS) was carried out on Waters with QTOF mass spectrometer with
UPLC and PDA detector.

Methods:

Acetylation of tryptophan: L-tryptophan (1g, 4.89 mmol) was dissolved in 1.5 ml water and
2.5 ml of 2N NaOH. 1.2 ml of acetic anhydride, and 12 ml of NaOH were added in eight

portions over the course of 15 minutes. Throughout the procedure, the reaction mixture was

kept in an ice bath. After 20 minutes at ambient temperature, 6 ml of 6 N H2SO4 was added
and the solution was cooled in an ice bath. The precipitated white compound was filtered and
then liberated of any residual tryptophane by rinsing with 25 ml of 0.2 N HCI and eventually
with water (scheme 6). Yield: 88%

e o 0O )
OH
NH
{ Moo o NaOH OH
N )I\OJ\ 0-5°C Ny O
o 2hrs. N
. . H
L-tryptophan Acetic anhydride N-acetyl tryptophan
\ J

Scheme 6. Acetylation of tryptophan

Spectral Data: *H-NMR (400 MHz, DMSO-d6) § 10.80 (s, 1H), 8.12 (d, J = 7.8 Hz, 1H), 7.49
(d, J = 7.8 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 2.3 Hz, 1H), 7.04 — 6.99 (m, 1H),
6.96 — 6.92 (M, 1H), 4.41 (td, J = 8.4, 5.1 Hz, 1H), 3.11 (dd, J = 14.6, 5.0 Hz, 1H), 2.94 (dd, J
=14.6, 8.8 Hz, 1H), 1.76 (s, 3H).
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Synthesis_of tryptophan glycoconjugates: Tryptophan glycoconjugates were synthesized

with L-tryptophan (250 mg, 1.22 mmol) and D-glucose (450 mg, 2.49 mmol) in 10 ml water.
With the help of 0.5 HCI pH was set at 2. The reaction mixture was heated for 12 days at 80
°C with continuous stirring. The expected products were the N- or C-glycoconjugates of

tryptophan as shown in figure 3.

Synthesis of N-acetyl tryptophan glucoside:

Method 1: N-Acetyl-DL-tryptophan (500 mg, 2.03 mmol) and D-glucose (900 mg, 5.01 mmol)
were dissolved together in 10 ml water and 15 ml methanol in an RBF, and pH was adjusted
to 2 with the help of 0.5 M HCI. The contents of RBF were heated for 12 days at 80 "C with
continuous stirring. The reaction progress was checked from time to time by TLC. After the
work up with ethyl acetate, the product is separated with column chromatography using

chloroform and methanol as eluents. Isolated Yield: 12%

Spectral data: H-NMR (400 MHz, DMSO-d6) & 12.57 (s, 1H), 10.81 (s, 1H), 8.12 (d, J=7.8
Hz, 1H), 7.48 (d, J = 7.8 Hz, 1H), 7.29 (d, J = 8.1 Hz, 1H), 7.09 (s, 1H), 7.05 — 7.00 (m, 1H),
6.96 — 6.92 (m, 1H), 4.41 (td, J = 8.4, 5.1 Hz, 1H), 3.11 (dd, J = 14.6, 4.9 Hz, 1H), 2.94 (dd, J
= 14.6, 8.8 Hz, 1H), 1.76 (s, 3H).

Method 2: N-Acetyl-DL-tryptophan (250 mg, 1.015 mmol) and D-glucose (182 mg, 1.015
mmol) were dissolved together in 10 ml water and 15 ml methanol in RBF, and pH was adjusted
to 2 with the help of acetic acid. The contents of RBF were heated for 9 days at 80 'C with
continuous stirring. The reaction progress was checked from time to time by TLC. The reaction
mixture was extracted with water and ethyl acetate and then separated with column
chromatography using chloroform and methanol as eluents (scheme 7). Yield: 11%

Spectral data: 'H-NMR (400 MHz, CDCl3) & 8.23 (s, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.34 (d,
J=8.0 Hz, 1H), 7.18 (t, J = 7.0 Hz, 1H), 7.11 (t, J = 7.1 Hz, 1H), 6.96 (s, 1H), 6.02 (s, 1H),
4.94 (dt, J = 7.9, 5.3 Hz, 1H), 3.69 (s, 3H), 3.36 — 3.25 (m, 2H), 1.94 (s, 3H). 13C- NMR (101
MHz, CDCls) § 172.52, 169.88, 136.18, 127.82, 122.76, 122.35, 119.81, 118.60, 111.38,
110.14, 53.15, 29.78, 27.66, 23.33

Method 3: N-Acetyl-DL-tryptophan (250 mg, 1.015 mmol) and D-glucose (182 mg, 1.015
mmol) were dissolved together in 10 ml water and 15 ml methanol in RBF. The pH was
adjusted to 2 with the help of TFA. The contents of RBF were heated for 5 days at 80 °C with

13




continuous stirring. The reaction progress was checked from time to time by TLC. The mixture
was extracted with water and ethyl acetate, and then separated with column chromatography

using chloroform and methanol as eluents (scheme 7). Yield: 20%

Spectral data: *H-NMR (400 MHz, CDCls) & 8.24 (s, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.35 (d,
J=8.1Hz, 1H), 7.21 — 7.15 (m, 1H), 7.13 — 7.08 (m, 1H), 6.96 (s, 1H), 6.02 (d, J = 7.6 Hz,
1H), 4.94 (dt, J = 7.9, 5.2 Hz, 1H), 3.69 (s, 3H), 3.51 —3.14 (m, 2H), 1.94 (s, 3H)

( /(O /(O )
NH NH
$ QH pH Method 1, 2, 3 §
+ H H 80 °C
\ © H OH Water/methanol \ Y
N OH OH 5-12 days N
H H
\N—Acetyl—L-tryptophan D-Glucose Methyl N-acetyl-L-tryptophanate |

Scheme 7. Synthesis of N-acetyl tryptophan glucoside. Reagents and conditions: (1) HCI, 12
days; (2) Acetic Acid, 9 days; (3) TFA, 5 days

Method 4: N-Acetyl-DL-tryptophan (250 mg, 1.015 mmol) and D-glucose (182 mg, 1.015
mmol) were dissolved together in 10 ml water and 15 ml ethanol in RBF. The pH was adjusted
to 2 with the help of TFA. The contents of RBF were heated for 7 days at 80 °C with continuous
stirring. The reaction progress was checked from time to time by TLC. The pure product was
extracted from the reaction mixture with ethyl acetate after neutralizing it with NaHCO:s. Yield:
17%

Spectral data: *H-NMR (400 MHz, CDCl3) & 8.36 (s, 1H), 7.52 (d, J = 7.9 Hz, 1H), 7.33 (d,
J=8.1Hz, 1H), 7.19 - 7.13 (m, 1H), 7.12 — 7.07 (m, 1H), 6.96 (d, J = 2.1 Hz, 1H), 6.09 (d, J
= 7.8 Hz, 1H), 4.92 (dt, J = 7.9, 5.4 Hz, 1H), 4.21 — 4.05 (m, 2H), 3.42 — 3.18 (m, 2H), 1.93
(s, 3H), 1.21 (t, J = 7.1 Hz, 3H).
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RESULTS AND DISCUSSION

Acetylation of tryptophan has been done by adding acetic anhydride with continuous stirring
in the alkaline solution of tryptophan as shown in scheme 6. The *H-NMR (figure 7) of the
product obtained gave a peak at & 1.76 ppm which corresponds to methyl and the peak at o
10.80 ppm corresponding to amide hydrogen giving the integration of 1H confirming the

addition of acetyl group on a-NH> of tryptophan.
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Figure 7: *H-NMR spectrum of N-acetyl-L-tryptophan

Tryptophan glucoside was tried to synthesize by refluxing both reactants for 12 days at 80 °C
after setting the pH at 2 with HCI. TLC showed a mixture of products in 120 mg. HRMS of
the same showed the peak at m/z 393 [M+Na+4H]" which says that the glucose did attach to

tryptophan but at which position this couldn’t be confirmed.

N-acetyl tryptophan glucoside was tried to synthesize three different conditions, each time
giving acidic conditions provided by different acids viz., HCI, acetic acid, and trifluoracetic
acid. In method 1 to synthesize NATG, the reaction of N-acetyl tryptophan (NAT) and glucose

in the acidic conditions provided by HCI gave a mix of two compounds. But it could not be
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separated by column chromatography as the quantity of product was very less and reactant was
recovered in excess amount. The *H-NMR of the mixture proved the excess of reactant NAT.
HRMS of the same showed the peak at m/z 283 which is of methyl N-acetyl-L-tryptophanate

with sodium ion.

Method 2 to synthesize N-acetyl tryptophan glucoside (NATG) was done by giving acidic
conditions with acetic acid for 9 days. The yield obtained was 153 mg and it contained a
mixture of two compounds one of which matches with the reactant, confirmed with TLC.
Through column chromatography, the product was separated from the reactant and was
characterized with *H-NMR, ¥C-NMR, and HRMS. In proton NMR (figure 8), the peaks
observed matched with the reactant NAT except for one singlet at 6 3.60 ppm corresponding
to 3H . Other peaks are 6 1.76 ppm singlet of 3H showed the N“-acetyl group, at 6 3.36 — 3.25
ppm multiplet of 2 diastereomeric CH. of tryptophan. A multiplet at & 4.4 ppm corresponds to
the CH of tryptophan. All 5 aromatic hydrogens and indole NH peak lay in the aromatic region.
The peak at 6 8.23 ppm corresponds to the amide NH.

MNOMMoOOUN—QW ® VLT ON QOILN- AN ¥
oCMmmMMmMmMnNNN N

hhhhhhhhhhh o T T T MMM mnmmmm
| s L | g e 2
0
n/[(
NH,
e >
ok d)~OCH;
! N O ¢
i N
h H
. f c a
koo
& T ERER ry
Too 755 750 745 740 735 73 725 720 715 710 705 700 605 %0 ¢

d

g i

1 J N |
g

g 2

7 3.00=

T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5 5.0
f1 (ppm)

Figure 8. 'H-NMR spectrum of methyl N-acetyl-L-tryptophanate

In BC-NMR (Figure 9), the peaks at § 52.46 and 53.15 represents the CHj3 carbon. This shows

the addition of one new carbon corresponding to CHs.
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Figure 9. *C-NMR spectrum of methyl N-acetyl-L-tryptophanate

HRMS of the product (Figure 10) also showed the peaks at m/z 261 [M+H]" and m/z 283

[M+Na]*. This concludes the addition of CH3 on the reactant and not the addition of glucose

as desired. The methyl group gets attached to the a-COOH of the amino acid giving the product

an ester which is confirmed as methyl N-acetyl-L-tryptophanate.
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Figure 10. HRMS spectrum of methyl N-acetyl-L-tryptophanate
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On following method 3 in which TFA is used to provide acidic conditions, the product
formed was characterized with *H-NMR. The spectra came out to be the same as the one with
acetic acid. With this, it is concluded that the product formed in this case is also methyl N-
acetyl-L-tryptophanate.

In method 4 when ethanol is used as a solvent to dissolve NAT instead of methanol, it has been
found out that instead of methoxy ethoxy group is getting attached giving the product as ethyl
N-acetyl-L-tryptophanate. Figure 11 shows the *H-NMR of the product in which the multiplet
at 6 4.21—4.05 ppm corresponds to 2H of ethoxy CH>, and the triplet at 6 1.21 ppm corresponds
to ethoxy CHa.
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Figure 11. *H-NMR spectrum of ethyl N-acetyl-L-tryptophanate

Methyl N-acetyl-L-tryptophanate has a wide variety of applications. It shows less antioxidant
activity against ROS but is used to synthesize a number of its derivatives that shows high
screening test for ROO", HOCI, and '0,*. Similarly, the said ester shows quenching in
fluorescent intensity. When a CF3 get binds to the tryptophan residue in the polypeptide chain

from some source, fluorescent intensity gets quenched. CF3SO;Na is used as a
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trifluoromethylation source for polypeptides containing tryptophan under visible light as

shown in scheme 8.3!As this ester have N-unprotected indole, it can be used for altering drugs

and peptides which show bioactivity.*

( )
0
PN o B
= 2 Y OCHj;4
OCH,  If[dF(CFyppyl(dibbpy)PFs ] 3
0O CF}SOzNa
D N CF,
N CH;CN/H,0 N
H blue LEDs H
air, r.t. 12hr.
\_ J
Scheme 8. Trifluoromethylation of methyl N-acetyl-L-tryptophanate
Table 2: Reaction conditions tried to synthesize N-acetyl-DL-tryptophan
S.No. | Solvent Reaction Conditions Product Formed
1. Water + methanol 0.5HCl to set pH 2 Methyl N-acetyl-L-tryptophanate
2. Water + methanol Glacial acetic acid to set pH 2 | Methyl N-acetyl-L-tryptophanate
3. Water + methanol TFA to set pH 2 Methyl N-acetyl-L-tryptophanate
4. Water + ethanol TFA to set pH 2 Ethyl N-acetyl-L-tryptophanate

CONCLUSION

N-acetyl-L-tryptophan has been tried to synthesize with many methods starting from L-

tryptophan. Acetylation of L-tryptophan was done by acetic anhydride in basic conditions

giving a pure product with a good yield. After the acetylation, glycosylation was tried with D-

glucose in acidic conditions provided by different acids. As N-acetyl tryptophan was not

soluble in water, methanol or ethanol was added to make it soluble. Through *H-NMR, 3C-

NMR and HRMS structure elucidation has been done and it was found that alcohol being a

protic acid donates the proton and gives the product as alkyl N-acetyl-L-tryptophanate instead

of the desired glucoside. Further studies are in progress to synthesize the N-acetyl tryptophan

glucoside.
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